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MODULE 27
Calculating Payroll

Learning Objectives:
■■ Understand the elements of pay
■■ Understand the elements of benefits
■■ Estimate the future-year pay for an employee
■■ Use a simulation to estimate pay for work unit or agency
■■ Estimate turnover
■■ Estimate vacancy

Pay for a single individual involves wages or salary and benefits. Wages generally refer to pay 
that is accumulated at an hourly rate, while salary refers to pay that is paid by the pay period 
without specific cross-reference to hourly records.

Typically pay period lengths are as follows:

■■ Weekly

■■ Biweekly

■■ Semimonthly

■■ Monthly

On an annual cycle, there will be 12 monthly or 24 semimonthly pay periods. Typically, there 
are 26 biweekly and 52 weekly pay dates, but when the first pay date is the first day of the fiscal 
year, there are 53 weekly pay dates or 27 biweekly pay dates.1,2

1. In a strict accrual system, the value of pay accrues in the year earned, so these dates are irrelevant. But 
in practice, such continuous rolling obligations may be treated as accruing on the pay date, in which case, 
these irregular events require careful oversight.

2. In a leap year, there are 53 weekly or 27 biweekly pay dates when the first pay date is on either the first or 
second day of the fiscal year.
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For both salaried and wage employees, there can also be overtime pay. Generally, overtime 
pay is governed by federal law, with some exemptions for state and local employees. Manage-
ment and some professional employees may not be entitled by law to overtime pay but may have 
guarantees in contracts. Typically, overtime pay refers to work beyond 40 hours a week, regard-
less of whether the covered employee is salaried or hourly. Overtime pay is at a rate not less than 
1.5 times the regular hourly rate.3 For covered salaried employees, the salary can be converted 
to an hourly rate by dividing the annual salary by 2,080 hours. When computing expected annual 
payroll, planned or recurrent overtime should be included.

Pay Scales

With few exceptions, governments and larger organizations do not use individual pay rates. 
Instead, they use pay scales. A pay scale is a table that has a series of pay grades and a series 

of pay steps, as shown in Table 27.1. 
Political appointees (directors) may be 
nonscale employees. The scale sets an 
annual rate, which can be converted by 
pay method (divided by periods for 
monthly or semimonthly pay, divided by 
hours for hourly pay, or multiplied 
[hours times units] for weekly or 
biweekly pay) to determine the pay rate 
as transacted. Employees are hired into 
a pay grade and at a step. Normal condi-
tions typically allow annual progress 
along steps—usually on or near the 
employment or promotion anniversary 
date—until the employee reaches the 
maximum step. Because many employ-
ees progress along steps and because 
they may begin their employment any-
time during the fiscal year, it is neces-
sar y to account for the transition 
between steps for each employee as part 
of the pay calculation.

To set up the table, we determined a 
relationship among all of the cells. The 
table is structured so that each step is 2.5% 

higher than the step before it. Moreover, the beginning pay step at each grade is 8% higher than the 
next lower grade. These assumptions allow us to array all the data in the entire table using formulas 
after entering only the lowest value in the top left cell. In the real world, if such relationships are not so 
clear in a pay system, you can instead enter the full array itself.

Pay can also be variable during the year or between years for these reasons:

■■ The entire body of employees may receive a cost of living adjustment (COLA), a pay 
increase that may be discretionary or an element of a contract. Generally, this increase will be  

3. For more information on overtime, see http://www.dol.gov/whd/overtime_pay.htm. 

TABLE 27.1

Typical Pay Scale (annual pay in $)

Step

Grade 1 2 3 4 5

 1 27,000 27,675 28,367 29,076 29,803
 2 29,160 29,889 30,636 31,402 32,187
 3 31,493 32,280 33,087 33,914 34,762
 4 34,012 34,863 35,734 36,627 37,543
 5 36,733 37,652 38,593 39,558 40,547
 6 39,672 40,664 41,680 42,722 43,790
 7 42,846 43,917 45,015 46,140 47,294
 8 46,273 47,430 48,616 49,831 51,077
 9 49,975 51,224 52,505 53,818 55,163
10 53,973 55,322 56,706 58,123 59,576
11 58,291 59,748 61,242 62,773 64,342
12 62,954 64,528 66,141 67,795 69,490
13 67,991 69,690 71,433 73,218 75,049
14 73,430 75,266 77,147 79,076 81,053
15 79,304 81,287 83,319 85,402 87,537
16 85,649 87,790 89,985 92,234 94,540
17 92,500 94,813 97,183 99,613 102,103
18 99,900 102,398 104,958 107,582 110,271
19 107,893 110,590 113,355 116,188 119,093
20 116,524 119,437 122,423 125,484 128,621
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a small increment, maybe 2%–4%. It will apply to the pay scale, thus changing all employees’ pay, 
with the possible exception of a nonscale director. It begins with the effective date, which typi-
cally (but not always) coincides with the first day of the fiscal year.

■■ There may be a provision for bonuses that are not added to the base pay. These could 
include the following:4

■❍ Longevity pay, a small increment once every 5 or 10 years after an employee reaches the 
maximum step

■❍ Efficiency pay, a distribution of a small portion of budgetary savings resulting from inno-
vative work practices. Efficiency or similar bonuses may be awarded to all employees or all oth-
erwise satisfactory employees in a work group. In general, while this sort of pay may be 
recognized in the pay plan, it is awarded retrospectively when there is an efficiency savings to 
recognize.

■❍ Performance incentive pay for exceptionally high performance. This may be allocated 
to a work unit and distributed in some manner to individuals at the end of a review cycle.

For the remainder of this discussion 
of pay, it will be assumed that the 
employee is salaried and is paid monthly.

For employees who have not reached 
the maximum pay step, pay is deter-
mined first by finding the appropriate 
number of regular hours in each cell in 
Table 27.2 (the variables labeled in the 
table are used in subsequent formulas):

If there is no COLA or it is granted on 
the first day of the fiscal year, the table can be collapsed into one row, either the top row if there 
is no COLA or the bottom row if there is one. If the employee is at the maximum step or is other-
wise ineligible for a step increase during the current year, the table can be collapsed to one col-
umn. No more than three cells should have entries for any particular employee, even when the 
step increase and the COLA fall on dif ferent dates that are not at the beginning of the fiscal year. 
For certain employees, the hours each cell must be multiples of are as follows:

Weekly 40
Biweekly 80
Semimonthly 86.67
Monthly 173.33

A similar but separate table is required for overtime hours. Typically, these hours would be 
substantially less than regular hours. Hourly employees should typically earn overtime only if 
they are first working full-time (40 hours a week), but when employment cycles seasonally, they 
may work part-time some weeks and overtime other weeks.

These factors yield the following formulas:

Base original COLA step COLA step= × + × + × + ×+R H R H R H R H1 2 3 4

4. Other bonus options may also exist.

TABLE 27.2

Appropriate Hours

Hours Worked Before Step Increase After Step Increase

Before COLA Roriginal, H1 Rstep, H3
After COLA RCOLA, H2 RCOLA+step, H4
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Overtime *original COLA step COLA= × + × × + × × + +R H R H R H R1 5 1 5 1 51 2 3. . . sstep × ×1 5 4. H

Inital pay Base Overtime= +

In these formulas, R refers to a pay rate and H refers to hours. To the initial pay, we add any of 
the bonus elements:

Pay Base Overtime Longevity Efficiency Performance= + + + +

Benefits

Benefits include some that are purchased by the employee and that do not add to the employer’s 
cost. However, other benefits are paid by the employer.

FICA, Medicare, and Unemployment Compensation
There are four benefits that employers must pay because of legal requirements:

■■ Federal Insurance Compensation Act (FICA) is the tax to support Social Security. The 
employer and the employee must each contribute 6.2% of the value of the employee’s salary, up 
to a capped amount. In 2013, the income maximum for FICA was $113,700.5,6 On average, this 
maximum has increased 2.7% over the past 10 years.

■■ Medicare tax (sometimes labeled HI) is 1.45% for the employer, with a like amount for the 
employee in most cases. Certain high-earning employees may owe more.7

■■ Unemployment insurance and workers’ compensation tax rules dif fer by state and by 
type of work, so it is probably best to look for state- and industry-specific information. However, 
general information is available from the Bureau of Labor Statistics (BLS).8 No specific amounts 
are given for these taxes, but their combined proportion is indirectly addressed for private indus-
try,9 where the total amount “legally required” is 0.55% more than the combination of FICA and 
HI. Thus, 0.55% of pay is a rough value for these two items. 

Health Benefits
Beginning in 2014, the Affordable Health Care Act penalizes many employers who do not pro-

vide health insurance. The entirety of this rule is arcane. Although the BLS has data on health 

5. The source for this information is http://ssa-custhelp.ssa.gov/app/answers/detail/a_id/240/~/social- 
security-and-medicare-tax-rates%3B-maximum-taxable-earnings. 

6. Approximately one fourth of state and local governments (by employee numbers) do not participate in 
Social Security. They do have some type of pension plan, though it may not be as generous.

7. The source of the additional information is http://www.irs.gov/Businesses/Small-Businesses-&-Self- 
Employed/Questions-and-Answers-for-the-Additional-Medicare-Tax/.

8. The BLS compensation survey is periodically published at http://www.bls.gov/news.release/ecec.nr0 
.htm.

9. The referent is private employees because of the information in footnote 5.
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insurance, the number is reported as proportional to earnings, which is not realistically related to 
the cost experienced by employers or employees. BLS shows health insurance as costing roughly 
11.7% of earnings. The Kaiser Family Foundation’s 2012 survey10 shows that on average for family 
coverage, health insurance premiums are $15,745, with worker contributions of $4,316 and the 
employer’s share being $11,429. For individual coverage, the premium is $5,615, and the employ-
er’s share is approximately $4,600. The report does not show the distribution between family and 
individual coverage. Approximately 81% of employees who are offered coverage take it. Based on 
recent US Census data,11 approximately 15%–30% of adults are in living arrangements that are 
associated with being users of individual health insurance rather than family health insurance. 
Based on all of these facts, we treat the 2012 employer share health premium as follows:

($11,429 × 77.5% + $4,600 × 22.5%) × 81% = $8,013

This amount should be inflated by health insurance inflation of 6.5% per year.12 For very small 
employers that cannot afford to be underfunded by even a small amount, the take-up rate should 
be reset to 100%, in which case the premium is roughly $9,892.

Retirement
The other major benefit employers commonly contribute to is a retirement plan. BLS shows 

that governments contribute about 9% of salary to such plans. This number may be high because 
some governments are substituting for Social Security. Private employers contribute 3.2%, but 
this number may be an underestimate with respect to governments. However, it is likely that gov-
ernments that are not substituting for Social Security are contributing an amount similar to that 
contributed by private employers. To balance these concerns, the judgment value used here is 5%.

Leave
BLS counts paid leave as a benefit. This benefit leads to an outlay other than salary only if the 

employee is replaced while on leave or if the employee is paid for some portion of paid leave on 
separation. Otherwise, the benefit is consumed through payment of salary during leave periods. 
If the salary is based on full-year pay, no additional cost must be included for this purpose under 
most circumstances.

Other Benefits
Other benefits may include life insurance, disability insurance, or other unspecified compen-

sation. The cost of these is quite small. The BLS data suggest a ratio of 0.4% of salary for these 
benefits for public employees.

The formula for benefits is as follows:

Health lesser of Pay FICA Max PayFICA HI WC UI+ ×   + × + +r r r( , ) ( ++ +r rRet Other )  =

Health % esser of Pay FICA Max Pay % %+ ×   + × +6 2 1 45 0 55. ( , ) ( . .l ++ +5 0 4% %. )  =

10. The source for this information is http://kff.org/health-costs/report/employer-health-benefits-2012- 
annual-survey/.

11. The source for this information is Table A2 at http://www.census.gov/population/www/socdemo/
hh-fam/cps2010.html.

12. Health insurance inflation may slow in future years.
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Health % lesser of Pay FICA Max Pay %+ ×   + ×6 2 7 4. ( , ) .

Where the actual benefit rates or fixed premiums are known and dif fer from the ones shown 
here, one should use them.

By combining the pay formula and the benefit formula, one gets the total cost of the employer 
for an employee. These costs can be estimated into the next year using a reasonable inflation 
rate for the FICA maximum and for health insurance. For numbers that may be based on an esti-
mated inflation rate, one should be aware of the base year of the data. The Kaiser data discussed 
above have a base year of 2012. The FICA maximum is for 2013.

The most complex part of building an estimating simulation is determining how many hours 
belong in each of the four cells of Table 26.2. In the example, this problem is simplified by 
assuming that the COLA, if there is one, is granted on the first day of the fiscal year—which is 
the common practice. Thus, we collapse Table 26.2 into the top row. Still, pay periods must be 
distributed between the period paid at the lower step and the period paid at the higher step.

One way to do this, which may be labeled the brute force method, is to make a data set that 
has one record (row) for each future pay date for each employee. Then assign any change in pay 
(such as COLA or step increase) to the relevant records following the date of the pay change. 
Include the planned values for each type of cost (such as FICA and health insurance) with each 
record. The total value of the entire data set can then be summed to estimate the future cost of 
pay, subject to turnover and vacancy rate issues to be discussed later in this module. For small 
employers, where the risk of error with respect to assigning dates of pay changes is small, this 
may be a relatively effective method. For larger employers, this may not be the most efficient 
method; they may use a more developed simulation with only one record for each position. The 
point of either the brute force method or the simulation method discussed later is to computerize 
the full cost of pay and benefits accounting for the many elements that contribute to pay.

Creating a Payroll Simulation

In this section, we discuss simulations with one record for each employee. If the analyst prefers a 
simulation with one record for each instance of a pay issuance, then the goal is to pre-create a 
mirror pay-and-benefits record for each pay issuance of each employee for the entire fiscal year 
and to sum the effect, subject to any limitations such as Social Security maximums. While possi-
ble, this can become unwieldy for all but the smallest of employers. Mirror pay issuances can be 
generated through a mirror or test payroll system that does not make actual pay issuances but 
produces all the necessary duplicate payroll data, or it can be generated using a spreadsheet 
program or other similar software.

Simulation is a method of forecasting using all the factors and data elements of the existing 
system. For payroll, where critical elements of information are already in hand, simulation is 
frequently the optimal method of forecasting. Here we will describe a simulation model to fore-
cast next year’s payroll, occasionally referring to the example in the spreadsheet.

The Simulation Model
The simulation model uses data contained in a payroll system, which is a specialized database 

of employee information. In it, all the employees are listed with critical elements of information, 
such as position anniversary dates, payroll grades and steps, and start date in the position. As 
described before, one of the most complicated issues in simulating the payroll is dividing pay peri-
ods between those before a step increase and those after a step increase. This division usually 
occurs with the next pay period after an employee’s employment anniversary. If the anniversary is 
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on the first day of a pay period, it will typically occur with that pay period. To simplify this matter, 
the pay periods for this discussion are monthly. More complex devices for finding precise anniver-
sary dates are used for semimonthly, biweekly, and weekly pay periods; these are discussed at the 
end of this section. As an example for this discussion, we use a hypothetical payroll system with 15 
employees. These employees and their critical data are shown on the left side of Table 27.3.

With this information, the “rules” outlined below, a decision, and a bit of empirical informa-
tion, we can forecast a payroll for the next fiscal year. For many governmental departments, with 
the notable exception of organizations that make transfer payments, payroll is the chief source of 
expenditure. Thus, making an accurate payroll forecast goes a long way toward accurately fore-
casting the total expenditure needs of the organization. We will return to our example after we 
review the steps needed to create the forecast.

What Is the Pay PerIod?
In our example, employees are paid once a month, on the last day of the month. Monthly pay 

periods are more convenient for simulation than other pay periods, but those can be handled as 
well. For other pay periods, you will need to determine whether each pay period is before or 
after the anniversary within the employment anniversary month. This requires some complex 
Excel (or other software) formulas, which are substantially simplified when using monthly pay 
periods.

