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PREFACE

The title of this book is "instruments for corporate manpower planning,
applicability and applications". Manpower plénning, also called per-
sonnel planning, implies the analysis of possible discrepancies in the
future between personnel demand and supply. Personnel demand will also
be called personnel requirement and personnel supply is also called
personnel availability. The notion "corporate manpower planning” refers
to the planning of personnel on the level of an industrial or govern-
mental organization and as such it does not stand for the manpower
planning for branches of industries or the labour market studies of

countries or international communities.

One type of manpower planning is the planning of the successions of
managers on short term or the assignment planning of the positions to
the induvidual employees for next year. In fact, this type of short
term manpower planning is always executed, whether formally or in-
formally, centrally or otherwise. Another type of manpower planning,
however, may be executed in order to match the requirement for and
availability of personnel on medium and long term. This type of man-
power planning considers groups of employees rather than individuals.
Our goal is to consider the medium and long term manpower planning
for groups of employees. We call this the multi-category approach to
manpower planning. In our view, this medium and long term personnel
planning provides the conditions for the individual manpower planning

or for personnel development.

The above—mentionedAdiscrepanc;es between manpower requirement and
availability are, for instance, a shortage of highly qualified person-
nel, a surplus of employees in lower grades and so on. Such possible
discrepancies can be forecasted by the estimation of the future re-
quirement for and availability of personnel. Then, one may assess the
impact of alternative policies, e.g. changes in the degree of auto-
mation, recruitment of different numbers or types of personnel, changes
in career opportunities, etc., on the evolution of manpower require-
ment and :availability. Alternatiﬁe policies may lead to management
decisions. Since employees often stay with an organization for a long
time, management decisions concerning mampower produce a long term

impact on it. Moreover, some time may pass before the decisions with



respeét to the personnel hecome effective. If, for iastance, the orga-
nization needs employees with much experience, then it has to recruit
them many years in advance. However, the decisions with respect to the
manpower flows, such as changeé in recruitment, increase or decrease of
the average time until promotion, do not have consequences qnly for the
organization, but also for the employees. In our viaw, mediﬁm and long
term manpower planning is important to dissolve discrepancies between
maﬂpower requirement and availability, but the iﬁpact of alternative
policies on the interests of the empleyees has also to be considered.

In this book we will consider instruments for medium and long term
corporate manpower planning and, in particular, instruments which de-
monstrate the ilmpact of managerial policies on the evolution of the
manpower requirement and avatlability. Such instruments aré needed in
order to forecast the quantitative and qualitative manpcwef require~
ment and availability. Also, they must offer the possibility of CDnSi—
dering the impact of alternative policies on demand and supply of per-
sonnel, career opportunities, salary costs, etc.. Management needs a
decision support system which facilitateé the application of such in-
strumenﬁs.>ngain, these instruments must offer the opportunity to ana-
lyse possible discrepancies with respect to manpower and td evaluate
the impact of alternative policies. To this effect, we developed the
manpower planning system FORMASY which will also be descriBed in this
book. By application ﬁf FORMASY in same iarge Dutch organizations,
much insight in the applicability of manpower planning ingtruments has
already been gained.

We will now describe our view of manpower planning. Firstly, one has
to estimate both future manpower requirement and future manpower avai-
lability. In the following matching process, these forecasts are com-
pared and analysed for possible discrepancies. In this phase, the im-
pact of alternative policies on the manpowef requirement ahd availa-
bility forecasts must be assessed in order to solve the discrepan-
cies. The instruments to execute this manpower planning process are
the subject of this book. The chapters correspond with the!different
phases of our manpower planning approach.. Each chapter‘begins with an
introductory section describing the contents of the chapter.

II



In chapter 1 we introduce medium and long term corporate manpower plan~
ning, the importance of this type of personnel planning is discussed
and the different manpower planning activities which are part of it.
Besides, we consider the type of organization and the type of person-
nel for which these manpower élanning activities are important. We

will also discuss why groués of employees are considered and not the
individual employees. In this chapter we also explain in some more de-

tail the goals and restrictions imposed on this book.

In the second chapter we investigate manpdwer requirement forecasting.
Statistical and subjective methods are described. Moreover, an analysis
is given of the way some Dutch organizations try to forecast their
manpower requirement. Finally, we will present an outline of a man-

power requirement forecasting procedure,

Chapter three is devoted to some mathematical models for manpower avai=-
lability forecasting as found in literature (see e.g. Bartholomew [3],
Bartholomew /Forbes [6] , Grinold/Marshallf40]). It has been shown
that instruments based upon such models cah be used to describe the
evolution of the personnel size, to analyse career prospects and so on.
However, these methods are not extensively used or, in any case, not

many reports concerning applications do exist.

In chapter four we introduce our manpower planning system, called
FORMASY, which is based upon Markov models. This manpower planning in-
strument is an approach to manpower avallability forecasting and the
matching process, in which an interactive computer program system is
used. FORMASY can be used by members of a personnel or planning depart-
ment, The fact that FORMASY can be used by the experts on manpower
planning adds to the applicability of this system.

In chapter five we consider the use of FORMASY for the matching of man-—
power requirement and availability. We will explain how it can be used
for the evaluation of alternative policies concerning recruitment,
career opportunities, etc. with respect to their impact on the evolu-
tion of manpower availability.

We also discuss the level of aggregation (the categories of personnel)
which can be chosen and the length of the planning horizon which is
useful, Moreover, some remarks on the requirements of the introduction

of such manpower planning systems for the registration of personnel
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and for the organization of the personnael department are considered.

In the sixth chapter we illustrate the applicability of FORMASY by the

presentation of a case-study within a large Dutch organization.

Finally, in the appendix we will give part of the pfocessing list of
an application of FORMASY on ‘a general purpcse computer.
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CHAPTER 1
. CORPORATE MANPOWER PLANNING

1.1. Introduction

Corporate manpower planning is the planning of personnel for large or-
ganizations such as industrial firms, public services, hospitals, etc.
Manpower planning is the process of forecasting manpower requirement,
forecasting manpower availability and thé<matching of manpower require-
ment and availability. Instruments based on mathematical models can be
useful for this forecasting as well as for the analysis of discrepan-

cles between personnel demand and supply.

Mathematical models for manpower planning have been used first to fore-
cast the evolution of the personnel distribution (Seal [71], vajdal7d1).
The personnel distribution indicates the number of employees on diffe-
rent levels of the organization corresponding to grade, rank, salary,
etc. Computer-aided systems, based on mathématical,models, have been
developed to describe this evolution. Many publications on this sub-
ject appeared in the seventies (see, for instance, Bartholomew/Forbes
{61 , Bryant/Niehaus [20]}, Grinold/Marshall [40]}. The publications
mainly considered the mathematical agpects of manpower planniné instru~

ments.

In this chapter we will explain cur view on medium texm and long term
corporate manpower planning. In section 1.2 some interpretations of
the notion Ycorporate manpower planning® are discussed. In section 1.3
the -dmportance of medium and long term personnel planning for large
organizations is considered. The relation of manpower planning with
financial planning and with the planning of other resources is described
in section 1.4. In that section we will also discuss specific manpower
planning activities: career planning, recruitment planning, training
and development planning and allocation planning. In section 1.5 we
explain the importance of the manpower planning approach in which
groups or categories of employees are considered, whereas in approaches
like personnel development the careers of individuals are considered.
In section 1.6 we provide a rough typology of organizations for manpo-

wer planning, which indicates the importance of different manpower plan-



ning activities depehding on the type of organization and the type of
personnel. Finally, in section 1.7 we explain the goals and restric-
tions of this book in some more detail.

Our view on manpower planning has proceeded from our researéh in Dutch
organizations. Of course, social and legal circumstances inflﬁence the
goals and restrictions of manpower planning. Examples of such circum-
stances are labour laws, the impossibility of involuntary disﬁissal

or transfer of employees, equal employment opportunities and so on. We
believe, however, that the instruments described in this book are also

suitable in other countries.

1.2. Interpretations of corporate manpower planning

1.2.1. Imtroduction

In this section we introduce some views an (corporate) manpbher plan—
ning as found in previous publications. In most interpretations only
the interests of the organization are considered, namely the matching
of personnel supply and demand. In subsection 1.2.2 we give some of
these definitions of manpower planning. Only a few interpretations
consider - besides the interests of the organization - the interests
of the employees. These interests may be the ambition to doga spe-—
cific type of work, to earn a certain salary, etc. Such an interpreta-
tion of the tasks of manpower planning is presented in subsection
1.2.3. In subsection 1.2.4 we will compare the definitions of manpower
planning in some detail. Our own view of manpower planning is given in
subsection 1.2.5. ‘ |

1.2.2. Interpretations considering only organization interests

In the view of Vajda (81 ]"manpower planning is concerned with arrang-
ing for the necessary number of suitable people to be allocated to

various jobs, usually in a hierarchical structure™.

An analogous interpretation has been proposed by Geisler [34]. He
states that manpower planning is the process by which a firm ensures
the availlability of the right number of people and the right kind of
people, at the right place and the right time, doing things for ﬁhich

they are economically most useful. This process does #iot only. include -



forecasting and controlling but also the development implementation
of instruments in order to provide top-management with the necessary

information.

Bowey [17] considers manpower planning as "a strategy for matching

future manpower numbers and skills with organizational activities".

Kiching [52] regards manpower planning as the set of activities to be
executed by the company in order to make available the necessary num-
ber of personnel with respect to the proﬁitability or the cost-
minimizing principle. k ’ )

VCasson [22] mentions two kinds ofvactivities under the heading “man-

power planning”: " ‘

- firstly, a reqular monitoring activity, through which manpower and
the relationship of manpower to the business can be better under-
stood, assessed and controlled, problems can be highlighted and a
base can bhe established from which one can respond to unforeseen
events; }

- secondly, an investigative activity, by which the manpower impli-
cationg of particular problems and changing situations - e.g. the
restructuring of the business -~ can be explored and the effects of

alternative policies and actions can be investigated.

1.2.3. An interpretation comgidering the intereats of employeecs as
well ‘

We will consider in this subsection an interpretation of the tasks of
manpower planning that:pay attention to the interests and ambitions
of the individual employees.

Wachter [88] points out that manpower planning is only useful if the
employees can take part in the process of goal-setting.

Based upon this consideration the followiné formulation of the tasks
of manpower planning has been developed by Gohl/Opelland [36] (cf.
Schmidt [70]): "manpower planning is an integrated part of corporate
planning in order to keep available a necessary number of employees
with qualifications and dispositions - well fitting to the work tasks -
under the assumption of an equivalent handling of the corporate goal
to achieve an‘economic design of work and realization of individual

goalg”.



1.2.4. Discussion

In our opinion, the realization of individual in;erests shéuld be

an essential consideration for manpower planning. Suchvindividual
interests may concern the salary level, career opportunities, work
circumstances, protection from dismissal or involuntary transfer and

so on. If 6ne - while doing manpower planning - does not consider
whether such goals can be achieved, now er in the future, this

may have negative conseguences both for the organization and for the
individual employees. A consequence for the organization may be

that the best employees leave the organization or that the performance
of the employees deteriorates. The conseguence for the employees may
be that their goals are not achieved. Of course, such considerations
apply in a different degree for different tountries or organizations. -
In some countries, for instance in the Netherlands, the commitment

ef many organizations towards their personnel is high, which means -
that protection from dismissal exists and also good career opportunities,
good work circumstances, etc. This 1s partly in contrast to the United
States, where people can be fired én short notice in many organizations.

We will discuss the commitment of organizations towards the;r person-
nel in some more detail in section 1.6. Beré we want to emphasize the
necessity of considering individual prospects and interests when -
developing manpower policies. Therefore, in our opinion, the definitions
of manpower planning given in subsection 1.2.2 are insufficlent. We

are in sympathy with the interpretation of subsection71{2.3 which in-
corporates the 1individual interests in manpower planning. ’

Notice, moreover, the correspondence betweén the interpretations of
subgection 1.2,2, except the one of Casson. These definitions emphasize
the search for manpower pegicies such that therrganization's demand
for personnel (qualitatively and quantitatively) will be answered.

So, these interpretations emphasize the organization interests but do
not discern the importance of inclﬁding individual expectations and
interests. Casson describes the activities belonging to manpower plan—
ning, particularly, a regular monitoring activity and an investigative
activity for particular problems. His interpretation stresses the im-
portance of the development of manpower policies and, implicitly, of
the development of instruments for the analysis of manpoweripolicies.
In fact, this is a start to consider the individual interés?s.



1.2.5. Our own view on manpower planning

In owr view, manpower planning is a set of activities in order to keep
available the necessary numbers of employees with the necessary quali—‘
fications in order to realize the organization's goals while taking

into consideration the interests of the individual employees.

This definition of manpower planning is in fact a reformulation of the

interpretation of Gohl and Opelland (subsection 1.2.3).

Consider our definition somewhat further. The necessary qualifications
indicate the required abilities of the employeés such that they can
perform the different tasks within the organization. Such abilities
may be expressed, for instance, in the training, experience or age of
the employee. We will discuss the characteristics of employees which
are important for manpower planning somwewhat further in subsection
3.3.1.

The implication of this definition of manpower planning is that several
manpower planning activities have to be executed, which may have a re-
gular monitoring nature or an investigative nature_(cf. Casson, sub-
section 1.2.2). These manpower planning activities (career planning,
recruitment planning, training and development planning and allocation

planning) will be described in subsection 1.4.4.

This definition brings us to the distinction of the following phases

in the manpower planning process:

- the forecasting of manpower requirement (both qualitatively and
quantitatively)

- the forecasting of manpower availability (both qualitatively and
quantitatively)

- the matching of manpower requirement and availability.

The distinction - which will be sustained throughout the book - follows
particularly from the importance of the consideration of the organi-
zation's commitment to its personnel. The distinction enables the
organization to analyse possible discrepancies between manpower re-
quirement and availability forecasts and to develop alternative man-
power policies. Thus, both the organization's interests and the goals

and interests of the employees can be considered.

If one interprets the word "planning" in a narrow sense, then only the

third phase would deserve the name "manpower planning". However, we



will use the notion "manpower planning® in a broader sense and include
both forecasting and matching of personnel requirement and availabi-
1lity. ‘

We will restrict ourselves to médium and long term manpower:planning.
In this book we will interpret the time indications short, medium and
long in the following sense: in short term planning one considers a
horizon of less than one year, in medium term planning one considers
roughly one to ten years ahead and in long term planning more than ten

years ahead are considered.

1.3. importance of manpower planning:

1.3.1. Introduction

In thig section we will describe some circumstances which emphasize

the importance of medium and long term manpower planning.

Let us discuss first a very simple case. Consider an drganization in
which the manpower requirement will remain constant over a very long
time (both qualitatively and quantitatively). Moreover, the manpower
availability has been constant over a very long time. We wiil call
such an organization a stable organization. In that case, medium and
long term manpower planning for groups of personnel (multi~category
manpower planning) is not necessary since the matching of manpower
requirement and availability can be executed easily. In fact, the only
manpower planning activities to be considered are the allocation of
jobs to the individual -employees, personnel development in as far as
the succession of management is concerned and possibly job rotation
for staff functions. ‘However, these subjects fall out of the scope of
this book.

Consider, on the other hand, an unstable organization in which, for
instance, the manpower requirement is strongly varying. In that case,
there will not automatically exist a match of manpower requirement and
availability. Thus, future manpower requirement and availability hﬁs
to be estimated and policies must be analysed in order to prevent pos-

sible discrepancies.

Usually, the ideal situation of stability does not occur, which im-

plies that always some medium and long term manpower planniﬁg activi~



ties are needed. In subsection 1.3.2 we will discuss some circumstan-

ces which call for manpower planning.

1.3.2, Cireumstances which eall for manpower planning

L

1. Decreasing growth of organizations

Some organizations have known several years pf growth, which led

to the engagement of many - usually young - recruits in this period.
These recruits could be offered a decent career since the growth
led to asufficient number of functions on a higher organizational
level. Of coursge, this dbes not imply that all recruits would

reach the highest organizational level (expressed, for instance,

by salary, responsibility or required qualifications), but the pro-
bability of achieving a high position for people with high poten~
tials has increased compared with the situation of no growth or
even decreasing size. If such an organization is not growing any
longer, then the average career prospects - in the sense of the po-
sitions which can be attained and the time in which this may happen -
will diminish, at least if the wastage fractions remain constant.
“Wastage refers to the employees who leave the organization because

of retirement, dismissal, death, etc.

Fig. 1.1 illustrates the above-mentioned effect by showing an exam-
ple of the age distribution of employees in the actual situation
after several years of growth (a), then the forecasted age distri-~
bution, about ten years later, if the growth would continue (b)

and if the growth would stop (c). Recruitment occurs in the younger

age groups and the retirement age is 65.
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Figgre 1.1. Actual age distribution after several years ofigrowth (a);
the forecasted distribution about ten years later if the
growth continues (b); the forecasted age distributions
about ten years later if the growth stops (c).

It is assumed that the retirement age is 65 and recruit-

ment occurs in the younger age groups.

Figure 1.1. (c) shows how the age distribution will be disturbed if
growth of an organization suddenly stops. Since recruitment will
decrease, the fraction of experienced employees will increase which
- paradoxically = may not be a desirable development {for instance,
for a research lab requiring many young engineers). The worse
career prospects may lmply that employees cannot be promoted, though
they are qualified. So there are unequal opportunities for the em-
ployees who entered the organization at different times. These



effects affect the individual employees. However, worse

career pfospects will also affect the organization, since some
employees may become frustrated, the better people may leave, dif-
ferent requirements arise for training and for the type of people
which 1s recruited, the qualitative structure of the organization
{i.e., the employees with-their experience, training, etc.) may
change in an undesirable direction, etc. Moreover, some organiza-
tions have a high commitment with respect to their personnel, as
is the case for some Dutch public services, where sudden changes
of career opportunities are not allowed. Examples of the effects
of decreasing growth are given in section 5.3 and in Van der Beek/

Verhoeven/Wassels [11].

Another example of decreasing growth of an érganization is encoun-
tered if an organization plans to transfer its activities to a dif~
ferent location. This may not cause a problem if the geographical
mobility of the empioyees is high. In the opposite case, however,
the matching becomes difficult: overstaffing may occur in the old
location and understaffing in the new location. Moreover, if the
employees who will not be transferred are highly qualified (expe-
rienced), then there will alsc be development and training problems

in the new location.

Irreqular age structure

In some organizations the actual age distribution of the employees
is irreqgular because of manpower policies in the past. Such an ir-
regular age distribution may occur if the total organization size
has been changing much in the past and if recruitments take place
in only a few age classes {(as is the case with many organizations,
for instance with defense organizations and pelice forces). If an
organization has had a period of growth followed by several years
of roughly censtant size and has grown again recently, this may
have resulted in an age distribution with relatively many older

employees and many younger employees and only a relatively small

number of employees in the intermediate age groups {see fig. 1.2).

Examples of irregular age distributions are given in section 6.4,

Van Meeteren [57], verhoeven [831,
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Figgge J.2. Actual age distribution for an organization after several

10

years of growth, followed by several years of about con-
stant size and again several years of growth. Recruitment

occurs in only a few (young) age classes.

Particularly in organizations with recruitment only in the lower age

classes, the age of an employee can be seen as an indication for his

qualification or experience (e.g. in the peclice forces). An irregu-

lar age distribution as in fig. 1.2 then implies that:

a

b

the distribution of the qualifications of the employees is irre-
gular;
the numbers of recruits in the future will vary heavily.

ad a. Fig. 1.2 shows that in the actual situation many employees are

highly qualified and many @mployees'do have little experience, where-

as only a few people belong to the intermediate class.: In the near



future, many employees will retire, which means that a shortace.of
highly qualified persdnnel will arise. If recruitment only takes
place in the young age classes, then the career prospects of the
employees should correspond with age. This may lead to difficulties
if the situation of fig. 1.2 occurs. On one hand, the employees in

the intermediate classes have good career prospects. These employ-

ees may be promoted because of many retirements, though these: em~
Ployees may not have already the required qualifications. On the
other hand, the younger employees have only poor career prospects,
at least, if the total number of employees remains constant from

now on.

ad b. The high number of retirements in subsequent years will lead
to the recruitment of many young people if the number of employees
remains constant. Then, after several years, the recruitments will
decrease if the retirements decrease. If this process continues,
there will - for an extremely long time - remain an irregular age
distribution, since the wave in the age distribution propagates it-
self in the manpower system.

In a situation of an irregular age distribution, where age is rela-
‘ted so closely fo the qualifications of the employees, one has to
forecast future manpower requirement as well as availability, both
qualitatively and quantitatively. Alternative policies have to be
developed in order to obtain a better age distribution, for instance
by recruitment in different age groups, flexible retirement ages,
training and development together with changes in career prospects
for the lower level employees, etc.

Investigations of the age distribution also help in studying the

impact of previous recruitment pelicies.

Salary structures

The salary costs for the organizatidn depend heavily on the evolu-~
tion of the personnel distribution, particularly on the number of‘
employees in the different grades and ranks, but they may also de-
ﬁend on the evolution of the age distribution. Medium and long term
forecasts of the salary costs are usefﬁl in the case of an irregu-
lar age distribution or an irregular distribution of any other

salary-determining factor. We will consider here the impact of an
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irregular age distribution on the medium and long term salary costs,
If the actual age distribution is characterized by many young employ-
ees and a relatively small number of elder people (see fig. 1.3.(a))
and if the organization will be of constant size in the future, the
age distribution ~ several years later - may have thesﬁapeof fig.
1.3. (.

age
651
60

50

id - ™

no. of no. of

(a) employees (1) employees

Figure 1.3. Actual age distribution (a) and the forecasted age distri-
bution after about 20 years 1f the organization remains at
about constant size (b).

In the case of fig. 1.3.(a) the salary costs will be relatively low,
since most employees are in the younger age groups, compared to the
situation of fig. 1.3.(b) which will result about twenty years later.
Because of the relevance of this uncontrollable gvolution for the
financial planning, it 1s important to estimate futureémanpower
availability such that future salary costs can be detefmined.

Medium and long term manpower planning is particularly important
for the financial planning of 1abou;—intensive organizations, such

as public services, banks and insurance companies.
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The forecasting of salary costs will be discussed in some more de-
tail in subsection 4.4.5. An example is given in Verhoeven/Wessels/

Wijngaard [86].

Increasing complexity of organizations

Organizations have become more complex in time. The importance of

planning in large and complex organizations has been described by,
for instance, Koontz/0'Donnell [51]. Manpower planning, in particu-
lar, becomes also more important. In some cases, the contents of the

personnel tasks has changed (specialization), in others the num-

-bex .of hierarchical levels has been increased, technology has be-

come more complex, etc. The increasing complexity of organizations

leads to the employment of differently skilled and trained personnel.

