EINDHOVEN
e UNIVERSITY OF
TECHNOLOGY

Corporate manpower planning

Citation for published version (APA):
Verhoeven, C. J. (1979). Corporate manpower planning. (Manpower planning reports; Vol. 21). Technische
Hogeschool Eindhoven.

Document status and date:
Gepubliceerd: 01/01/1979

Document Version:
Uitgevers PDF, ook bekend als Version of Record

Please check the document version of this publication:

* A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOl to the publisher's website.

* The final author version and the galley proof are versions of the publication after peer review.

* The final published version features the final layout of the paper including the volume, issue and page
numbers.

Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

» Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
* You may not further distribute the material or use it for any profit-making activity or commercial gain
* You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:

openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 04. Oct. 2023


https://research.tue.nl/nl/publications/d1603d3f-342a-4ada-9e35-1e9bd34e752d

TECHN LSCHE HOGESCHOOL EINDHOVEN

Department of Industrial Engineering

Department of Mathematics

Manpower Planning Reports no. 21

CORPORATE MANPOWER PLANNING

by

,

C.J. Verhoeven

Eindhoven, oktober 1979

Nederland



341

Corporate manpower planning

Kees J. VERHOEVEN

Eindhoven University of Technology, Eindhoven,
Netherlands

Received October 1979
Revised March 1980

In this paper the necessity of corporate manpower planning
is discussed and the growing interest in it within many orga-
nizations. In particular medium and long term forecasting in
rather large and structured organizations are explained and
the need for tools to get a survey of the evolution of their
personnel strength. These tools should help management and
staff-members of a planning or personnel department to
design alternative policies concerning promotions, recruitments,
etc.

We will present a planning method which satisfies these
requirements. The interactive manpower planning system
FORMASY presents forecasts concerning the evolution of
the personnel strength and makes it possible to assess the
impacts of alternative policies. This planning system is based
on a Markov model and is being used on a general purpose
computer in several Dutch organizations, both industrial and
governmental.

FORMASY has proved its value for practical manpower
planning which will be explained by means of a case-study
with the Royal Dutch Airforce.

1. Corporate manpower planning

In this section some problems will be discussed
which many organizations are facing nowadays with
regard to their personnel strength. These problems
emphasize the need for manpower planning tools as
will be demonstrated later on.

We express our gratitude for the cooperation and the help
we received at the manpower planning office of the Royal
Dutch Airforce. Especially the discussions with Lt. col. M. Ph.
Van der Horst made the included case-study. possible. We are
also grateful for the contributions by our colleagues Prof. Dr.
Jaap Wessels, Dr. Jo van Nunen and Dr. Jacob Wijngaard,
who cooperate with us in this research and development pro-
ject.
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Manpower planning is a continuous matching of
availabilities of personnel with certain qualifications
and requirements for personnel with certain qualifica-
tions. Possible discrepancies in the future, both in
qualifications and in numbers, should be noticed in
time so that actions can be taken. Often, this matching
happens in an informal way at the moment that the dis-
crepancies are noticed, however anticipation is neces-
sary because of the long term impacts of personnel
policies. Some matching problems will be explained
below.

(1) Decreasing career prospects. Many organizations
have known several years of rapid growth which led to
a lot of recruitments during this period. Because of
growth, these recruits could be offered a decent career,
since a sufficient number of positions on higher levels
was always available. However, if such an organization
is not growing any longer and a situation of stability is
achieved, then promotion possibilities will diminish,
at least if wastage is low. Therefore, it is important to
investigate whether the evolution of the actual man-
power strength fits to the requirements for personnel
and whether career prospects will decrease in order to
take actions in time, e.g. changes in career paths.

(2) Irregular age structure. Another consequence of
changes in total organizational strength, if recruitment
occurs in only a few age classes (as is the case with e.g.
military and police forces), can be a disturbance of the
age distribution of the employees. If such an organiza-
tion has known e.g. a period of growth, then several
years of about constant size and has grown again in
last period, this will result in an age distribution of
relatively many older employees and many younger
employees and only little personnel of middle age.
Some consequences of this age structure are the rela-
tively high number of retirements in next years, good
career prospects for the middle-aged employees and
bad promotion possibilities for the younger personnel
group. Therefore, it is necessary to regard strategies in
order to restore the age distribution, e.g. by recruit-
ments in different age groups, flexible retirement
ages, changes in career prospects, etc.