Is there any Lag WIth resPect to the Pay?
In our current example, there is no pay period lag. But some governments hold over one or 

two weeks’ pay when employees are hired and pay them at the end of their second or third week. 
This is a far less common practice with payrolls that use longer pay periods. Lagging does not 
change the fiscal period for which the pay is due; however, it may affect cash management 
issues.

When are Increments recognIzed?
It is also important to know when step increases, performance increases, and payroll increases 

due to wage adjustments will be reflected in the pay. In our example, wage adjustments (COLAs) 
begin with the first payroll in the fiscal year. Step increases begin with the first full pay period 
after the anniversary date. Our example assumes a longevity payment that is paid as a nonrecur-
ring bonus at the next paycheck after the 10th anniversary date and every 5th anniversary there-
after. A performance bonus is available to be distributed to the work unit accordingly and in 
some manner at the end of the fiscal period.

Who gets What KInd of Payments, and do they go Into the emPLoyee’s Pay Base?
In our example, the agency pays an annual step increase each year for 4 years, until the 

employee reaches the fifth step. The steps go into the employee’s pay base. In real systems, 
there are usually either more steps, or people are likely able to move from one grade to another, 
having the effect of producing more steps.

We also posit a 0.5% performance payment that goes to half of the employees. The perfor-
mance payment occurs every year. It does not go into the employee’s pay base, so after 1 year, 
the employee will see a decline in take-home pay unless the employee receives a step increase. 
As mentioned earlier, there are also longevity payments at certain anniversaries that do not go 
into the base.

What do you do WIth Vacant PosItIons?
Vacant positions (or more broadly, classes of new hires) should be represented at the cor-

rect level of pay. Some organizations hire strictly for entry-level positions. Police of ficers, 
teachers, and firefighters are common examples of employees hired only at the entry level. 



8

In
fo

rm
at

io
n 

Ba
si

s
 

Es
tim

at
in

g 
Pa

y

Em
p.

 
N

o.
La

st
 N

am
e

Fi
rs

t 
N

am
e

Po
si

tio
n 

Ti
tle

Pa
y 

G
ra

de
Pa

y 
St

ep
N

ex
t 

St
ep

Le
ng

th
 

of
 

Se
rv

ic
e 

(y
ea

rs
)

An
ni

v.
 

M
on

th
An

ni
v.

 
D

ay
H

ire
d

Pa
y 

Pe
rio

ds
 

Be
fo

re
 

St
ep

 
In

cr
ea

se

Pa
y 

Pe
rio

ds
 

Af
te

r 
St

ep
 

In
cr

ea
se

Cu
rr

en
t 

Pe
rio

di
c 

Pa
y

Fu
tu

re
 

Pe
rio

di
c 

Pa
y

W
ag

e 
&

 
Sa

la
ry

Lo
ng

ev
ity

 
Pa

y 
at

 
Ye

ar
 1

0,
 

15
, 2

0,
 2

5,
 

30

45
12

3
St

on
e

M
el

in
da

Su
pe

rv
is

or
19

5
5

10
9

15
9/

15
/2

00
5

3
9

$9
,9

24
.4

3
$9

,9
24

.4
3

$1
19

,0
93

.1
6

$5
,0

00
45

12
4

De
lri

co
Jo

se
Te

am
 L

ea
de

r
15

3
4

2
7

22
7/

22
/2

01
3

1
11

$6
,9

43
.2

5
$7

,1
16

.8
3

$8
5,

22
8.

40
$0

45
12

5
Sh

af
t

Ge
or

ge
Of

fic
e 

As
si

st
an

t
5

5
5

6
3

1
3/

1/
20

09
9

3
$3

,3
78

.8
8

$3
,3

78
.8

8
$4

0,
54

6.
58

$0
45

12
6

Va
ca

nt
Te

ch
ni

ci
an

12
3

4
0

6
30

0
12

$5
,5

11
.7

8
$5

,6
49

.5
7

$6
7,

79
4.

84
$0

45
12

7
M

ay
es

An
gi

e
Te

ch
ni

ci
an

12
2

3
1

5
16

5/
16

/2
01

4
11

1
$5

,3
77

.3
4

$5
,5

11
.7

8
$6

4,
66

2.
54

$0
45

12
8

Ot
hm

an
Je

rr
y

Te
ch

ni
ci

an
12

4
5

3
6

13
6/

13
/2

01
2

0
12

$5
,6

49
.5

7
$5

,7
90

.8
1

$6
9,

48
9.

72
$0

45
12

9
Bi

er
ns

W
ill

ia
m

Te
am

 L
ea

de
r

15
5

5
16

5
7

5/
7/

19
99

11
1

$7
,2

94
.7

5
$7

,2
94

.7
5

$8
7,

53
7.

02
$0

45
13

0
Th

or
nd

ik
e

M
el

vi
n

Of
fic

e 
As

si
st

an
t

5
4

5
6

3
24

3/
24

/2
00

9
9

3
$3

,2
96

.4
7

$3
,3

78
.8

8
$3

9,
80

4.
88

$0
45

13
1

Ha
ga

r
Na

nc
y

Te
ch

ni
ci

an
12

3
4

4
1

11
1/

11
/2

01
1

7
5

$5
,5

11
.7

8
$5

,6
49

.5
7

$6
6,

83
0.

28
$0

45
13

2
Ka

pl
an

Li
nd

a
Te

ch
ni

ci
an

12
4

5
6

1
14

1/
14

/2
00

9
7

5
$5

,6
49

.5
7

$5
,7

90
.8

1
$6

8,
50

1.
04

$0
45

13
3

Ta
ke

i
Ra

lp
h

Te
ch

ni
ci

an
12

4
5

5
3

1
3/

1/
20

10
9

3
$5

,6
49

.5
7

$5
,7

90
.8

1
$6

8,
21

8.
56

$0
45

13
4

Pe
re

z
Ja

vi
er

Te
am

 L
ea

de
r

15
4

5
5

2
5

2/
5/

20
10

8
4

$7
,1

16
.8

3
$7

,2
94

.7
5

$8
6,

11
3.

66
$0

45
13

5
M

ea
d

Fl
or

en
ce

Te
ch

ni
ci

an
12

1
2

2
6

17
6/

17
/2

01
3

0
12

$5
,2

46
.1

9
$5

,3
77

.3
4

$6
4,

52
8.

10
$0

45
13

6
W

ol
ff

De
na

Te
ch

ni
ci

an
12

3
4

3
3

1
3/

1/
20

12
9

3
$5

,5
11

.7
8

$5
,6

49
.5

7
$6

6,
55

4.
69

$0
45

13
7

W
ils

on
M

ic
ha

el
Te

ch
ni

ci
an

12
2

3
3

3
15

3/
15

/2
01

2
9

3
$5

,3
77

.3
4

$5
,5

11
.7

8
$6

4,
93

1.
41

$0

TA
B

LE
 2

7
.3

H
yp

o
th

et
ic

al
 P

ay
ro

ll 
D

at
a



CalCulating Payroll

9

Other organizations have much more complex rules about hiring at various steps. For example, 
many governments hire from within at low steps but hire from outside at higher steps. If a per-
son moves from a lower grade within, that employee may be at step 1. If that employee enters 
from outside and had been paid a competitive salary, the employee’s pay might begin at the top 
step. In our example, we assume that one new employee will be hired near the beginning of the 
future year and will be paid at the middle step.

When does the fIscaL year BegIn?
In our example, it begins on July 1.

Forecasting Salaries

In this section, we discuss how to use the information outlined above to make a payroll forecast. 
Table 27.3 shows the first stage, which is the estimation of the base salary across two periods: 
the period labeled “RCOLA, H2” in the bottom left cell of Table 27.2 and the period labeled  
“RCOLA+step, H4” in the bottom right cell of Table 27.2 (before we adjust the pay rate, the same 
two elements will correspond to the two cells immediately above them). For convenience, we will 
refer to these as P1 = Period 1 = before step increase = “RCOLA, H2” and P2 = Period 2 = after step 
increase =“RCOLA+step, H4.”

Pay Periods
Each employee who has not reached the top of the pay scale will be paid at two dif ferent pay 

rates during the course of the fiscal year. The problem to solve is how many pay periods will be 
at one pay rate and how many will be at another. If you look back at the rule, it states that a per-
son moves from one step to the next at the beginning of the next pay period after the work anni-
versary, and there is no lag between change in pay status and receipt of paycheck.

In the spreadsheet, we determine this by determining the number of pay periods before the 
step increase, P1, and then subtracting that from the total periods to get the periods after the step 
increase. This would be easy if the pay periods matched the calendar year, since Excel and other 
software typically count January as 1, February as 2, and so forth. However, our fiscal year 
begins, as many do, in July. So we have to shift the month number. For June through December, 
we need to subtract 6 from the month number. For January through May, we need to add 6 to the 
month number; we include June in the subtraction to make its post-step value zero rather than 
12, as the end of the previous cycle. This math expression is shown as follows:

= > − +IF( , , )M M M5 6 6

The letter M represents the month number for the employee’s employment anniversary 
month. In the spreadsheet, it will be the address of a cell that contains that information.13 This 
and other formulas and expressions are repeated on multiple rows with changing cell refer-
ences. This expression uses a conditional statement so that for the month of June or later, the 
value is reduced by 6 units, and for January through May, the value is increased by 6 units. The 
result is a new series: June, 0; July, 1; . . . ; December, 7; January, 8; . . . ; May, 11. Thus, this for-
mula provides the number of months we want to pay at the old step when the employee’s pay 
changes at the end of that month.

13. It is this formula that is much more complex for semimonthly, weekly, and biweekly pay cycles.
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comBInIng Pay PerIods WIth Pay amounts

In the next two columns, we multiply the number of periods before the step increase by the 
lower step rate and the remainder by the second step rate.14

Vacant PosItIons

We have included one vacant position during the forecast period, so we need to look back at 
our hiring expectations to estimate values for columns “Step,” “Next Step,” “Anniversary 
Month,” and “Anniversary Day.” We stated that the hypothetical employee would be hired at the 
third step, and we set the anniversary date as the last day of the fiscal year. If we knew an actual 
anticipated hiring date, we could instead set the step and anniversary date to reflect the actual 
anticipated information. The inclusion of these assumptions is shown in the yellow-highlighted 
cells in row 6 of the Payroll Forecast tab in the exercise spreadsheet.

LongeVIty Pay

The longevity pay is paid as if it were a bonus on the longevity date. In the Payroll Forecast tab 
of the spreadsheet, the longevity pay is not included in the base for calculation of the perfor-
mance pay.

In the spreadsheet, the longevity pay is included in the simulation with a logic formula:

=OR(H3=10,H3=15,H3=20,H3=25,H3=30)*Q$40

Remember that the longevity pay is paid after each 5-year period of service, beginning with 
the 10-year service anniversary. The expression OR(x, y, . . . , n) returns the value “TRUE” (“1”) 
if any of the statements within the commas are true. The value in cell Q40 is $5,000, the amount 
of longevity pay. By placing it in a separate cell, we can easily change it if the value changes per 
future policy.

Performance Pay

Performance pay is a 0.5% increment paid over the whole year, and half the work unit is eligi-
ble for it. The performance pay is calculated by totaling the wages and salaries and multiplying 

by the performance factor, as shown in Table 27.4:

oVertIme

The remaining calculation to solve is overtime. 
As with base pay, overtime pay must be distributed 
before the step increase and after the increase. 
Overtime is paid at 150% of the hourly rate, so the 
periodic (monthly) rate is converted to an hourly 
rate (divided by 173.33) and then multiplied by 1.5. 

Under some circumstances, additional components of pay are at twice the hourly rate. This is not 
demonstrated here, but it would involve a similar table. To model this, all the technicians except 
the vacant position are designated as having 200 hours of overtime early in the fiscal year.

14. To facilitate this, we are using the pay scale (Table 1) as a lookup table in the spreadsheet. We have put 
the data from Table 1 in a named range labeled “MonthlyOld.” Another named range, “MonthlyNew,” has a 
pay scale that has been increased by 2.5% above “MonthlyOld.” The procedure to determine the full cost of 
the pay to the new scale, after we finish calculating the cost of the old pay scale, is to simply use the alter-
nate pay scale. The spreadsheet has features (VLOOKUP and INDIRECT) designed to assist with this, 
which are described in Appendix B of this book.

TABLE 27.4

Performance Pay

  $ 1,059,835 

Performance Factor 0.50%
  $ 5,299 
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exPected Pay

Pay is totaled in the Expected Pay column of Table 27.5. It is the sum of Wage & Salary, Lon-
gevity Pay, and Overtime. Performance Pay is treated as a separate record (row).

Forecasting Fringe Benefits

Benefits are calculated on the right-hand side of Table 27.5. Below the benefit calculations is a 
row labeled “Assumptions” in the left column. These assumptions are used in calculating the 
benefits.

The first use of assumptions in calculating benefits is to limit Expected Pay to the Social Secu-
rity Wage for calculating FICA. The spreadsheet uses the MIN([Ce111, Ce112]) function. Cell 1 
is the entry in the Expected Pay column. The anticipated FICA maximum for the year 2015 is 
entered in the Assumption row.15 FICA is calculated as 6.2% of the Social Security Wage column. 
The Health Insurance column is a fixed amount.16 Where the analyst knows whether an 
employee uses individual, family, or no coverage, this information can be used, with the caution 
that some of these decisions can change over time. The columns for “Medicare,” “Other Legally 
Required,” “Retirement,” and “Unspecified” use ratios from the Assumptions row.17

The total of benefits is shown in the rightmost column of the table. Benefits are also calcu-
lated for the performance pay; however, no additional amount is required for health insurance.

Finalizing the Estimate
Below the calculation of benefits in Table 5, we see some final calculations for Total Pay, Filled 

Rate, Estimated Payroll, Retention, and Budget Estimate. Total Pay is the addition of Expected 
Pay and Total Benefits for all employees, including the performance factor. The reset of this cal-
culation makes adjustments for turnover (using Filled Rate) and vacancy (using Retention), 
which are described below. The calculations multiply Total Pay by Filled Rate to get Estimated 
Payroll and multiply Estimated Payroll by Retention to get the final Budget Estimate.

Other Than Monthly Periods
This calculation is demonstrated with monthly pay periods because the use of spreadsheets to 

determine the next pay period after the anniversary date is much simpler with monthly periods.
Following is an expression that can be used to find the number of periods before the step 

increase with semimonthly data. This expression substitutes the labels Man and Dan for the cell 
addresses for the individual employee’s employment anniversary month and anniversary day.

= = < > − + − <IF AND M D M M M * Dan an an an an an( ( , ), , *( ( , , )) (6 16 23 2 5 6 6 1IF 116))

The expressions for weekly and biweekly periods are developed for the number of periods 
after the step increase and are considerably more complex. For the periods before the step 

15. The amount entered is the 2013 amount, inflated 2 years at 2.7% per year. In practice, one should use the 
best available data.

16. This amount is the amount demonstrated earlier, inflated to 2015 at 6.5% per year. In practice, one should 
use the best available data.

17. Actual organizations should use their actual categories with as much detail as possible, and they should 
possibly individualize some categories where there is dif ferential participation.
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increase, the number of periods after the step increase is subtracted from the total number of 
periods.
For biweekly, the expression is as follows:

=IF (AND (Man = 6, Dan > 24), Periodstotal, IF (Man > 6, TRUNC ((DATE (Year1, Man, Dan) −

First1) / 7), TRUNC ((DATE (Year2, Man, Dan) − First2) / 7)))

For weekly, it is as follows:

=IF (AND (Man = 6, Dan > 24), Periodstotal, IF (Man > 6, TRUNC ((DATE (Year1, Man, Dan) −

First1) / 7), TRUNC ((DATE (Year2, Man, Dan) − First2) / 7)))

The variables Man and Dan are as with the semimonthly expression. Year1 is the calendar year 
of the first day of the fiscal year. Year2 is the calendar year in which January occurs. First1 is the 
first day of the fiscal year. First2 is the first day of the calendar year in which January occurs. 
Periodstotal contains either 26 or 27 for biweekly and either 52 or 53 for weekly. These values are 
determined from calendar information.