On the other hand, functional and geographical mobility of employ-
ees is often low. Therefore, the qualitative as well as the quan-
titative requirement and availability of personnel have to be esti-
mated in order to determine necessary récruitment, development and

training, reformulation of tasks, etc.

Top-management of large and complex organizations is interested in
roughly controlling the manpower distribution and manpower policies,
since one is not able to influence the manpower distribution or po-
licies in a very detailed way. As has been mentioned in section 1.1,
the manpower distribution indicates the numbers of employees at the
different levels of the organization (corresponding to salary, grade,
age, etc.). Manpower policies are particularly useful here with res-
pect to recruitment and training, but also with respect to the ca-
reer opportunities in order to avoid unequal career prospects for
the employees in different locations and/or divisions of the orga-
nization. Avoiding unequal career prospects is important, among
other reasons, since it helps to ensure that the abilities of the
employees are used in the best way and will be used so in the fu-
ture. On a lower level of the arganization, management will he
interested more in the impact of the manpower policies for their

part of the organization (a more detailed approach).
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14

Length of the feedback <cycle of manpower policiés

Another reason for the importance of medium and long‘tqrm manpower
planning is the length of the feedback cycle of manpoﬁer policies.
If one notices, for instance, a lack of experienced emﬁloyees in
the organization, this cannot always be remédied on a short term.

In the case of a shortage of experienced employees one may hire
people from other organizations who do have the required experience,
but the hiring and working-in of these people may take e.g. about two
years. Another possibility to remedy the discrepancy would be the
development and training of employees, (see Barber [2] ), but this
may take e.g. about five until ten years. This example illustrates
the importance of monitoring the evolution of manpower requirement
and availability (both qualitatively and quantitatively) and the

signaling and analysing of possible discrepancies in time,

The manpower decision making process

Decisions with respect to manpower policles have a great impact on
the organization and on the individual employees. Therefore, in
large and complex organizations, suéh iméaCts have to bé studied in
detail. Moreover, many deliberations on various 1evels§of the orga-
nization will precede a decision (see e.g. Likert [55]),. Delibe-
rations within top-management, middlé-management, works council,
etc. increase the demand for information about the consequences of
alternative manpower policies on the career opportunities of the
personnel, necessary capacity of training institutions, finance and
so on. This information can be obtained by forecasting the require-
ment and availability of personnel, both qualitatively and quanti-
tatively. Then, possible discrepancies have to be determingd and
alternative policies have to be designed in order to solve these
discrepancies. Examples of manpower forecasting and the design of
alternative policies are given in Verhoeven/Wessels/Wijngaard [86]
and 1in chapter 5. The importance of making carefully considered
decisions and the 1ohg time required for deliberatidhs, imply the
necessity of taking relatively long views.



1.4, Manpower planning and its relations with corporate planning

1.4.1. Introduction

In this section we will consider the relations between manpower plan-
ning and the planning of other organization's resources and we will

describe the manpower planning process itself in some more detail.

In subsection 1.4.2 the relations between manpower planning and orga-
nizational planning are described. In subgection 1.4.3 we consider the
factors which bear influence on manpower requirement and availability.
In subsection 1.4.4 and 1.4.5 we describe the manpower planning pro-
cess itself and, particularly, the manpower planning activities which
can be executed for the matching: career planning, recruitmentkplan—
ning, training and development planning and allocation planning. In
subsection 1.4.4 these activities are explained whereas in subsection

1.4.5 their nature is discussed in some more detail.

1.4.2. Manpower planning and organizationai planming

The goal of organizational or corporate planning is the matchihg of
required and available resources (finance, raw materials, equipment
and persomnel). This resource planning covers the following aspects:
the determination of necessary requirements, plans for the acquisi-
tion or generation (supply) and, finally, the allocation of the re-
gources (cf. Ackoff [1] ). If the level of one of the resources chan-
ges, this has consequences for the level of the other resources. There-
fore, for the planning of each of the resources one needs information

about the other resources (fig. 1.4).

FINANCE RAW
PLANNING MATERIAL
PLANNING

<O

h 4 4

EQUIPMENT - PERSONNEL
PLANNING PLANNING

Figgza 1.4. Information flows for the planning of the organization's

- resources.
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The purchase of equipment in the form of new types of machihes, for
instance, enables the processing of more raw materials, but it has al-
so financial consequences and may lead to the requirement of different
numbers and types of personnel. If, in the past, people with certain
qualifications were needed and Wwere recruited, then this may give re-
strictions on the investment in equipment and it also has financial
consequences. Similar considerations hold for the impact of changes in
career policles, training and development programs and allocation pat-
terns on the organization's resources and conversely. Notice, however,
that the importance of such impacts depends on the type of organiza-
tion: for process industries, the consequences for the planning of raw
materials will be important whereas these resources do not exist for

banks, etc.

1.4.3. Factors which bear influence on manpower requirement and avail-
ability
Particularly the manpower requirement depends on the levels of other
resources. The organization plan provides future organization's acti-
vities in the sense of levels and types of production or services.
Moreover, this plan indicates (or can be translated into) the necessa-
ry numbers and types of resources to execute these activities. Thus,
also the relationship of manpower requirement (gualitatively and quanti-
tatively) with the levels of other resources is included in this plan.
But, as we mentioned in subsection'1.4.2, the level of every resource
depends on the level of any of the other resources. Therefore, when
laying an organization plan, there has to be feedback with respect
to all resources. The starting-point for the organization plan, which
is therefore the basis for the manpower requirement, is the forecasted
demand for the products or services of the organization which in turn
depends on the market share, the econocmic situation, etc. One further
variable influencing the manpower demand is the innovation with res-
pect to products or services and with respect to the way of production
(e.g. autcomation)., Notice. that some variables cannot be controlled
by the organization, such as the economic situation, whereas others
can be (partly) influenced such as the market share, the level of auto¥
mation and the market on which the orgénization operatés. We will de~
fine external variables as those variables which are out of contxol of

the organization.
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The manpower availability in subsequent years depends on the actual
manpower distribution, the existing manpower policies (concerning ca-
reers, training, etc.), which may be explicitly formulated ox which
may exist implicitly. Furthermore, it depends on external variables
such as the situation on the labour market, the attitude of trade-
unions, social influences and so on. The values of these variables de-
termine the evolution of the internal manpower availability, i.e. the
numbers and qualifications of available employees within the organi-

zation.

Fig. 1.5 expresses the influences of the various variables on the man-

power availability and requirement.

ACTUAL
MANPOWER
DISTRIBUT IO

EXTERNAL
VARIABLES

A

INTERNAL MANPOWER
MANPOWER o MANPOWER REQUIREMENT ] ACTIVITIES
POLICIES |, AVAILABILITY PLAN
—>

— b

Figure 1.5. Influences of the various variables on the manpower avail-
ability and the manpower requirement and the feedbacks.

The activities plan indicates the future production level or amount of
services to be delivered by the organization. This plan thus incorpo-
rates the necessary levels and types of the resources finance, raw ma-

terials and equipment.
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The manpower planning process, now, is the forecasting of m@npowar
requirement and availability as well as the development of :alternative
policies in order to dissolve remaining discrepancies. This may imply
changes in manpower requirement, in manpower avallability, or in hoth.
In subsection 1.4.4 we will consider manpower ‘planning activities which
can help to obtaln a match of manpower requirement and availability.

1.4.4. Manpower plamning activities

Consider the above-mentioned discrepancies between manpower supply and
demand somewhat further here. In principle, a match of manpower require-
ment and avallability can be obtained by adapting the requiremént or

by adapting the avallability, but also by adapting both. Whether man-
power requirement will be.adapted primarily, or manpower availability,
depends on the type of organization. In a capital-intensive industry,
such as process-industry, the manbower requirement will be less adapt-
able than e.g. in labour-~intensive organizations such as public ser-

vices.

The matching process results in a manpower plan which contains a career
plan, a recruitment plan, a develcpment and training plan and an allo-
cation plan. We will call manpower planning activities the?development
of such plans and also the development of alternative polidies resul-
ting in adaptations of these plans,

So, we distinguish the following manpower planning activities:

career planning;

recruitmént planning;

development and training planning;
allocation planning.

10 o jw |

ad A. Career planning.

Career planning is the development of career policies. The goal of these
polioles is to have available for the organization at the right time

the rightly qualified employees, while the emplovees have the opoortu—
nity to perform the tasks which correspond best with their abilities

and expectations. It should be remarked here that we will consider career

planning for groups of employees and not for individual employees.

The career of a group of employees can be expressed by sevéral measu-

res, such as the average time until promotion, the fraction of employ-
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ees that is promoted, etc. The combination of function level and func-
tion seniority is often ‘a good measure for the experience of employees.
Here, function seniority (er grade seniority) is defined as the number
of years which is épent on a certain function level (or grade, rank,
etc.] Engineers, for instance, with a high function seniority on

a high function level, will be better gualified - on thé average -~ than
recently graduated engineers. Since ghere may be many differences
between employees with the same function seniority - with respect to
qualification or ‘experience -, such measures for the experience

are only valid for groups of employees (average numbers) and not for

individuals.

In some organizations explicitly formulated career plans exist, e.g.
in a defense organization where the percentage of employees which will
be promoted is given for every grade seniority (see fig. 1.6; in
chapter 6 we will consider the role of manpower planning for such an

organization in more detail).

+ grade seniority

1]2]3lals|e|7]8|9]10 11|22

+ o+ o+ 4 LR SRR S ¥
percentages: 0 0 0 0 0 0 0O 35 5 65 0 0

F@ngg 1.6. Example of a part of a career scheme, indicating the pro-
motion percentages for every grade seniority (in'years),
concerning promotion opportunities from the grade "major®
to the grade "lieutenant colonel" in a defense organiza-
tion. Thus, for instance, 56 percent of the amployees who

have now grade seniority 9 will be promoted in this year.

In other organizations less strictly formalized career schemes exist,
while in some organizations the career policies are not formulated at
all. In a central research laboratory of a large industry, for instance,
the promotion possibilities are not formulated explicitly in terms of
grade seniority, However, one feels that the recruited young engineers
should be offered theopportunity to ¢tontinue their career in a manu-
facturing division after a number of years in the research laboratory.

By the career policies for these engineers one tries to achieve this
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goal, but these policies are not explicitly formulated. We will illus-
trate this example in some more detail in subsection 5.3.2.

As has been said, we are interested in career planning for groups of
employees, however, the overall planning career prospects may have conse-
quences for the induvidual employee . If the average time until promo-
tion from a given function level to the next higher level is lengthen-
ed, this may imply that all- employees would have to spend more time -
on the function level, but it may also imply that the bettér employees
would be promoted according to the historical career prospects, whereas
some employees may not be promoted at all. One goal of career planning
1s to make such choices. This example illustrates that careexr planning
for groups of employees provides the conditions for personnel develop-
‘ment which, in fact, arranges the functions the individual emplpyee -
will occupy in the future.

ad B. Recruitment planning.

Recruitment planning is the development of recruitment policies. The
goal of these policies is to obtain a reasonable filling of vacancies

(both qualitatively and quantitatively) on medium and long term.

Recruitment policies can be expressed in the numbers of employees to
be recruited of relevant types. The type of personnel indicates -
for instance - the qualifications (expexrience), training of ages of
the employees.

Some clrcumstances which can make recruitment planning important, are
the situation on the labour market (overemployment), restricted ab-
sorption capacity of the organization and the restricted possibility
of involuntary dismissal of employees (which is the case in most West

European countries).

Notice that there exists a link of.recruitment planning and career
planning. In the case of vacancies one may also decide to recruit
(promote) employees from a lower level in the organization, which is
sometimes called internal recruitment. Such policies have, of course,

a great impact on the career opportunities of both the lower level and .
the higher level employees. Similar considerations hold for the rela-
tion of recruitment planning and training and development planning as
well as allocation planning. We will discuss these relations in some

more detail in chapter 5.

20



ad C. Development and training planning.

‘Development and training planning is the design of policies in order
to prepare the employees for the positions they will occupy in the or-

ganization on medium and long term.

Development and training policies can be expreséed in the number and
types of employees who should have fhe opportunity for additional trai-
ning and in the required scope of this training. These policies in par-—
ticular emphasize the importance of the matching of the qualitative
manpower requirement and availability. Development and training are im-
portant, for instance, 1if the organization decides to automize,but also
for the succession of management, Management training is important for
qualified employees who will occupy management positions in the future.
In séction 4.3 we will give some examples of groups of employees for

which development and training plays an important role. p

Circumstances which call for development and training planning are

limited capacities of training institutions, high required qualifi-
cations and lack of willingness of the employeés to be trained, etc.
Notice the relationship with the career planning, where development

apd training can be necessary to make promotion.

ad D. Allocation planning.

Allocation planning is the design of allocation policies for the medium
and long term. Such policies indicate which type of.functions will be
assigned to the different groups of employees (rotation schemes). These
functions exist on the same organizational level. Thus, for allocation

planning we consider the horizontal movements of employees.

Allocation planning can be important for those functions which require
highly qualified personnel, since rotation schemes may offer the oppor-
tunity for employees to obtain the required qualifications during their
employment in different functions on the same hierarchical level (see

fig. 1.7).

level 2

level 1 A B c
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Figgge 1.7. Example of an allocation poliqy. Employees wholwill obtain
functions on the gecond level, first have to épend 2 yegrs'
in A-type functions, 3 years in B-type functions and 5
years in C~type functions on the first level.

Circumstances which call for allocation planning are high required qua-
lifications, low functional mobility and restricted numbers of suitable
functions for allocation to employees who will occupy these positions
for only a short time. In section 5.2 we will consider allocation plan-
ning in some more detail. The importance of allocation planning will
also be demonstrated in the case-study (section 6.2). '

Here again, we notice the relation of allocation planning to career
planning. The career opportunities may depend on the willingness of
employees to participate in the rotation schemes. A similar relation
exists between allocation planniég and training and development pian—
ning. Training and development may depend on the willingness of parti-
cipating in allocation patterns.

1.4.5. Discussion

As mentioned in subsection 1.4.4 all manpower planning activities

are interrelated. All activities may be useful in order to obtain a
match of manpower regquirement and availability, but sometimes one acti-
vity will be more relevant than others. The importance of an activity
is determined by the corresponding restrictions with respect to the
matching. If, for instance, discrepancies with respect to training and
development of employees are forecasted, then it is important to de-
velop (or change) training and development policies,

In subsection 1,4.3 we argued that policies have to be developed for
the matching of manpower requirement and availability. In subsection
1.4.4 we described the manpower planning activities which will result
in the design of such policies. Actions which may follow from these

policles are, for instance:
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* in the case of an expected shortage of personnel:

- (external) recruitment;

- changes in career policies;

- initiatives with respect to training and development;

- changes in allocation patterns (job rotation);

- subcontracting of work (changes in organization plans);

~ changes in manpower requirement (accelerating automation).

*# in the case of an expected surplus of'éersonnel:

- dismissal (or stimulating turnover in various ways);

- contracting additional work;

- changes in allocation patterns in order to decrease the number
of overoccupied functions;

- changes in career policies.

Such actions will be discussed extensively in chapter 5.

1.5. The multi-category approach to manpower planning

In this section we will discuss why groups of employees are considered
in medium and long term manpower planning (multi-category planning)
and we will explain the relationship between this type of planning and

manpower planning for individual employees.

Different aggregation levels can be chosen in planning. In financial
planning, for instance, the investment level for the next ten years:
may be expressed in investment amounts for periods of two years (strong
aggregation). The investment level for the next four years may be ex-
pressed in amounts of investment for each year per operation area
(some aggregation), while the investments for next year may be indi-
catéd for each project explicitly (no aggregation).

In manpower planning, the level of aggregation corresponds with the
degreé of heterogeneity of the considered personnel group. If manpower
planning is executed for the total number of employees, a heterogeneous
group, one has the strongest degree of aggregation. Some aggregation
exists if manpower plans for groups of employees are considered such
as top-level engineers, middle-level engineers, lower-level engineers,

etc. Manpower planning for individual employees, thus for homogeneous
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"groups"”, is an example of no aggregation.

The choice for a degree of aggregation depends on the following fac-

tors:

a) the desired degree of detailedness of the planning;
b) the practicability of the detalledness of the planning.

We will consider these factors in some more detail now.

ad a) The desired degree of detailedness is determined by:
al. the planning horizon;

a2. the organizational level on which the planning is executed.

ad al. for a long planning horizon one is not interested in a high de-
gree of detailedness. For short planning horizons a higher degree of
'detailedness is desired. In section 5.5 we will consider the planning
horizon in some more detail. Examples of the relation between the plan-—
ning horizon and the desired degree of detailedness are given in chapter 6.

ad a2. If the organizational level on which the planning is executed,
is such that a great distance exists between that level and the level
of the considered personnel, there will be a low desired degree of
detailedness. In many organizations top~-management is not interested
in executing detailed manpower planning for all employees. On top~
level only manpower planning with some degree of aggregation will be
relevant (see, for instance, Crichton [26] and Sayles/Strauss [69] ).
Thus, in large organizations manpower planning may be relevant on
several organizational levels and the degree of aggregation increases
by increasing organizational level. In section 4.3 we will give some
examples of the level of aggregation for different organizational
levels of the planners.

The desired degree of detailedness may also depend on the considered
personnel group. On toptlevel of the organization, management develop~
ment will often be executed, which means that for a particular group
of employees individual manpower planning is executed (i.e. forecas-
ting of medium and long term requirement for management, the potentials
of successors, the selection of managers, necessary training and de~
velopment and so on). Management development has been described, for
instance, in Taylor/Lippitt [76]. Further references can be found in
Marger ison/Hunter [561].
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ad b) The practicability of the detailedness of the planning depends
on the available information. The available information is determined
by the organizational level on which the planning is executed. If a
great distance exists between that level and the level of the consid-
ered personnel, then there will probably be insufficient information to
make a detailed planning possible. On top=level of large organizations,
for instance, it will be impossible to forecast on medium and long
term which individual employees will be promoted or will leave the or-

ganization, which functions will arise and &0 on,

The level of aggregation will be discussed in some more detail in sec—
tion 5.4. Thus, if some aggregation is used in manpower planning, then
the personnel is classified in groups and the planning is based on
this classification. From the above it follows,that in medium and long
term manpower planning some degree of aggregation will always be de-
sired and/or necessary. This illustratés the relevance of the develop-
ment of instruments for manpower planning based upon groups of employ-
ees. The multi-category models for manpower planning discussed in this
book are applicable, in principle, for all aggregation levels éxcept,

of course, for the individual level.

1.6. Typologies of organizations with respect to manpower planning

1.6.1. Introduction

In this section a typology of organizations with respect to manpower
planning problems is presented. The terms typology and classification
are interchangeable. This typology has been designed to give some idea
about the problems for which type of organization. and which type of
personnel, which manpower planning activities (cf. subsection 1.4.4)
are important. We will call this a manpower plaﬁning typology of oraa-
nizations. If we use in the remainder the term "organization", this
may refer to the organization or sub-organization (division), but also
to the considered personnel group of the organization. Which manpower
planning activities are relevant, depends on the type of organization

and on the considered personnel group of the organization.

In subsection 1.6.2 we will investigate which circumstances in the or-

ganization and its enviromment, influence the relevance of manpower
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planning and, in particular, of the different maﬁpower planning acti-
vities. In subsection 1.6.3 same existing classifications of organiza-
tions are given. We will examine in subsection 1.6.4 the relevance of
these classifications with respect to manpower planning. Since these
classifications have been developed mainly in order to gather infor-
mation about the organization structure (span of control, levels of
authority, ete.), these may not give the appropriate characteristics
for the relevance of manpower planning activities. Therefore, we at=
tempted to develop a manpower planning classification of organizations
which is described in 1.6.5. In subsection 1.6.6 we give some axamples
of organizations and their place within this typology. In subsection
1.6.7 we will describe some indicators which can be used to determine
ioughly the place of an organization within this typology. Finally,

in subsection 1.6.8 the examples of the places of erganizatioﬂsvwithin
_the typology are discussed in sofie more detail.

We only consider {relatively) large and structured organizations - as
was stated in section 1.1 - such as, for instance, large industrial
firms, public services, hospitals, etc. and as such we will not- con=

sider e.g. a small workshop enierprise.

1.6.2. Circumatances which indicate the rélevance of the manpower
plamning activities

Obviously, a certain amount of manpower planning is always executed,
in particular concerning the decisions of which functions have to be
allocated to which employees in short term. However, as has been sta-
ted before, organizations are also interested in the medium term and
long term personnel planning. The main reasons to do medium and long
term manpower planning, are:

1. high rigidity and high variability of manpower requirement;
2. high rigidity and high variability of manpower availability.

Rigidity means that manpower requirement or avatlability cannot be
influenced easily. High rigidity of manpower requirement occurs, for
instance, if the organization wants to accelerate automation but this
is not possible with the actual manpower distribution. In the case of
high rigidity of manpower requirement and/or availability, it is im-
portant to execute manpower planning activities.
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Variability means that manpower. requirement or availability change over
time. If we use the term "variability"”, then we mean predictable varja-
bility (i.e.,_there are fLuctuations, but these fluctuatins can be fore-
caéted).ﬂighvariability may also have ocurred in the past. In the case
of high variability cf manpower availability and/or requirement, it.

is useful te execute manpower planning activities, If, however;, there

ars many fluctuations with a high degree of uncertainty, then man-
power planning is less useful. In section 5.4 (aggregation level) and

in section 5.5 {planning horizon) we will consider this in scme more

detail.

The terms “rigidity" and "variability" may refer to qualitative and/or
quantitative rigidity and variability.

The manpower planning acllvities we will consider in this section
have already been described in subsection 1.4.4. A summary follows

here:

A. career planning {vertical movements);
B. recruifment planning;
C. training and development planning;

D. allocation planning (horizontal movements).

We will discuss the relevance of these activities for groups of per-

sonnel {cf. section 1.5) and for the medium and long term.

In order to answer the guestion for which organizaticns and which type
of personnel the manpower planning activitles are necessary, one has
to investigate by which circumstances the rigidity and variability

of manpower requirement and availability are caused,

1. A high degree of rigidity of manpower requirement is caused by:

a) a low degree of controllability of the market by the organization;
b) a low degree of freedom with respect to technolegy and/or organi-

zation structure.

ad a) A low degree of controllability of the market by the organization
means that the organization ¢an hardly influence the consuming market -
on which it operates-in quality and/or in quantity.In this case,the or-
ganization would hardly be able to change its market share or.it would
be difficult to start with other products or seérvices.