Other matching problems of demand and supply
can concern the educational level of the employees or
the qualification level, and so on.

Rising salary costs and matching problems as dis-
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cussed above have resulted in a growing interest in
manpower planning tools. Especially planning depart-
ments and personnel departments want to regard the
evolution of the manpower strength as well as the
impacts of alternative recruitment policies, career
patterns, etc. on this evolution. Also it has to be pos-
sible to assess changes in salary levels, turnover rates,
and so on.

A manpower planning system which helps manage-
ment to signal discrepancies between future avail-
ability of employees and future requirement for per-
sonnel and which offers the possibilities to regard the
consequences of alternative policies is the FORMASY-
system, which will be described below.

The computer package FORMASY is accessible via
a private consultants agency in the Netherlands.

2. FORMASY

In literature several articles and books have
appeared concerning manpower planning models (see
e.g. Bartholomew [1], Bartholomew and Forbes {2],
Bryant and Niehaus [4], Clough, Lewis and Oliver
[6], Grinold and Marshall [7], Smith [8]). Like some
of these models, FORMASY is based on a Markov
chain model for the behaviour of employees in a man-
power system. The forecasting method will be des-
cribed below and differences with foregoing publica-
tions will be explained.

At first the employees are classified into classes
(states), e.g. according to grade. Secondly, forecasts
are made of future personnel strength, based on the
transition fractions between the classes, the number
of recruits and the actual manpower strength in each
state.

Suppose:

n{0) = number of employees in class 7 at time ¢t =0,

ni(¢f) = expected number of employees in class i at
time ¢,

pji = transition fraction from class j to class / in one
period,

r{f) =number of recruits in class { between time
t — 1 and time ¢.

Then holds:

1{0) = n 0) fori=1,2, .., a

Alt)= 20 pjy Akt — 1) + i) @
i

fort=1,2,..,fori=1,2,..,forj=1,2, ...

In general, p;; = 0 if j > { which means that no degra-
dations will occur(if the classes are ranked hierarchi-
cally). By this property, the Markov matrix has an
easy shape which diminishes the required computer
storage capacity.

In many models in literature the classes are defined
by grade. However, it is obvious that the time spent
in a certain grade (grade age) influences promotability
Therefore, in FORMASY the grade age is one of the
characteristics according to which the employees can
be classified. Also the educational level or qualifica-
tion can be incorporated in this planning system. So
we get the following standard classification of FOR-
MASY: number of the grade, qualification index,
education index and grade age. Other characteristics
can be regarded instead (e.g. salary level instead of
grade, mobility instead of qualification, length of
service instead of grade age, etc.) or some of these
items may be omitted.

A handicap of some earlier models is that retire-
ments are included in the wastage fractions while
retirements are strongly age-dependent. For this
reason, age is incorporated in the FORMASY-system
to predict the number of retirements exactly. Thus,
for all employees in each class the ages are stored.

In (1) and (2) both grade age and age are not included.

FORMASY is an interactive computer programme
which is used via a typewriter terminal on a general
purpose computer. A manager or 2 member of a man-
power planning or personnel department can use this
system because the keywords and questions are posed
in terms which are familiar to him. The basic data of
each personnel group under regard (e.g. the total man-
power strength, a department, the group of engineers,
etc.) is stored on background storage of the com-
puter and contains the actual strength in each cate-
gory, the age distribution of these employees and the
historical promotion and wastage fractions from each
class. FORMASY can show the evolution of actual
manpower strength with the historical promotion and
wastage fractions but it also offers the possibilities to
change both, to include recruitments and so on. In
this way the manpower planner can assess immedi-
ately the consequences of alternative policies con-
cemning recruitments, carrer paths, changes in wastage
fractions, etc.