Below, these expressions are shown in spreadsheet form, where the employee data are in row 
3 and reference data are in various cells in rows 37, 39, and 42.

For biweekly, the expression is

=IF (AND (I3 = 6, J3 > (30 − 6)), $N$42, IF (I3 > 6, TRUNC ((DATE ($M$37, I3, J3) − 
$Q$37)/7), TRUNC ((DATE ($M$39, I3, J3) – $Q$39)/7)))

For weekly, it is

=IF (AND (I3 = 6, J3 > (30 − 6)), $N$42, IF (I3 > 6, TRUNC ((DATE ($M$37, I3, J3) − 
$Q$37)/7), TRUNC ((DATE ($M$39, I3, J3) − $Q$39)/7)))

These expressions have been expanded with spaces for readability, but they must be closed 
up (spaces removed) to be used in a spreadsheet.

Vacancy and Turnover

Now we move to vacancy and filled positions and to turnover and retention. These are two pay-
roll effects resulting when employees resign or accept promotions.

Vacancy is the fraction of pay and benefits not spent because positions are empty for a period 
of time. Typically, a position that has been authorized but not funded (as when a position is 
planned to be filled for the first time later in the year) should not be counted as vacant. Position 
accounting is not as nuanced as financial accounting. When a funded position is vacant, it con-
tributes to vacancy. The amount it contributes is the dollar-weighted amount of time (number of 
pay periods) it is vacant. The dollar weight is the total cost of the employee (pay and benefits) 
who resigns or otherwise vacates the position at the time the employee vacates the position 
divided by the average cost of all employees.

Consider the following: Marilyn O’Riley is earning $5,540 per month and resigns to accept a 
position at another organization. Historically, she has received little in the way of overtime, so we 
will omit that. Her monthly benefits are $1,560. The total is $7,100.18 The average pay and benefits 

18. Shown as $7,101 in Table 3, due to dif ferences in rounding.



Budget tools

14

for all employees is $7,804. Her dollar-weighted contribution to the vacancy rate is .892 for each 
period her position is empty.19

This weighted value is multiplied by the number of periods her position is vacant within the year for 
which the rate is calculated and added to the total of weights for other vacant positions in that year.20

The total of all of the weights for vacant periods for all positions for the year is found and divided by 
the product of positions times pay periods. This number may be reduced for the number of pay peri-
ods for which positions were intentionally left vacant at the beginning of new projects:

Vacancy
Weights

Positions Periods New
=

× − ×( ) ( & intentional Beginn periods)

The filled rate is the balance after removing vacancy. It is as follows:

Filled Vacancy= −1

The filled rate is multiplied by the total pay and benefits to refine the budget value.
We calculate weights rather than just count each position as a unit of 1 for each period it’s 

vacant because we want to avoid substantial financial error. When employees at dif ferent pay 
grades have dif ferent vacancy rates, calculating an unweighted vacancy rate can overstate or 
understate the rate, resulting in reducing the funding by too much or too little.

Table 27.6 shows the calculation of vacancy rate for a 15-person organization. The monthly full 
cost (pay and benefits) for each employee is shown in the Cost column. These are divided by the 
average (at the foot of that column) to produce the weights in the next column. For positions that 
are vacant, the number of periods vacant in the fiscal year are determined and multiplied by the 
weights to produce the last column, which is totaled and divided by the total number of periods 
available. The total number of pay periods available (which is equal to the total value of the 
weights with this method) is the number of employees times pay periods in a year; for 15 employ-
ees paid semimonthly it is 15 times 25, or 360. Dividing total weights, 24.533, by 360 results in a 
vacancy rate of 6.8% and a filled rate of 93.2%.

Turnover and retention involve determining how much higher or lower the average pay of 
replacement employees is compared with the average pay of the positions they replace. For some 
organizations, such as police or fire departments, all or almost all employees are hired as entry-
level trainees. Universities hire most of their faculty as assistant professors. Many organizations 
have two or three similar positions roughly reflecting new hire, midrank, and senior level. The 
average rank and pay of employees leaving positions is typically higher than the rank and pay of 
new hires. In professions where skills are scarce, the situation may be reversed, and long- 
employed workers may have fewer relevant skills that limit mobility and pay while new hires may 
have more options and an ability to demand greater pay than the people they replace. In either 
case, accounting for the payroll impact of replacement workers provides precision in calculating 
organizational funding. Turnover is the change. Retention is the balance, the amount to budget for.

To determine retention, annualize the costs of incumbents in positions that go vacant. In  
the Marilyn O’Riley example, annualize the monthly $7,101 to $85,200.21 Next, annualize the 

19. This method can be calculated by day rather than pay period for more precision. When using the pay 
period approach, if the position is vacant for about half the period, count it as half. If it is just a few days, 
don’t count it. If it is more than three fourths, count it as the whole period.

20. Weights for positions still vacant at the beginning of the next year are counted for that subsequent year.

21. Annualized numbers are rounded in the text. More specific numbers are in the table.
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replacement salary. As an illustration, Marilyn is replaced by Robert Block at the first step of the 
pay grade. His annualized first-year salary and benefits total $81,200. Later in the year, another 
employee leaves at an annualized ending cost of $86,700 and is again replaced by an employee 
costing an annual $81,200. In a third 
case, the vacating employee’s annualized 
cost is $97,900. Using the actual cost for 
positions that remained filled throughout 
the year and the two sets of annualized 
costs, one for the original incumbents 
and the other for the new incumbents, 
we calculate full-year costs for the entire 
payroll. We do not include vacancy. 
Retention is calculated as follows:

Retention
$Total

$Total
new

original
=

Turnover is calculated as follows:

Turnover Retention= −1

The retention rate is multiplied by the 
once-refined budget value (reflecting the 
filled rate) to get the final budget value.

Table 27.7 shows the calculation of 
retention and turnover. The last column 

TABLE 27.6

Weighted Vacancy Rate

Weighted Vacancy Rate

Employee 
No Hired Position Separated

Beginning 
of Period Filled

End of 
Period Cost Weight

Pay Periods 
Vacant

Periods 
Weights

45123 9/15/2005 Supervisor 12,533 1.574
45124 7/22/2013 Team Leader 8,486 1.066
45125 3/1/2009 Office Assistant 4,645 0.583
45126 4/1/2008 Technician 3/15/2014 7/1/2013 6/30/2014 7,101 0.892 7 6.241
45127 5/16/2014 Technician 7,809 0.981
45128 6/13/2012 Technician 11/1/2013 7/1/2013 3/1/2014 6/30/2014 8,157 1.024 8 8.194
45129 5/7/1999 Team Leader 9,094 1.142
45130 3/24/2004 Office Assistant 4,575 0.574
45131 1/11/2006 Technician 5/1/2013 7/1/2013 12/12/2013 6/30/2014 8,043 1.010 10 10.099
45132 1/14/2002 Technician 8,224 1.033
45133 3/1/1999 Technician 8,197 1.029
45134 2/5/2001 Team Leader 8,967 1.126
45135 6/17/2003 Technician 7,775 0.976
45136 3/1/1999 Technician 8,017 1.007
45137 3/15/1997 Technician 7,841 0.985
  360 Total Pay Periods 7,964 25 24.533
      Vacant 6.8%
      Filled 93.2%

TABLE 27.7

Calculation of Retention and Turnover

Employee 
No. Grade Step

Annualized Current 
Pay & Benefits ($) Vacancy

Annualized Cost With 
New Incumbents ($)

45123 19 5 150,391 0 150,391
45124 15 3 106,499 0 106,499
45125 5 5 55,741 0 55,741
45126 12 3 86,695 1 81,200
45127 12 2 93,709 0 93,709
45128 12 4 97,883 1 81,200
45129 15 5 109,122 0 109,122
45130 5 4 54,898 0 54,898
45131 12 3 96,515 1 81,200
45132 12 4 98,685 0 98,685
45133 12 4 98,365 0 98,365
45134 15 4 107,606 0 107,606
45135 12 1 93,299 0 93,299
45136 12 3 96,201 0 96,201
45137 12 2 94,091 0 94,091

$1,439,701 $1,402,209
Retention 97.4%
Turnover 2.6%
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substitutes the annualized cost of new employees for the annualized pay of prior employees who 
have been replaced in the last year. The total of that column is divided by the column containing 
the annualized cost of the original incumbents, resulting in the rates of 97.4% turnover and 2.6% 
retention shown in the bottom right corner.

Tracking and Forecasting

Once you have the vacancy and retention rates, make a record of them and track them over the 
years. With multiple annual rates, average each series. Generally, a useful vacancy or retention 
rate will be based on 5 years of data. If the rate exhibits a trend, collect many years of data and 
consider using forecasting methods.

Summary

This module reviews the steps for estimating the cost of pay and benefits using full computation 
of the payroll, using real or realistic data and accounting for factors that lead to adjustments. The 
example case demonstrates these steps with a monthly pay system, and expressions are shown 
for other pay cycles.

Assignments

For these assignments, use the supplied self-checking spreadsheets.

1. You have been assigned to help your IT department develop a budget request for their pro-
grammers. You have been given limited data in the spreadsheet Budget Tools 2e Chapter 26, 
Payroll self-checking.xls and will have to build a payroll simulation utilizing Excel. You have the 
position numbers, names, position titles, grades, and current steps of the employees and the 
employees’ hire dates.

Create a payroll simulation for the budget submission for FY 2015. The fiscal year is July 1 to 
June 30.

 (a) In column G, write a formula that determines the next step for each employee. There are 
only 5 steps in this pay grade. This number is already found in cell B27, where the top pay 
step is recorded. In this case, we can use the “minimum” function in Excel. The formula 
needs to assume the employee will move up one step during the year but not go higher 
than 5.

  Use the formula =MIN((F2+1),$B$27)

  Check the logic of the first returned data. Does it make sense? If so, copy that formula down 
for the rest of the employees. (For each step that follows, you will need to copy the for-
mula down to the rest of the positions once you have ensured that the first row works.)

 (b) In columns I and J, separate the values associated with the hire date respectively. Excel 
will do this automatically if you use the formula =MONTH(K5) in column H and use 
=DAY(K5) in column J.

 (c) In column H, you need to calculate how many years the employee has with the team. This 
is accomplished in two steps. First, create a reference cell of the year from which you 
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want to measure. In cell H3, enter “2015” because you are building the FY 2015 budget. 
Then to calculate the length of service in years, use the formula =$H$3-YEAR(K5). This 
formula will take 2015 (your reference cell) and subtract the hiring year for the employee. 
The value returned may appear in date format. Use the formatting tools to make it a num-
ber rather than a date.

 (d) Assume a monthly pay period. Employees are moved to the next step in the first month 
following their anniversary. Now you will need to build the columns necessary to finish 
the simulation. Use column L to convert the months from column I into the correspond-
ing fiscal year month (July = 1, August = 2, etc). Column L is labeled “Fiscal Year Month.” 
In cell L3, use the formula using an IF statement: =IF(I5>7,I5–6,I5+6). A hire date of  
January should now be represented as “7,” August as “2,” etc. This provides us with the 
number of months that employees will be paid at their current steps.

 (e) In column M, calculate how many months employees will be paid at their new step rates. 
In cell M3, use the formula =12-L5. The result is that columns L and M represent 12 
months of pay.

 (f) Next, calculate the base salary dollars associated with each person. In columns A and B, 
starting in Row 20, a table has been provided that shows the monthly wage for each step 
in this pay grade. Column N is labeled “Monthly Before-Step Pay.” Use the lookup func-
tion to return the correct monthly wage for the step that the employee is in currently. The 
formula in cell N5 will look like this: =VLOOKUP(F5,$A$22:$B$27,2). Have Excel look at 
the current step, find that value in column A rows 22 through 27, and return the associ-
ated wage from column B (the second column). Format this column to show the numbers 
as dollars.

 (g) You need to perform the same procedure for the “after” step. Copy all of the formulas in 
column N and paste them into column O. Because “$” is part of the formula, the new for-
mulas will keep the right range, and copying one column to the right will move the refer-
ence cell to column G rather than column F.

 (h) Calculate the total wages for the year by multiplying the value in column L by the wage in 
column N and adding it to the product of column M and column O. The formula looks like 
this for cell P3: =L5*N5+M5*05. The column is labeled “Expected Base Pay.”

 (i) The department provides an $8,000 one-time pay increase when an employee reaches the 
10-, 15-, or 20-year anniversary. Column Q is labeled “Longevity Pay.” Similar to what you 
did in step 3, create a reference cell for the $8,000 in cell Q3. Use the OR formula to 
include or not include the $8,000 based on the years of service in column H. The formula 
in Q5 will read as follows: OR(H5=10,H5=15,H5=20)*$Q$3. Format the column to show 
dollars.

 (j) Calculate the total wages for the employee by adding columns P and Q in column R, 
which should be labeled “Total Annual Wages.” The formula expression is simply 
=P5+Q5.

 (k) We assume no overtime for this team.

 (l) Now we will calculate benefits. The department has a fixed health and dental benefit rate 
of $9,400. We will use this number in a moment. The department is required to pay por-
tions of retirement, FICA, and Medicare. Unemployment and workers’ compensation are 
handled through the internal risk management department, so they will be omitted from 
this exercise.
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 (m) Column S is labeled “Retirement.” Create a reference cell above the label for the rate 
(make it a percentage). The current retirement rate is 12.5% of the total wages. Calculate 
this for each employee. The formula in cell S5 will be =R3*$S$3.

 (n) Column T is labeled “FICA.” Create a reference cell above the label for the rate of 6.2%. 
There is also a maximum income associated with FICA. We need a second reference cell. 
Highlight and color cells R3 and T3 the same color, as you will use R1 as the second ref-
erence cell. Put $113,700 in R3. Now calculate the FICA amount using an IF statement 
like this: =IF(R5>$R$3,$R$3*$T$3,R5*$T$3).

 (o) Column U is labeled “Medicare.” Create a reference cell above the label for the rate of 
1.45%. Follow the same process in step 13 to calculate the Medicare amounts.

 (p) Column V is labeled “Total Benefits.” Create a reference cell above the label for the fixed 
benefit rate of $9,400. Add the fixed rate to the retirement, FICA, and Medicare to get to 
the total benefits. The formula will look like this for cell V3: =$V$3+S5+T5+U5.

 (q) Column W is labeled “Total.” Add the Total Annual Wages to Total Benefits.

 (r) Create a Total row in row 12 and add all the rows of columns R, V, and W.

 (s) If the result of step 18 is “#N/A,” you have not done something wrong. You need to fill in 
an estimation for the vacant position number 57222. Assume the new person will come in 
as step 1 on January 1, 2015. Now your values should fill in.

  What does your budget request need to be to fund these positions for the upcoming fiscal 
year?

2. The director just came in after a meeting with the central budget and human resources 
offices. It seems they have just completed a study of similar positions in the marketplace, and all 
positions in this grade will be getting a 7% increase in addition to any changes in the step. The 
director needs you to revise your budget request figure immediately. Before you hang your 
head, you realize you just built a dynamic spreadsheet that will allow you to make this change 
quickly.

 (a) You will begin by repeating the first assignment. You can do this rapidly by using the 
copy/paste feature. However, only the yellow-highlighted cells are accessible for copying 
and pasting in the self-checking spreadsheets.

 (b) The Step Payroll information is located in shaded cells A22 through B27. In cell B19, 
enter the current step 1 pay rate of $3,500. In cell B20, enter 1.07 or 7%. Beginning in cell 
B23, enter the adjusted rate (3500 * 1.07). In cells B24 through B27, increase this by 
increments of 2.5% using the rate found in cell B21.