Manpower planning is particularly important in the case of a low degree
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of controllability of the market, and at the same time, a high degree
of variability of the manpower requirement. Market is used here in a
very broad sense, such that also the outlet of services is included.
Some aspects of the controllability of the market by the organization
are described, for instance, in Needham [61] and in Sayles/Strauss
[69] , p. 157.

ad b) A low degree of freedom with respect to technology and organi-
zation structure means that the organization is hardly able to change
the technology or the organization structure. The technology is defined
a8 the techniques and technical:processes the organization applies

to change imputs into outputs. A change of technology may lead to the
requirement of different numbers and/or types of employees. The orga-
nization structure indicates the numbers and types of functions and
the corresponding hierarchical levels in the organization. If the
technology and/or the organization structure can hardly be changed,
then manpower planning is particularly important and that is certainly
g0, 1f - at the same time - a high degree of variability of the man-

power requirement exists.
2. A high degree of variability of manpower requirement is caused by:

a) a high degree of market variability;
b) a high degree of variability of technology and/or organization

structure.

ad a) A high degree of market variability means that the consuming
market - on which the organization operates - changes over time, in
quantity and/or quality. The gquantitative changes indicate the changes
in the demanded numbers of products or services. The qualitative chan-
ges indicate the demand -~ by customers - for other types of products
or services in the same product clags or service class. The impact of
market fluctuatjons on manpower requirement has been described - for

instance - in .= . Sayles/Strauss [69].

ad b) A high degree of variability of technology and organization
structure means that technology and organization structure changé over
time.’Aspects of changes in technology and organization structure are
discussed, for instance, in Crichton [26] amd in Sayles/Strauss [€9].
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3. A high degree of rigidity of manpower availability is caused by:

a) a high degree of undontrollability of the characteristics of employ-
ees;

b) a situation of overemployment on (relevant segments of) the labour
market;

c) high commitment of the organization towards its personnel.

ad a) A high degree of uncontrollability of the characteristics of em-
ployees is caused by the fact that some characteristics cannot be
changed, such as age or potential of theyemployees. An exceptilon to
this rule exists if, for instance, elder employees can be dismissed
and, at the same time, younger people can be recruited. Other charac-
teristics, such as experience or mobility (functionally and/or geo-
graphically), can Be influenced partly (sometimes). A lack of mobility
implies a high degree of rigidity.

ad b) In a situation of overemployment on relevant segments of the la-
bour market, it will be hard to recruit the employees with the requi-
red qualifications (see e.g. Sayles/Strauss [69], pp. 169-170).

ad c¢) The commitment with respect to the personnel is the level of
responsibility the organization accepts for its employees' welfare.
High commitment is expressed by, for instance, the obligation of offe-
ring careers to the personnel, protection from dismissal or involun-—
tary transfer, etc. A highilevel of commitment may arise from the type
of organization (if, for instance, highly qualifiedApersonnel is em~

ployed), external social control, or voluntarily.
4. A high degree of variability of manpower availability is caused by:

a) an irregqular distribution of employees with respect to the age or
the type of personnel; ]
b) fluctuations in the situation on the labour market in the past and

in the future.

ad a) If, for instance, the organization  employs many older employees,
then there will be many retirements in subsequent years. If the age
distribution is irregular (as in fig. 1.2), then the number of retire-
ments will change heavily over time, An example of an irregular age
distribution will be given in section 6.4.

An irregqular distrubution of employees with respect to the type of
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personnel exists, for instance, 1f recrultment has been conétant over
time, but the fraction of highly trained recruits has been fluctua-
ting.

ad b) Fluctuations in the situation on the labour market, in the past

and in the future, may cause fluctuations in turnover. In the case of

overemployment, turnover may be high., whereas turnover will be low in
a situation of unemployment (see, for instance, Sayles/Strauss [69], -

pp. 52~53). )

In summary, high levels of rigidity and variability of manpower re-—
quirement and availability indicate, in our view, the relevance of
manpowsr planning activities. Particularly, in the case of both high
rigidity and high variability, the importance of manpower plamning

exlists.

In subsection 1.6.4 we will use these rigidity and variability con-

cepts for our manpower planning typology.

1.6.3. Existing typologies of organizations

Since in previous works many classifications (or typologles) of orga-~
nizations have been developed, we will present here some of these
classifications in order to investigate whether these are useful as a

manpower planning typology of organizations.

Woodward [91] investigated the organization structure in manufacturing
firms. She developed a classification of technologies, from which a
typology of organizations can be deduced based upon "technical com-
plexity". The degree of technical complexity is "the extent to which
the production process is controllable and its result predictable".

A high degree of technical complexity occurs, for instance, in pro-
cess industry. In organizations based upon small batch and unit pro-
duction the degree of technical complexity 1s low.

Another well-known classification was made by Etzioni [31]. His typo-
logy is based upon two elements, the"power applied by the organization
to lower participants' and the"degree of involvement in the organiza-’
tion by lower participants.”

The typology of Blau and Scott [13] is based upon the "cui bonc" princi-
. ple. This means that the organization iz typified by the category of
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persons which is the prime benificiary of the organization's opera-
tions. The categories of persons are: (1) the members of the organiza-
tion; (2) the owners or managers; (3) the clients; and (4) the public-
at-large. Four types of organizations then result: (1) mutual-benefit
organizations; (2) business concerns; (3) service organizations and
(4) commonweal organizations respectively. The police organization is
an example of the last mentioned type of organization in the ideal si-
tuation (but not in a police state). o

Harvey [42] classifies the industrial orgahizations according to "tech-
nical specificity". The degree of technical specificity is indicated
by the number of product changes in the last ten years. Harvey dis-
tinguishes three classes:

1. technically specific organizations using sophisticated technolo-
gies (e.g. the oil industry)};

2. technically diffuse organizations with a wide variety of products:
many new products on the market or manufacturing according to cus-
tomer specifications (e.g. the electroniés industry);

3. technically intermediate industries.
Botter [15] classifies the industrial organizations according to:

a, their place in the industry column corresponding with the flow of
goods;

b. the specificity of the assoriment. The assortment is specific if
no standardizations have been achieved (unit and small series pro-

duction).

Notice that some organizations (for instance, organizations buying
raw materials on one hand and selling machineries on the other hand)

fill several elements of the industry column.

Katz and Kahn [47] distinguish first-order factors that describe the
genotypic function of the organization and second-order factors which
are generally related to these basic functions. Genotypic functions
refer to the type of activity the organization is engaged in: (1)
productive or economic functions; (2) maintenance functions; (3) adop-
tive functions (4) managerial or:political -functions, concerned with co-
ordination and control of resources and people. The second—order/cha—
racteristics are: (1) the nature of the through-put; (2) the processes

for ensuring the continuous input of human personnel; (3) the nature
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of the bureaucratic structure and (4) the type of equilibrium of the

system.

Pugh, Hickson and Hinings [66] used the following empirical factors

as a basis for a classification of organization structures:

a. the degree to which the activities are structured;
b. concentration of authority;

c. the degree of line control -of workflow.

The organizations have been classified according to the extent to
which these factors occurred in the organizations they considered.
The following types of organizations result then, corresponding to
their characteristics: "full bureaucracies, nascent full bureaucracies,
workflow bureaucracies, personnel bureaucracies, implicitly structured

bureaucracies”.

Other classifications of organizations are given in Blau/Scott [13],

Jackson/Morgan [45], Parsons [64].

1.6.4. Discussion of existing typologies of organizations

In this subséction we will investigate whether the essentiél factois
for manpower planning, rigidigy and variability, can be fouﬁd in the

classifications given in subsection 1.6.3.

The rigidity of manpower requirement recurs more or less in the tech~
nical complexity (Woodwawd), the specificity of the assortment (Botter)
and some characteristics of Katz and Kahn. The variability of the man-
power requirement can be found in the technical specificity (Harvey).
In particular the factors concerning the manpower availability do

not occur explicitly in the existing classifications (except, possibly,
the commitment of the organization, which may be expressed in the cui
bono principle of Blau and Scott).

In fact, the existing classifications have not been developed for man-
power planning. Therefore, it is not surprising that assential factors
for manpower planning do not recur explicitly in these classificatlons.
For this reason we will describe in subsection 1.6.5 a typology of

organizations with respect to manpower planning.
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1.6.5. A manpouer planning typology of organizations

The charactericsy accofding to which the organizations can be classi-
fied in order to determine which manpower planning activities are im-

portant, will be called "dimensions®.

The dimensions we will use here are rather broad. If the typology is
applied to an organization. in order to investigate which manpower
planning activities are important, then an operationalization of the
dimensions is necessary. We will give in subsection 1.6.7 some indi-
‘cators which can be used to determine roughly the place of an organi-
zation within our typclogy. '

In our typology, the organizations are classified according to the

following dimensions:

1. the comhitment of the organization with respect to its personnel
{called commitment);

2. the inflexibility of the organization with respect to the market
{called inflexibility):

3. the specificity of the personnel of the considered (sub-} organi-
zation {called specificity).

In the remainder of this subsection, we shall consider these dimén-~
sions in some more detail and we will describe their relation with

rigidity and variability.
ad 1. Commitment

This dimension indicates the obligations the organization feels with

respect to its personnel.

Commitment may concern different aspects: job security, offering of a
career, etc. If the commitment is high, then career planning is usual-

ly important.

A high degree of commitment causes a high degree of rigidity of man-
power availability, since job security and the offer of a career im~

plies that the numbers and types of employees cannot be changed easily.

The degree of commitment may be different for different countries. In
the United States, for instance, the restriction that employees cannot
be dismissed involuntarily, exists usually less strictly than in the

Netherlands or in Scandinavian countries.
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The degree of commitment may also be different for different (sub)-
organizations or personnel groups within a given country. In Dutch
public services, for instance, the degree of commitment is‘high:
careers are usually offered to the personnel, employment is ensured
and so on. On the other‘hand, in (some) smaller private industries
the degree of commitment is (relatively) low. In some organizations,
career prospects are explicitly formulated for highly qualified em-
“ployees, but not for the other -employees.

In a way, the degree of commitment indicates the necessity of taking
into account the individual expectations together with the organi-

zation's goals.
ad 2. Inflexibility

The degree of inflexibility is the degree to which the organization

has to folloﬁ fluctuations in the consuming market. The degree of in-
flexibility also indicates the degree to which the organization is un-
able to change the production level autonomously, or is unable to
start with other products or services. In fact, this dimensidn com-
bines the rigidity and the variability of the manpower requirement.

A high degree of inflexibility corresponds with a high degree of rigi-
dity and wvariability of manpower requirement. Thus, it indicates the

importance of manpower planning activities.

If a high degree of inflexibility concerns the inflexibility with res-
pect to the production level, then recruitment planning and alloca-
tion planning will usually be important. This may occur, for instance,
in a situation of high competition. If, on the other hand, the inflexi-
bility exists with respect to starting new types of produéts or servi-
ces, then different numbers of pérsonnel with different qualifications
may be required. Thus, recruitment planning, training and development

planning as well as allocation planning may be important.

The degree of inflexibility may be different for different groups of
personnel within one organization. The degree of inflexibility of a
staff department of an industrial firm, for instance, may be low com-
pared with the production units if the size of the staff‘department is

independent of the fluctuations in the consuming market.
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ad 3., Specificity

The degree of specificity of the personnel of the considered (sub-)
organization is the degree to which the personnel requires qualifica-
tions (experience). A high degree of specificity of the personnel in-
dicates that the employees can hardly perform other tasks than those
they perform now. A high degree of specificity indicates the impor-
tance of manpower planning.

Two types of specificity can be distinguished:

7+ internal specificityy
+ external specificity.

Personnel with a high degree of internal specificity is personnel per-
forming tasks that reguire particular qualifications, but such tasks
also occur in other organizations, In many organizations, sales mana-
gers form an example of this type of personnel.

Personnel with a high degree of external specificity is personnel per-
forming tasks that require particular qualifications, which are not
requiredvby tasks in other organizations. Army officers are an example

of such a personnel group.

A high degree of specificity is related to a high degree of rigidity
and variability of manpower availability.

1.6.6. Discussion of our typology

The typology given in subsection 1.6.5 has been developed for man-
power. planning purposes. It classifies organizations (or sub-organi-
zations or personnel groups of a (sub~) organization). The way of dis~
tinguishing personnel groups, hence the level of aggregation, will be

discussed in some detail in section 5.4.

In this subsection we will classify some personnel groups of organi~
zations according to our typology and we will explain the important

manpower planning activities. We shall indicate whether the personnel
group has the dimensions to a high or low extent. It should be remar-

ked here that the typology is only a rough classification. In some
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instnaces, only the guantitative aspects ef a dimension can be found .

in an organization to a high degree {€.g. market flexibility).

Table 1.1 shows the classification of some personnel groups. Notice
that the classification of the examples has been executed according
to prevailing standards in relevant Dutch organizations, it is even
not maintained that e.g. the group of sales managers in ali organiza~

tions is of the second type.

' dimensionsg E types
. specificity + +- + +
. inflexibility + + - -
. commitment + . . L= N I N -
manpower planning A,B B,C A,C | ~¢c.D
activities c,D D D
examples police- - |sales engineers nursing
officers managers |in a re- personnel
army- search lab in
officers - of a large hospitals
privat_e :
|industry . . ..
EP I (2) (3) @
dimensions types
. apecificity ) - - - -
. inflexibility + + - -
. commitment + - + -
manpower planning A,B A
activities
examplaé postal female secreta- gatemen
workers cashiers ries in in
in large public factories
retailing services
firms-

(5) (6) N (8)
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Tabel 1.1. Theoretical classification types of organizations and per-
sonnel groups.
Each column describes a type of organization, the relevant
manpower planning activities and an example of a (sub-)-
organization or personnel group of this type.
+ indicates that the dimension occurs to a high extent
- lndicates that the dimension occurs to a low extent

X Indicates that no activities are necessary.

The characters A,B,C and D indicate the manpower planning
activities as mentioned in subsection 1.6.2 : career plan-~
ning, recruitment planning, training and development plan-

‘ning and allocation planning, respectively.

The eight types of organizations will be discussed in some detail in

subsection 1.6.8.

1.6.7. Comments on our typology

As we mentioned before, our purpose was to give an idea of the rele-
vant manpower planning activities for different types of (sub-) orga-
nizations or personnel groups. ’

We will give in this subsection some indicators with which

the place of an organization within our typology can be determined
roughly. A

In our typology, one has to indicate whether the considered organiza-
tion has the different dimensions to a high or low degree. In practice,
one may investigate which manpower planning activities are important
by means of a score baged on lndicators. A high score means that the

consldered dimension is present to a high extent,

We will now introduce. some indicators for the dimensions commitment,

inflexibility and specificity.

Indicators for a high commitment of an organization to its personnel

may be:

- the personnel may not be transferred to other locations or functions
involuntarily (legal standing);
- the organization will not dismiss its employees when manpower re-

quirement is smaller than manpower availability (job-security);
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- the organization offers a career to its personnel.
Indicators for a high inflexibility of an organization may be:

- many changes in the total number of demanded products or services
are expected (and/or have occurred in the last few years) ;

- the market share of the organization will pﬁobabiy change many times
unintentionnally (and/ox has often changed unintentionally in the
last few years); ‘

- a large number of product changes or technology changes  (new machi-
nes, changes in labour productivity) is expected to sccur (and/or.

has occurred in-the last few years).
Indicators for a high specificity of an organization may be:

~ thereis a low degree of internal functional mobility of the employees
(i.e., a large fraction of the employees cannot be transferred to
other functions because of specialization for instance);

— there is a low degree of external functional mobility of the employ-
ees (i.e., the employees have not many opportunities to obtain simi-
lar functions in other organizations);

- recuits need a long training period;

~- turnover rates are very low;

- overemployment exists for the personnel group.

1.6.8. Discusston of the types of orgamizations

We will now discuss in some detail the types of organizations and the

examples given in subsection 1.6.6.

Type (1) is characterized by high gpecificity, high inflexibility and
high commitment.

Examples of this type are police officers and army officers. For these
groups of personnel, the degree of commitment is high: job security
(though employees can be transferred to other locations), employees
are offered a career, etc. The (external) specificity is high, since
this type of employees does not occur in other organizations. Medium
and long term recruitment planning is useful, in order to determine
the required capacities of the training institutions and in order to
change an irregular age distribution. fhe inflexibility is high, since

manpower requirement may change drastically in the course, of time (po-
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litical influences). Thus, career planning is useful (high commitment),
allocation planning (assignment of locations to the employees), re-

cruitment planning as well as development and training planning.

Type (2) is characterized by high specificity, high inflexibility and

low commitment.

An example of this type i$ the category of sales managers. This
personnel group has a high degree of (internal) specificity, since
very specific qualifications are required, but there are sales mana-
gers in a great variety of organizations. The requirement for sales
managers depends heavily on the fluctuations of the cdnsuming market,
particularly, the gquantitative changes. Because of competition, the
market variability may be high. In these circumstances development and
training planning, recfuitment planning and allocation planning will
be important. Career planning may not be required, except for some
very large industries, since commitment is often low for this person-

nel group.

Type (3) is characterized by high specificity, low inflexibility and
high commitment.

An example of this type is the éategory of engineers in a research
laboratory of a large private industry. The manpower requirement of
the industrial research lab depends on the changes in technology

and on the gualitative changes on the consuming market (demand for
new products).

The high degree of gpecificity is caused by the required qualifica-
tions. However, young engineers can be recruited without many pro-
blems from the labour market. The high commitment of this organization
with respect to these high-qualified engineers is indicated by the
obligation of offering functions on a higher organization level for

experienced personnel some time after their recruitment. Career plan-
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ning is therefore necessary (specificity, commitment) . Becéuse of

the qualification demands, one should also execute training and
development planning. Allocation planning may help to obtain the
right type of specialists on the functions‘in which they perform best

and feel well (also on medium and long term!).

Type (4) is characterized by high specificity, low inflexibility and

low commitment.

An example of this type is the nursing personnel of a hospital.

The degree of specificity is high, since the employees havie obtained

a specific training, ‘

Medium and long term forecasts of the numbers and types of patients
will not show many fluctuations, which causes a low degreé of inflexi-
bility. The degree of commitment is low, turnover is high, such that
career planning is not important. Allocation planning may ‘be useful in
as far as the succession of wardmasters ia concerned. Allocation pat-
terns may be developed then for the assignment of the nurses to wards
for periods of several months. Training and development planning is

relevant because of the required gualifications.

Type (5) is characterized by low specificity, high inflexibility and
high commitment.

An example of this type is the category of postal workers: of

the Netherlands Post Office. This public service has a high degree of
commitment. The employees cannot be transferred involuntarily to other
locations; they can only be transferred to similar functions in their
actual locations,>careers are offered to all employees, etc. Though
the total working-program is not changing much in time, the inflexibi-
lity is high, since automation is accelerated. The degree of specifi~
city is low. Only a short training period is required, since external
mobility is high and so is internal functional mobility (many types

of unskilled work can be done by these employees}. Geogréphical inter-
nal mobility is low (fixed locations). Important manpower planning ac-
tivities may be career planning, because of high commitment, and re-

cruitment planning because of high inflexlblllty.
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Type (6) is characterized by low specificity, high inflexibility and

low commitment.

An example of this type is the @ategory of female cashiers of a large
retailing firm. The cashiers can be recruited directly from

the labour market, since not much experienceV(qualification) is re~
quired. Because of strong competition in shopping firms, the inflexi-
bility is high (high variabjility). Turnover rates are usually high.
Therefore, recruitment planning is not useful. The commitment is (re-
latively) low, since no career prospects afe offered and sometimes
even no job security exists. Usually, no transfers to other affilia-

tions occur, so that allocation planning is not important.

Considering affiliation managers of such 'a retailing firm we have an

example of type (2).

Type (7) is characterized by low specificity, low inflexibility and

high commitment.

An example of this type is the category of secretaries in a public

service. Though these employees are highly trained, the degree of (ex-
ternal) specificity is low, since secretaries can be found in most or-
ganizatidhs. The degree of commitment is usually high in public servi-
ces and the inflexibility can be low, at least in some public services
where the working program does not change much in time and the automa-
tion is not accelerated. Thus, the only relcevani manpower planning ac-
tivity may be career planning. This planning aétivity’gains relevance

with decreasing turnover rates:

Type (8) is characterized by low specificity, low inflexibility and

low commitment.

An example of this type 1s the category of gatemen of £actories.
Commitment for these employees is low (except for some very large in-
dustries); no career opportunities exist. These functions do not depend
on any market conditions and are not specific because they can be done
by many unskilled employees. Recruitment from the labour market is
directly possible without traimning, etc. Thus, no manpower planning

activities for this personnel group are necessary.

Notice that, for the examples above, we indicated the medium and long
term activities that are desirable because of the type of the orga-
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nization. However, there may be other reasons for doing some form of
medium or long term manpower planning, for instance in order to deter-
mine future personnel costs. It should also be remarked, tﬁat short
term manpower pdanning can be desirable too. Such’ short term planning
can be assignment of empioyees to the different functions. ‘However,

we will not consider short term manpower planning in this hook.

1.7. Goals of this book and its restrictions

In this section we will describe the goals of this book and its restric-
tions. The main theme of this book is the treatment of instruments

for corporate manpower plamning, with special attention

to the applicability and applications of such instruments. Manpower
planning concerns the regular activity of monitoring manpower require-
ment, manpowef availability and the matching process, as we¢ll as the
activity of investigating particular problems with respect to the per=—
sonnel. An example of such a particular ﬁroblem is tha effect of a low
degree of geographical mobility of employees on the transfer of employ-

ees to other locations.

We consider medium term and long term manpower planning for large orga-
nizations. This type of manpower planning may be characterized by the
following phases:

a forecasting of the requirement for personnel (both qualitatively and
quantitatively) :

b forecasting of the availability of persomnel (both qualitatively and
quantitatively); ‘

c matching of personnel requirement and availability.

According to our insight into the manpower planning process, the require-
ment for personnelv has to be known first (to some extent), and after
the manpower availability has been forecasted, the matching can be exe-
cuted through the development of alternative manpower policies and al-
ternative activity programs. Qur intention is to emphasize, in parti-
cular, the inatruments for the forecasting of manpower availability

’

and for the development of alternative policies.

Let us consider the above-~mentioned phases of manpower plqnning in

some more detail.

42



ad a) Forecasting of the requirement for personnel.