This simulation approach — simulation is meant
as the calculation of the impacts of alternative policies
— is another difference with traditional models in litera-
ture which are based on an optimization concept (see
e.g. Charnes, Cooper and Niehaus [5]). In our experi-
ence we found that personnel planners prefer the pre-
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sentation of impacts of chosen policies above some
optimal solution. Other disadvantages of optimization
models are given by Wessels and Van Nunen [9].

The output options of the computer programme
are:

(1) Expected manpower strength, if possible speci-
fied in the regarded characteristics as education, quali-
fication, grade age, etc. )

(2) Actual and future age distributions in each grade.

(3) Transition numbers (promotions, recruitments,
retirements, turnover) for each grade in the planning
period.

(4) Average career schemes, i.e. average grade ages
at which promotions occur, the average fraction of -
employees which is promoted to the next grade, aver-
age time spent in each grade, etc.

(5) Salary costs for each grade in the future based
upon the Dutch governmental salary system.

(6) Standard deviations of the forecasted manpower
strength (statistical errors).

(7) Recruitment planning, i.e. calculation of neces-
sary recruits to reach given lower bounds in the future
manpower strength. ‘

(8) Stationary distribution of the employees over
grade and age.

FORMASY consists of separated procedures whxch
makes this computer programme easily adaptable for
many organizations. An example of an application of
this planning system is given by Van der Beek, Verhoe-
ven and Wessels [3].

3. Application of FORMASY at the Royal Dutch An’-
force, a case-study

3.1. Introduction

In this section, the usefulness of FORMASY is
demonstrated in a practical environment, the manpower
planning department of the Royal Dutch Airforce.

The department controls the careers of the regular
personnel and is concerned with the determination of
the numbers of recruits of several categories of mili-
tary personnel. One is interested in the evolution of
the actual manpower strength and whether there will
arise discrepancies between personnel supply and
demand. The actual irregular age distribution dis-

turbs career paths in the future as will be shown in
next sections. '

Manpower policies within the organization are
based on following starting points:

(1) an adequate filling — both quantitatively and
qualitatively — of both the peace-time organization
and war-time organization. This means that a certain
strength in each type of functions has to be reached
in a situation of peace-time, but also an additional
strength of reservists (mobilization force) has to be
maintained for war time situations.

(2) a planned development of the careers of the
regular personnel. Promotions often occur after a
fixed number of years in a certain rank, but adequate
higher ranked positions have to be available then. For
this reason career prospects have to be controlied,
especially because of the importance of the age distri-
bution.

(3) flexibility in the structure of the personnel
strength in peace-time. The possibility of recruit-
ments of short-term volunteers and conscripts, to fill
ternporary shortages of empoyees, contributes to the
maintenance of flexibility.. :

Three time-aspects of manpower plannmg can- be
distinguished:

(a)long term planmng, whlch deals thh the con-
struction of equilibrium structurés (manpower pyra-
mids) for all group. Long term age distribution, . .-
career paths and number of recruits are detemnned
then.

(b) medium term planmng, which contains the .
forecasts of the evolution of the overall manpower
strength in the distinguished categories in next ten
years and the determination of the number of
recruits of regular personnel as well as the concrete
career paths. The planning is also used to provide
medium term forecasts of the development of per-
sonnel expenses. '

(c) short term planning, which contains the fore-
casts of both the evolution of manpower strength
and the requirements for next three years in all
types of functions and all categories of personnel, in
order to determine the pumber of recruitments of
short term volunteers and conscripts for the various
types of functions and in order to provide the calcu-
lation basis for the Airforce estimates.

This casestudy presents some examples concerning
these planning aspects for the peace-time strength
of military personnel.

Manpower planning is executed both broadly for
the different personnel groups (officers, non-commis-
sioned officers, etc.) and detailedly for the different
task groups (air-operations, ground-opetations, elec-

. tronics and so on). Sections 3.2—3.5 cover the broad

planning while Section 3.6 deals with the detailed -
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planning.

All figures mentioned in this paper are fictive.
However, they are chosen in such a way that a certain
correspondence with the actual situation is achieved.