 (c) As you are getting ready to email your director the new total, you see an email arrive from 
the benefits director indicating that the fixed rate will increase to $9,650 per employee 
and that the retirement rate has been increased to 12.75%. Make these changes in the 
appropriate reference cells.

 (d) What is your new total?
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MODULE 28
Basic Forecasting Concepts

Learning Objectives:
■■ Visualize and graph time series data
■■ Identify and correct outliers
■■ Decompose data
■■ Adjust complex data
■■ Identify three types of time series data that can be forecast
■■ Understand averages of time series data
■■ Make a moving average of time series data
■■ Calculate the following:

■❍ Error
■❍ Squared error
■❍ Mean squared error
■❍ Root mean squared error

■■ Calculate bias
■■ Select a simple forecast

This module focuses on the skills and preparation you need before you begin to forecast. Some 
simple preforecasting techniques are shown.

Time Series Data

The techniques shown here and in the next module are appropriate for data that occur regularly 
in a time sequence. Regularly means monthly, quarterly, semiannually, or annually.1 For the tech-
niques to work well, it is important that data be consistently recorded with time segments. This 

1. Weekly, daily, hourly, and so forth data can also be forecast using these techniques, but for issues related 
to budgeting, there is seldom a need for such forecasts.
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means that data belonging with one month should not be recorded as belonging with another 
month. Such attribution issues may particularly arise with cash management and jurisdictions 
that use cash budgeting.

In general, these techniques work better with more data. While monthly data is often pref-
erable, monthly data can involve a problem called “seasonality,” which will be discussed in 
Module 30. For the remainder of this module, data will be assumed to be nonseasonal or 
deseasonalized.

Visualizing Data and Data Correction

The first step with your raw data is to graph them. The steps for creating a graph are shown in 
Appendix C of this book.

FIGURE 28.1 

New York City: Government Charges for Services

FIGURE 28.2 

New York City: Government Charges for Services

Figure 28.1 shows a time trend for general government charges for services for New York 
City. As a forecaster, you should notice that the first three observations are followed by a sharp 
drop and that the overall series trends upward. Both of these types of information will be used in 
forecasting. Because this is a long series and the sharp drop comes very near the beginning, the 
likely corrective action for the sharp drop is to simply start the forecast series after the drop, in 
year 4 of the series. 



Budget tools

22

To Windsorize, we multiply the standard deviation by 3, add it to the mean, and substitute 
the result for the extraordinar y value. This expression is demonstrated in Figures 28.5  
and 28.6:

W = SD × 3 + M

Figure 28.7 shows the revised observation as a dot superimposed on the original series. The 
resulting value is still sharply outside the typical value of the series. The goal of Windsorizing is 
to reduce the extraordinary value to one that is within statistically likely values, not to eliminate 

With Figure 28.2, we see that in the year 2005, the value is sharply outside the range of the 
rest of the series. This observation is not conveniently so long ago that we can just drop all of the 
series up to this point. But if we include it in the series, our estimate of forecast error, which will 
eventually help us select which forecast we make, will be overly influenced by this observation. 
If we have access to the people who manage the data generation process, we may investigate and 
find out what this unusual observation is about. Perhaps it is a correction and should actually be 
attributed to several years. Perhaps it reflects a settlement of some sort that would not normally 
recur. If we can find out why this observation is here, we may be able to reassign the value to 
other periods when it is no longer so extraordinary, or we may be able to exclude the unusual 
part altogether because we know, with confidence, that it is a nonrecurring, extraordinary event.

However, we may have to use a data adjustment technique. A well-known technique is known 
as “Windsorizing” (Armstrong, 1985), in which we first calculate the mean and standard devia-
tion of the series. The Excel expressions for these are as follows:

=AVERAGE()

and

=STDEV()

Excel has several expressions for each of these functions, depending on what might be in the 
series, but for simple data, these expressions are effective. Within the parentheses is the range 
of the series, as shown in Figures 28.3 and 28.4.

FIGURE 28.3 

Excel Average Formula

FIGURE 28.4 

Excel Standard Deviation Formula
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its unusual effect altogether. We fully eliminate the unusual effect only if our investigation has 
allowed us to reassign the data or has shown with confidence the value of a nonrecurring event.

The other matters we see in Figures 28.2 and 28.7 include the fact that the series has had a 
long period of low to no trend and that after the unusual observation, the series adjusted upward 
but may continue to have a low- to no-trend condition. However, the direction of the low trend, if 
there is one, has changed. Knowing about this may lead us to be very cautious when it comes 
time to accept the results of a forecast model.

FIGURE 28.5 

Windsorizing Formula

FIGURE 28.6 

Excel Windorizing Formula

FIGURE 28.7 

New York City: Government Charges for Services (Windsorized)
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The goal of graphing data before moving forward is to learn what you can about the series and 
to observe patterns that may lead to investigating the data or making reasonable corrections. 
Correcting data simply because it is inconvenient is not reasonable.

Decomposition

Decomposition is the practice of break-
ing data up according to meaningful 
components to improve forecast accu-
racy. This can be performed with juris-
diction-wide data by separating dif ferent 
revenue sources. For example, one can 
forecast property tax separately from 
sales tax. However, there is more to 
decomposition than separating revenue 
sources. At a deeper level, data can be 
divided between dif ferent underlying 
causal processes. In Table 28.1, the New 
York City Water and Sewer Revenue 
(right-hand column) is decomposed into 
three parts: revenue per gallon, gallons 
per person, and population. Each of 
these elements can be forecast sepa-
rately, using appropriate techniques. 
The total expenditure is recomposed by 
reversing the decomposition.2 To 
decompose the data, the analyst needs 
appropriate source data. In this exam-
ple, the source data are total gallons 
used, which was estimated from other 
data published on the New York City 
Open Data website (https://nycopen-
data.socrata.com/); total revenue from 
water and sewer, which is available from 
several New York City sources; and total 
population, which is constructed from 
data in the New York City Comprehensive 
Annual Financial Reports. Gallons per 
person is total gallons divided by popula-

tion. Revenue per gallon is water and sewer revenue divided by total gallons. In this example, 
sewage gallons are not counted because usage information is not available.

Removing Inflation

Similar to decomposition is the removal of ef fects that are clearly known and understood. 
Module 7 discusses adjusting for inflation. For some series, such as the water and sewer rate, the 

2. A more sophisticated approach would use regression modeling, but this approach is not demonstrated in 
this text.

TABLE 28.1

New York City: Water and Sewer Revenue, 
Decomposed

Year
Revenue per 

Gallon
Gallons per 

Person Population
Water & Sewer 

Revenue ($)

1980 0.0004 78,061.96 7,071,639 233,834,623 
1981 0.0005 77,877.30 7,077,279 261,758,831 
1982 0.0006 67,419.71 7,088,350 264,582,975 
1983 0.0006 70,568.59 7,150,150 319,227,133 
1984 0.0007 72,393.82 7,198,277 344,837,391 
1985 0.0007 73,930.77 7,232,780 378,209,286 
1986 0.0009 66,500.18 7,276,928 445,588,116 
1987 0.0009 67,790.31 7,292,432 437,755,375 
1988 0.0008 72,425.40 7,289,880 434,646,524 
1989 0.0010 74,055.44 7,313,757 545,632,243 
1990 0.0011 70,060.46 7,322,564 571,376,190 
1991 0.0011 71,146.33 7,304,481 596,377,769 
1992 0.0012 74,764.87 7,304,895 644,123,974 
1993 0.0014 68,345.23 7,329,079 709,121,849 
1994 0.0014 65,980.49 7,570,458 717,845,663 
1995 0.0015 64,923.08 7,633,040 738,561,386 
1996 0.0015 63,036.86 7,697,182 730,963,206 
1997 0.0016 60,942.56 7,773,443 775,318,258 
1998 0.0019 55,993.00 7,858,259 822,800,164 
1999 0.0017 56,159.55 7,947,660 777,651,962 
2000 0.0018 56,316.69 8,018,546 801,255,118 
2001 0.0019 56,150.11 8,063,137 842,524,943 
2002 0.0020 53,684.84 8,072,000 857,906,603 
2003 0.0020 51,374.60 8,068,073 846,351,747 
2004 0.0022 49,631.03 8,043,366 884,744,982 
2005 0.0022 50,218.21 8,013,368 899,324,043 
2006 0.0024 50,563.64 7,993,906 989,545,265 
2007 0.0027 48,675.62 8,013,775 1,063,873,430 
2008 0.0029 50,530.19 8,068,195 1,202,190,064 
2009 0.0032 48,607.87 8,131,574 1,283,505,261 
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underlying cost process may be what 
you are forecasting, and adjusting for 
inflation may be misleading. However, 
for other series (such as personal 
income tax), it is equally ineffective to 
forecast a series that contains both infla-
tion and other sources of change. In 
Table 28.2, income inflation is removed 
using the Consumer Price Index. 
Because the analyst is interested in the 
future revenue, the analyst has deflated 
the older data rather than the current 
data.3 To do this, the analyst set the cur-
rent-year (most recent) observation of 
the CPI at 100%. The analyst then divided 
the current year’s CPI by each previous 
year’s CPI and placed the result beside 
each previous year. This results in an 
inflator adjustment factor. The analyst 
then multiplied the inflator adjustment 
factor by the actual personal income tax 
(PIT) received for each year, resulting in 
an adjusted PIT. As PIT is partly depen-
dent on the population, the analyst can 
then decompose the data by dividing by 
total population.4 To forecast these data, 
the analyst would forecast the PIT-per-
person data and separately forecast (or 
acquire a forecast of) population and 
inflation. The whole forecast is made by 
reversing the order of calculations or by 
using the component information in a 
regression model.

Treating Data

Data that occur in a time series are sometimes treated as moving into the future with three types of units.5

Level
The first sort of unit is the whole observation (after the sorts of adjustments described in prior sec-

tions). We have already seen graphs of such data in Figures 28.1, 28.2, and 28.7. These are the whole 
data; sometimes, an average of some or all of the whole data in time order, a forecast of the whole data, or 

3. This practice is also called deflating, but it is called inflating here to agree with a common understanding of what 
is happening to the older data.

4. If working population data or income-receiving population data are available, that would be better for decomposi-
tion; however, forecasts of that data might be less reliable.

5. There can be more, but they are not commonly used in forecasting.

TABLE 28.2

New York City: Personal Income Tax (PIT), Adjusted for 
Inflation

Year CPI 

Inflator 
Adjustment 

Factor 

Personal 
Income Tax 
Millions ($)

Adjusted 
PIT Millions 

($) Population
PIT per 
Person

1980 82 273% 879.29 2,400.34 7,071,639 339.43
1981 91 247% 1,018.52 2,520.40 7,077,279 356.13
1982 97 233% 1,159.41 2,702.56 7,088,350 381.27
1983 100 226% 1,331.01 3,005.99 7,150,150 420.41
1984 104 216% 1,546.64 3,348.41 7,198,277 465.17
1985 108 209% 1,739.86 3,637.19 7,232,780 502.88
1986 110 205% 1,815.60 3,726.26 7,276,928 512.07
1987 114 198% 2,163.17 4,283.28 7,292,432 587.36
1988 118 190% 2,088.47 3,971.08 7,289,880 544.74
1989 124 181% 2,445.16 4,435.58 7,313,757 606.47
1990 131 172% 2,537.56 4,367.23 7,322,564 596.41
1991 136 165% 2,798.16 4,621.26 7,304,481 632.66
1992 140 160% 3,233.01 5,183.39 7,304,895 709.58
1993 145 156% 3,474.09 5,408.02 7,329,079 737.88
1994 148 152% 3,555.64 5,396.78 7,570,458 712.87
1995 152 148% 3,601.53 5,315.77 7,633,040 696.42
1996 157 143% 3,919.55 5,619.25 7,697,182 730.04
1997 161 140% 4,377.18 6,134.57 7,773,443 789.17
1998 163 138% 5,152.94 7,111.02 7,858,259 904.91
1999 167 135% 5,527.83 7,463.53 7,947,660 939.09
2000 172 131% 5,611.71 7,330.39 8,018,546 914.18
2001 177 127% 6,164.52 7,829.70 8,063,137 971.05
2002 180 125% 5,005.61 6,258.79 8,072,000 775.37
2003 184 122% 5,029.75 6,148.84 8,068,073 762.12
2004 189 119% 6,068.48 7,226.24 8,043,366 898.41
2005 195 115% 7,200.06 8,292.75 8,013,368 1034.86
2006 202 112% 8,025.81 8,954.95 7,993,906 1120.22
2007 207 108% 8,647.78 9,381.71 8,013,775 1170.70
2008 215 104% 9,927.97 10,372.30 8,068,195 1285.58
2009 215 105% 7,657.18 8,028.44 8,131,574 987.32
2010 218 103% 7,592.66 7,832.32 8,186,443 956.74
2011 225 100% 8,165.97 8,165.97 8,244,910 990.43
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simply a collection of the whole data arranged in a series is called the level of the data. Level 
refers to how far the data are from zero. For convenience, this module and the following one will 
refer to the whole data as xt, meaning observation x at time period t. If calling attention to some 
estimate of level, it is labeled L or Lt, which is used when summarizing more than one observa-
tion. Use of subscripts implies that there is more than one L or x, and the reference to these 
subscripts as time periods implies that observations are organized serially, according to a regu-
larly occurring data-generating event, such as monthly tax collection.

Trend
The second sort of unit is the trend, which is the change in the data from one period to the 

next. It is found by taking the later observation, labeled xt+1 below, and subtracting the earlier 
observation, xt:

s x xt t t+ += −1 1

This expression says that s (trend, also called slope) at time t +1 is found by taking x (the 
observation) at time unit +1 and subtracting the observation at the immediately preceding time 
unit (t). This is one unit of trend.6 When referring to a summary of more than one unit, trend is 
labeled S or St. A series will have one fewer trend unit than whole units. Figure 28.8 demonstrates the 
calculation of trend using Excel.

Growth
The third sort of unit is growth, which is popularly called percent growth or percent change. 

Sometimes it is also, incorrectly, called trend. Growth is found by dividing trend by the earlier of 
the two units in the trend expression:

6. In Module 30, we refer to calculating trend units as dif ferencing.

FIGURE 28.8 

Calculation of Trend Using Excel
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What this expression says is that g (growth) at time t + 1 is found by taking trend at time t + 1 
and dividing it by the observation at time t. This is one unit of growth. When referring to a sum-
mary of more than one unit of growth, growth is labeled G or Gt. Growth is sometimes expressed 
as percent growth. Manual calculation of percent simply moves the decimal two spaces to the 
left. However, this requires the opposite decimal movement when doing math with percentages. 
Spreadsheets simplify this by using a percent format such that the actual data are not changed. 
Figure 28.9 demonstrates calculation of growth using Excel.

FIGURE 28.9 

Calculation of Growth Using Excel

Forecasting growth is incidentally popularized because it is the sort of thing that gets noticed 
in the national arena with respect to the entire economy. This does not make forecasting growth 
particularly useful in more micro-forecasting environments. This book does not provide recom-
mendations with respect to forecasting growth.

Averages

Sometimes we reserve terms such as level, trend, and growth for estimates made from more than 
one observation. Here we are using capital letter symbols to refer to summaries or estimates 
made from more than one unit, while using lowercase symbols to refer to individual units. The 
following three expressions describe the simplest summary of level, trend, and growth:

L
x x x

N
N=

+ +…+1 2

S
s s s

N
N=

+ +…+
−

2 3
1
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All of the elements of these expressions except N are as previously defined. N refers to the 
number of whole observations. The subscripts are linked to the whole series, so trend and 
growth begin at the second observation. These expressions indicate that one should add up all 
the data and divide by the count. Figure 28.3 demonstrated using the average function in Excel.

Averages are summaries of data. They provide interesting information, but they are not 
forecasts.