The forecasting of the personnel requirement is a less developed area
of manpower planning. General forecasting techniques can be used, par-
ticularly for the estimation of future manpower demand. However, this
demand may be influenced by many factors which cannot be expressed in
exact quantitative data, e.g. future labour laws, motivations of the
employees, degree of automation. Other factors may be forecasted rather
well, such as the demand for products or services. A good starting-
point for obtaining the necessary information concerning future
developments, lies in the part of the corporate plan describing the
level of the activities (production, amount of services, etc.) for the
medium and long term. The next phase will be the translation of this
corporate production plan in a personnel requirement forecast. Because
of large differences in organization policies concerning manpower, the
nature of the production processes, organization structures and so on,
there are, in our opinibn, no general quantitative methods for manpower
requirement forecasting applicable to all organizations and all groups

of personnel,

We will develop a rough outline for manpower requirement forecasting

in chapter 2.

ad b) Forecasting of the availability of personnel,

The availability of personnel with different qualifications in the
future, depends on the actual personnel structure (the number of em-
ployees, their ages, qualifications, schoolings, etc.), recruitments,
promotion, turnover, training and schooling, etc. Extrapolation of
trends concerning the development of these factors in the past gives
a forecast of the manpower availlability. However, it may.be important
to assess the impact on the future manpower supply of changes in the
numbers of recruits, career prospects, training programs, etc. as will
be explained in c). Therefore, methods for manpower availability fore-
casting should offer the possibility to evaluate such consequences.
This turns out to be an important condition for the applicability of
manpower availability forecasting methods (chapter 3).

We developed a manpower planning instrument that forecasts the conse-

quences of alternative manpower policies (concerning recruitment,

43



career prospects, etc.) for the evolution of the personnel distribution.
This instrument has been developed to be used by personnel managers

(chapter 4).

ad c) The matching of personnel requirement and availability.

The final phase of manpower planning relates availability and require-
ment to each other, One has to search for manpower policies (with res-
pect to recruitment, career patterns, training and developqent and

allocation) and for corresponding activities plans. This is called the

matching process of manpower requirement and availability.

In our approach, the matching process requires a very flexible use of
manpower availability and regquirement forecasting instruments (chap-

ter 5).

The manpower availability forecasting system FORMASY which we used in
our applications (see, for instance, van der Beek/Verhoeven/Wessels
[11], verhoeven/Wijngaard [85] and chapter 6), will get spécial atten-
tion in this book. FORMASY, which helps in the design of m&npower po-
licies, may be seen as a decision support system. Decisionisupportv
systems for other fields of applications are described in,. for in-

stance, Mc.Cosh/Scott Morton [25].

In our view, the attention we paid to applicability and applications
of the instruments fills part of the gap between theory and practice of

manpower planning which exists at the moment.

The magnitude of the manpower planning area puts some restriction on
this book. Firstly, we only consider manpower planning inétruments for
a large organization interested in manpower planning for groups of
personnel (multi-category approach, section 1.5). Secondly, we deal
with medium and long term matching for groups of personnel and we con-
sider the activities career planning, recruitment planning, development
and training planning and allocation planning. We emphasiie the impor-
tance of quantitative methods and the development and application of

interactive manpower planning systems.

In this book, the organization activities plan, envirommental factors
(situation on the labour market, social laws, etc.) as well as the

attitude of employees are assumed to be given and to be uncontrollable
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by the manpower planning results. We will use such data but we will
not study the data separately. Morecover, organization structures, re-
ward systems as well as psychological and social aspects will not be

drawn into the scope of this book.

45



CHAPTER 2
MANPOWER REQUIREMENT FORECASTING

2.1. Introduction

The estimation of future personnel requirement is a very important and
also a very difficult phase of the manpower planning process. In this
chapter we will consider manpower requirement forecasting, assuming
that it is independent of the manpower availability forecast. In this
way one obtains a good starting point for the matching phase, which
may result in adaptations of both manpowe:r requirement and availabili-
ty forecasts. In chapter 5 the matching phase will be considered in
some detail.

Future manpower requirement mainly depends on the organizatioh activi-
ties plan {(cf. fig. 1.5). Of course, many factors will influence the
operations of the organization, e.g. changes in the demand for pro-
ducts or services, technology, the economic situation. The degree in
which these factors play a role, depends on the type of organization
and the considered personnel group. In manufacturing industriesl for
instance, changes of technology and competition effects will be essen~
tial. For public services, however, the govermment policiés may be much
more important. Direct personnel strength, i.e. the numbef of employees
directly involved in the production or in the services delivered by the
organization, will usually depend more on competition and bn technology
changes, than is the case with the number of supporting sfaff. There-
fore, no general method for wmanpower requirement forecasting exists
which is valid for all organizations and all personnel categories. By
some authors gemeral statistical techniques have been proposed and ap-~
plied for requirement forecasting. In section 2.2 wewill describe these
statistical techniques for manpower requirement forecasting. Furthermore,
subjective and informal methods may be useful to forecast manpower re-
quirement. Such methods are discussed in section 2.3. In section 2.4 we
consider how manpower requirement forecasting is executed in a number
of large Dutch organizations, thus illustrating the extent to which

the methods previously mentioned, are used in practice. F;nally, in
secticn 2.5 we will describe an outline for manpawer requirement fore-

casting.
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We will use the texrms "demand”, "requirement" and "need" for personnel as
synonyms. These terms refer to the necessary numbers and types of per-
sonnel in the organization. As we mentioned in section 1.5 we will con-

sider categories of personnel instead of individuals.

So far, not many publications have appeared on manpower requirement
forecasting (see Bowey [17]). Also, reports of regularly use of require-
ment forecasting methods are exceptional. Bartholomew/Forbes [6]

have described some requirement forecasting techniques.

2.2, Statistical techniques for personnel demand forecasting

In this section we consider some models for manpower requirement fore-
castihg based upon statistical techniques. We distinguish (cf. Van
Winkel [90]):

- models based upon extrapolation of manpower trends (univariate models);
- models relating manpower requirement to organizational and environ-

mental circumstances (multivariate models).

In the following subsections, these types of models will be discussed
in some detail. A model is defined here as a mechanism which de-

termines the manpower requirement.

2.2.1. Models based upon extrapolation of manpower trends (univariate
models)

In this subsection the models are discussed which only reflect the
evolution of manpower requirements and which do not consider expli-
citly the influence of various factors on the manpower requirement.

These models can be distinguished in:

a models including a determistic trend;

b models including a gtochastic trend.

Denote by M_ the manpower regquirement at time t. It is supposed that now

t
we live at time 0 and the manpower requirements Mt for t = ~k,~k+l,...

...,~1,0 are given.
ad a Models including a deterministic trend

In these models the manpower requirement forecast for a specific cate-
gory of persconnel is found by extrapolation of the relationship be-

tween manpower requirement and time.
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As an example we consider the linear model, i.e. we suppose that Mt

can be written in the following form:

(2.1} tha+b-.t+et,

where a and L are constant but as yet unknown; a and b have to be es-
timated from the past. The €, are uncorrelated random variébles with
Zero means.

Estimates of a and b can be obtained using the weighted regression
criterion, i.e. 4 and b are chosen as estimates if they minimize

0
(2.2) 7 ost (a+b-t-Mt)2 '
t=—k

where 0 < 8 S 1. By using the discount factor B < 1, one indicates that
recent realizations of manpower requirement are more relevant than
previous realizations.

Now the predictor for the regquirement at time t becomes (see fig.
“2.1):

(2.3) M _=a+b-t.

ﬁanpower
requirement

. time

+ =

+ i & & & e

0
Figgre 2.1. The linear model for manpower requirement forecasting.

In the model above, and in fig. 2.1, a linear relationship between
manpower requirement and time has been assumed. Fitting of the data
may also be based upon other relations; for instance on an exponen-

tial growth curve.
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The exponential model has the form:

{2.4) Mt =a-* e + et

where a and b again are obtained by smoothing of .past data and Et has

the above mentioned characteristics.

The predictor for the manpower requirement at time t is then:

(2.5) M,

]
2]

.
1]
-~

where a and b are the estimated values of the coefficients.
Linear and nonlinear models are described extensively in Goldfeld/

Quandt [37].

An essential problem concerning the application of this‘type of models
is: how can the manpower requirement in the past be known? We will meet
this question in several other types of statistical models. One possi-
ble value for the manpower regquirement in the past is the manpower

size in the past, possibly adapted tor existing vacancies and/or the

need for more perscnnel as it was felt by management,

The extrapolations for this type of models are only useful for short

or medium term forecasts, since the modelled type of trend may cnly be
valid for a small number of time pericds. Exactly for this reason the
weighted regression criterion is used, If the annual growth rate has
been high in recent years and one assumes this trend to hold for a long
time period, then the manpower requirement estimates would become im~
possibly high. An example of this effect has been given by Bartholomew/
Hopes/Smith [7] .

One should also notice that cyclical effects may occur in the histori-
cal data corresponding to a trade-cycle. In fact, the cyclical effectis
a good example of a deterministic trend.

An example of this type of extrapolation method is given by Rowntree/
Stewart [68] who investigated the manpower requirement for the four
types of work of the Land Registry of the British Civil Service.
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ad b Models including a stochastic trend

We will consider here the auto-regressive models as an example of a
model which includes a stochastic trend. In such a model the manpower
requirement is - apart from ncise effects - explicitly determined by

past values of the manpower regquirement.

An auto-regressive model of order k has the following form:
(2.6) M =a, *M +a, "M + ... +ta *M + g

where k denotes the number of past periods which directly influence the
manpower reguirement. The coefficients al,az,...,ak denote‘

the weights for the historical values of the manpower requirement.
These weights are estimated by fitting to past data. The error term is

represented by €, which has the usual characteristics:

0 for L # 0

2

(2.7 E(e) =0 and Ele_,e_,) = {
t £t Ge for L = 0

E:(et) indicates the statistical expectation of €,

Since the predictors do not have a simple form we will not(give them
here, but we refer to Van Winkel [90]. This type of forecasting
methods has been described extensively inBox/Jenkins [18) and in
Brown [19].

Further explanations concerning the auto-regressive model for manpower
requirement forecasting are given in Bartholomew/Forbes [6] . Applica-
tions of this type of mcdels for a firm have been given by Young/
vassiliou [95] and by Cameron/Nash [21].

2.2,2. Digcussion on univariate models

In the univariate models, described in subsection 2.2.1, the value of
manpower requirement is supposed to depend only on past values of the
manpower reguirement. Thus, the model assumes an upward trend in the
past to continue, also if management knows that in subsequent . years
the organization's activities will decrease, while labour productivity

will increase. Formulated in a different way, it is unsatisfactory
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tha£ mahagément policies and the opinions of management with respect

to future developments and influences from the outside are not consi-
dered in these models. This implies that these models may not be appro-
priate for manpower requirement forecasting since it is not likely

that management will acéept methods which do not reflect her opinions.
The role which these models can play in manpower requirement forecas—
ting may be considered, however, as presenting an instrument for stimu-
lating discussions with respect to the evqlution of the manpower re-

quirement.

It should also be remarked that, if different  types of manpower are "
required in a fixed peoportion, then it is sufficient tohave onemodel
for requirement forecasting, otherwise for each type of manpower a

different model is required.

Application of these models may be limited by the lack of data concer-
ning the manpower requifement in the past. Usually, the total manpower
size of past years will be known, but the question remains whether
this manpower size reflects the real manpower requirement or not (cf.

subsection 2.2.1.a}).

In our view, the models may only be useful if a rough estimate of the
total manpower requirement of a (sub~) orgamization 1s required. If
detailed estimates concerning smaller units of the organization (or
for different types of personnel) are demanded, then it may be better
to investigate which factors determine the manpower requirement (see
subsection 2.2.3). In any case, the forecasts obtained with univariate
models have to be compared with the Viéws of management and adapted

afterwards.

2.2.3. Models relating manpower requirement to organizational and

environmental cirveumstances (multivariate models)

In this subsection we consider the models for manpower requirement fore-
casting which explicitly formulate the manpower requirement as a func-
tion of various vartables such as the organization's activities, techno-

logy, etc. We distinguish the following types of mocels:
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i

a simple model based upon the current value of the‘manpoﬁer require-
ment and the expected change in output level; ]

b a more sophisticated model based upon the current and past values of
the manpower requirement and the changes in ocutput levels;
regression models;

=2
4 economic models.

The model types a and b use timé—dependent coefficients, the model
types ¢ and d use time-independent coefficients.

For the models ad a and ad b one uses the output levels of /the organi-
zation and forecasts for these output levels.

Define:

Y

[}

£ = output level at time t (expressed in number of products

or services);

§t forecast at time 0 for the output level at time t.

ad a A simple model based upon the current value of the manpower re-
quirement and the expected change in output level

In the model the manpower requirement is assumed to be proportional to
the output level (i.e. the number of products or services delivered by

the organization):

(2.8) M_o=M, -

(2.9) M_ =M -

Some remarks have to be made on this model. Firstly, the actual manpo-
wer requirement has to be estimated. We mentioned this problem before
in subsection 2.2.1. Secondly, the output level has to be'forecasted.
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Because this is5 the only factor considered for the manpower require-
ment, these forecasts have to be relatively precise. Thirdly, it is
assumed that econcmies of scale~ which means that an increase in the
output level leads to less than proportional increase in the manpower
requirement ~ will not occur. Notice that this model can be applied
for every type of product or service if the actual manpower reqguire-
ment for every product or service as well as the expected change in

output level can be determined.

The model has been tested for the British engineering industry by
Bosworth/Evans/Lindley [14].

ad b A more sophisticated model based upon the current and past va-

lues of the manpower requirements and the changes in cutput levels
This model can be formulated as:
M M M
0 0 -1
(2.10} M = T Yt + (- - —-—) . Yt .

t ¥ Yo ¥4

This model, which has been developed by Ghosh [35], can be considered
as an extension of the model described ad a.

In this model, the changes in the labour productivity are included in

the forecasts of the manpower requirement. The predictor becomes then:

M M M
(2.11) HA_= °-§t+(—°-—‘1-)--§ ;

As we alreédy mentioned concerning (2_9) , an important problem is
the estimation of future output levels. This is also true for (2,11),

Therefore, we will consider this question somewhat further here.

Future output levels may be forecasted by application of the forecas-
ting techniques such as the methods described in subsection (2.2.1).
However, if it is relevant to consider the Influence of factors as,
for instance, technology changes on the relation of output level and

manpower requirement, then a more detailed analysis is required. Often,
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such technology changes can be predicted, since there exists a time ~
lag between the introduction of a new technology and its a&option.
Together with the growth curve of a product or service (fig. 2.2), the
data with respect to tﬁe impact  of technology changes can give im~
portant information for the output level estimates and for the rela-
tion of manpower requirement and output level for a specific group of
products and service, Purkiss [67] applied this method of output level
estimation for the British Steel Industry.

cunulative
sales

0 » time

o o
introduc- stage of stage of

tory stage rapid growth saturation

Figure 2, 2. Growth curve showing the life-cycle of a product or service

ad ¢ Regression models

In manpower requirement regression models a relationship is formulated
for the manpower requirehent and a number of variables which are assu-
med to determine the personnel demand, If the manpower rqquirement de-

pends on g variables which depend on time, thenwe obtain the following

mouel:

= + . . + ... .
(2.12) M =a,+a X, +a, th +uq xqt+(-:t
where xlt’xzt""'xqt are the values of the considered explanatory

variables at time t, ¢

t indicates the error with the usual characte-

54



risties (2.7) and agedy
term and the explanatory variables respectively.

,...,u.q are the coefficients for the constant )

The coéfficients can be estimated now from the application of (2,12)

on historical data, i.e. on the realizations of Ht,x ree-1X

1t'x2t qt
for t = -k, -k+l,...,0. If the values of the explanatary variables
can be forecasted, then the future manpower requirement can be fore-~
casted by:

A ~

(2.13) M =0 ¥ 0y " Xy YOt Kpp Y eee PG T Ege o

where iit is the forecast of variable xi for time t at time 0.
Notice that the problem of forecasting the éxplanatory variables

xl,xz,...,xq arises. -

An application of regression models for manpower requirement forecas-
ting has been given by Drui [28], He determined the manpower require-
ment for the finance department of a firm. The explanatory variables
he uses, are the total company employment, the total numbers of di-
rect personnel, sales and the number of processed reports.

Lapp/Thompson [83] forecasted the demand for engineers in Ontario with
the gross national product level as the only explanatory variable.

One problem deals with the interpretation of the resulting equation.
The value and even the sign of the regression coefficients may be af-
fected if some relevant explanatory variable is omitted.

These problems are discussed in detail in Bartolomew/Forbes [6] and
in Draper/smith [27]. ,
Notice that (2,12) mighf also contain lagged variables.

ad 4 Economic models

Economic models for manpower requirement forecasting can be based upeon
the specific form of the production function. The output level of the
production process is supposeé to be determined by the input levels of
labour and capital according to the production function of Cbe—DOi.lqlas
(see Klein [50]):
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where c is a constant, K_ is the amount of capital used in period

t
t (the value of the capital stock), Ut is assumed to be a log-normally
distributed error term and P is the output level expressed in value

added and M is the amount zf labour used in period t.

|
The variables o and B express the output elasticities with respect to
labour and capital, i.e. the marginal increase of the output level
because of a small amount of extra input of labour or capital respec-
tively. Generally holds ]al <1 and iB[ < 1 and, in the case of comple-
mentarity of labour and capital, a + B = 1.

Taking logarithms of (2.14) we obtain:

(2.15) log Pt = log c +a log Mt + B log Kt + log Ut

which is an ordinary regression equation. !

A modified version of (2,15) includes the impact of technology im-

Yt

provements by & ratee’ ~ on the output level. In that case the relation-

ship for the manpower reguirement becomes (ef. 2.15)-

-1 1 8 1
.1 = o= -X. - - £ log K, - =
(2.16) log M p log ¢ " t + o log P 5 g t p log Ut .

t t
The predictor for the manpower requirement at time 0 for time t follows
from: ‘

A3

N 1 1 -
2.17) 1 = -z ~X. e+ -
{ og M_ ~loge-—+t+=1logP .

log K i .
t og K

t

Application of these models implies the necessity of forecasting the

output level and capital stock level.

In (2.16) one may include also other variables such as the numbers of

hours actually worked or a variable expressing the capital utilization,
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Estimations of such relationships are given by Fair [32] and by Wabe

in [87] , who considers the British engineering industry.

2.2.4 Discussion on multivariate models

In this subsection we will discuss the following aspects of

multivariate models:

a reality of the model;

b application on numbers of employees;

¢ forecasting of variables;

d estimation of manpower requirement in the past.
ad a Reality of the model

In ouw view, the multivariate models are more useful for manpower re—
quirement forecasting than the univariate models. The fact that multi-
variate models can include those factors which determine the manpower
requirement, underlines the reality of these models. Naturally, the
use of the right explanatory variables and also of a sufficient number
of variables 1in order to forecast the personnel requirement accurate-
ly, is essential. The usefulness of these models is illustrated also
by the possibility of incorporation of the management policies with
respect to the future activities of the organization (output levels)

and, for instance, automation decisions.
ad b Application on numbers of employees

So far, we have considered the quantitative manpower requirement fore-
casting. The described models have to be applied on numbers of employ-
ees. It should be remarked however, that the personnel requirement is
investigated for groups of functions with similar characteristics (re-
quired qualifications, types of work, etc.). By applying the above~
mentipned models on such groups of functions it is possible to consider
the forecast of the required number of employees with the reguired quéli—
fications. It should be remarked, that it may be difficult to determine
for all groups of functions which variables influence the manpower

requirement. In the multivariate models, the relationship between

57



personnel demand and, for instance, output level or used amount of

capital will not always be known. For large groups of direct person~
nel or for indirect personnel with activities connected with the out-
put level (e.g. the mafketing employees) the multivariate models may

be particularly useful.

However, for small groups of employees (or functions) or for certain
categories of indirect personnel, as, for instance, the departmental
heads, possible changes in the organization structure wil%\have con-
sequences for the manpower requirement and atso for many other vari-
ables. Thus, the application of mathematical models will be less use-
ful then and there will be more need for the opinions of management

for manpower requirement forecasting.

ad ¢ Forecasting of explanatory variables

For all multivariate medels forecasts of the explanatory variables
have to be available (except, of course, if lagged variables with a
sufficiently large time~lag are used). The extent to whicﬁ such fore-
casts can be made will depend heavily on the type of organization and
on the personnel group considered. Estimating the output levels may
be (relatively) easy for a stable organization, but it is difficult
for an organization for which the development of the: market cannot be
forecasted. Technoiogy changes have a great impact on the personnel
demand. However, sometimes it 1s difficult to forecast these changes
as well as to determine the impact. Probably, the forecasfing of the
explanatory varjables is one of the important problems in: the appli-

cation of multivariate models.

ad d Estimation of manpower requirement in the past

In many organizations there is a lack of historical data with respect
to the manpower requirement level in the past and the vaiues of the
explanatory variébles in the past. The gquestion whether the manpower
distribution in the past can be used as an estimate for the manpower
requirement has been discussed already in subsection 2.2;2. In our
view, the knowledgs:and views of management are necessary for the de-

termination of past manpower demand levels.
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2.3. Subjective methods for manpower requirement forecasting

2.3.1, Subjective methods for manpower requirement forecasting

Subjective methods are those forecasting techniques which use direct-
ly the experience and judgements of experts. The application of sub-
jective methods for manpower requirement forecasting may be useful to
estimate directly the future manpower requirement, but also to forecast
explanatory variables by collecting the view of managemeﬂt on the or-
ganization's activities in the future (thé types and numbers of out-
put), technology changes, organization structure changes, etc. We dis-
tinguish fhe follpwing methods:

a) collecting of management opinions;
b) delphi methed;

c) work-study.
ad a Collecting of management opinions

A fast and relatively simple way to obtain forecasts concerning man-
power requirements is to ask management which developments it expects
in the future. Management is best aware 6f changes in the workload,
possible automation prejects, changes in organizational structure,
etc. It can translate these developments in required numbers and types

of employees.

These forecasts can be made on top-management level for the total orga-
nization or -on the level of division managers for their department.
In the latter case, if the figures have been given without commitment,
the forecasts might be overestimating in order to ensure a certain
manpower strength in the future (wishful thinking). On the other hand,
the division managers know usually very well the specific qualities

of their department and the expected developments concerning person-

nel demands which makes the exercise recommendable.

A possible disadvantage of this procedure is the time managers have

to spend on it.

More information on this method for manpower requirement forcasting is

given in Lawrence [54].
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ad b Delphi method

The delphi method, originally developed by the Rand Corporation in the
late 1940's (see, for instance, Gordon/Helmer [381), consists of the
collection of experts' information in a structured way. The delphi
method is a special procedure to obtain management opinions. A research
team formulates some questions concerning the future development with
respect to a certain subject. This subject is in our case the manpow-
er requiremént. The questions may concern, for instance, the expected
evolution of the labour productivity, technology.changes, 6utput1ev315;
.etc. The participants in this procedure answer the questiohnaine anc-=
nymously: each participant knows neither the other: participants nor

their answers.