3.2. Model structure

We regard the personnel group ‘officers’ which is
divided here into five ranks or grades (some higher
grades are lumped because of small numbers): lieute-
nant, captain, major, lieutenant-colonel, colonel or
a higher rank. Two educational levels can be distin-
guished: the officers for special services (0.S.S.) with
a two years’ education, who are in part seiected from
lower ranks and the officers who have completed
the Royal Military Academy (R.M.A.) with a four to
five years’ education.

The maximum grade which can be reached in the
first educational level is the rank ‘lieutenant-colonel’
but some of the officers with this education in the
rank ‘captain’ and who have attended the course
‘field officer’ (about 15%) are promoted to the other
educational level of R.M.A. officers. This enlarges the
chance for faster promotions and reaching the highest
rank of colonel. In the grade ‘major’ and ‘lieutenant-
colonel’ the R.M.A. officers are divided into three
qualification levels, namely those who do not have

the potential of reaching the rank colonel, those who
have this potential and the officers with an Airforce
staff licence or with an academic degree. A career
scheme for the officers is shown in Fig. 1.

3.3. Long term planning

By means of a special option of the FORMASY
systermn we calculate the stationary distribution over
the grades tor given recruitment numbers. This dis-
tribution is compared with the desired manpower
strength in each grade, whereafter new recruitment
numbers and the relationship between 0.S.S. and
R.M.A. recruits are determined. The desired relation-
ship results in recruitment numbers of 45 0.S.S. and
27 R.M.A. officers. The historical age distribution of
these recruits is shown in Fig. 2.

The actual grade distribution and the stationary
grade distribution is shown in Table 1 (recruiting
45 0.S.S. and 27 R.M.A. officers) when historical
promotion and turnover rates would also hold in the
future.

Table 1 shows an expected overoccupation of
lower grades and a shortage of personnel in the higher
grades when extrapolating historical trends. The rea-
son for this result must be sought in the actual age
distribution of the officers and the actual career

colonel or higher grades 13
COL +
{ ) &(6.3) (4.6)
lieutenant—-colonel 9 10 11 12
(LT COL) d
8t®..n ot@®.8 1(7,0) (5.6)
ma jor S 6 7 8
(MAJ) (7. ‘_______;y4
10.0) (7.0},,&/" ”
@ (6.0)
captain 3 | a0 4 T .
Recruitments
(CAP) {7.0) (5 0}
lieutenant 1 t Promotions
(L Categories 6 and 10:no potential
colonels(qualification level 1)
0.5.8 R.M.A.

Categories 7 and 1i:potential

colonels (qualification level 2)

categories 8 and 12:academic de-
gree or staff licence(qualifica-

tion level 3)

Fig. 1. Career patterns for officers and average grade ages until promotions occur. In each grade, the theoretical possibility of 24
grade ages is included. In brackets the average grade age until promotion is denoted. Transitions with ® are selection promotions
(i.e. not all officers make these transitions). A relationship holds for the number of recruits 0.S.S. and the number of recruits

R.M.A., namely O.S.S. : RM.A. =5 : 3. This relationship is the result of the overall desired manpower strength and career path.
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Fig. 2. Age distributions of recruited O.S.S. and R.M.A. officers

speed. The Royal Dutch Airforce has recruited in a
few years after World War II many young officers
and these employees are retiring in next years (see
Fig. 3). A consequence of this fact (and because the
normal career paths are adjusted to the actual situa-
tion) is the expected shortage of personnel in the
higher ranks in the long future if the actual career
paths paths would be maintained.

Because the Airforce has to maintain a certain
strength in each grade a general modification of
career patterns can be considered without affecting
selection demands. This means that the average time
until promotion occurs is shortened, but the fraction
of officers which is promoted is not enlarged.

After some trial and error efforts an alternative
can be designed as indicated in Fig. 4 (cf. Fig. 1).

A comparison of the actual and steady-state grade
strength for this alternative is show in Table 2 (cf.
Table 1). This alternative career path can be seen as
reasonable. The long term age distribution which will
result then is given in Fig. 5 (cf. Fig. 3).