Moving Average of Level, Nontrending Data
Inexperienced analysts may be tempted to average a few observations and treat the average as 

a forecast. Without a better tool, an average seems like a good guess. When the next time to 
make a forecast comes around, they search for the data again and make a new average. Because 
the oldest data is always the hardest to find, what they are doing is making an unsystematic mov-
ing average. That is, they are making an average of a few observations, dropping the oldest when 
taking up the newest. As a first step toward forecasting, it is better to do this systematically.

Moving averages are like averages, but they are restricted to shorter periods than the entire 
length of the series. A systematic moving average uses the same number of periods for each 
calculation. (When we move to trending data, we will see that it is best to use an odd number of 
observations, unless you are using a moving average of quarterly or monthly data, where 4, 8, 
12, or 24 periods reduces the influence of seasonality.) For annual data, one might use 3, 5, or 7 
periods if there is a concern that level frequently changes, or one might use a larger number if 
seeking some protection from occasional unusual observations.

Figure 28.10 demonstrates the sort of data that might be forecast with a medium-length mov-
ing average, perhaps of seven periods. As we are using this simple technique and we know that 
something odd happened before 1990, we exclude those data. Figure 28.11 shows a seven-period 

FIGURE 28.10 

Forfeitures Data
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moving-average forecast. This forecast is relatively effective through 2005 or 2006, and then an 
event leads to ineffective forecasting. So, perhaps a shorter moving average would be more 

FIGURE 28.11 

Forfeitures Data With 7-Period Moving-Average Forecast

FIGURE 28.12 

Forfeitures Data With 7-Period Moving-Average Forecast Using 
Excel
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desirable. However, a shorter moving average will be more volatile (meaning it will move up and 
down more).

Figure 28.12 demonstrates calculating a seven-period moving average using Excel. Although 
the moving average is placed in 1996 in the spreadsheet, it is “centered” in 1993; that matters if 
the analyst uses moving averages for trending data. However, the analyst can know only a rough 
estimate of 1996 data in time to make a forecast for 1997, as shown in Figure 28.12. The analyst 
should be careful to update recent historical data to keep the moving average reliable. Figure 
28.12 shows the process of dropping down one period to make a forecast.

The forecast remains constant over future years. The expression to achieve this is shown in 
the formula bar in Figure 28.13.

FIGURE 28.13 

Calculating a Moving-Average Forecast Using Excel

FIGURE 28.14 

General Sales

Calculating a moving average involves calculating an average of a limited number of periods 
and offsetting it to the right location. This does not require an especially sophisticated use of 
spreadsheet functions. However, Excel does have a Data Analysis ToolPak function to produce a 
moving average. This function is demonstrated in Appendix A to this module. 

Moving Average of Level and Trend, Trending Data
Some analysts would like to use moving average with trending data. You can, but doing so 

requires two moving averages. You need one moving average for the trend and another moving 
average of the level to find the “takeoff” point for the trend. Figure 28.14 shows trending data 
that might be forecast with this approach
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Figure 28.15 shows a forecast using a seven-period moving average for level and trend with 
these data. The forecast is made using the spreadsheet table shown in Figure 28.16. The sev-
en-period moving averages are offset by one period (set on the row after the seventh period) to 
help the analyst keep track of the math. The formula bar shown at the top of the figure shows the 
calculation of the moving average for level. It contains an IF expression to provide a substitute 
level value when the actual data expire. This is important because forecasts go into periods 
where there are no data. For level, the substitute value is the previous moving average plus one 
unit of trend.

FIGURE 28.15 

General Sales Versus Forecast

FIGURE 28.16 

Calculating General Sales Forecast Using Excel
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Figure 28.17 shows the calculation of the seven-period moving average of the trend. As with 
level, there is an IF statement to provide a substitute value when there is no data for trend. For 
trend, the substitute value is the previous value of trend.

FIGURE 28.17 

Excel Formula for Calculating Seven-Period  
Moving Average of Trend

FIGURE 28.18 

Excel Formula for Calculating Forecast

Figure 28.18 shows the calculation of the forecast. The forecast is the value of the level moving 
average plus 4 times the trend moving average. It uses 4 times the trend moving average because 
the level moving average is centered three periods prior to the current period and one more 
period is needed to get into the future. In the spreadsheet, the number 4 is in cell W1. It is import-
ant to put parameters like this into separate cells, because the number will change as the length 
of the moving average changes. The correct number is one half the length of the level moving 
average plus 1. It is a good idea to keep the trend and level moving averages the same length.

Error

Although the moving average of level and the moving average of level and trend have been 
labeled “forecasts,” they have very limited power. They are an improvement over using guesses 
and unsystematic averages, but they can be improved more by calculating errors. The point of 
calculating errors is to find out how well the forecast performed. In more sophisticated forecast-
ing, it can also provide information about the range of likely point values in the future period. It 
is extremely rare that a forecast gets the future value exactly right, so all forecasts are wrong by 
some amount. Knowing how much the error is can help one select a preferred forecast model 
from a collection of several options.

Error is calculated according to this expression:

e x Ft t t= −

This says that the error, e, is found by subtracting the forecast, F, from the actual, x. All of 
these have a subscript t, indicating that there is an error for each instance where there is both a 
forecast and an actual. To evaluate forecasts, we also need the squared error, which is calculated 
as follows:

e e et t t
2 = ×



Basic Forecasting concepts

33

The squared error is averaged, and this is called the mean squared error (MSE). To make 
the number easier to use, one finds the root mean squared error (RMSE). The RMSE is very 
similar to the common standard deviation:

MSE
e e e

n
n=

+ +…+1
2

2
2 2

RMSE MSE=

The first of these expressions says the MSE is the sum of the errors divided by the count. The 
small n is used because there may not be an error for every observation. The second expression 
simply says that the RMSE is the square root of the MSE. Calculation of these is demonstrated in 
Figures 28.19–28.22. The formula bar at the top of Figure 28.19 shows the calculation of error.7

Figure 28.20 shows squaring the error in Excel.

Figure 28.21, which is from near top of the table, shows the calculation of the average of the 
squared errors.

7. The data in Figure 28.19, also used in Figure 28.12, have been adjusted by dividing by 1,000 to make this 
example easier to use. There is no mathematical consequence of this adjustment.

FIGURE 28.20 

Calculating the Squared Error Using Excel

FIGURE 28.19 

Calculating the Error Using Excel
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Figure 28.22 shows finding the square root of the MSE and placing this value in the cell below 
the MSE.

FIGURE 28.21 

Calculating the Mean Squared Error Using Excel

FIGURE 28.22 

Calculating the Square Root of the Mean Squared Error Using 
Excel

FIGURE 28.23 

Forefeitures Versus Forecast: Three-Period Moving-Average 
Forecast Based on Error Analysis

The square root is the number that the analyst uses to compare forecasts. A smaller square 
root implies that over a large number of observations, the one-period-ahead forecast was 
closer to correct. Squared values penalize large errors more than small errors. The reason this 
is labeled “one-period-ahead forecasts” is that the formulas are written to update the forecast 
with each new observation, so the error for each observation reflects the forecast made in the 
previous period.

The result of the error evaluation is RMSE = 1,738. Earlier, while examining the graph in 
Figure 28.11, we hypothesized that a shorter moving average might have smaller errors but 
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might also be more volatile. Two alternate moving averages (MA) were considered: MA = 5 and 
MA = 3. The results are RMSEMA=5 = 1,676 and RMSEMA=3 = 1,663. Figure 28.23 shows the 
three-period moving average that would be selected based on the error analysis.

Bias

For an unbiased forecast, the measure of central tendency (the forecast) should produce an aver-
age error of zero. The mean error (ME) is calculated not from the squared error but from the 
initial calculation of the error, column V in Figure 28.19. The equation for the bias measure is as 
follows:

ME
e e e

n
n=

+ +…+1 2

Because all forecasts of future values violate a basic rule of statistics, there is a price to pay, 
and that price will be found in bias. That is, forecasts are biased. (Some methods appear unbiased 
because they do not include predicted future values when calculating the mean error, but if these 
values are systematically included, they will also be biased.) The forecaster’s objective is not to 
eliminate bias, as this cannot be done. Instead, it is to reduce bias without excessively reducing 
accuracy—that is, by increasing MSE. Sometimes these two objectives—reducing MSE and 
reducing ME—work against each other. There is no optimal solution. The analyst must become 
sensitive to the comparative issues and make a reasoned judgment.

Figure 28.24 demonstrates including the bias calculation with the forecast previously demon-
strated in Figure 28.19. It shows using Excel’s simple averaging formula.

FIGURE 28.24 

Calculating the Bias Using Excel

When this value is included with the three-, five-, and seven-period moving averages, the 
results (with the RMSE also shown) are as follows:

Period ME RMSE

MA3 (266) 1663
MA5 (370) 1676
MA7 (575) 1738

The parenthetical numbers are negative. With these data, both the error measure and the bias 
estimate support using the three-period model.



Budget tools

36

Although not demonstrated, for the trending data, the error values are ME = 28 and RMSE = 
179. We will return to this information in the next module.

Summary

This module has introduced preliminary forecasting concepts, including examining graphs, cor-
recting outliers, decomposing data, adjusting for known factors that either do not require fore-
casting or should be separately forecast, determining the type of data to be forecast, calculating 
the simplest data models using moving averages, and using errors in forecast evaluation. In the 
next module, we examine another simple forecasting technique that is known to be more effec-
tive than the moving average.

Assignments

1. The State of Arizona has asked you to examine tax burdens for residents in preparation for 
the next forecasting effort. Use the data in Table 28.3.

(a) Prepare a graph showing the total state and local per capita taxes paid per year. Identify 
any outliers.

(b) Calculate the level, trend, and growth, and their averages.

2. In the Arizona tax information in assignment 1, a typographical error in the data has been 
discovered. The tax per capita in 2006 was actually $6,368.10 rather than $3,368.10.

(a) Prepare a graph showing the total state and local per capita taxes paid per year. Identify 
any outliers.

(b) Using the Windsorizing technique, adjust the data and prepare a graph showing the orig-
inal information and the adjusted information.

TABLE 28.3

State of Arizona: State and Local Per Capital Taxes

Year
Total State and Local Per 

Capita Taxes Paid ($) Year
Total State and Local Per 

Capita Taxes Paid ($)

1977 729.10 1994 2017.41
1978 792.06 1995 2105.29
1979 871.42 1996 2133.51
1980 928.18 1997 2147.02
1981 960.51 1998 2230.04
1982 1014.01 1999 2366.24
1983 1058.44 2000 2498.91
1984 1226.99 2001 2553.06
1985 1372.09 2002 2592.34
1986 1470.50 2003 2679.79
1987 1559.85 2004 2787.50
1988 1631.95 2005 3128.02
1989 1718.13 2006 3368.10
1990 1804.99 2007 3750.00
1991 1870.55 2008 3582.34
1992 1878.01 2009 3202.74
1993 1951.56 2010 3006.35
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3. Northland is developing a forecast for its special revenue fund that does not conform to a 
trend. Use the data in Table 28.4 to calculate a 5-year moving average and then use that result to 
project revenues for this fund for the next 3 years.

4. Prepare a memo to the budget director of Northland providing a brief explanation of the 
revenue forecasts developed for FY 2014 to FY 2016. Based on the results of assignment 3, pro-
vide a recommendation.

5. River County receives revenue through property taxes. The budget director has asked you 
to build a forecast for the next 3 years. Use the data in Table 28.5.

(a) Prepare a forecast using a 7-, 5-, and 3-year offset moving average of level and trend.

(b) Utilize an analysis of errors to determine which forecast provides the most accurate  
information.

6. Using a jurisdiction of your choosing, select a revenue stream that has more than one 
component. (Hint: The budget document usually has a discussion of the jurisdiction’s revenue 
sources.) For one stream of revenue, graph 5 years of history as well as the projected value 
for that year’s budget. Also, decompose the revenue stream into its various parts over the  
5 years. 

1996 $53,421,417 2005 $49,055,130
1997 $64,600,858 2006 $124,202,747
1998 $67,053,747 2007 $86,126,170
1999 $24,316,124 2008 $27,862,519
2000 $66,110,642 2009 $85,704,726
2001 $93,389,137 2010 $81,483,730
2002 $49,686,023 2011 $45,459,605
2003 $20,706,410 2012 $22,672,732
2004 $81,238,032 2013 $58,226,034

TABLE 28.4

Northland: Special Revenue Fund

TABLE 28.5

River County: Property Tax Revenue

Fiscal Year
Property Tax Levy  

($000) Fiscal Year
Property Tax Levy  

($000)

1992 34,762.30 2003 45,322.70
1993 32,354.05 2004 44,165.63
1994 30,971.67 2005 50,550.37
1995 31,010.82 2006 62,733.41
1996 32,382.92 2007 67,096.62
1997 33,211.58 2008 70,422.87
1998 36,407.76 2009 74,674.33
1999 38,930.54 2010 74,996.80
2000 43,246.20 2011 68,019.59
2001 48,342.35 2012 62,401.17
2002 45,042.55 2013 54,584.58

2014 39,842.99

Note: These figures are rounded to the nearest cent. 
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Appendix A: Calculating a Moving  
Average Using Data Analysis ToolPak

In Figure 28A.1, we have series of annualized data in an Excel spreadsheet.

FIGURE 28A.1 

FIGURE 28A.2 

Figure 28A.2 shows the Excel Ribbon selected for the Data tab. The Data Analysis icon is  
indicated.
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Figure 28A.3 shows the dialog that appears after clicking the Data Analysis icon. Find the 
Moving Average option and click OK.

FIGURE 28A.3 

FIGURE 28A.4 

Figure 28A.4 shows the main Moving Average dialog. Click on the indicated icon.

Figure 28A.5 shows the Input Range dialog. While this window is active, you can browse 
through the spreadsheet and find your input range.
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Figure 28A.6 shows your input range. The dotted lines indicate that input range AQ13 
through AQ35 is highlighted.

FIGURE 28A.5 

FIGURE 28A.6 

Figure 28A.7 shows the highlighted range has populated the Input Range dialog. Click on 
the indicated icon.
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Figure 28A.8 shows the return to the main Moving Average dialog. Select the indicated 
Output Range icon.

FIGURE 28A.7 

FIGURE 28A.9 

FIGURE 28A.8 

From the Figure 28A.9 Output Range dialog, search the spreadsheet again.

Figure 28A.10 shows the selection of the cell in the column beside the data that is one row 
below the top of the data. The MA feature automatically offsets for the interval length, but we 
need to offset one more period to get to the forecast.
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Figure 28A.11 shows the selected cell populating the Output Range dialog.

FIGURE 28A.11 

FIGURE 28A.10 

Figure 28A.12 shows the current status of the main Moving Average dialog.
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Figure 28A.13 shows entering the interval length of 3. Then click OK.

FIGURE 28A.12 

FIGURE 28A.13 
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Figure 28A.14 shows the three-period moving average as a forecast. We populate cell AR37 
and the following rows with the last forecast value.

FIGURE 28A.14 
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MODULE 29
Forecasting  

Intermediate Methods

Learning Objectives:
■■ Forecast nontrending, nonseasonal data using simple exponential smoothing
■■ Forecast trending, nonseasonal data using modified Holt exponential smoothing
■■ Compare exponential smoothing with a moving average
■■ Use judgment in making a forecast

In this module, we learn how to make forecasts that are typically more accurate and less biased 
than those based on a moving average. We do this using exponential smoothing techniques 
that are commonly labeled “simple,” although they are more sophisticated than the moving aver-
age. We also learn how to work with seasonal data. Finally, we briefly examine the use of regres-
sion modeling for forecasting.

When forecasting nontrending data, we previously used a moving average, as shown in Figure 
28.12 of Module 28. While moving averages are very easy to calculate, they rarely provide the 
most accurate forecast. In this module, we examine intermediate methods. Intermediate meth-
ods can sometimes be considered challenging, but they are typically more accurate than very 
simple methods. Most can be performed with a spreadsheet, and only a few require knowing 
more than a little math. For all of these methods, we assume that we are calculating errors and 
the two error measures—RMSE for accuracy and ME for bias—with whatever forecast we make.