In every following round, each participant cbtains as information the
answers given by the group in the previous round, incliiding the most
important arguments as well as the response he gave himself. This
procedure is continued until the answers agree. It is expected that con-
vergence of the opinions occurs if every expert is confroﬂted‘with the
opiniohs of his colleagues. In summary, the main characfenistics of

this method are:

- anonymity of the participants such that no domination of some ex—
perts can occur;
- feedback of the informatlon such that the quality of the responses

may increase,

An advantage of the delphi technigque is that the experts do not need
to be present at the same time and they can study the problem in de-
tail. On the other hand it should not take too much time to answer the
questions which must be formulated clearly and the number of partici-
pants may not be too large (20 - 30 persons). The number of rounds

until agreement is achieved, will usually be two or three,

More information on this technique is given by Milkovitch/Annoni/Ma-
honey [59] who applied this technique for manpower requirement fore-
casting.

ad ¢ Work-study

A very detalled approach for manpower.requirement esfimation is the
work-study technique, When applying this technigue, one considers the
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different functions inrelation with the organization'sactivities plan.

The background for the use of this method for manpower requirement
forecasting is the possibility that the contents of some functions
have to be changed if the output levels change, if technology changes,
etc., It should be remarked that we consider work-study for groups of
functions and not for functions individually. In fact, work-study is
a very detailed approach which requires a thorough knowledge of the
production process (or the process of service rendering) and of the
organization structure. Alsb, the expectéd output level has to be
given. Based on work-study principles, standards may be developed for
the numbers and qualifications of employees which are necessary to per-
form the various tasks. Of course, these standards have to be tested
continuously con their up-to-dateness with respect to efficiency and
performance of the organization. The development of standards and
the grouping of tasks depend partly on human judgement and for this
reason work-study is considered as a subjective method. However, its
subjectivity is less obvious than in the methods ad a and ad b, since
also technical norms will play an important role here.

Halpern [41] describes an application of work-study techniques for

manpower requirement fofecasting with the British Civil Service.

2.3.2, Discussion on subjective methods

The methods considered in this section may have some advantages above
the models described in section 2.2. In particular the fact that man~
agement is directly involved in the manpower requirement forecasting
procedure, instead of becoming confronted with relatively untranspar-
ant models might be considered as advantageous. Subjective methods

are very useful if the qualitative demand for manpower is investigated.
Work-study techniques can be applied, in particular, for small groups

of functions, since these methods are much more detailed.

The application of subjective methods can be executed in several ways.
One may estimate with these methods, for instance, either the expect-~
ed change of technology or the expected change of the future workload
or the expected organizatioh change. Also combinations of these types
of changes can be investigated. Combinations of statistical and sub-

jective methods are also possible, e.,g. the application of regression
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analysis where the expected values of the explanatory variables are
obtained by means of collecting management opinions. Or, extrapolation
of the workloads and applications of work-study to determine standards

for certain activities.

Often, alternative scenarios for future developments are used. In that
case, alternatives are formul;ted on the basic scenario..?his may re-

sult, for instance, in scenarios based on upper estimates of variables
and in scenarios based on léwer estimates. Thus, different views of

management can be projected in order to stimulate discussions.

2.k, The practice of manpower requirement forecasting

2.4.1. Imtroduetion

In sections 2.2 and 2.3 some methods for manpower requirement fore-
casting have been described which may be useful in practice. However,
of most methods mentioned in literature, it is not reported that they
are used reqularly for manpower requirement forecasting., One gets the
impression that the methods follow from research by operations research
staff members and that the results have not been applied by the man-
power planning or personnel department. Therefore, it is interesting
to investigate which methods are really used for manpower, requirement
forecasting 1n an organization. Of course, a complete survey of man-
power requirement forecasting procedures and the degree of acceptance
of several methods in large organizations cannot be given here, but
we will discuss some aspects of manpower requirement forecasting in a
number of large Dutch organizations, both industries and‘public ser-
vices. The results have been obtained by interviews with personnel

managers and members of personnel or planning departments.

In fact, when we asked the personnel managers of large organizations
how manpower requirement estimates are obtained, then the usual answer
was: this activity is not -done. at all, or at least not in a system-

atic and formal way. One gets the impression that the organization
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runs as it is and manpower demand forecasting is not considered very
important. However, it is interesting to consider that the personnel
numbers and qualifications do change in every organization. The ques-
tions are now: on which arquments are the decisions concerning changes
in éersonnel demands built and which metheds have been used to obtain
the necessary information? Of course, the personnel group under regard
and the type of organization play an important role in manpower re-
quirement forecasting (remember the manpower planning ﬁypology of sec-
tion 1.6). We will consider in subsection 2.4.2 some practical cases

of manpower demand forecasting.

2.4.2. Cases of manpower requirement forecasting

Case 1. In a defense organization in the Netherlands a very detailed
manpower requirement estimation procedure is applied. In this organi-
zation a function registration system is used in which all functions
are denoted by numbers indicating the activity group to which it be-
longs, for every activity group the department to which it belongs and
for every department the number of .each function. Moreover, some extra
informations belonging to the function may be included. For all func-
tions;also called positions,the corresponding rank and a function name
is attached. This registration system is continuously assessed and
analysed by means of a function analysis procedure in which all func-
tions are considered individually and the level and numbers_gf tasks
for that function are judged. This detailed function registrﬁzion

system plays an important role in manpower requirement estimation.

In a rolling corporate planning procedure every>tw0 years a new ten
years' plan for the entire organization is layed. Rolling planning
means that after each planning period a new plan is made for up-dated
figures. In the meantime, the plan is adjusted because of the govern-
mental budgets to be proposed every year. The corporate plan indicates
organization developments, the moments of introduction of new weapon
systems and the years in which obsclete equipment will be replaced. In
this long term plan the persomnel planning and the planning of any of
the other resources (finance, equipment and materials) are linked to-
gether: besides the investments also the materials and personnel costs
are considered. The corporate plan has to correspond with the organi~-

zation goals cf. the political goals. These goals are translated into
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an operation plan representing the tasks to be executed. From this
operational plan the materials plan, the personnel plan and the finance
plan are deduced in such a way that an interaction between these

pléns is possible (feedback) which results in readjustments of the
original plans while satisfying the organizational goals, These adjust-
ments may be necessary -~ for instance - hecause of changes in the
political situation, the technology, the labour market and: -~ particu-.
larly - the available budgets. ‘

Furthermore, manpower requirements depend on possible changes in the
organization structure which result from frequent efficienby studies.
However, changes in the orgahization structure are usually'a conse~-

quence of changes in the levels and types of activities.aﬂd of tech~

nological improvements.

Im summary, manpower requirements depend in short term and medium
term, if technology is not changing much, especially on. the intended
activities. In long term also technoleogical improvements have to be

consgidered.

Work-study techniques are often employed to determine stardards for
the relationship between the number and quality of necessary employees
and the workload. The personnel consequencesof the introdﬁction of

new technologies (weapon systems, machineries, etc.) are usually rath-
er well~known, because of foreign experiences, particularly from the

United States.

Manpower requirement estimation is done for 10 years ahead, function
by function in this defense organization and it is necessary to ob~
tain a detailed matching of functions and employees. Because of the
specificity of this organization (and of its employees) this matching
is very important and may have consequences for the number and quali-
fications of recruits, the career policies, education and.training

programs and allocation patterns.

A detailed matching is necessary since all military units have a
fixed organization structure. Personnel requirements can be forecasted
reasonably for a period of about ten years since the introduction of

new weapon systems can be foreseen and takes some time.
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Case 2, The second case is the directorate for the local police forces
in the Netherlands. This public service has no function registration
system and manpower regquirements are not estimated in a formal and
structural way. As in the first case, the police officers have ha@ a
special education and training and can be regarded as being (external-~
ly) specific in the sense of section 1.6 (typology). Though the tech-
nology is not chaning much or irregularly, manpower demand estimation
is necessary because of the specificity of the persconnel and the chan-
ges of the workload. In practice, however, the strength of every local
police force mainly depends on the numbef of inhabitants of the munici-
pality and on the allowed strength of the entire police force which is
determined by political priorities. This distribution policy is not
necessarily a good one, since the need for policemen may also depend
on other local factors and it is questionable whether the local work-
loads depend directly on the numbers of inhabitants. The focal work-
loads do have some influence on the allowed strength of the police
force since some municipalities obtained an additional number of
policemen because of the local situation. Such assignments, however,
are not based on a thorough investigation of the local sitmation but

on the signals coming from the local police management.

The directorate has developed a number of general organization charts
in which a reasonable function distribution for a local police force
is given. Such organization charts, depending on the number of in-
habitants, are consldered as guidelines for the municipalities in

building the organization structure.

Since a few years now, one tries to estimate real personnel demands,

In the large cities a part of the workload is measured by the number
of requests for police assistence. Of course, many other tasks have

to be performed such that this cannot be the only explanatory variable.
Therefore, other investigations are carried out in which one tries to
translate the organizatiomal goals into tasks and, afterwards, to find
some relationship between the number of necessary policemen for every
task and the service rendered to the public (for instance, a relation-
ship between the fraction of solved offences of certain types and the

numbers and gualifications of policemen with the task to solve these

offences) .
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Further investigations are set up on order to achieve a better orga-
nization structure. From top-level one has started a work-study

project (see Project Group Organization Structures [65]) in which the
times policemen spend on all kinds of activities have been summed up.
Some centralization is arising since several police forces,not belonging
to the local police forces; have been formed for special tasks. On

the other hand, some decentralization takeaplace within the forces of the

big cities since the work of the policemen in the beats gets more attention.

In summary, on top-level the manpower requirement forecasting is not

a part of the decision procesé, but one seems to notice the impor=-
tance of the subject since some experiments have been started recently.
On lower levels, in the big cities, the importance has beén noticed
earlier, since problemswereaiising with respect to allowéd numbers

of policemen on one hand and the increasing demand for police help on
the other hand. The investigations with respect to the manpower re-

quirements in the big cities have resulted in several internal reports.

Moreover, it is possible to investigate the necessary qualifications for

policemen by executing manpower requirement forecasting.

Case 3. As a third example of manpower requirement planning we will
consider a division of a large multinational private company. The per-
sonnel department of this division is involved in personnel demand
forecasting for highly educated personnel, mainly employees with an
education in advanced technology or with an academic degree. This ac-
tivity is done for every unit in the organization (development group,
mechanization group, production group, etc.) and concerns about 2000
employees. Every year a questionnaire is sent to the plant managers
and the departmental heads. The questions consider the expected devel-
opments in the next four years concerning production size, technology
and organizational changes (e.g. centralization/decentralization, make
or buy decisions). The managers are asked to translate the answers in-
to a forecast of manpower requirements in their department for all
categories of functions corresponding to pay-classes. Moreover, some
questions are posed with respect to the qualitative filling of the
organization at this moment (the distribution of employees according
to age, experiences, necessary education in the future), the number of
vacancies, etc. This procedure exists since about two years and its goal
is to gain more insight in possible fufure discrepancies between demand

and supply for personnel. The decisions based on this approach concern
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possible transfers of employees to other divisions, necessary recruit-

ments, promotions or decisions for training.

Manpower requirement forecasting in a formal way is not done for the
lower level employees because recruitments are possible if necessdry,
career paths are short, turnover fractions are relatively high, such
that demand and supply can be matched more easily and the workload is
relatively stable. As we discussed in section 1.3, medium énd long

term manpower planning is not important in such situations.

In fact, the management opinion procedure applied by this organization
division seems to work quite well. A possible development in the fu-
ture may consist of efforts to determine the relationship between

'workload and the required numbers of employees.

2.4.3. Discussion

Many organizations have a procedure for manpower demand estimation
corresponding with the outline of the last case above. However, often
this procedure is not a standard procedure. The management itself,
notices continuously whether a shortage or a surplus of personnel will
arise in the near future. In such a situation of an expected dis-
crepancy, management will ask for actions such as recruitment, trans-
fer, promotion, training, etc. Thus, the principle is applied that the
manager who does not complain will probab;y have the right

numbers and types of employees. The lack of standard procedures for
manpower requirement forecasting is also illustrated by the lack of
reports on standard procedures. An exception is, for instance, the
manpower planning system applied by Hoesch (see Beth - von der Warth/
Steinecke [12]).

A difference between the first and the last case of subsection 2.4.2

is the applied degree of jetailedness. In the defense organization the
manpower requirement estimation is executed function by function while
in the industrial organization the manpower requirements are forecasted
roughly for pay classes. Also, the length of the planning horizon
differs. In the defense organization a horizon of 10 years is chosen
whereas in the industrial organization only a 4-~years planning horizon
is used. These differences mainly proceed from the degree to which
future developments with respect to the activities program can be fore-

casted.
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The cases of the pravious subsection indicate that manpower require-

ment forecasting is important. However, its relevance depends on the

type of organization and on the considered personnel group. In section

2.5 we will, roughly, indicate for which groups of personnel the man-

power requirement'forecésting is particularly important.

2.5, Outline of a manpower requirement forecasting procedure

2.5.1, Outline

In this subsection we will describe an outline of an estimation pro-

cedure for manpower requirements.

a)

b)

68

As a first step one should estimate the actual manpower requirement

in order to get a good starting-point.

The actual manpower requirement may follow from the orgamization
chaft or the function registration system. Thus, the available num-
be;s and types of functions are known. Since the multi-category
approach i1s applied, these functions have to be clustered such that
numbers of function groups result. Now, for every function;group

the amount and types of actual activities should be described as

well as the necessary experlence and qualifications to perform these

activities. Usually, the function description indicated the type of
work for every function. For certain functions, the yearly work-
load (the numbers and types of tasks to be executed) may be hard

to determine. Particularly for some categories of indirect person-

nel this estimation may be difficult.

It should be remarked that the clustering has to be executed in
such a way that manpower requirement and manpower availability es-
timates can be compared with each other. Thus, one must be able to
identify the characteristics of the functions with the Characteris—
ticg of the qnp;oyees; for instance, function level with grade, re-
quired experience with grade seniority, required qualifications
with the training and development of the employee.

In the second step, one compares the actual formal manpower require-
ment, which has been abtained in stép 1, with the actual manpower
availability.



c)

4)

e)

f)

The ‘comparison of actual manpower requirement and availability
gives insight in the number of vacancies (or in the surplus of per-
sonnel) . Also, possible discrepancies between the function require-~

ments and the qualificétions of the employees can be found.

In the third step, one confronts the foregoing results with the

opinions of management (for instance, of the departmental heads)..

The confrontation of the results of the previdus steps with the
opinions of management indicates whether the actual formal manpower
requirement ,as estimated in the first step,agrees with the‘real per-
sonnel demand in the view of management. Based upon this comparison
~ which should take into account possible disturbing influences by
seasonal effects, the trade cycle and so on =t the real actual '

manpower requirement can be determined.

In the next step, the output levels for all activities have to be

forecasted.

The output level for each organizational activity can be forecasted
according to the medium term organization plan. Since these plans
are approved by management, the forecasted output levels aré, in
fact, the production (or service) targets for the medium term. If
the organization plan is not gufficiently detailed, extrapolation
techniques may be helpful here.

In the fifth step, the output levels for all activities have to be

translated in workload forecasts for each function group.

The manpower regquirement forecasts have to be given for each func~
tion group. Thus, the forecasted output levels for the different
activities have to be converted in workload forecasts for the func-
tion groups. In these workloads, the seasonal effects, economies

of scale or other disturbing factors have to be incorporated.

In the next step, the workloads have to be adapted for possible

organizational changes and overhead activities.

Organizational changes and overhead activities may lead to a change
of the workload for several function groups. In this step, the
opinion of management ls again particularly important since the de-

termination of overhead activities will be rather difficult. Esti-
mation of the level of activities is particularly relevant for those
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departments which perform tasks depending in size on the number of
direct personnel (e.g. the personnel department) or even on the
amount of products or services to be delivered (e.g. the marketing
department) . In the last ease,the number of employees in the indi-
rect department, indirect in the sense that the products or services

are not directly handled, depends on the cutput level.

g) In the seventh step, theforecasted workload is tzanslatdd in man-

power requirement forecasts.

For the conversion of workload into manpowér requirement, standards
must be available. Applications of work-study techniqueé can give
these standards. If the standards have been adapted to éechnology
improvements, then for direct personnel it is (relatively) easy to.
forecast the manpower requirements. For the indirect personnel it
is recommendable to let management do the conversion since it is
difficult to develop standards for the relation of workload and
personnel demand for indirect personnel. The use of data with res-
peét to the numbers of indirect employees and the worklead in the
past for these employees may stimulate the discussions.

2.5.2, Discussion

In this subsection we will discuss some aspects of the outline given

above.

The outline of a manpower regquirement forecasting procedure is only a
rough outline. The application of this procedure and, in particular,
the necessity of executing each step depends on the type of organiza-
tion and the personnel group which is considered. Organizations may be
in different circumstances with respect to the importance of manpower
planning. Sometimes, manpower planning has to be executed only roughly,
sometimes a very detailed approach iz required (recall section 1.3).

If manpower requirement forecasting is executed , since particular pro-
blems have to be considered, then some aspects should have particular
attention. For instance, if the introduction of large automation pro-
jects is discussed, the impact of technology changes on the reguired
training and development of employees will be very important for man-

power requirement forecasting.

The importance of manpower requirement forecasting also depends on the
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type of personnel. Usually, the forecasting of personnel demand in
long térm for direct employees with a low degree of training is im-
portant for the estimation of future salary costs and for the estima-
tion of the total number of employees. The last mentioned forecast
may be important in the negociations with the unions with respect to
future employment levels and e.g. for housing decisions. For direct
personnel, a detailed consideration is usually not needed. This cannot
be said for direct employees with long career paths or if a high de-

gree of commitment exists.

The considerations above indicate that medium and long term manpower
demand estimations are particularly useful if matching problems in the
future between supply and demand may possgsibly occur. Indications for
such situations are e.g. sudden changes in the output level, automation
- projects, transfer of production to other locations. Short term man-
power requirement estimation should always be executed, since the work has
to be done and one has to foresee cexrtain peaks of the workload. The
planning period which’is considered, thus, depends on the type of pro-
duct or service under regard and on the organizational structufe.

These aspects will not be discussed here further.

Finally, in our view, it is essential that management is involved in
the manpower requirement estimation procdedure. It is insufficient to
use only statistical techniques. We believe that the results with these
techniques may help in stimulating discussion, but collecting the opin-

ions of management is at least as important.

71



CHAPTER 3
MANPOWER AVAILABILITY FORECASTING

3.1, Introduction

In this chapter, we will consider mathematical models for the fore-
casting of the evolution of the manpower distribution and their pos- -
sible use in manpower planning. Manpower availability foreéasting is

a somewhat confusing term, since we will not only consider mathemati-
cal models with which the manpower availability can be forecasted, but
we will also describe some mathematical models which combine the fore-
casting of manpower availability and the matching with manpower re-
quirement. For all these models we use the term manpower availibility

forerasting models.

The first mathematical models for medium and long term manpower avail-
ability forecasting were given by Seal [71] and vajda [79] in the late

fourties.

[

Many early papers on manpower availability forecasting considexr in pat-
ticular, the effect of wastage which has a considerable impact on the
evolution of the personnel distribution (see e.g. Silcock [74]) . The
first applications of Markov models are described in the papers of
Young/Almond [94] and Gani [33] in the early sixties. From:that time
on, many mathematical models have been developed for manpower planning.
Markov models, renewal models (see Bartholomew [3] ,[5] ) and optimi-
zation models (see Charnes/Cooper/Niehaus [23]) have received most
interest. All these models describe the evolution of the manpower dis-
tribution. The important variables for this evolution are recruitment,
withdrawal (wastage) and internal transfer (promotion or another

change of position).

In section 3.2 we will describe the following manpower availability
forecasting models: Markov models (and longitudinal models}, renewal
models and optimization models. As we mentioned in section 1.5, we
will only discuss multi-category models which consider thé develop~-
ment of categories of personnel. In section 3.3 these models are dis-
cussed and evaluated with respect to their value for the manpower mat-

ching process (subsection 3.3.1), their usefulness for the design of
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manpower policies (subsection 3.3.2) and some computational aspects
(subsection 3.3.3). In section 3.4 we explain why we choose a Markov-
type forecasting model. Finally, in section 3.5, the conditions are
discussed which a manpower planning system should satisfy. In our.
view, manpower planning systems based on Markov models satisfy these

conditions better than planning systems based on other types of models.

3.2. Mathematical models for manpower availability forecasting

3.2.1. Introduction

In this section, we describe some mathematical models for manpower
availability forecasting. In subsection 3.2.2 we explain the Markov
model (and the longitudinal model), in subsection 3.2.3 the renewal
model is described, whereas in subsection 3.2.4 optimization models
are considered. Notice that in some types of models the forecasting of

the availability and the matching are combined.

For all these models, we assume that the categorization of employees
(i.e., the choice of the categories in which the employees are clas-
sified) has been given in advance. The préblem of categorization will

be discussed in section 3.3.

3.2.2. Markov models

3.2.2.1. The basic model

The object of a Markov model is to forecast the number of employees in
each of the categories at equidistant points in time (t = 0,1,2,...).
In a Markov model, the number of employees which makes a transition
from one category to another category in a given period, is assumed

to be a constant fraction of the size of the first mentioned category
at the beginning of the period. These fractions are called transition
fractions. The actual number of employees in all categories, the tran-
sition fractions and the future recruitment in all categories have to
be given. The future number of employees in all categories (the future

manpower distribution) is forecasted.
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Define:
ni(t) = the number of employees in category i at time t;

P the transition fraction from category j to category i;

t

ji

ri(t)

H

the number of recruits in category i in the time interval
(t—1,t].

Then we have:

nj(t - 1) - pji + ri(t),‘ for i,3 =1,2,...,K

>
-
=]
=
z
0
T 1%

for t = 1,2,...

where K is the number of categories.

If there are employees leaving the organization from category i, the

following formula is valid:

K
(3.2) ) Pyy < 1.

J

We can write (3.1) also in vector notation.

Define:

N(t) = (n1(t], nz(t],...,nK(t))r i,e, the row vector of the number of

employees at time t;

R(t) = (rl(t), rz(t),...,rx(t)), i.e.. the row vector of the number of
recruits in the time interwval

(t-1,t];

i.e. the matrix of transition frac-

~
i

. ] tions for the different categories.

Thus, a different formulation of (3.1) is:
(3.3 N(t) = N(t ~ 1) « P+ R(t), for t=1,2,...

Markov models are also called push models, since the transition frac-

tions are given and the future distribution of manpower over the cate-
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gories (called manpower distribution) is determined by the values of
these transition fractions. Thus, the employees are pushed through the

manpower system.