Another possibility that can be studied, is an incre-
ase of the retirement age (now 55) to 58 years. The
results of this policy when historical career schemes
and turnover fractions hold, will be as shown in Table

Table 1

Actual and stationary grade distribution with a recruitment
of 45 0.8.S. and 27 R.M.A. officers and with historical pro-
motion and turnover rates

Grade

LT CAP MAJ LTCOL COL+ Total

Actual strength 318 466 467 220 85 1556
Steady-state
strength 435 519 396 158 54 1562

in last five years.

3 (recruiting 40 0.S.S. and 24 R.M.A. officers each
year).

In this case of a higher retirement age only small
changes in promotion policies would be necessary in
order to obtain the desired steady-state distribution.

3.4. Medium term planning

Apart from recruitment of regular personnel, the
Airforce has the opportunity to recruit short-term
volunteers on officers level in the grade ‘lieutenant’
on a contract basis of four or six years. After this
period they leave the organization. In Section 3.3 the
necessary recruitment of regular personnel was calcu-
lated in order to maintain the actual strength in long
term. If this recruitment is really operated then the
unfavourable age distribution of this moment can
disappear in the future. However, in short and medium
term this would lead to a shortage of officers (because
of many retirements). This shortage now can be met
by the recruitment of short-term volunteers. The
necessary extra recruitment of licutenants on medium
term (for next five years) was calculated with FOR-
MASY and is shown in Fig. 6 (with the alternative
career scheme). The resulting expected strength then
(in next five years) is given in Table 4.

Table 4 shows clearly that in next two years total
strength will be more than is allowed and besides the
distribution of officers over the grades in next five
years is different from the actual grade distribution,
which means that the alternative career scheme which
satisfies in long term is not an appropriate one in me-
dium term. One reason for the irregular development
of the personnel strength can be found in the actual
grade age distribution. Because of fluctuating recruit-
ments in the past this distribution is very unbalanced
(see Table 5). Promotions mostly occur at a fixed
grade age which results in heavily varying promotion
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Fig. 3. Actual age distribution of Royal Dutch Airforce officers. The retirement age is 55.

COL + 13
LT COL 9 10 11 12
A 3
(-1)
MAJ 5 6 7 8
~d -1
(-1) (-1
(-1
CAP 3 = g
(-2) (-2)
LT 1 2
0.5.5.  R.M.A.

Fig. 4. Alternative career pattern for officers. The figures in
brackets denote the lengthening of average grade ages until
promotions occur with respect to these numbers in Fig. 1.
For this alternative, high-qualified officers have even faster
promotion chances.

flows. A way to meet this problem is by promoting
the officers not at a fixed grade age but at blocks of
grade ages of about 3 years (see Fig. 7). The total
percentage of officers which is promoted can remain
the same but a distinction in abilities can be made
in this way.

Table 2
Actual and steady-state grade strength for the alternative career
scheme

Grade
LT CAP MAJ LTCOL COL+ Total
Actual strength 318 466 467 220 85 1556
Steady-state
strength 300 483 466 220 87 1557
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Fig. 5. Steady-state age distribution for the alternative career scheme.

3.5. Short term planning

Short term planning regards the number of con-
scripts and short-term volunteers which are monthly
needed in order to keep the Airforce continuously at
full strength. Of course, this planning aspect is only
of interest for the officers as far as it concerns the

Table 3

Actual and steady-state grade distribution for retirement age
58, historical career scheme and recruitment of 40 O.S.S. and
24 R.MLA. officers.

Grade
LT CAP MAJ LTCOL COL+ Total
Actual strength 318 466 467 220 85 1556
Steady-state
strength 387 475 420 200 74 1556

recruitment of short-term volunteers in the grade
‘lieutenant’. Further promotions cannot occur for
this category of officers.

For short term planning a special version of
FORMASY has been developed wherein promotions
are not considered (the only possible flows are turn-
over, retirement and recruitment). This programme
deals with monthly figures so that necessary recruit-
ments of short-term volunteers and conscripts can be
calculated precisely.

The same kind of tables and histograms as demon-
strated for the medium term and long term planning
can be obtained.