Simple Exponential Smoothing

Simple exponential smoothing (SES) is a method of forecasting nontrending data. It is an 
improvement over using a moving average. The formula needed to produce SES is as follows:

F A Ft t t= + −( )− −α α1 11

This formula says that forecast F at time period t is found by taking value α and multiplying it 
by observation A in the previous period and adding it to the value 1 minus α multiplied by the 
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Figure 29.1 shows the data in the spreadsheet.

forecast found in the previous period. The value of α must be between 0 and 1. Its function is to 
decide how much of the forecast is from the most recent period and how much is from earlier 
periods. Later, we discuss how to choose (in Excel) its paired mate, 1 – α. For the first period, 
there is no forecast. For the second period, the forecast is the value from the first period. Excel 
knows this formula, and Figures 9.1–9.11 demonstrate using the Data Analysis ToolPak to make 
an SES forecast.

FIGURE 29.1 

Forfeitures Data

FIGURE 29.2 

Excel ToolPak Data Analysis Tool
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Figure 29.2 shows that we go to the Data Analysis option on the Data Ribbon. This ribbon was 
previously demonstrated in the Appendix to Module 28. 

FIGURE 29.3 

Selecting Exponential Smoothing in Excel

FIGURE 29.5 

Exponential Smoothing Input and Output Ranges

FIGURE 29.4 

Exponential Smoothing Dialog

Figure 29.3 shows that with the Data Analysis ToolPak, we select Exponential Smoothing.

Figure 29.4 shows the Exponential Smoothing dialog. In this dialog, we click on the buttons 
indicated and search the spreadsheet for the input and preferred output ranges. The results are 
shown in Figure 29.5.
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Figure 29.5 shows that we have selected the input range and the output range. Only the first 
cell of the output range is required. Figure 29.5 shows that it starts on the same row as and in the 
column beside the input range. Figure 29.5 also shows that the Chart Output option is checked. 
Do not select the Standard Errors option.

FIGURE 29.6 

Exponential Smoothing Output Graph

Figure 29.6 shows the output chart, which may be very small, so you may need to expand it to 
see it. You can use screen grab tools in Excel to move it to a more convenient place on the sheet. 
The automatically generated chart will not have your original date labels.

FIGURE 29.7 

Forfeitures Forecast Using Excel
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Figure 29.7 shows the output forecast in column M.

FIGURE 29.8 

Forfeitures Forecast Using Excel,  
With Future Years Added Manually

FIGURE 29.9 

Forfeitures Forecast Using Excel, With Formula Shown

Figure 29.8 shows that at the bottom of column M, the same value as the last forecast is 
repeated as the forecast for future periods. This is a manual addition that you supply to complete 
the table.

Figure 29.9 shows the forecast formula embedded in column M, starting with the second fore-
cast period. Here we see that α and 1 − α are included in the formula as fixed numbers. In  
Figures 29.4 and 29.5, 1 − α is labeled “dampening factor.”1 This location is shown again in Figure 
29.10. As we made no entry in that location, we use a default value of 0.3. Figure 29.9 also shows error 
calculations MSE, RMSE, and ME, all of which were defined in Module 28.

Figure 29.9 also shows the forecast results: ME = − 23.3 and RMSE = 1991. The errors before 
1997 are excluded to make this analysis comparable to the analysis of the moving average in 

1. The term dampening factor has a dif ferent meaning in academic articles on forecasting.
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Figure 28.12. Compared with these results (shown in the table below), the forecast is somewhat 
less accurate, although it is far less biased.

Period ME RMSE

MA3 (266) 1663
MA5 (370) 1676
MA7 (575) 1738

However, we used the default dampening factor of 0.3. A little experimentation shows that 
when the dampening factor is set at 0.7, the values are RMSE = 1683 and ME = 603. This result is 
within the same general range as the MA forecasts, but it is not better in this instance.

FIGURE 29.11 

Exponential Smoothing Output Graph,  
With Dampening Factor at 0.7

FIGURE 29.10 

Exponential Smoothing Dialog: Damping Factor Option
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Before selecting this forecast, or any of the MA forecasts, it is beneficial to also look at the 
graph of the results. Comparing Figure 29.11 (the chart of this forecast) to Figure 29.6, we see 
that for the recent periods (those leading into our next estimate), the less accurate forecast over 
the length of the data series will be more accurate now. This paradoxical result comes from the 
fact that there was a big change in the data in periods 15 through 18 (the mid-2000s) and the 
more reactive model (which typically has larger errors) found this change, while the less reac-
tive model did not. The forecaster cannot just rely on numbers—judgment here would lead to 
using the default model or the MA3 model for the present (the reader should also review Figure 
28.23 in Module 28). If this forecast is substantially contributory to total revenue, it will bear 
constant monitoring.

Trending Data

As with moving averages, there is a dif ferent version of exponential smoothing for trending data. 
Trending exponential smoothing is known as Holt exponential smoothing. Here we use a 
slightly simpler version of Holt (T. M. Williams, 1987). We cannot use a built-in Excel function 
because there is none for trending exponential smoothing. However, exponential smoothing 
requires relatively little math.

We need four formulas for the forecast and two more to start off at the right value, known as 
initialization.

For the modified Holt exponential smoothing, we use these three formulas:

F S Bt t t= +− −1 1

 S F et t t= + α

 B B et t t= +−1 β

 e A Ft t t= −

The first formula says the forecast Ft for the current period is equal to the level calculated at 
the last period St − 1 added to the trend calculated at the last period Bt − 1. The second formula 
says the level St is equal to the forecast Ft plus α times the error et. The third formula says the 
trend Bt is equal to the previous trend plus β times the error et.

2 The last formula says the error et 
is equal to the actual At minus the forecast Ft. The α value serves the same function as with SES;3 It is 
set by the user to decide how much of the level will be from the most recent observation and how 
much from earlier observations. The value β is set by the user to decide how much of the trend is from 
the most recent observation and how much from earlier observations.

Below, we demonstrate using these formulas to make a forecast. First, however, we need 
some formulas to initialize the forecast. Initialize means selecting values for S and B for the time 
period t = 0, meaning the time period just before the first actual observation. Holt will perform 

2. The dif ference between this version and the unmodified Holt formulation is that the trend formula in Holt 
is as follows:

Bt = Bt−1 + αβet

3. In fact, if we set β to zero and initialize Bt as zero (thus, effectively deleting all references to Bt from the 
formulas), this is an alternate expression of SES.
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relatively well without initialization, but it performs better when initialized. The formulas are 
quite simple. First, we want an average of the first few observations in two groups. If the data are 
monthly or quarterly, we average over the first year and then the second year. If it is annual, we 
choose a length of time, L, that is not excessive compared with the entire number of observa-
tions. In the upcoming example, L = 5, so there is an average of the first 5 observations and an 
average of the second 5 observations. We then use these formulas:

B
A A

L0
2 1

=
−( )

 
S A B

L
0 1 0

1
2

= − ×
+









What the first formula says is that the initial value of trend B0 is the average of the second 
group of observations A

–
2 (the line above it means average) minus the average of the first set of 

observations A
–

1 divided by the number of observations L in the average. What the second 
formula says is that the initial value of level S0 is equal to the first average A

–
1 minus one half of 

the number of observations plus 1.4
Figure 29.12 shows us a forecast of the trending data for which we used the two moving aver-

ages in Module 28. In subsequent figures, we examine the elements of this forecast.

4. If the number of observations is even, the numerator of the fraction in the parentheses should be adjusted 
to L + 1.

FIGURE 29.12 

Trending Data Forecast Using Excel
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Figure 29.13 shows us the calculation of the average A
–

1 in cell L12; A
–

2 is shown in cell L17.

FIGURE 29.13 

Trending Data Forecast Using Excel: Calculation of A
–

1 and A
–

2

FIGURE 29.14 

Trending Data Forecast Using Excel: Calculation of A
–

2 Minus A
–

1

FIGURE 29.15 

Trending Data Forecast Using Excel: Calculating L

Figure 29.14 shows A
–

2 minus A
–

1 in cell L3.

Figure 29.15 shows a spreadsheet expression in cell L4 to determine the length of L. The 
range must be properly defined for this expression to be effective.
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Figure 29.16 shows calculating B0 in cell L5 from the information we put in cells L3 divided by 
L4.The arrows in columns M and N show that this value is also placed in cell N7 as the initial 
trend value.

FIGURE 29.16 

Trending Data Forecast Using Excel: Calculating B0

FIGURE 29.17 

Trending Data Forecast Using Excel:  
Calculating the Initial Trend 

Figure 29.17 shows calculating the quantity L + 1
2

 in cell L6 (note that the letters used in cell 

addresses are unrelated to the letters used in formulas).

Figure 29.18 shows calculating S0 from A
–

1 in cell L12, B0 in cell L5, and (L + 1)/2 in cell L6. 
This value is also placed in cell M7 as the initial level value.

Figure 29.19 shows the calculation of the formula S F et t t= + α  in cell M8. This formula is cop-
ied to all the rows where there are data (see Figure 28.12).

Figure 29.20 shows the calculation of the formula B B et t t= +−1 β  in cell N8, which is copied to 
all the rows where there are data.

Figure 29.21 shows the adding together of the level St and trend Bt from the previous row in 
cell O8 to get the forecast on the current row. This formula is copied to all the rows where there 
are data.

The error calculations MSE, RMSE, and ME are as defined previously. This model has been 
“fit,” which means that alternative values of α and β have been tried in order to minimize RMSE. 
Typically, when fitting modified Holt, β values should be kept small. The author usually does not 
consider values greater than 0.1 unless graphic evidence shows sharp changes in trend, in which 



Budget tools

56

FIGURE 29.18 

Trending Data Forecast Using Excel: Calculating S0

FIGURE 29.19 

Trending Data Forecast Using Excel: Calculating St

FIGURE 29.20 

Trending Data Forecast Using Excel: Calculating Bt

FIGURE 29.21 

Trending Data Forecast Using Excel:  
Adding Previous Level St and Trend Bt
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case it may be more effective to discard older data after enough periods have elapsed to know 
that the trend change has stabilized, unless the analyst thinks another sharp change may be 
lurking in the future. In the table, the Holt model is compared with the previous seven-period 
moving average. Both the ME and RMSE are more favorable with the Holt model.

Method ME RMSE

7MA 27 179
Holtα = 0.95, β = 0.01 19 173

Summary

Exponential smoothing is a technique applied to time series data to produce forecasts. There is a 
dif ferent version of exponential smoothing for trending data. Trending exponential smoothing is 
known as Holt exponential smoothing.

Assignments

For SES solutions, use α = 0.1. For Holt solutions, use α = 0.95 and β = 0.01.

1. Recall the forecast produced for assignment 3 in Module 28 for the Northland special reve-
nue fund. The original data are provided in Table 29.1.

a. Using the same initial data and assumptions, refine the forecast using the exponential 
smoothing method appropriate for nontrending data.

b. Produce a graph showing the original data, the 5-year moving average forecast from Mod-
ule 28, and the forecast produced using the exponential method.

c. Which forecast would you recommend using, and why?

TABLE 29.1

Northland: Special Revenue Fund

1996 53,421,417 2005 49,055,130
1997 64,600,858 2006 124,202,747
1998 67,053,747 2007 86,126,170
1999 24,316,124 2008 27,862,519
2000 66,110,642 2009 85,704,726
2001 93,389,137 2010 81,483,730
2002 49,686,023 2011 45,459,605
2003 20,706,410 2012 22,672,732
2004 81,238,032 2013 58,226,034

2. Recall the forecast produced in assignment 5 in Module 28 for River County’s property tax 
revenue. The original data are provided in Table 29.2.

a. Using the same initial data and assumptions, refine the forecast using the exponential 
smoothing method appropriate for trending data.
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b. Create a matrix showing the ME and RMSE for the three scenarios of moving-average fore-
casts from Module 28 and the ME and RMSE produced using the exponential method.

c. Which forecast would you recommend using, and why?

TABLE 29.2

River County: Property Tax Revenue

Fiscal Year
Property Tax  
Levy ($000) Fiscal Year

Property Tax  
Levy ($000)

1992 34,762.30 2004 44,165.63
1993 32,354.05 2005 50,550.37
1994 30,971.67 2006 62,733.41
1995 31,010.82 2007 67,096.62
1996 32,382.92 2008 70,422.87
1997 33,211.58 2009 74,674.33
1998 36,407.76 2010 74,996.80
1999 38,930.54 2011 68,019.59
2000 43,246.20 2012 62,401.17
2001 48,342.35 2013 54,584.58
2002 45,042.55 2014 39,842.99
2003 45,322.70

Note: These figures are rounded to the nearest cent. 

Reference

Williams, T. M. (1987). Adaptive Holt-Winters forecasting. Journal of the Operational Research 
Society, 38(6), 553–560.

Additional Readings

Armstrong, J. S. (1985). Long-range forecasting: From crystal ball to computer (2nd ed.).  
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Makridakis, S., Wheelwright, S. C., & Hyndman, R. J. (2010). Forecasting: Methods and applica-
tions, New York, NY: Wiley.

Williams, D. W. (2008). Forecasting methods for serial data. In G. Miller & K. Yang (Eds.), Hand-
book of research methods in public administration (2nd ed., pp. 595–665). Boca Raton, FL:  
CRC Press/Taylor & Francis.
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MODULE 30
Forecasting: Advanced 
Intermediate Methods

Learning Objectives:
■■ Identify seasonal data

■❍ Deseasonalize seasonal data
■❍ Reseasonalize forecasts

■■ Make a forecast of nontrending data using a very simple regression model

In this module, we learn a simple method of working with seasonal data, and we learn how to 
make a forecast using a simple regression model with a single-period time lag.

Seasonality

Seasonality arises when time series data exhibit a pattern over a cyclical calendar period, such 
as a year, quarter, month, or week. Most commonly, the idea of seasonality is associated with 
years, but practical human behavior can lead to other periodic seasonality as well. For example, 
businesses may have quarterly profit reports, which could lead to increased activity in the last 
month of fiscal quarters and matching increased tax collections. In this case, the pattern would 
be relatively low taxes in January and February, followed by more collection in March, followed 
by the same pattern in April through June, and so forth.

When data follow any seasonal pattern, forecasting must account for seasonality before meth-
ods like moving average, the exponential smoothing methods we have examined, or the regres-
sion method we will look at can be used.

Figure 30.1 shows seasonal data. These data show two seasonal peaks, one in winter and one 
in summer. Generally, there are two observations in the seasonal high period and four in the 
seasonal low period, so the data might appear to exhibit semiannual seasonality. However, the 
summer peaks are higher than the winter peaks, so annual seasonality is likely correct.
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Sometimes it is hard to tell seasonality by visual inspection, so it may be useful to make an 
overlay chart as shown in Figure 30.2.

FIGURE 30.1

Property Taxes: Seasonal Data

FIGURE 30.2

Property Taxes: Overlay Graph (FY2007–2013)

To make the overlay chart, the data are grouped by year and month as shown in Figure 30.3.
On the overlay chart, the observations clearly show a distinctive annual pattern, so the  

data are seasonal. There are advanced statistical techniques to confirm seasonality; however, 
when the pattern is this strong, there is no need to use such techniques. In addition, the June 
(period 12) peaks are higher than the December (period 6) peaks, so estimating factors as 
semiannual would be incorrect.
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When there is no pattern or the analyst is unsure, it is more reasonable to judge that the data 
are not seasonal. Miller and Williams (2003, 2004) have demonstrated that seasonal methods are 
likely to find seasonality when there is none or are likely to overestimate seasonality. So the ana-
lyst should be cautious. Excel does not include a seasonal estimation package, and many meth-
ods require sophisticated software. Although there is an exponential smoothing method that 
incorporates seasonality, it may be subject to severe overestimation over time. The simplest safe 
method for estimating seasonality in a spreadsheet is the classical decomposition method 
(Makridakis, Wheelwright, & Hyndman, 1998). 