Ebgmgle 3.1, Consider a manpower system with three categories. The
transition matrix P is given (fig. 3.1) and the actual manpower dis-

tribution (table 3.1).

1 2
1}.6 .3 0
P=2 0 .4 .3
310 0 .e

Figure 3.1, Transition matrix P for example 3.1.

category
1 2 3 | total

t=0|140 100 60 300

Table 3.1. Actual manpower distribution over the catefories for

example 3.1.
Suppose we recruit 80 employees in category 1 every year. Table 3.2

shows the manpower distribution over the categories based on the Mar-
kov model.

category
1 2 3 .

, E|s|T E|s|T E |s |T | total
T 146 100 €6 | 300
TCT 80+ B4 =164 42 3 40 =83 307 36 = €6 | 312
t=2|8 4+ 98=178 49 +33 = 82 25+ 40 =64 | 324
t=3|80+107 =187 54+33= 86 25+39=63| 336
t=4|8 +112=192 56 +35= 91 26+ 38 =64 | 347
t=51|80+115=195 85+ 36 = 94 27 + 38 = 65 | 354
t=6|80+117 =197 50+38= 96 20 +39=67 | 360
t=7]80+118=198 50 +39 = 98 29 + 40 = 69 | 365
t=8|80+119=199 50 +39= 99 20+ 42=71| 369

w | 80+ 120 =200 60+ 40 =100 30 + 45 = 75 | 375

Tagble 3,2, Forecast of example 3.1 of the manpower distribution
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for eight years ahead and the forecésted long term distribution of em~-
ployees over the categories with recruitment of 80 employees per year
in category 1 and with transition fractiomns as given by fig. 3.1, The
first column for each category (E) represents the number of new en-
trants, the second column (5} indicates the number of employees who
stay in the category and the third column (T} gives the total number
of employees in the category. ALl numbers have been ccmputéd exactly

and were rounded off afterwards to the nearest integer- values.

Markov models formulated in the way above are deterministic models,

If all flows (recruitment, wastage, promotion or internal Fransfer)

are controllable and predictable, then it is not necessary‘indeed to
have a stochastic model. However, a deterministic model is' rather un-
natural in situations where the flows are unpredictable and uncontrol-
lable to a certain extent. In most organizations, wastage is not exact-
ly controllable nor predictable. A realistic stochastic model for wast-
age is a model where to each category 1, a wastage probability Pig is
assigned., Each person in category i has each year a probability Pig to
leave the organization. The expected number of employees leaving from
is the number of employees in

category i is then n, - piO' where n

that category. So, w: obtain similariforecasting expressibns as (3.1)
and (3.3) but now the forecasts are statistical expectations. If all
transitions (prometion, wastage, recruitment and internal transfer) are
modelled in this way, wehave the situationwhere the evolutionof each in-

dividual employee through the manpower systém is described by a Markov chain,

In fact, this purely stochastic situation and the purely deterministic
situation are only extreme cases. It is also possible that some tran-
sitions are stochastic (e.g. wastage)r while other transitions are

deterministic (e.g. promotion).

Essential for a Harkqv model is that the number of employees who

make a transition from category i to category j, in a given period,
is independent of the evolution of the employees in previous years and
only depends on the number of employees in category i at the beginning
of the period. Markov models have been described, for instance, in

Bartholomew/Forbes [6], Young Almond [94].

3.2.2.2, Steady-state disiribution

Markov models can be used to forecast the distribution of. employees
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over the distinguished categories. The forecasted manpower distribu~-
tion indicates then the consequences of wastage, promotion policies

and recruitment policies. If recruitment is constant in time, then it
is possible to calculate the stationary or steady-state distribution.
Thé stationary distribution is the long term forecasted number of em=-
ployees in all categories if recruitments, but also promotion and wast-

age fractions are constant.

Define:

ﬁi £ the number of employees in category i in the steady-state situ~
ation;

ri ¥ the recruitment in category i.

In the steady-state situation we have:

K
(3.4) i, = jzl nj . pj1 + r1 , for i =1,2,...,K
where
(3.5) ﬂi = 1im n, (t) , for i =1,2,...,K.
t-"ml

The value of this steady-state distribution lies in the possibility to
compare. the lohg term manpower availability foreéast with‘tﬁe long term
mahpower requirement forecast. In this way, one may investigate whether
manpower policies, based on medidm term forecasts, are acceptable on
long term. In section 4.4 we will discuss the stationary distribution

for the Markov model in scme more detail.

3.2.2,3. Determination of transition probabilities

The way to determine the transition fractions(or transition probabili-
ties respectively) depends on the situation in which the Markov model
is used. In the purely deterministic situation, it is simple to observe

these fractions, since the transition fractions are fixed and deterministic.

In the stochastic situation, however, the transition probabilities
have to be estimated. In order to obtain a first estimate of the tran-

sition probabilities, one may use historical data. Suppose that data
is available for the periods from t = -T until t = 0.
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Define:

mij(t) £ the number of employees who made a transition from category

i to category j in the time interval (t-1,t].

The transition probabilities pij can be estimated now by:

Q
m, , (t)
ij ;
L t=—T+l for i =1,2,...,K
(3.6) P = = ’

F13 0 : for § = 0,1,2 K

Z ni(t"“ e

=—T41 |

where Pig denotes the wastage probabllity from category i.:

In (3.6) all previous years have equal weights. If one assumes, for
instance, that the number of transitions in recent years ié more im-
portant for the estimation of the transition probabilities, then one
may introduce weights in (3.6).

Usually, T should not be chosen too large, since historical data from
many years ago may not be appropriate to obtain reliable transition
probabilities. Moreover, the quality of the forecast is not much im-
proved by taking many years of historical data. In 3.2.2.4 we will
consider the influence of the estimation of the transitioﬁ probabili-
ties on the quality of the forecasts in some detail. From our expe-
rience, it appeared to be sufficiént in general to take T = 3 or T = 4,

Bnother possibillity to determine the transition probabili;ies 1s the
use of estimated transition probabilities from similar organizations
for similar categories of personnel. It may also be useful to estimate
the transition probabilities for a given personnel group from the '
transitions of employees on a higher level of aggregation within the
organization, for instance, the estimation of wastage probabilities of
highly trained engineers based on the wastage for all engineers in the

organlzation.

3.2.2.4. Quality of the forecasts i
Bartholomew [4] describes the following causes of prediction errors:

1) statistical causes;
2) estimation causes;

3) specification causes.
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ad 1) Statistical causes

Statistical causes of ﬁrediction errors occur in the stochastic situ-
ation. Under the condition that all employees move independently

through the categories, we have the following formula for the covari-
ance of the numbers in category i and j at time t, accordingto Bartho-

lomew [3], pp. 27-28:

(3.7 COV{ni(t), nj(t)} =
K K o
= kEI EEI Py * Ppy v covim(t - 1)y ny(t - 1)}

K
+ k£1 (64 ° Pgy = Pyj * Pyy) " Emy(t - 1)

for 1,3 = 1,2,...,K
for t =1,2,...

where

1 if 1 = j;
oy
J 0 otherwise.

The covariances are equal to zero for t = 0. The variance Vi(t), which
indicates the quality of the forecast of the number of employees in
category i at time t, is given now by:

(3.8) Vi(t) = c0v{ﬁi(t), ni(t)}.

Particularly important in judging the quality of the forecast is the

variation coefficient which is given by:

/vi(t)

E ni(t)

(3.9)

Under the assumption of independent behaviour of all employees the vari-
ation coefficients are relatively small -~ if the content of the catego-
ries is not too small - {see, for an example, Wessels/Van Nunen [891). In
the deterministic situation, where the transition fractions are fixed, the

variances are equal to zero. Reality will be between these extremes.
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ad 2) Estimation causes

The quality of the forecast depends on the estimation of the transi-
tion probabilities. In the situation of complete independent behaviour

of the employees, the expected number of employees Em, . (1) going from

i3
category i to category j in the time interval (0,1] is estimated by
ni(O) . pij‘ Thus, the quadratic difference of this estimated wvalue
with the theoretically best forecast is:

i

: 2 . 2
(3.10) ni(O) . [pij - Py

If pij‘is estimated according to historical data (cf. (3.6)), then the

expectation of this quadratic difference (given the numbers ni(t) and
Pij) isequal to

p, . (1-p, .}

(3.11)  n2(o) . o3 TE3

1 4] ’
I n (t-1)

. te-T+1 T

since’
0
I n(t-1) «p
=iy b 13

has a binomial distribution

0
B( Y n,(t-1),p,. ).
te-TH+l © +J

Since the variance of mij(i) is equal to ni(O),- pij(l - Pij)’
the influence of the estimation of the transition probability on the
quality of the forecasts is small if

0

I nt-1

te-T41 T

is substantially larger then ni(O). As we mentioned in 3.2.2.3, it is
usually sufficient to take T = 3 or T = 4. In the deterministic situ-
ation, there is no influence of the estimate on the quality of the

‘forecasts.
ad 3) Specification causes

The quality of the forecast also depénds on the choice of the model

which can not be tested generally; However, it is very important to
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define the categories of personnel correctly, such that all relevant
characteristics of employees are included in the model. The definition

of the categories will be considered in some detail in section 3.3,

The quality of the forecast has been discussed in some detail in
Bartholomew [3] , van der Beek [8] , Wessels/van Nunen [89],

3.2.2.5. The longitudinal model

In Markov models the evolution of the manpower distribution over a
number of categories is considered. These models are called cross-sec-
tional models. A specific type of Markov model is the longitudinal
model in which the evolution of a group of employees entering the sys-
tem at the same time is observed. The recruits of each year are distri-
buted over the different groups which are called cohorts. For every co-
" hort different transition fractions are used. The usefulness of this
type of model lies in the fact that it is possible to analyse the situ-
ation in which the evolution of the employees depends on the type of
cohort where they are belonging to. In longitudinal models the cohorts
enter the system and disappear from it after some time. The number of
employees in the various categories is then the sum of the contributions

of each of the cohorts to these categories.

Define:

C Z the number of cohorts;

gc(t) £ the mumber of employees of cohort c entering at time t;

ni(t) £ the total number of employees in category i at time t;

pic(u) = the fraction of employees entering cohort c¢ at time t, who
are counted in category i at time t + u;

T £ the maximum number of periods an individual is counted in the

model.

The following data is given: C,T,gc(t) and Pic(u)' forallc=1,2,...,C;
i=1,2,...,Kand t = L,2,... )

The following formula can be given:

T C
(3.12) ng(e) = [ I p (@ g (t-u),
u=0 c=t
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for i =1,2,...,k; t=1,2,,,.

Obviously, longitudinal models are equal to Markov models with an ex-
tended number of categories. If, in the Markov model, types of ehploy—
ees are distinguished for which different transition fractions are
valid, a longitudinal model is obtained. Therefore, we will not dis-
cuss the longitudinal models separately in the remainder of this book.
Longitudinal models are described extensively in Grinold/Marshall [4Q].

3.2.3. Renewal models

3.2.3.1. The basic model

The object of a renewal mcdel is to forecast the manpower flows which
are necessary to obtain given numbers of employees in all categories.
as in Markov models, the situation is observed at equidistant points
in time. The actual manpower distribumtion, the desired manpower dis-
tribution in the future and wastage fractions have to beknown. The pro-
motion flows and recruitment are determined by filling the vacancies.
Therefore, renewal models are also called pull models. Notice that in
this type of model the availability forecasting and the matching pro-

cess are integrated.

We will only consider the renewal mcdels for the deterministic situ-
ation. This means that wastage is also considered as a deterministic
flow. This is, in general, a shortage of the model. With respect to

the quality of the forecast, similar causes of prediction errors can

be distinguished as given in 3.2.2.4.

Consider - as an example - a strictly hierarchical manpower system,
where the filling of vacancies in all categories is only possible

from the category below or by recruitment in category 1 (fig. 3.2).

My (t) Mo () B 3,0¢t) Ty ()
cat. cat. cat. cat.
1 miz(t] 2 m23(t) K1 F&@4;Jt) K

rl(t)

Figure 3.2. A strictly hierarchical manpower system with K categorjes.
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The flews from category i to category j in the time interval (t-1,t]

are indicated by mi (t). and recruitment in category 1 in the time in-

3
terval (t-1,t] is denoted by r, (B,
Define:
ni(t) £ the degired :number of employees in category i at time t;
ni(O) = the actual number of employees in category i at time t = 0;

mij(t) £ the number of employees who make a transition from cate~

gory 1 to category j in the time interval (t-1,t];

HH

the number of recruits in category i in the time interval
(t- 1:t]7

ri(t)

where i = 1,2,...,K; § =0,1,2,...,X; t=1,2,... and miO(t) indicates

wastage from category i during the time interval {(t-1,t].

Now, mi (t) and ri(t) have to be computed, for i,j, =1,2,...,K and

3 )
t=1,2,..., while ni(t) is given, for 1 = 1,2,...,K and t = 0,1,2,.. .
Wastage follows from:

fori=1,2,...,K

(3.13) m, . (t) =n. (t -1) » p
10 . i0 for t =1,2,...

where Pio is the (given) wastage fraction from category i (as in the
Markov model for the deterministic situation).

The promotion flow from category K - 1 to category K follows from:
3.14 m n(t) -n(t-1) +m (t for t =1,2,...
( ) e ,lét) == K( ) K( ) %0 ) [ r<y

Remark. Equation (3.,14) is only valid if ne () - ne (t - 1) + nko(t) z 0,
since otherwise the desired category size would be exceeded. If the
desired category size has decreased more than the wastage flow, the

following adaption of (3.14) is necessary:
(3.15) mK-—l,K(t) = max{O,nk(t) - nk(t - 1) + mKO(t)}, for t=1,2,...
Moreover, equation (3.14) is only valid if mK_LK}t)S nK_l(t - 1) +
- my O(t), since otherwise more employees would be promoted from

’

category K - 1 than the number of employees in that category. Thus, the
following adaptation of (3.14) may be given:
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(3.16) mK-—l,K(t) =

= min{nK(t) - nK(t - 1) + mKO(t)' nK-l(t - 1) -n&$1'0(t)} .

A possible remedy would be the filling of a remaining shortage of .em~
ployees in category K by promotion of employees from category K - 2.

Integration of (3.15) and (3.16) gives:

(317 m . (t) =
’

= max{0, min[nK(t) - (E-1) +m (), n_ (E=1) -m ot 1}

O

If m , ¢(t) is determined, then the transition flow from category

]
K - 2 to category K — 1 is computed, etc. Thus, the following formu-
la can be given (where exceeding of the bounds as mentioned in the

remark above is excluded):

B S AL i VS R S S S
(3.18) mlz(t) ’-:‘- nz(t) - nz(t - 1) +vm20(t) + m23(t)
rl(t) = nl(t) - nl(t -1) + mlo(t) + mlz(t)
for t =1,2,...

Renewal models are described, for instance, in Bartholomew [31, Bar-

tholomew/Forbes [61.

Ex@rgle 3,2, Consider the manpower system of example 3.1. The actual.
manpower distribution is given (table 3.1) as well as the constant
wastage fractions for category 1, 2 and 3, which are 0.1, 0.3 and 0.4
respectively. One wants to obtain a given manpower distribution in

the following 8 years. The guestion ié how many recruits are needed and
what will be the numbers of promotions from each category. We will
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consider two cases here:

1 the total manpower size increases by 3% each year, whereas the dis-
tribution of the employees over the categories remains unchanged.
‘We call this the dynamic case;

2 The total manpower size as well as the distribution of employees

over the categories does not change. We call this the static case.

1. In the dynamic case, application of (3.13), (3.14) and (3.18) for
t=1,2,...,8 gives the results as preSenfed in table 3.3. Thus, the:
desired manpower distribution and the numbers of employees which leave
the categories (wastage) determine the forecasted numbers of promotions

and recruitments.

category
1 2 3

E|ls]|T - E|s|T E|s|T |total
t=0 140 100 60 | 300
t=1 77 + 67 = 144 59 + 44 = 103 26 + 36 = 62 | 309
t=2 79 + 69 = 149 61 + 46 = 106 27 + 37 = 64 | 318
t=3 82 + 71 = 153 62 + 47 = 109 27 + 38 = 66 | 328
t=4 84 + 73 = 158 64 + 48 = 113 28 + 39 = 68 | 338
t=5 87 + 76 = 162 66 + 50 = 116 29 + 41 = 70 | 348
t=6 89 + 78 = 167 68 + 51 = 119 30 + 42 =72 | 358
t=7 92 + 80 = 172 70 + 53 = 123 31 + 43 = 74 | 369
t=38 95 + 83 =177 72 + 55 =127 32 + 44 =76 | 380

Table 3.3. Forecast for the renewal model (dynamic case) of the man-

power flows for eight years ahead with constant wastage frac-

tions. The first column for each categorv (E) represents the

number of new entrants, the second column (S) indicates the
number of employees who stay in the category and the third
column (T) gives the total number of employees. All numbers
have been computed exactly and were rounded off afterwards
to the nearest integer values. Remind that the desired ca-

tegory size increases by 3% a year.

85



2. In the static case, where the manpower distribution is constant
and equal to the actual level, we obtain a steady-state behaviour of
the system. The number of promotions, wastage and recruitment are
constant then for each year, starting from the given wastage frac-’
tions. The numbers of promotionsand recruitments as well as the man-

power distribution are given in‘itable 3.4.

category
1 2 T3 total
E|ls|T E|ls|rT E|ls|T
t=20 140 100 60 300
t =1 68 + 72 = 140 54 + 46 = 100 24 + 36 = 60 300

Table 3.4. Forecasts for the renewal model (static case) of the man-
power flows. Wastage fractions and the desired manpower distribution
are assumed to be constant. The first column for each category (E)
represents the number of new entrants, the second columﬂ (S) indicates
the number of employees who stay in the category and the third column
(T} gives the total number of employees. :

In table 3.4 it is demonstrated that constant recruitment of 68 people
and promotion of 54 and 24 employees from category 1 and 2 respective-
ly gives the stationary distribution. Thus, if the transition matrix
of the Markov model (fig. 3.1) would be changed (see fig. 3.3) and

68 people are recruited each year, the forecast gf the Markov model

would give similar results (stationary distribution) as table 3.4.

1 2 3

1 ].514 .386 O

Figure 3.3. Transition matrix P for example 3.2. The promotion frac-
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s 54 24
tions from category 1 and 2 are 100 .386 and 100 = .24,

respectively.

3.2.3.2, Steady-state distribution

Renewal models can be used to forecast the transitions of employees in
order to obtain a given future manpower distribution. If the wastage
fractions are constant, the policy with respect to promotion and re-
cruitment which maintains a given manpower distribution can be compu-

ted easily. For this situation we have the following formulae:

B 1,k (B = Dol

(3.19) m (t) (t) + m,

= Pi,0 1+1,1+2(t) s for i =1,2,...,k -2

i,i+1
rl(t) = mlo(t) + m12(t).

where t = 1,2,... .

Remind from our remark on (3.14) in 3.2.3.1 that formulae (3.19) are
only valid if the bounds on the number of employees in each category
are not exceeded. Otherwise, modifications of such formulae are neces-

sary, for instance, as suggested—in the above-mentioned remark.

3.2.3.3. Estimation of input data

The input data which has to be estimated concerns the wastage fractions
and desired future manpower distribution. The wastage fractions can be
estimated in a way similar to the estimation cf the wastage probabili-

ties piO in the Markov model (3.6).

The estimation of the desired future manpower distribution can be exe-
cuted by using the forecasting techniques for the manpower requirement

as we described in chapter 2.

3.2.3.4. Extension of the strictly hierarchical renewal model

In 3.2.2.1 we considered a renewal model in which the filling of va-
cancies in all categories is only possible from the category below or

by recruitment in category 1. However, if vacancies can also be filled
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from another category or by recruitment, then the number of promotions
is not determined uniquely by the desired manpower distribution. Con-
sider, for instance, the manpower system where external recruitment

is also allowed in category 2 (fig. 3.4).

B0 t) Byo(®) M1,k %) Beo (L)

cat. |m,,(t) | cat. cat. cat.

12 ———ay .
1 2 |myye) | k-1 a8 K

r1 (t) r2(t)/

Figure 3.4. A manpower system with recruitment in two categories. The

notation corresponds with the notation of fig. 3.2.
Now, the relation for m12(t) in (3.18) has to be replaced by:
(3.20) r2(t) + m12(t) = n2(t) - n2(t -1) + m20(t) + m23(t).

In fact, this means that one has to give a rule to distribute'the to-
tal inflow in category 2 over the promotion flow from category 1 and

the recruitment flow in category 2. Possible rules are:

- recruit as many as possible from category 1;
- recruit from category 1 and from the external category in a fixed

proportion.

This will be discussed in some more detail in subsection 3.3.2.
3.2.4. Optimization models

3.2.4.1. The basic model

As we have seen in subsection 3.2.2, the use of Markov models can
show the impact of constant transition fractions on the evolution of
the manpower distribution. In subsection 3.2.3 we considered renewal
models with which the impact of a given manpowér distribution on the
numbers of transitions can be computed. Optimizationmodels for man-

power planning can do both. These models combine the forecasting of
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manpower avallability and the matching with manpower requirement.

Many formulations of optimization models are possible. We will con-
sider here some examples which can be found (somewhat modified) in

literature (see, for instance, Grinold [39], Uebe/Beckman/Fischer/

Marwitz [78]).

Consider - as én example - a strictly hierarchical manpower system
{cf. fig. 3.4).
Define:

ni(t) £ the number of employees in category i at time t;

Hi(t) = the minimally required number of employees in category i at
time t;

n;(t) = the maximally allowed number of cmployees in category i at

time t;
PiO £ the wastage fraction from category i;
Bij = the minimal promo;ion fraction from category i to category j;
p;j Z the maximal promotion fraction from category i to category j;

mkl(t) £ the number of employees who inake a transition from cate-
gory k to category £ in the time interval (t-1,t];

the costs for an employee who makes a transition from

£

category k to £;

cy £ the yearly salary costs for an employee in category i;:
for i,j, = 1,2,...,K; for k,2=0,1,2,...,K; for t = 1,2,...,T. mko(t)
indicates the wastage from category k in the period (t-1,t], whereas
mOk(t) indicates the recruitment in category k in this period. The

planning horizon is denoted by T.

- * ! - * .
Suppose ni(t), ni(t)’ ni(O), Pyg’ Pi4ys Pyyr d,, and c, are given for
i,j=1,2,...,K, for kK, 4 = 0,1,2,,..,K, for t = 1,2,...,T. The flows
mkl(t) and the number of employees in all categories ni(t) have to be

chosen now such that a given criterion is optimal.