3.6. Detailed planning

Once the average career schemes for the distin-
guished personnel groups are known, a detailed plan-
ning is necessary in order to determine whether man-
power availabilities and manpower requirements are
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Fig. 6. Necessary recruitment of short term volunteers.

matched for each task group. We regard the officers
of the task group ‘ground operations’ as an example
here.

Medium term forecasts, without recruitments and
with the historical career schemes belonging to this
task group are shown in Table 6. Goal is again to
maintain, as much as possible, actual strength in the
near future.

Following changes in the average patterns are con-
sidered:

- shift all promotion fractions in the grade LTCOL
with 2 years delay,

- accelerate all promotion fracttions in the grade CAP
with 1 year,

- shift all promotion fractions in the grade LT with

1 year delay.

The expected result of this operation corresponds
with the desired grade strength (apart from recruit-
ments) as is explained in Table 7. The number of

Table 4
Expected strength in medium term including extra recruitment
of short term volunteers for the alternative career scheme

Grade
Year LT CAP MAJ LTCOL COL+ Total
1979 318 466 467 220 85 1556
1980 168 546 516 260 88 1578
1981 191 547 480 263 82 1564
1982 271 516 458 250 61 1556
1983 313 502 451 234 55 1556
1984 374 459 459 213 51 1556

- year of recruitment

needed recruitments can easily be calculated now as
was shown in Section 3.4.

A comparison of this alternative and the changed
career scheme of the personnel group officers (cf.
Section 3.4) indicates very clearly that an ‘ideal’
career pattern for the total personnel group is not
always realizable for each task group. Especially if
these officers are not insertable in other task groups
many problems will arise.

3.7. Summary
In this case-study a survey has been given of the

manpower supply planning process with the Royal
Dutch Airforce. Long term planning is based on

_ ‘ideal’ grade and age structures to determine neces-

Table 5
Actual grade age distribution of officers
Grade
Gradeage LT CAP MAJ LTCOL COL+
1 8 55 48 26 5
2 * 35 39, 52 28 8
3 ** 48 43 47 28 9
4 ** 49 54 T 25 10
S5 * 8 73 0 28 6
6 ** 31 53 55 29 2
7 ** 57 48 48 20 10
8 = 0 32 39 6 4
9 ** 0 19 40 8 7
10 ** 0 14 29 9 5
11 *= 0 24 6 3 4
>12 * 1 12 32 10 15




K.J. Verhoeven [ Corporate manpower planning 349

actual scheme alternative scheme
grade age [1]2]3]4[5]elZ{8[9/10[11]12]} [1{2][3{a|swrABAaf10]11]12]
+ +
Promotions: 50% Promotions:lo%l
40%
8%

Fig. 7. Present and alternative promotion scheme in order to meet fluctuations in actual grade age strength.

Table 6 Table 7

Medium term forecasts for ground-operations officers, exclu-~ Forecasts for officers of the task group ‘ground-operations’
ding recruitments and with their historical career schemes for the alternative career pattern, excl. recruitments

Year LT CAP MAJ LTCOL COL+ Total Year LT CAP MAJ LTCOL COL+ Total

1979 105 128 135 S§3 8 429 1979 105 128 135 53 8 429

1980 80 135 137 62 7 421 1980 103 104 149 57 7 420

1981 67 139 123 66 9 404 1981 79 120 140 56 9 404

1982 32 163 107 63 8 373 1982 67 118 129 52 8 374

1983 16 167 106 64 7 360 1983 31 136 127 57 7 358

1984 8 156 107 S8 8 337 1984 16 130 130 54 7 337

sary recruitments of regular personnel in order to {21 D.J. Bartholomew and A.F. Forbes, Statistical Techniques
avoid irregular age distributions in the future. Medium for Manpower planning (Wiley, Chichester, 1979).

: ; : : 3] E. van der Beek, C.J. Verhoeven and J. Wessels, Some
term planning deals with extra recruitments, i.e. (apart [ an C s
. . applications of the manpower planning system FORMASY,
from long term recruitments) in next ten years, caused Operations Res. Verfahren 28 (1978) 19—32.
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