The steps to implementing classical decomposition are demonstrated in Figures 30.4–30.20. 
Figure 30.4 shows the top part of the entire computation. There are 82 observations of these 

data. The order of magnitude is not reported.

FIGURE 30.3

Property Taxes: Data by Year and Month

FIGURE 30.4

Property Tax Data: Decomposition
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Figure 30.5 and subsequent figures show calculations in the formula bars at the top of the 
figures and in the cell where the calculation is made in the more complete figure. In Figure 30.5 
we calculate a 12-period moving average and place it beside the seventh observation of the series 
counting from the beginning. Because of the critical location and the relative ease of calculating 
a moving average, it is better to do this with =Average([Range]), than to use the Data Analysis 
ToolPak function.1

Copy this formula until you reach a row where the range of the moving average (the cell 
within the Excel parentheses that follows the colon) is the last cell that contains data. Do not go 
beyond that location. This is shown in Figure 30.6, where the entries in column D end at row 81. 
Although the formula will compute as if correct for subsequent rows, the moving average will 
have fewer than 12 observations.

Figure 30.7 shows a 2-period moving average following the 12-period moving average. This is 
needed with even-numbered observations to center the moving average beside an original obser-
vation rather than halfway between two observations. The first 2-period moving average is set 
beside the first 12-period moving average. Referring back to Figure 30.6, we see that the column 
stops one row before the 12-period moving average column stops.

1. If you are calculating seasonality with quarterly data (four observations), you would use a four-period 
moving average and locate the first MA at period 3. For all even-numbered periods, this step is one period 
past half. For odd-numbered periods (daily, within weeks, and monthly within quarter), place the MA at the 
middle observation and skip the next step. This method cannot be used when the number of periods varies 
(weeks within months).

FIGURE 30.5

Property Tax Data: 12-Period Moving Average (12MA)
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FIGURE 30.6

Property Tax Data: 12-Period Moving  
Average (12MA), Last Date for Which It Can Be Calculated

FIGURE 30.7

Property Tax Data: 2-Period Moving Average (2MA)

FIGURE 30.8

Property Tax Data: Seasonal Factors
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Figure 30.8 shows how to compute raw seasonal ratios by dividing the original data by the 
correctly centered two-period double moving average.2

Figure 30.9 shows averaging the seasonal ratios for each seasonal period (month). This set 
requires hunting appropriate cells in the spreadsheet and is subject to the errors of omitting a 
relevant cell or selecting an inappropriate cell. Also, if copy and paste is used to fill the column 
for the 12 seasonal periods (for annual data), there is a danger that the formula will refer to stray 
data below the calculation table in lower cells. The analysts should proofread this step carefully.

Figure 30.10 shows calculating the total of the seasonal factors. For annual data, the desired 
sum is 12. If, as is likely, the total is not 12, the seasonal factors should be normalized as shown 
in the next steps.

Figure 30.11 shows a fixed value of 12 (for 12 seasonal periods) in a convenient location in the 
spreadsheet.

Figure 30.12 shows how to divide the desired total of the seasonal factors (12) by the calcu-
lated total. This produces an adjustment factor to be used to correct the seasonal factors.

Figure 30.13 shows the formula =G11*H$4 (in the formula bar), which is used to adjust the 
seasonal factor. This formula is copied to the 12 seasonal periods.

Figure 30.14 shows that we have totaled the 12 seasonal factors and have confirmed that they 
total to 12.

2. It is called double moving average because it is a moving average of a moving average value. For odd- 
numbered periods, the double moving average should not be calculated—the original moving average 
should be used for this step.

FIGURE 30.9

Property Tax Data: Average Seasonal Factors



Forecasting:  advanced intermediate methods

65

FIGURE 30.10

Property Tax Data: Total Average Seasonal Factors

FIGURE 30.11

Property Tax Data: Inputting the  
Number 12 to Use in Calculations
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FIGURE 30.12

Property Tax Data: Adjustment  
Factor for Correcting Seasonal Factors

FIGURE 30.13

Property Tax Data: Normalized Seasonal Factors
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FIGURE 30.14

Property Tax Data: Total Average Normalized Seasonal Factors

FIGURE 30.15

Property Tax Data: Inputting Dampening Factor of 0.99
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Earlier, we discussed the possibility that seasonal factors overestimate seasonality. There are 
sophisticated methods for correcting for this, but they require extensive math. A simple (if less 
perfect) method is to dampen the seasonal factors (Armstrong, 2001). For the current data, 
dampening is not required; the pattern is clear, and seasonal factors are unlikely to be substan-
tially overestimated. However, to demonstrate the calculation of dampening, a dampening factor 
is included in this example. Figure 30.15 shows the dampening factor of 0.99. Values of less than 
1 reduce the distance from 1 of the adjustment of the seasonal factor. The adjustment of 0.01 may 
seem small, but it may be excessive in this instance. Dampening without the aid of statistical 
methods requires substantial care. Examine the overlay graph. If the lines lie pretty much on top 
of each other, dampen little or perhaps not at all (i.e., set the factor at 1). If you are convinced 
there is a pattern but that you must screen out some “noise” to see it, then you may want to 
dampen somewhat. If you feel a need to dampen by as much as 0.8 (for substantial noise) or even 
more, you may not actually have a seasonal pattern, or the pattern may change too frequently to 
be modeled with classical decomposition.

FIGURE 30.16

Property Tax Data: Damped Seasonal Factors

Figure 30.16 shows the implementation of the dampening factor with the formula 
=H11*$I$4+(1-$I$4). This is the expression:

It
′  = × + × −I d dt 1 1( )

This means that the damped seasonal factor I′ for period t is equal to the seasonal factor I for 
period t times the dampening factor d plus 1 times the quantity 1 minus the dampening factor. In 
the spreadsheet calculation, we omit the superfluous multiplication by 1.
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Figure 30.17 shows that we total the damped seasonal factors to verify that they still total to 
the number of seasonal periods (12).

FIGURE 30.17

Property Tax Data: Total Damped Seasonal Factors

FIGURE 30.18

Property Tax Data: Application  
of Seasonal Factors to All Observations
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Figure 30.18 shows that to put seasonal factors beside all 82 observations of our original data, 
we repeat the factors we calculated from the averaged, normalized, and damped calculations 
(periods 7 through 18 in Figure 30.18).

FIGURE 30.19

Property Tax Data: Deseasonalized Data

Figure 30.19 shows that we compute the deseasonalized data (the data we will forecast) by 
dividing the raw data in column C by the damped seasonal factors in column I. The formula for 
deseasonalization is as follows:

At
′  =

A

I
t

t
′

This formula can be read to say the deseasonalized actual A′ for period t is equal to the actual 
A for period t divided by the damped seasonal factor I′ for period t.

Figure 30.20 shows the deseasonalized data as darker lines overlaid on the original data, now 
shown with dotted lines.

Seasonal factors computed with this method should not be forecast; they should be repeated 
for each seasonal period.

To reseasonalize the forecast (to make it follow the same pattern as the original data), use 
the formula

F′
t = Ft × It

′

This formula can be read to say the forecast F′ for period t is equal to the forecast F for period 
t times the damped seasonal factor I′ for period t.
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Simple Cross-Sectional  
Regression With Lagged Input X Variables

Regression is a statistical procedure that relates input variables, also called predictor variables, 
to an output (predicted) variable. The general form of a regression model is as follows:

Y x x xn n= + + +…+ +α β β β ε1 1 2 2

This says that the predicted output variable Y is equal to the sum of an intercept α plus a 
series of coefficients β1,2 . . . n multiplied by their respective predictor variables x1,2 . . . n plus a 
random element ε. When we make a regression model, we do not model the random element 
(because it is random), but we do try to verify that it is relatively random.

This model is linear, which means that on a graph, the data should group up in a line (they do 
not all have to fall directly on the line, and when there is more than one variable, it may not be 
possible to see the line on an unaltered graph). Because of this linearity requirement, we trans-
form much of the data before we use it. Anything we transform before forecasting, we have to 
reverse-transform after the regression to have a usable forecast.

Before we can make a regression model, we need the predicted variable Y and the predictor 
variables x1,2 . . . n.3 We do not need a variable for the intercept. The predicted variable is the value 

3. It is assumed that the reader of this book has access to other material for basic statistical concepts. 
Regression-based forecasting should not be attempted by those without statistical training.

FIGURE 30.20

Property Tax Data: Seasonal and  
Deseasonalized Data Overlay Graph
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we want to forecast. The predictor variables are variables that we believe may help predict 
(explain) the predicted variable. In the following example and the example in Appendix D of this 
book, the explanatory variables are very simple. In actual practice, more complex models may be 
used; however, the analyst should keep in mind that most data series are relatively short, so the 
number of predictor variables should be kept to a minimum.4

The predictor variables need to have values we can know at the time we are making the fore-
cast. There are generally two ways to do this. First, we can use lagging (the method we use 
here), which consists of using a prior-period predictor variable for a later-period predicted vari-
able. Lagging is often effective but is usually weaker than using current-period cross-sectional 
modeling. Still, it is judged here to be preferable to the alternate method, which is to forecast the 
predictor variables into the period of the predicted variable and avoid or reduce lagging. To do 
this, one must have more forecasts, one for each predictor variable. The model fit may be better, 
but there will be a hidden cost, which is that the uncertainty associated with using estimated 
predictor variables, rather than measured predictor variables, is usually unknown. Consequently, 
the alternate approach can lead to completely unexpected catastrophic failure.

In the following, we examine forecasting using Excel. In Appendix D, we review a more chal-
lenging case. In Appendix E, we examine types of forecasting not demonstrated in this book.

Regression and Forecasting in Excel  
Using Data Analysis ToolPak

4. Excessive numbers of predictor variables relative to total observations can undermine the validity of the 
regression model.

FIGURE 30.21

Water and Sewer Data
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Figure 30.21 shows the data that are to be used. These are derived from the water and sewer 
decomposition problem previously found in Module 28: Basic Forecasting Concepts. The reve-
nue per gallon and revenue data have been converted with the log function, which simply 
requires the use of =Log([Cell Address]). Only positive numbers can be logged, and numbers 
less than 1 will have negative logs. The function statement allows for a second argument, but 
when it is omitted, the base is 10.

These data are logged to remove an expected upward curve in the data. Regression is 
designed for linear analysis, and it fails when the mass of the data curves as it travels. There are 
many devices for addressing this, but logging the data is a well-known simple method.

The labels at the top of the input data in Figure 30.21, Log Rev Per Gal and Thousand Gal  
Per Cap, each end in “/Lag 1.” Lagging means using data from a prior row, in this case from  
the first prior row. Sophisticated software has functionality that handles this. In Excel, it is  
done manually—that is, on the row with the date and output (Y variable) from 1981; the input data 
are from 1980. This means that we have no input data for the output year 1980. We lag the data 
because that is the point—we want to make a forecast for the next year after the input data run out.

FIGURE 30.22

Excel LOG Function

FIGURE 30.23

Excel Data Analysis ToolPak Dialog: Selecting Regression

Figure 30.22 shows using =LOG([cell address]) to log data.

Figure 30.23 shows selecting the Regression dialog from the Data Analysis ToolPak menu.
Figure 30.24 shows the Regression dialog.
Figure 30.25 shows that we have selected the data in column AG (Log Revenue) as our Y  

(predicted) variable and the data in columns AE and AF (Log Rev Per Gal/Lag 1 and Thousand 
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Gallons Per Cap/Lag 1) as our input data. Under Input, we checked Labels, which means that  
the top row of the data contains labels for each column. Under Output, we checked the boxes for 
Residuals, Residual Plots, and Line Fit Plots, which all af fect the output that will be produced.

We specified an output range on the same page we began. If we click the second radio button 
under Output (New Worksheet Ply:) and do not give a name, a generically named new  
sheet with the output will appear immediately to the left of the tab of the current sheet in the 
workbook. 

Figure 30.26 shows the output when first generated. The charts may appear anywhere on the 
active part of the worksheet page. It is up to the user to format the sheet to make it usable.

FIGURE 30.24

Excel Data Analysis ToolPak: Regression Dialog

FIGURE 30.25

Excel Data Analysis ToolPak: Regression  
Dialog With Input and Output Ranges and Options Selected
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Figure 30.27 shows the statistical output after formatting. The user is interested in the 
adjusted R square, the significance of F, and the coefficients and the p-values of the t statistics. R 
square and adjusted R square cannot exceed 1 and generally should not appear to be approach-
ing 1 unless there are very good reasons.

We have attempted to remove spurious5 reasons for an extremely high R square by converting 
dollar values to real dollars and logging the values. However, if values are this high, then the 

5. Spurious correlation arises when something not included in the model is the reason for the appearance of 
correlation. For time series regression, spurious correlation often results from the simple tendency of 
things moving in time to increase in size. When time series regression models have input (X) and output (Y) 
variables that increase in time, they often attain very high R square without having a particularly good expla-
nation of why. In a related matter, the analyst should never use a time index as an independent (X) variable, 
as it is a sure way to import spurious correlation.

FIGURE 30.27

Water and Sewer Data: Regression Output, Formatted

FIGURE 30.26

Water and Sewer Data: Regression Output
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analyst should be suspicious. After reviewing the remainder of the output from this model, we 
will look at a dif ferent model.

Figure 30.28 shows us the plots we asked for. The analyst must reformat some to see them 
this way, and they may still be obscure. For the two on the top, we are looking for the dots to be 
randomly distributed above and below the center line. A visual inspection shows no reason to 
doubt this, although the distant dot shown in both plots suggests there might be an outlier. An 
outlier is a value that is so far from the rest of the data that it may cause the coefficients to be 
incorrectly estimated.

In the box labeled 1 in Figure 30.29, we have the predicted values for the original observa-
tions and the residuals. Residual is the regression word for what we have been calling error, the 
dif ference between the predicted value and the original value.

In box 2 of Figure 30.29, I have calculated the Durbin Watson statistic (DW). When the 
regression is of time-ordered data, DW should always be calculated. In this text, we do not exten-
sively discuss DW, but briefly, the point of DW is to find out whether the residuals are correlated 
with each other. If they are, we must correct the regression. An example is given in Appendix D. 
DW has a maximum value of 4. When the number of observations is reasonably large and the 
number of independent variables is reasonably small, values above 2 are acceptable. If you get 
values below 2, you should learn more about DW or use the correction shown in Appendix D. If 
you use a large number of independent variables (more than 5), you should also learn more 
about DW.

In Box 3 of Figure 30.29, we reverse the logging to get predicted values in the same form as 
the original data.

FIGURE 30.28

Water and Sewer Data: Regression Plots
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In Figures 30.30–30.34, we see how to calculate DW, and in Figure 30.35 we see how to 
reverse the log.

FIGURE 30.29

Water and Sewer Data: Regression Predictions,  
Residuals, Durbin Watson Statistic, and Antilogged Predictions

FIGURE 30.30

Durbin Watson Statistic: Difference of Residuals, Squared

Figure 30.30 shows part of how to calculate DW. We build a column of values that are the 
residual minus the residual on the row above squared:

d e et t t= −( )−1
2
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Figure 30.31 shows the next part of DW. We build a column of values that are the residual 
squared:

w et t= 2

FIGURE 30.31

Durbin Watson Statistic: Residual Squared

FIGURE 30.32

Durbin Watson Statistic:  
Total of Difference of Residuals, Squared (D)

FIGURE 30.33

Durbin Watson Statistic: Total of Residual Squared (W)

Figure 30.32 shows that we total the first column as follows:

D dt= ∑
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Figure 30.33 shows that we total the second column as follows:

W wt= ∑

FIGURE 30.34

Durbin Watson Statistic: Divide D by W

FIGURE 30.35

Antilog of Predicted Revenue

Figure 30.34 shows that we divide the total of the first column by the total of the second  
column:

DW
D
W

=

The result of this calculation is the Durbin Watson statistic.