One possible objective is to minimize:

i=1

) i1
c, » n (t) + . (t)}.
1t Ll Ser " Teg

T .
(3.21) | {

t=1
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Regtrictions with respect to the numbers of promotions are:

- * s s
(3.22) ni(t- 1) - Pij < mij(t) < ni(t‘si)- Pij’ for i,3=1,2,...,K

for t=1,2,,..,T.

Restrictions with respect to the manpower distribution are:

(3.23) B () € n(t) < nz(t) , for 1,3 = 1,2,...,K
for t=1,2,...,T.

Minimization of ({3.21) under the conditions ({3.22) - (3.23), the defi-
ning relations (3.14)-(3.15) and the condition that all variables are

nonnegative, gives the flows and the manpower distribution inthe future.

In optimization models usually a finite horizon is chosen. One may
also compute the steady~state manpower distribution and the corres-
ponding numbers of employees which make a transition. We will not

discuss this in more detail.

Since all flows are deterministic, the statistical causes of predic-
tion errors need not to be discussed here. We refer for the other cau-

ses of prediction errors to 3.2.2.4.

Optimization models are described, for instance, in Grinold/Marshall
[40]1, smith [75], vajda [80].

3.2.4.2. Goal programming

A goal programming model is a specific type of optimization model.In a
goal programming model a number of goals are established which the
decision maker desires to achieve. Such goals are, for instance, mini-
mun total salary costs, avoiding overemployment, a certain employment

of minorities, etc.
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An example of a goal programming model is obtained if one wishes ~
apart from the minimization of (3.21) - to minimize the deviations of
the promotion flows from certain desired promotion flows in order to
obtain a stable number of promotions. Then ¢ne has to add to the ob-
jective function (3.21) thg following term:

T K K

3.2y p, - § ¥V 7 |m.(t) -n(t-1)-p
Vg1 g2 4= P DD o

i]j

If one also wants to minimize the deviations of the manpower distri-
bution with ‘some desired manpower distribution the following term must
be added:

)
(3.25) P, - n,{t) - n!(t)}|,
2 o1 i=1 i i

the desired number of employees in category i at time t.

i

where ni(t)
Pl and ﬁz are the weights assigned to each goal by the decision

maker.

A solution to the programming problem may lead to an adaptation of the
priorities of the decision maker whereafter the new goal programming
problem can be solved until acceptable values of the decision varia-
bles are obtained. The technique of gpal programming has been describ-
ed, for instance, in Ignizio [44]. Applications of goal programming
for manpower planning are given in Charnes/Cooper/Niehaus [23] and in
Kahalas/Gray [46],

3.2.4.3. Aggregation

If categories are partly defined by characteristics like age, length-
of-service and so on, the goals have to be formulated, in general, on
aggregated flows or aggregated categories. The number of people in a
certain grade may be important, but not the distribution of these em~
ployees over age and length-of-service. In the same way, the distri-
bution over age of the numbers of employees promoted from a certain

grade is not important.

Thus, if C = {cl} is the collection of all categories after aggrega-
tion over age, then we obtain for (3.24) - (3.25) the following formu-
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lae:

T
(3.26) ) ZZ.’Z 7 m.(t) - 7 n(t-1) +p .
t=1 £ k iecl jeck 1 iecz . Czck
1ol
(3.27) L n,{(t) - n' ()] ,
t=1 & 'icc, )

a
R

i

where né (t) the total desired number of employees in all categories

2
of cl and PC o Z the desired transition fraction from aggregated cate-
gory ¢, to aggregated category cy.
3.2.4.4. Estimation of important data

As in renewal models, we assume that the expected wastage will be re~
alized in the future. Thus, the described optimization models presume

a deterministic situation.

The input data which has to be estimated depends on the exact formu-
lation of the model. For the basic model,for instance, wastage frac-
tions have to be estimated, as well as the upper and lower bounds for
the transition fractions and for the numbers of employees in all cate-

gories. In section 3.3 this will be discussed in some detail.

3.3. Discussion of the models

In this section we will discuss the models described in section 3.2.
We will consider here, in particular, whether these models are appro-
priate for the manpower planning approach we suggested in subsection
1.2.5. Therefore, the following features of the models will be dis-

cussed in the subsections:

1. definition of the categories, i.e. which characteristics of employ-
ees can be included in the models?

2. usefulness for the design of manpower policies, i.e. can these mo-
dels show the impact of alternative manpower pclicies?

3. computational aspects of the models.

3.3.1. definition of the categories

In this subsection we will consider which characteristics of empleoyees
should be included in the definition of categories and which models
i

are appropriate for such a category definition.
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The definition of the categories has to satisfy the following condi-

tions:

a the characteristics which are included in the models have to be such
that matching of requirement and availability of personnel can be
done; '

b the wastage of personnel is forecasted adequately;

c alternative career policies can be designed.

We will consider these conditions in some detail now. -

ad a. As we mentioned in section 1.5 with respect to multi-category
models, the degree of aggregation and thus the definition of the cate-
gories depends on the organization level where the planning is exe-
cuted. If management is interested, for instance, in manpower planning
for highly trained engineers, relevant characteristics in manpower re-
quirement may be the function level, the training and development
level and the experience of the engineers. These cﬁaracteristics have
to be included then also in the manpower availability forecasting
model. In section 4.3 we will give some exampies of relevant charac-

teristics for different aggregation levels.

ad b. The models should also offer tﬁe opportunity to include the
characteristics of employees which are correlated with wastage, such
as the age, length-of-service (sometimes) or sex (sometimes). In order
to obtain reliable forecasts for the numbers of employees which will
leave the organization it may be useful to distinguish retirements,
being strictly age dependent, and other reasons for withdrawal or

wastage. Wastage for the other reasons willbe called from now on turnover.

Some general characteristics of wastage patterns are: turnover de-
creases with the age of the employee, {except for high age groups be-
cause of illness) with length-of-service (except for high length-of-
service because of illness), increasing skill or salary. Besides, wastage
is higher for women then for men. More about this subject can he

found in Bartholomew [5] , Bowey [16], Tuggle [77],

ad c..As mentioned in subsection 1.4.4 the design of alternative ca-
reexr policles has a great impact both on the organization and on the
individual employees. The career opportunities of the employees occu-

py a special place in manpower planning as we discussed in our view
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on manpower planning (subsection 1.2.5). Therefore, the model one
would like to use for manpower availability forecasting has to be such
that career policies can be made visible and the design oﬁ alternative
career policies is facilitated. Relevant charactéristics éf employees
with respect to the career prospects may be the function level (grade)
and the grade seniority which indicates the number of years an employ-

ee has spent in his current grade.

In the remainder of this subsection we will discuss whether the Qif-

ferent models are flexible with respect to the category definition.

In Markov models the categories can be chosen such that several cha=
racteristics of employees are included in the model. Such an extended
Markov model may contain, for instance, the characteristics grade and
grade seniority. In particular the career policies can be represented
very well in such a model, since the career opportunities may be ex-
pressed by the average grade seniority at which promotion occurs. Of
course, the Markov mocdel is more appropriate for types of organization
with a high degree of commitment (remind section 1.6) than for other
organizations. This can also be illustrated by the type of organiza-
tions where Markov models have been applied (see section 4.3, chapter

'

6 and Verhoeven/Wessels/Wijngaard [86]).

Wasﬁage is assumed to be a push flow in a Markov model which is a re-
alistic assumption. Moreover, the age of the employees may be includ-
ed in the model which enables the forecasting of retirement and tusn-

over separately.

It should be remarked that e#tension of the number of categories im-
plies that many transition fractions have to be given, but many of
these are trivial (for instance the yearly transitions to a higher

age or grade seniority). Furthermore, it is not necessary to estimate
these fractions separately. One can use a certain level of aggregation

in the esiimation, for instance, by summarizing over the age classes.

Examples of Markov models with extended categories will be given in

section 4.3 and have also been given by Bartholomew/Forbes [6].

In renewal models it may be difficult to include additional charac-
teristics of employees. If one desires to take into account the age

of the employees, one has to indicate in advance from whidh,age clas-
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seg a possible vacancy will be filled. Also, if one wants to consider
the grade seniority, in order to design alternative career policies,
one has to indicate from which grade seniorities a possible vacancy
will be filled. Thus, renewal models are not very appropriate in in-
dicating the impact of career policies. In fact, the pull element
emphasizes the restrictions of the allowed manpower distribution. Re-
newal models may be useful,'particularly, in organizations where the
design of alternative carcer policles 1s less important. Many appli-
cations of these models can be found in the Civil Service in Great
Britain. It should be remarked that the introduction of certain cha-
racteristics such as age and grade seniority in a renewal model gives
the combination of a pull and a push element. On one hand, one has to
indicate how vacancies have to be filled (pull), on the other hand,
the age and grade seniority of employees increase each year by one
(push) . Examples of renewal models with extended categories are given

by Nash/Goddard [60] and by Sherlock [72].

In optimization models it is also possible to.include additional cha-
racteristics but the size of the models will become then very large.
This is discussed in some detail in subsection 3.3.3. In our view, an
extension of the number of categories in optimization mcdels is not
always easy, since it may not be possible to translate the prefer- .
ences of management with respect to detailed manpower flows in costs
and restrictions of the model. For instance, if the grade seniority
of employees is included‘in the model, it may be difficult to give
mimimum and maximum promotion fractions for all grade seniorlties.
Therefore, optimization models may be particularly useful for organi-
zations with strictly formulated goals and restrictions. Applications
can be found especially in defense organizations in the United States.
There, the goals are mainly‘formulated in the numbers of employees in
certain (aggregated) categories and also in equal employment terms.

3.3.2. Usefulness for the design of manpower policies

In this subsection we will discuss the usefulness of the manpower

availability forecasting models for the design of manpower policies.

Markov models are essentially based on career policies and are there~

fore very will applicable for comparing the impact of alternative
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career policies. Renewal models are essentially based on the manpower
requirements and therefore show the consequences of given requirements.
Both types of models can be useful for the matching process: in push
models one can vary the career policies until the computed availabi-

lities agree with the requirements; inpull models one can vary the re-
quirements until the resulting career policies are acceptable. So, the
choice for one type of model is not a veryfundamental.oneb since both
types of models can be used for the same purpose. The main point is

the fact that these models can show the impact of alternative policies.

In principle, this is also the case for optimization models. By choos-
ing the right restrictions, the optimization model can be very close

to either a Markov model if there are strict promotion restrictions,
or to a renewal model if the allowed number of employees is strictly
formulated. However, it is very difficult to translate the preferences
of management with respect to manpower flows in costs and restrictions
of a linear programming model. This is especially true since costs of
some aspects are essentially difficult to compare (e.g. the salaries
and deviations in the objective function {(3.21) :oombined with (3.24))
and sincevmany costs are essentlially nonlinear {(e.g. deviations only
become important if they surpass some bound or if they occur together
with some other feature). Moreover, the number of situatigns that can
arise is so large and the situations are so different, thét it is
practically infeasible to check all these situations withErespect to

preference.

It is not only difficult to construct a linear programminé model, it
is also difficult to evaluate the results. The usual:post—optimal
analysis does not give sufficient information about the sensitivity
of the solution with respect to the conditions and costs involved.
Notice that the costs of deviations of the goals are partly artificial.

It is very well possible, and not simply verifiable, that quite a lot
of costs are caused by some combination of conditions whichare in fact
not needed so strictly (for another discussion of this aspect, see
Wessels/van Runen[89] ), If goals and restrictions are often changed,

the use of optimization modeis becomes very expensive.
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3.3.3. Computational aspects

In this subsection we will make some remarks on computational aspects
(computation time and storage capacity) of the manpower availability
forecasting models. For Markov and renewal models the computation

times are usually relatively low.

Congider, for instance, a manpower system with 5 grades and 10 grade
seniorities (see fig. 3.5). A category is, thus, defined by (grade,

grade seniority).

grade

l 1__.2_,3r_._----__d,10

11 12 13 be === = - —]20

e o - o ey

a1 42 43 R N1

-y grade seniority

nggfg 3.5. Schematic representation of a manpower system with 5 grad-
es and 10 grade seniorities in all grades. Wastage is not represented
here. From all categories in the first 4 grades, there are twc flows
out of the categorywhichhavé to be computed (promotion and wastage) . The
third transition out of a category is straightforward, since grade
seniority increases by 1 each year. In category 50 there is only one

flow out of this category {wastage).

Thus, for the Markov model, the computation time depends on the number
of categories and on the length of the planning horizon. A complete
run for this example with a planning horizon of 10 years tock only a
few seconds process time on a Burroughs B7700 computer. For the re-

newal model similar considerations can be given, assuming that the
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manpower distribution over the grades has been given as well as the
distributions of the input in each of the grades over the grade sen-
iorities.

It should be remarked that computation time increases with the number
of categories and the number of transitions. If, in the example above,
age is included instead of grade seniority, the number of qategoxies
may be about 5 x 50 = 250. However, a reduction of the numﬁers of ca~
tegories and transitions is often possible ‘since some combﬁnations of
grade and age will not occur in practice. This will be disdﬁssed in

some more detail in section 4.6.

Usually, the solution of an optimization model takes (relatively) much
computation time. For the example of fig. 3.6 and for an optimization
model cf. (3.21) -~ (3.23) we have about S00 variables and 1400 con-
straints. The restrictions are set then on the numbers of employees

in each grade and on the promotion flows from each category, wh;lu

the planning norizon is 10 years. Solution of this problem takes app.

3 minutes processtime on a Burroughs B7700 computer.

Similar conclusions can be drawn with respect to the required storage
capacity. In Markov models, it is important to store the tﬁansition
matrix efficiently. It is sufficient to store the elements thch can
be positive (cf. fig. 3.1). In renewal models no transition matrix is
necessary but the manpower requirement as well as the priority rules
for the filling of vacancies have to be stored. The size of optimiza-
tion models is (relatively) large as we mentioned above. Moreover,

the optimization packages require storage capacity themselves.

3.4, Conclusions

In this sectlon we will draw some conclusions with respect to the
question which type of model is most appropriate for manpower plan-

ning,

Manpower planning models have to satisfy the conditions mentioned in
section 3.3, Based upon this discussion we do not recommend optimiza-

tion models for medium and long term wmanpower planning. Simply said,
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it is not clear in these models which judgement has been built in.
Moreover, because of the large numbers of variables and constraints

changing policies may lead to many changes of parameter values.

In our view, for manpower planning the most appropriate approach is
mathematically a very simple one: present the impact of alternative
palicies to management and let management do the evaluation. This can
be achieved by designing a manpower planning system which facilitates
an easy analysis of policy changes and which provides management

with the forecasted impact of these chanées. In section 3.5 we will

discuss this in some more detail.

Thus, in our view, Markov and renewal models are the most valuable
models for manpower planning-. Of these two models we prefer a Markov
model as a basis for a manpower planning system. The Markov model,
namely, fits best for our manpower planning approach as introduced in
gsubsection 1.2.5. The three phases of the manpower planning process can,
thus, be distinguished, where the Markov model can be used for the
pure manpower availability forecasting. Alternative parameter values
for recruitment and promotion lead to changes in manpower availability
which may agree better to the manpower requirement. Also desirable
adaptions of manpower reguirements become apparent in this way. More-
over, application of Markov models enables the direct consideration

of individual prospects since the transitions are assumed to be push
flows. Thus, existing career policies are embedded directly in the
forecasting procedure. In renewal models and optimization models the
manpower availability forecasting and the matching process are inter-~
fering and, particularly in renewal models, the individual prospects

of employees are not considered explicitly.

3.5. Manpower planning systems

In section 3.4 we made the choice for a Markov model as a manpower
availability forecasting model. A manpower availability forecasting
model is only part of a manpower planning system. Here, we will dis-

cuss which demands should be met by a manpower planning system.

Manpower planning systems have to support management in taking the
right decisions concerning manpower policies. The underlving model

has to be understandable by management. Moreover, a manpower planning
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system should help in the design of policies by presenting the fore-
casted impact of alternative policies to management in a meaningful
way. One is not interested in the consequences of one particular set
of input data. Management must be able to change recruitment policies,
career patterns, etc. in an easy way and has to obtain the results of
such changes immediately in a conveniently arranged form. This means
that an interactive computer program is needed which can be used, for
instance, via a typewriter terminal. Alternative policies can be eva-
luated immediately then and one has the opportunity to base changes
in parameter values on previous results. For practical reasons, inter-
active planning systems must have low computation times which again

makes the application of optimization models inattractive.

The evaluation of the impact of a given policy has to be done by ex~
perts (a personnel manager or, for instance, a staff member of the
personnel or planning division). This means that manpower planning
systems using a forecasting model of the evolution of the manpower
distribution have to be made such that they can be used by them. Thus,
the codes for the operation of the system (change of policies, calcu-
lation of the results, etc,), have to be expressed in manpower plan-
ning terms. In our view, the human assessment of the alternatives is

absolutely necessary for manpower planning systems.

In summary, a manpoweYr planning system should meet the follédwing de-

mands:

~ it has to be based upon a model in which the evolution of manpower
availability is described adequately and in which the decision va-
riables are indicated clearly;

- input and output have to be organized in such a way that the system
can be used by experts for manpower planning rather than experts
for computer software;

- it has to contain many options to implément easily alternative po-
licies;

— it has to present the results in a conveniently arranged form;

- no criteria have to be built in for evaluation of the results;
evaluation is done by management;

- it has to be an interactive planning system.

Keen/Scott Morton [48] describe the conditions which have to be satis-
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fied by such decision support systems for other areas of application.
In chapter 4 we will describe the manpower planning system FORMASY of
which we claim that it satisfies the above-mentioned demands.
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CHAPTER &4
FORMASY: AN [NTERACTIVE MANPOWER PLANNING SYSTEM!

L.t. Introduction

In section 3.4 we argued that Markov models can serve as a suitable
basis for a manpower planning system. When applying such models, it

is possible to evaluate the'impact of alternative policies on the
evolution of the manpower size and distribution by changing transition

fractions and/or recruitment.

In section 3,5 some practical conditions have been given which a man-
power planning system should satisfy. In this chapter we will present
an interactive manpower planning system, based on a Markov model,
which satisfies these conditions. This planning system is called
FORMASY which stands for: FOrecasting and Recruitment in a MAnpower
SYstgm.

We will discuss in section 4.2 the main characteristics of FORMASY,
Some examples of manpower structures for which it has beeniused

are given in section 4.3. In section 4.4 we explain the vaéious‘
options of FQORMASY illustréfing the applicability of this ﬁanpower
planning systemof practical personnel planning. In section 4.5 we
consider the estimation of the transition fractions. The computational
efficiency of the program system is discussed in section 4.6. Finally,

in section 4.7, the usefulness of FORMASY for manpower planning is

considered.
4,2, FORMASY

The basis of FORMASY is a Markov model for the evolution of the man-
power distribution. The categories, in which the employees are clas-
sified, are defined by four labels: g, g, e and s. These labels can
be applied with some phantasy, but their primary purpose will be in-
dicated below. Furthermore, the age of an employee in the category

(g,q,e,s) is considered. Thus, the following characteristics of em-

ployees are incorporated in the model:
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. g is the grade or function level (g = 1,2,...,G};
1,2,...9);
. e is a variable index (e = 1,2,...,E);

]

. g'is a variable index (g

. s indicates the grade seniority, i.e. the number of years the em-
ployee already spends in his current grade (s = 1,2,...,5);

. a is the age of the employee.

The variable indices q and e can be used, for instance, to indicate
the qualification or experience, the level of training and develop-
ment, the potential abilities, the mobilify of the employee, etc. The
variable a (age) is only used to predict the retirement. So, if age
is also an explanatory factor for promotion or turnover, then one of
the variable indices should be reserved for age (see section 4.3,
example c).

It should be remarked that the flexibility of FORMASY with respect to
the category definition is a main advantage over existing manpower
planning systems such as MANPLAN (see Nash/Goddard [60]) or CAMP (see
budding/PisRor [29]); see also Huisjes/van Tuyll van Sercoskerken/
Wijbenga [43] and Siebelt/Taal/van Wijk [73].

In the remainder of this chapter we use “category"” for a group of em~
ployees defined by (g,g9,e,s) and "class"™ for a group defined by

(g, ). Thus, in every class several grade seniorities may occur.

In a model with the variables indicated above an employee in category
’(g,q,e,s) usually makes a transitien to {(g,q,e,stl}. If his grade
changes in a certain year to g', then his next category is (g',q,e,1).
Of course, every year his age increases by one. Sometimes the variable
indices may also change. If e represents, for instapce, the training
level of the employee then an employee, who finishéd a training pro-
gram but stays in his current grade, moves from category (g,q,e,s) to
(g,g,e+l,s+1). This transition structure makes it possible to con-
struct efficient computer programs and it facilitates the input of
the transition fractions, since only the possible transitions have to
be considered. We will discuss this aspect in some detail in section
4.6 (see further subsection 3.3.3, section 4.3 and Verhoeven/Wessels/

Wijngaard [86]) -

It has appeared in practice, that a Markov model with a category de~-

finition as given above is rich enough to serve as a basis for a man-
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power planning system. On the other hand, such a system is not too
complex with respect to data-collection and computational efficiency

as will be considered in subsequent!sections.

FORMASY has been written originally in BEA (Burrough's Extended Algol)
which is a version of ALGOL 60 and has been implemented on the Bur=

roughs B7700 computer at Eindhoven University of Technolog§ (see Ver-
hoeven [82]). Translations have been made, for instance, in FORTRAN,
ALGOL and BASIC and implementation is accomplished at this time on

several other computer systems in large Dutch organizations.

4.3. Examples of FORMASY models

In this section we will give some examples of manpower planning pro-
blems within Dutch organizations. For every example it is indicated
how the model structure may be chosen and how this can be implemented

in FORMASY.

Example a.

In the Netherlands Public Works Office, the engineers of three

different training levels have their own grade system. For all three
groups there are five grades, after lumping of some of the top-qrades

in which only a small number of employees can be found. This aggrega-
tion is allowed since employees in these top-arades cannot be promoted

to other grade systems and will leave the arades onlv bv wastaae,

For the two higher level groups of engineers there is no néed for ex+
tra indices. The groups are homogenecus with respect to training and
the experience of the employees is indicated properly by the grade
and the grade seniority. The lower level group of engineers {called
surveyors) is a less homogeneously traimed group of employees with
corresponding by different types of experience for people in the same
grade. The age of the employees is included in order to predict the

retirements.

One is interested in the career opportunities within these grade sys-
tems as well as in the development of the manpower Supply and the

matching with the manpower requirement.

We will describe now the models for the three groups of engineers.

104



1. For the top~level engineers and for the middle-level engineers we
obtain a model with-
G=5;Q=1; E=1;

S = 10 and 13 respectively (see figures 4.1 and 4.2).
grade
—
1 2 3 4

i
{ grade seniority
{
i
i

0

5

41
]
|

|

|
1

Figure 4.1, The positions or categories for the top-level engineers of
example a.l with the transition possibilities.