Figure 30.35 shows the calculation of an antilog. The antilog is the base number (we used the 
default base of 10) raised to the power of the log. In Excel, “raised to the power” is expressed 
with the caret symbol (^) found on the 6 key at the top of the keyboard.

Figure 30.36 shows the inputs to the regression equation (located in the bottom left corner of 
Figure 30.27). The equation can be read as follows: 

Log Rev = 11.3272 + 0.9867 × (Log Rev Per Gal/Lag1) + 0.0053 ×  
(Thousand Gallons Per Cap/Lag 1)
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Because we noticed a potential problem with the model when reviewing Figure 30.27 
(excessively high regression results indicating possible spurious correlation), we will not use 
this model to make predicted values. Instead, we will examine a dif ferenced model.

FIGURE 30.36

Water and Sewer Data: Input to Regression Equation

FIGURE 30.37

Water and Sewer Data: Differenced Data

Figure 30.37 shows the data used for estimating the dif ferenced model. Dif ferencing is sim-
ply subtracting the earlier value of the serial variable from the next later value, Xt − Xt − 1. In 
Module 28, we calculated trend units by dif ferencing. The second column from the left is miss-
ing an observation, for 1983, which is the outlier we observed when inspecting the earlier 
graphs. We did not use that column in making the forecast. Excel will cancel a Data Analysis 
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ToolPak regression that has an empty cell. We used that column to Windsorize the data (as 
explained in Module 28) and produce an adjusted column immediately to the left. If we had the 
resources, we would likely want to find out what led to this seemingly bizarre value, and we 
might want to have the regression start with data in the subsequent year.

FIGURE 30.39

Water and Sewer Data: Regression  
Using Differenced Data, Without Outlier

FIGURE 30.38

Water and Sewer Data: Regression Using Differenced Data

The t statistic beside Differenced Rev Per 1000 Gal/Lag 1 confirms that the outlier is problem-
atic. Outliers can be much more problematic when working with dif ferenced data. The next step 
is to make a model excluding the data from 1982 and 1983.

Figure 30.39 shows the regression after omitting the first two observations so that the outlier 
is not included. The input data can be seen on the left side of Figure 30.42. Here we see that the 
t statistic on the Differenced Rev Per 1000 Gal/Lag 1 is still statistically insignificant, although 
substantially improved. Having poor relative t statistics is a known effect of using dif ferenced 
models, and if there are other good reasons for retaining the variable (in this case, the expecta-
tion that revenue will be related to the amount of service delivered), then one may do so. While 
this model is sharply less extraordinary than the original model, the analyst can be confident 
that spurious time indexing correlation is not included. The DW statistic (it is another user 
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adjustment to put it on this part of the page) is above 2, so concerns over serial correlation of 
errors are excluded.

FIGURE 30.40

Water and Sewer Data:  
Plots of Regression Using Differenced Data

FIGURE 30.41

Water and Sewer Data:  
Regression Model Using Differenced Data, Without Outlier

Figure 30.40 shows the plotted residuals and fit. The residual plots show no particular pat-
tern. The model fit plots are satisfactory.

Figure 30.41 blows up a part of Figure 30.39 and shows the regression model. It can be read 
as follows:

Differenced Revenue = 32,414,502 + 113,400,509 × (Differenced Rev Per 1000 Gal/Lag 1) + 
8,887,837 × (Differenced Thousand Gallons Per Cap/Lag 1)

Figure 30.42 shows the implementation of the regression model in Excel to compute pre-
dicted values in column BA. The Excel formula is shown in the formula bar. The use of anchors 
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($) in the formula makes it possible to write it once and copy it to the entire column. The entry 
in row 40 shows the use of this formula to predict the value for 2010. The analyst should recog-
nize that because this is a dif ferenced model, the value is the expected change (increase or 
decrease) from 2009. Stochastically, it is the change from the midpoint of the local series, so it 
would be good to have a three-period average of the whole data series for 2007 to 2009 and add 
three increments of this number to that value to get the estimate of the expected 2010 value; 
however, the ordinary use is to treat this as the expected change from the actual 2009 value. The 
data in columns AX and AY are manually lagged by 1 year, which means that the data shown in 
the 2010 row are from 2009. This is the forecasting purpose, making the projection before the 
year begins. In real-world experience, when using annual data, the current year will not be avail-
able, or near the end of the year, there may be preliminary estimates of the current-year data. 
This means that the lag may need to be more than one period. In Appendix D, there is an exam-
ple with a 2-year lag.

Summary

This module reviews two critical skills, deseasonalization and its reverse, and the use of simple 
cross-sectional regression for forecasting. These advanced intermediate techniques round out 
the forecasting skills the analyst will use. Where these techniques and those of Modules 28 
and 29 do not meet the analyst’s needs, it is likely best to obtain the services of professional 
forecasters.

FIGURE 30.42

Water and Sewer Data: Predicted Values
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Assignments

1. Businesses in the city of Techville are required to remit their sales tax collections every 
month to the city tax department. To ensure that business owners are in compliance, the city 
assesses a penalty on businesses that are out of compliance with this regulation at the beginning 
of each quarter. The exercise spreadsheet includes the revenue data for the collection of sales 
tax receipts from businesses.

a. Prepare a graph of the revenue collection from July 2006 to June 2013. Does there appear 
to be seasonality in the data?

b. Prepare an overlay graph of the revenue collection to validate your assumption.

c. Go through the appropriate steps to deseasonalize the data in preparation for the next bud-
get cycle forecasting. Upon reaching the step of having deseasonalized data for July 2006 to 
June 2013, prepare a chart similar to Figure 30.20 showing the original data with the desea-
sonalized data.

2. Valley County is developing a forecast for its sales tax revenue. The data they believe will 
increase the accuracy of the forecast include the number of single-family home permits, the aver-
age monthly rent for an apartment in a multifamily facility, and the employment levels in the county.

a. Using the data provided and the regression functionality in Excel, develop a model (for-
mula) for predicting sales tax revenues.

b. Calculate the Durbin Watson statistic. Are the residuals correlated with each other, and 
why?

c. Reverse the log of the predicted value (sales tax).

d. Provide the predictive formula derived from these calculations.

e. Calculate the predicted change in sales tax revenue next year using dif ferences.
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APPENDIX D
Regression

FIGURE D.1 

Income Data Logged in Base 10



Budget tools

86

Figure D.1 shows income data that were previously adjusted for inflation in Module 28: Basic 
Forecasting Concepts. Now all three columns of data have been logged (base 10) to remove an 
expected upward turning curve in the data. 

FIGURE D.2 

Regression of Logged Income Data

FIGURE D.3 

Regression of Logged Income Data: Residual Plots

Figure D.2 shows preliminary output from the regression. The Durban Watson statistic of 
0.895 indicates significant serial correlation in the error. This means that the forecast model is 
defective and cannot be used.
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Figure D.3 shows the residual plots. The log population residual plot shows that across this 
axis, the error exhibits an inverse U shape. As the population rises, the error first tends to be 
positive and then tends to be negative. Because the population is correlated with time (even 
when logged), this implies the same shape over time. We cannot fix this by logging the data—we 
have already logged the data. We could try dif ferencing, which might result in an improvement. 
However, the Durbin Watson statistic suggests an alternate solution, shown in Figure D.4.

FIGURE D.4 

Regression of Logged Income Data: Calculation of R

FIGURE D.5

Regression of Logged Income Data: Total R/Total W

Figure D.4 shows a step in the calculation of R, which is an estimator of ρ. What we do is mul-
tiply each residual (error) by the error in the row before. 

e et t× −1

There is no entry in the first row; the formula is copied down the column to compute  
the multiplication for the remaining output residuals. Afterward, we total these as shown in 
Figure D.5.

Figure D.5 shows that after we have totaled e et t× −1 , we divide the total by the squared errors 
(the W in the calculation of the Durban Watson statistic).
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Figure D.6 shows that we use the R (the quantity calculated in the previous steps) to adjust 
the data (Canavos, 1984, pp. 446-453). The formulas are as follows:

y′t = − × −y r yt t 1

x′t = − × −x r xt t 1

When we use these formulas, we remove some of the serial correlation in the error, and we 
lose one observation at the beginning of the series.

FIGURE D.6

Logged Income Data: Adjusted

FIGURE D.7

Regression of Adjusted Logged Income Data

Figure D.7 shows the output of the regression with the modified data. The Durbin Watson 
statistic of 1.577 still suggests possible serial correlation, but it is sharply improved over 0.895. 
The analyst may want to consider other ways to further remove serial correlation. Differencing 
(of the original data, not the modified data) is a possible solution. For the purposes of this discus-
sion, we treat this analysis as improved, if not solved, in order to show the completion of this 
procedure.
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The R square and the t statistics are reasonably good, although as in the chapter example, 
there is a coefficient with a relatively poor p-value. It is retained because it makes sense that this 
variable belongs in the model. In real-world application, the analyst may spend considerable 
effort examining why this statistic has a poor result. 

What can be done with Excel is review the residual plots in Figure D.8. The residual plots 
show two things. First there is a suspect negative-valued outlier between the values 2.24 and 
2.26. Second, the residuals are in a funnel shape. The funnel shape is called heteroskedasticity, 
which means that the model could be improved through the identification of missing variables or 
through technical management of the model1 with more sophisticated software. Excel does not 
provide technical management. The funnel shape is due to the fact that the errors continue to lie 
more above the middle than below, offset by the weight of the distant outlier. The best way the 
analyst could improve this model at this point is to identify the outlier and determine whether 
there is some explanatory variable that could be included in the model that would sharply reduce 
the effect of this and possibly other unusual observations. In fact, the outlier is associated with 
fiscal year 2002, and the explanation may be the fiscal distress that followed the September 11, 
2001, terrorist attack. Because the city also experienced other fiscal distress following the eco-
nomic crash at the end of that decade, it may be that the model would benefit from an indicator 
variable (valued 0 when not in use and 1 when in use) for economic distress. 

1. Such as use of “robust standard errors.”

FIGURE D.8

Regression of Adjusted Logged Income Data: Residual Plots
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Figure D.9 shows the addition of the distress variable. It is generally valued zero, but it is 
valued 1 for years known to reflect severe fiscal distress after a crisis. The distress variable is not 
used to model ordinary cyclical activity. The first modeled event is a singular crisis, and the sec-
ond one has occurred, in recent historical times, in an 80-year cycle. Ordinary cycles are not 
modeled but possibly should be modeled as an improvement.

FIGURE D.9

Adjusted Logged Income Data With Distress Variable

Figure D.10 shows the new model statistics. The R square values and t test p-values are in the 
reasonable range. The Durbin Watson statistic is also reasonable.

Figure D.11 shows plots of the residuals. In general, these residuals are reasonably well dis-
tributed. There is a suggestion of one possible outlier, which may be one of the five observations 
included among the distress years. Further investigation may improve this model more. How-
ever, the model is not defective.

Figure D.12 shows using the regression output to produce predicted values. As this model is 
lagged 2 years, the last two observations are forecasts from the perspective of the data. The fore-
caster may be in fiscal year 2012 while making this forecast, so the budgetary forecast may be for 
2013. The Excel formula for the forecast is shown in the formula bar and involves multiplying the 
coefficients by the variables and adding across (including adding the intercept).

Figure D.13 shows the retransformation of the data to remove the adjustment made in Figure 
D.6, using the same value R, which we estimated in Figures D.4 and D.5.
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FIGURE D.10

Regression of Adjusted Logged  
Income Data With Distress Variable

FIGURE D.11

Regression of Adjusted Logged Income  
Data With Distress Variable: Residual Plots

Figure D.14 shows taking the antilog of the retransformed data. Taking the antilog puts the 
data back in their original form. When this is done for fiscal years 2012 and 2013, the analyst has 
the desired forecasts. 
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FIGURE D.12

Predicted Results Based on Regression  
of Adjusted Logged Income Data With Distress Variable

FIGURE D.13

Retransformed Income Data
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This forecast is made in real (inflation-adjusted) dollars, so it must be multiplied by the 
expected inflation for future years to get the full forecast. 

Additional Readings

Armstrong, J. S. (1985). Long-range forecasting: From crystal ball to computer (2nd ed.).  
New York, NY: Wiley.

Armstrong, J. S. (2001). Extrapolation of time-series and cross-sectional data. In J. S. Armstrong 
(Ed.), Principles of forecasting: A handbook for researchers and practitioners (pp. 217–244).  
Boston, MA: Kluwer Academic.

Canavos, G. C. (1984). Applied probability and statistical methods. Boston, MA: Little, Brown.

Makridakis, S., Wheelwright, S. C., & Hyndman, R. J. (1998). Forecasting: Methods and  
applications (3rd ed.). New York, NY: John Wiley & Sons.

FIGURE D.14

Retransformed Income Data With Antilog
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In this appendix, we list three types of forecasting techniques not demonstrated in the text: 
those not to be used, those that can be learned through the literature, and those that require 
instruction. In addition, there are many variants of methods that have been tried and fallen by 
the wayside over the years. Methods not mentioned at all are not so much demonstrated as 
being ineffective as simply not common.

Techniques Not Demonstrated  
Because They Should Not Be Used

Holt-Winters Exponential Smoothing—This is a method for including seasonality within an 
exponential smoothing model. The author’s anecdotal experience using this method suggests 
that when using the more common multiplicative version of this method, it can easily become 
misfit and provide very misleading forecasts for periods beyond the next few. As the purpose  
is to predict at least one full seasonal cycle, the technique requires more management than it is 
worth. A more reasonable method is to deseasonalize first, then to forecast.

Time Index Regression—The only purpose of this popular method is to illicitly import spu-
rious correlation.

Seasonal Indicator Variables—Sometimes called “dummy” variables, seasonal indicators can 
absorb seasonal impact in approximately the correct size, but they will lead to overestimation of 
the strength of the model (R square, adjusted R square). Also, using these variables requires more 
sophistication than demonstrated here to dampen them, as discussed in the section on seasonality. 
Finally, including both seasonal predictor and predicted variables can lead to spurious correlation 
similar to time-indexed spurious correlation. The data likely should be deseasonalized.

Techniques to Pursue Through the Literature

Damped Trend—This method is considered an improvement on Holt exponential smoothing by 
some scholars (McKenzie & Gardner, 2010).

APPENDIX E
Forecasting Techniques  

Not Demonstrated
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Additive Seasonality—In this book we examined seasonality with ratios, which is commonly 
known as multiplicative seasonality. When the magnitude of seasonal effect does not depend on 
the size of the original data series and simultaneously there is a trend, multiplicative seasonality 
will overstate or understate seasonality over some range of the series. An alternative is additive 
seasonality, which does not exhibit this dif ficulty but does exhibit the inverse (failing to account 
for the size of seasonal effect that does depend on the size of the data series). Most full text-
books on forecasting will address both types of seasonality.

Techniques Requiring Instruction

ARMA/ARIMA
Any technique involving autoregressive (integrated) moving average (AR(I)MA) techniques 

or any variant, such as vector ARIMA or any other vector method, requires extensive instruction 
before use.

Advanced Seasonal Methods
Advanced methods that require instruction include the following:

■■ Census methods known as X-11, X-12, or X-13

■■ Methods that involve Bayes methods, vectors, or averaging

■■ Methods involving unit root

■■ Methods involving SEATS or ARIMA

Adaptive Techniques
Methods involving adaptive techniques (a common term for these is Kalman filters, but there 

are also other adaptive techniques) requires instruction.

Advanced Regression Methods and Other Advanced Models
Any method that requires the use of any regression model or any advanced technique not 

demonstrated in this book requires instruction. These include but are not limited to simultane-
ous equations, neural networks, path analysis, regression-style simulation models, and macro-
economic models.

Reference

McKenzie, E., & Gardner, E. S., Jr. (2010). Damped trend exponential smoothing: A modelling 
viewpoint. International Journal of Forecasting, 26(4), 661–665.
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