Position 51 denotes the class of the former employees.

[ L]
1 2 3 a s
— ey grade

Figure 4.2. A simplified version of fig. 4.1, where the grade se-

niority refinement has been suppressed and the class

of the former employees has been deleted.
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2. For the surveyors four levels of training appear to be relevant.
This leads to a model with
G=5;0=4; E=1;
S = 12.
Some lumping of categories is possible here, since for older people
the fact that they reached a certain grade implies that their ex-
perience compensates a lack of theoretical knowledge. Thus, the ca-
reer prospects are assumed to be equal for experienced employees
and higly trained employees. This clustering leads, excluding the

class of the former employees, to 13 X 12 categories instead 20 x12
{see fig. 4.3).

level of

traning 4 l,4

e

513]

SN grade

Figure 4.3. The classes for the surveyors of example a.2 and the
transition possibilities. As in fig. 4.2 the grade se-

niority and the former employees have been deleted.

This example will be discussed in some more detail in section 5.2
and has been described extensively in Van der Beek [9], Van der
Beek/Verhoeven/de Waij [10] and in Van der Beek/Verhoeven/Wessels
[111.

Example b.

1. In the Netherlands, the Ministry of the Interior has aDirectorate
Police for the local police forces. With respect to the future avai-

lability of management, one is interested in the career of individual
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employees and in the necessary recruitment for the medium and
long term. The Markov model, in this example, has essentially five
grades (as in the foregoing example the top-grade in the model
aggregates some sparsely occupied actual top-grades), but the low-
est. grade has a subdivision in three subgrades (see fig, 4.4). In
two of these subgrades recruitment is possible. The difficulty,
now, is that for the promotion to the next main grade one counts
the total number of years spent in the lowest main grade. So, the
number of years spent in the last subgrade has no influence. This
can be accounted for in the model by using one of the variable in-
dices to indicate the subgrades. The grade seniority then indi-
cates the number cf years spent in the main grade. The age is
again only used for predicting the retirements.

In this way we obtain a model with

G=5;0=3; E=1;

S = 10 (see fig. 4.4).

—y grade
Figure 4.4. The classes for members of the police management in
example b.l and their transition poésibilities (the

class "gone" has been deleted).

This example has been described in Van Meeteren [57] and, roughly,

in Verhoeven [83].

FORMASY has also been used on local police force level for-the po-
licemen with lower ranks. The characteristics in this model are
grade, grade seniority and sex, since female police officers have

much higher wastage rates. One is especially interested here in the
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career oppeortunities and in the necessary recruiltment. Moreover,
one is interested in the consequences of changes in the ratio of
male and female recruits. More female recruits improves the career

possibilities of male employees because of the higher wastage

rates for women.

This model has
G=5;Q=2; E=1;
S = 13; (see fig. 4.5).

sex 2 I!I—~——~€>

-3 grade
Figure 4.5. The classes for policemen with lower ranks where in

the two lowest grades also the characteristic sex

has been included.

This application has been described by Van Meeteren [58].

Example o.

In a large industrial firm cone is interested in the development of the
total manpower size, the necessary recruitment and in the future dis-
tribution of the employees over some main grades. These main grades
define the function levels of the employees. Promotion within this
model is determined by grade and age whereas the wastage fractions de~
pend on grade, age and length-of-service, It turneéd out that wastage
fractions were high for small length-of-service. Therefore, three le-
vels of length-~of-service have been included in the model (0-1 year,
1-2 years, more than two years). For this situation, age and length-
of-service can be used as variable indices, whereas grade seniority

has not been included in the model).
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G=5;Q=3; E= 49 (ages 16-64 years);
S =1 ; (see fig. 4.6).

length of

sarvice

w——% grade

Eigure 4.f. The classes and transitions in the industrial firm of
example ¢ (now the age and the class "gone" have been

deleted)l.

This example is discussed, for instance, in Verhoeven/Wijngaard [85].

Example d.

In a staff department of a large industrial firm one wants to obtain
a given number of employees with certain professional levels and sta-—
ble recruitment policies. In the model ten grades are distinguished.
Promotion is mainly determined by grade seniority (S = 10) and pro--
fessional level. One distinguishes three professional levels of which
the highest is equivalent to a completed university training (masters'
or doctors' degree). A person's professional level can change either
if formal degrees are obtained or, if one's professional level has
been reestimated 1nterna11y. The model obtained in this way has:
G=10;Q=3; E=1;

S 10 (see fig. 4.7).

LB

1) in this example "class"™ is defined by (grade, length-of-service).
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professional level

O~

7 8 9 10

R gradé
Figure 4,7. The classes and transition possibilitiqs in example d
(the class “gone" has been deleted).

In the situation of this example also an even more refined model haé
been used which incorporates an age index. For this index we used the
second variable index. This index gives an indication for the age of
the employee, viz. e = 1 if the age 1is between 16 and 34, e = 2 1f the
age is between 35 and 44, e = 3 if the age 1s between 45 and 65. It
will be clear that in a Markov model such a rough age index cannot in-
dicate the age classes properly, since one does not know exactly when
the index has to be changed if the exact age has not been included.
However, such a rough index can be of helﬁ, if same promotion proba-
bilities are influenced partly by age. This example has been described
in Kessels [49] and in Esser [30].

4.4, Options of the FQRMASY system

By using FORMASY, valuable information can be obtained for the design
of manpower policies. In this section we will describe in detail the
options of the program system which make it possible to obtain this
information. For which types of manpower planning problems these op-

tions can be used will be discussed in chapter 5.
We will distinguish the following options:

1. forecasts with respect to the manpower distribution over the cate-
gories. These options provide the forecasts of the manpower distri-

bution, the statistical errors for these forecasts, the steady
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state distribution of employees, the age distributions and fore-

casts of the salary éosts.

These options will be discussed in the subsections 4.4.1 - 4.4.5,
2. data with regpect to average career schemes, career planning (sub-

seéction 4.4.6). . ‘
3. simulation possibilities of the model (changes of transition frac-

tions, recruitment). ~

These options will be described in subsection 4.4.7.

The examples of tables and figures in this section have been takén
fram the application for the middle-~level engineers of section 4.3

(example a.l).

4.4.1, Forecast of the manpower distribution

The forecasted manpower distribution over the categories is computed
for an arbitrary planning period chosen by the user. The following

data is needed for this forecast:.

- the actual manpower distribution over the various categories, in-
cluding the age;

~ promotion and turnover fractions for all categories. These fractions
are assumed to be constant;

- for each future year within the planning horizon the number of re-

cruits and its distribution over the various categories.

The forecasting procedure for the number of employees in each class
when grade seniority, age and retirement is not taken into account is
described by (3.1}). The introduction of grade age and age is straight-
forward. All promotions take place to grade seniority one and every
year-in the case of no promotion-the grade seniority of the employee
increases by one. Each year, age increases by one until the retirement
age is reached. In section 4.6 we will describe the computation method

in some more detail.

The forecasts are printed in the form of a table or a histogram which
can be given for each of the included characteristics of employees
(grade, qualification, grade seniority, etc.). Examples of such tables

are table 4.1 and table 4.2; a histogram is presented in fig. 4.8.



MANFOWER DISTRIBUTION IN FLANNING PERIOD

R N N N N R N RN

GRADE

YEAR X TA Tal THA THAL THABL+ X TOTAL
1977 % 238 547 376 180 70 X 1411
R R T N R T Y R RN
1978 % 208 531 394 184 75 X 1392
1976 % 190 S04 412 120 75 1371
1980 X 184 473 425 a00 79 % 1341
1981 % 182 440 436 210 B1 X 1349
1982 x 182 419 448 222 B4 ¥

1348

Table 4.1. Actual manpower distribution over the grades and the fore-
casts for the planning period (in this example 5 years).
The names of the grades are: TA, TAl, THA, THAIl aﬁd THABD.

YEAR 3 17980

GR.SENIORITY  Ta TAL THA THAl THABD

1 *K &5 55 54 34 15
2 K 34 61 48 a3 13
3 XK I7 &4 .7 30 14
4 ki 13 70 42 16 4
b £1 )] 7 ‘37 a4 23 7
& Xk 3 47 3o 15 4
7 XK 4 22 23 10 7
i} K 1 ‘18 20 10 J
9 L3 ] 1 a3 25 ? &
10 bt 3 0 13 15 7 2
11 *k 0 3 B & 1
12 Xk 0 3 ] 3 2
13 X% 0 22 15 2 1

Table 4.2. Forecasted manpower distribution over grade and grade se-
niority in an arbitrary year chosen by the user (here:

1980) , based on the knowledge of 1977.



YEAR 1977 ¢

B T Ty e S i - il - e TTTEy - AP JETRIERY- PRERPEEEY. SR Y

»

TA  111111111111111111111111 . 238

TA 111 11111111111 238
Tal 2 222222222222022222222222222222222 547
TAl 2222222022222222222222222222222222 S47
THA 33333333333333333333 376
THA 33333333 3333333333333333333333333 376
THAL 444444444 44 44444 180
THA1 444444444444 180
THAERD 9 . 70
THABD 70

Figgre 4.8. Histogram of the actual number of employees in 1977. The
forecasted number of employees in each grade is reflected
by two lines indicating the number of the grade. Each line
represents the total number of employees in the grade. One
figure stands for 10 employees. The scaling factor is
chosen automatically. Such a histogram can be printed for

each year of the planning period.

4.4.2. Statistical errors

Another option of FORMASY gives the statistical errors of the forecasts.
In 3.2.2.4 we discussed the quality of the forecasts for Markov models.
In the stochastic situation, the standard deviations of the forecasted
numbers of employees in the grades give some information about the dis-
persion of the forecasts. Only in the stochastic situation it is use-
ful to compute the standard deviations since these are zero in the

deterministic situation.

FORMASY can give the standard deviations for the stochastic situation.
However, recruitment is supposed to be deterministic. Table 4.3 indi-
cates the standard deviations of the forecasts of table 4.1 in integer

numbers.
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STANDARD DEVIATIONS OF THE FORECASTS

RN N Y R R RN

GRADE
YEAR X A TAl THA THAL THABL
1978 % ? 11 10 7 S
1979 % ? 13 12 ? [
1980 % 7 14 14 10 ?
1981 % 7 15 15 11 7
1982 X 7 15 15 12 8

Table 4.3. Standard deviations of the forecasted numbers of employees

in the grades (table 4.1) in integer numbers.

In fact, the computational effort to calculate these standard devia=-
tions is (relatively) high when age and grade seniorities are includ-
ed as characteristics. However, one may omit the first term after the
equation sign of formula (3.7) to obtain an upper bound for the stan-
dard deviations. The contribution of the covariances stems from the
fact that it is possible to reach category j from category i along
different paths. ﬁut the numbers of employees following these differ-
ent paths are always negatively correlated since each employee can
only follow one path. Thus, deleting the covariances gives an upper ~
bound of the standard deviation. This upper bound can be computed*much
faster and requires less storage capacity, whereas the deviations: from
the real covariances are usually relatively small. However,fwe will -

not discuss this point further here.

The standard deviations indicate that the considered number of employ-
ees may not be too small. In our experiénce, about 30 employees in
each grade is sufficient to give an indication of the evolution of

the manpower distribution over the grades.
4.4.3. Steady-state distribution of employees

mnother option of FORMASY is the computation of the expected number

of employees in each grade in the long run. This is called the steady-
state distribution or stationary distribution. We described this al-
ready in subsection 3.2.2.2. The steady-state distribution shows the
consequences of constant policies with respect to promotion and re-
cruitment on the very long term. When age is included in the model,

the steady-state distribution is equal to the forecast for year T,

114



where T is such that the recruits of the first year of the planning

period have been retired then already.

With FORMASY one may also compute the necessary number of recruits to
keep the total expected number of employees conétant in the long run
under the same conditions of constant policies. First compute the
consequences of an arbitrary recruitment policy with the desired re-
lation beﬁween recruitment in the different classes. Then one changes
the total forecasted number of employees while maintaining the rela-
tive distribution over the grades by changing the recruitment, but
maintaining the relative distribution of recruitment over the classes.

Define:

;(0] total number of employees at time 2ero;

E(t) = total number of employees at time t under the arbitrary recruit-~

ment policy r;

[~
"

£ yearly recruitment in class i.

Now, the necessary constant recruitment r, to keep the total number

i
of employees-as well as the distribution of employees over the classes

- constant in the long run, can be computed by:

(4.1) r, =1, . i)
n(t)

’

where i = 1,2,...,K and t indicates the time in which the steady-

state sitmation would be obtained.

An example of the steady-state distribution computed with FORMASY is
given in table 4.4.



STEADY-STATE MANPOWER DISTRIBUTION FOR LAST CHOSEN RECRUITMENT

R R R R R R RN R R

GRADE
TA Tal THA THA1 THABD TOTAL
TOTAL: 180 | 313 311 208, 116 %% 1128

NECESSARY RECRUITMENT TO MAINTAIN THE TOTAL NUMBER OF EMFLOYEES
CLASS 13 82

s MANPOQWER DEISTRIBUTION WILL BE THEN ¢

GRADE .
Ta TAl THA THA1 THABD TOTAL
TOTAL: 227 394 391 262 146 Xk 1422,

Table 4.4. Steady-state manpower distribution over the grades. The
first forecast shows the steady-state distribution for
given constant recruitment and the second forecast shows
the distribution for the changed constant recruitment of
82 employees. The total forecasted number of employees in
then close to the actual number of employees in 1977.

4.4.4. Forecast of the age distribution

One point of interest in manpower planning is the change in the age
~distribution of the employees. Although probably no one can determine
exactly what an ideal age distribution will be for an organization,
it is obvious that a balanced age distribution is of great interest
because of the continuity of experience and knowledge within the or-
ganization. This continuity may be secured by stable recruitment po-
licies. In the examples of section 4.3 we already mentioned the im-

portance of this stability (example b).

Some aspects of the age distribution will be considered in detail in

section 5.2.

With the help of FORMASY one can show the actual distribution of the
employees over the grades and ages (input data) and also the forecast-
ed distribution. Moreover, for all grades the average ages and the

corresponding standard deviations may be computed. In table 4.5 this



is illustrated.

YEAR : 1982

AGE x

6344 %3445

61~-62 3233445

57-460 %34453

57-358 x3344455

S55-54 ¥233444555

53-54 323344455

S1~-52 2334444355

4950 X2F3II4444455

4748 X2I3F3IL4444455

45~46 ¥2JA3ITH4444455

43-44 $223333333944445

41~42 $2223333F3333344444

3740 %22222233333333333334444
37-38 $2222222233333333333333333444
35-36 $2222222222232222233333333333333333333344
33-34 %1222222220222222222333333333333333
31-32 $12222222223222333

29-30 x11122222222222233

27-28 ¥1111111111123222222222

25-24 %11111111111111111222322
23-24 111111111112

22-22 %111

1 FIGURE = 4 ENPLDYEES

' AUERABE AGES OF MANFOWER

GRADE | AVERAGE i+ DEVIATION @

! AGE H :

H 3 i

TA i 5.9 H 2.4 {

TAl : 34.1 H 4.4 H
THA H 40.5 i 7.2 H
THAL H 48.2 H 7.4 H

- THABD ! 53.2 H 5.8 H
H H ¢

THE AVERAGE AGE DF TOTAL MANPOWER IS 3B.7 YEARS
THE DEVIATION IS 10.0 YEARS

Table 4.5. Age distribution of the employees, average ages and stan-
dard deviations in each grade. Each figure denotes the
number of the grade whilst the number of fiqures on each
line shows the number of employees in the corresponding
age class. The -scaling factor (here: 4) is chosen automa-
tically. 1 indicates grade TA, 2 =lTA1, 3 = TBA, 4 = THAl,
5 = THABD.

4.4.5. Forecast of the salary costs

With FORMASY it is possible to compute the actual and future salary

costs for all grades. These computations are based upon a salary



scheme where for every class there is a minimum salary (for grade
seniority one), a constant yearly increase with grade seniority and.
a maximum salary. Such a salary scheme is applied in the Dutch public

services and in several large firms.

Of course, also other methods for the computation of salary costs can
be included as long as the salary depends on the characteristics con-

sidered in the model.

An example of the forecasts of salary costs is given in table 4.6.

SALARY COSTS IN MILLION GUILDERS

PP E R I LI eE eI E LRI FRIAIISIEI O RIS

GRADE
YEAR % TA TAl THA THA1 THAEBD % TOTAL
1977 X 10.16 32,10 27.74 15.51 7.00‘ * 2.51

P EP T EOELESELIE LA ISR OB A OB IR PRI ECIEEIE IR PP I
1978 ¥ 8.89 31.38 28.95 15.77 7.44 % 22,42
1979 % g.11 29.93 30,21 14.28 7440 x 91.92
19280 x 7.85 28.25 3i.14 17.08 7e74 X 72,09
1781 x 7.75 24.43 31.90 17.98 7.90 X% 21.98
1982 % 7.71 R24.69 32.87 19,05 8.346 *x P2.49

Table 4.6. Actual and forecasted salary costs for each grade in

million guilders.

4.4.6. Data with respect to ecareer schemes

One further point in the use of Markov models is that several calcu-
lations can be made which are very helpful for the evaluation and
design of career policies. FORMASY can present a number of data with
respect to the average career scheme for the employees. Such data is
for instance, in each class the average grade seniority at which pro-
motion occurs {(under the condition that promotion will take place and
for each class the total fraction of employees which will be promoted.

Define for some given class:

Tps = average time until promotion, under the condition that promo-
tion will take place, for employees with grade seniority

v Z direct wastage fraction for employees with grade seniority s;

P z direct promotion fraction for employees with grade seniority s;

W £ average fraction of employees who will be pramoted after some

time of those employees who have now grade seniority s.
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It should be remarked that promotion is defined here as a transition
to a different class. The influence of retirement of the employee is

neglected.

Figgge 4.9. Transition scheme indicating the function of grade se-

niority in the model for one class.
Now, we can give the following formula:

(4.2) 'lTs = Pg + (1 - v - pS)TrS+1,
i.e. the fraction of employees promoted directly plus the fraction of

employees who will be promoted later.
T can be written as
Ps

Tl
(4.3) £,
s
in which Tés might be interpreted as the average time until promotion
for an employee with grade seniority , if we count the time which is
not followed by promotion as zero. Tés can be ccmputed using the fol-

lowing relation:

L] - - - '
(4.4) Tps ﬂs + (1 vs ps)Tp,s+1 .

These formulae are easy to handle for computation. In the same way,

the average grade seniority can be calculated at which turnover occurs.

The average time an employee will spend in his class is computed as

well,
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Define:

Ts £ average time yet to spend in his class for an employee with

grade seniority s.

Then:
(4.5) Ts =1+ (1 - Ve ps)Ts+l .

Another important item concerning the career policies is the average
fraction of employees who will be promoted within s years after en~
tering the current class.

Define:

Qs = average fraction of the entrants in a certain class who will

be promoted within s years.

Then:

' ] -1
(4.6) QS = Z {pz e I (l -V - pk)} .
=1 k=1

The index Qs gives some information about the career prospect of new
entrants in a certain class. However, high turnover fractions will
decrease the value of Qs. This turnover may be caused by employees
who do not perform well in the class or who want to leave the class

for better positions in other organizations.

Table 4.7 shows an example of the FORMASY results concerning the

average career opportunities.
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TRANSITION 3

MIN. GRADE SENIORITY = 1.
HAX. GRADE SENIORITY =13,
AVERAGE GRADE SENIORITY= 4.

nNoo

TRANSITION 4
MIN. GRALE SENIORITY
MAX. GRADE SENIORITY
AVERAGE GRADE SENIORITY=

1.0
13.0
6.3

PERCENTAGE DE EMTRANTS IN CLASS 2 WHD MAKE FOLLOWING TRANSITIONS ¢

PROMOTION TURNOVER STAYERS
AFTER 13 YEARS ! 71.1 23.1 9.9
TOTAL s 73.5 26.5 0.0

AVERAGE TIME SPENT IN CLASS

2! 6.2

Table 4.7. Extra information about actual career policies. Transition

3 is the promotion from grade TAl to grade THA; transition

4 is turnover from grade TAl; class 2 is grade TAl. For

this example we have

{(for transition 3); Q

4.4.7. Simulation possibilities

the following results: Tp0 = 6.2
= 0.711; Q_ = 0.735; T0 6.2,

13

As we mentioned before, a manpower planning system should offer some

possibilities to change parameters. The forecasting of the conse-

quences of- changed parameters is called simulation. Simulation helps

the personnel manager to design policies and may support his decisions.

FORMASY offers the following simulation opportunities:

1, forecasting the consequences
in order to evaluate effects
career policies;

2, forecasting the conseqdences
ment planning procedure;

3. forecasting the consequences

4, forecasting by using FORMASY

of a change of transition fractions

of changes in wastage patterns and

of a change of recruitment; a recruit-

of a change of the retirement age;

dynamically.

ad 1. forecasting the consequences of a change of transition fractions.

FORMASY contains three options to change the transition fractions:

a) a shift (lengthening or shortening) of the time until promotion
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from a certain class.

ezgggle. If the historical promotion fractions for all grade se-.

nicrities out of some class are:

grade seniority 1 2 3 4 5 26

historical fractions .1 .2 .3 .2 .1 .1

then, a lengthening of the time until promotion with one year

would result in the following fractions:

grade seniority 1 2 3 4 5 26

new fractions 0 .1 .2 .3 .2 .1

This procedure is helpful in indicating the effects of changes

in promotion possibilities.

b) changing one or more single fractions of a certain transition.
Transition means here a change of class. This results in the
example above with changes in the fractions for grade seniority 2

and 3, for instance, in:

grade seniority 1 2 3 4 5 26

new fracticns .1 .3 .4 .2 .1 .1

c) multiplying all fractions of a certain transition by the-same con-
stant.
In the example above, by multiplying all fraction with 1.5, this
would lead to:

grade seniority 1 2 3 4 ) 26

new fractions .15 .30 .46 .30 .15 .15

This procedure turns out to be very useful for the evaluation of

the effects of a general increase or decrease of turnover fractions.
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ad 2. forecasting the consequences of a change of recruitment; a re-

cruitment planning procedure.

FORMASY facilitates the evaluation of the impact of alternative re~-
cruitment policies by allowing the user to choose an arbitrary future
recruitment. Application of the forecasting procedure gives then the
impact of the{recruitment on the future distribution of employees

over the categories.

With another opticn of FORMASY one may compute the necessary recruit-
ment which leads to numbers of employees in all grades equal to or

(if necessary) above given lower bounds. This optieon is constructed

in such a way that the user may give a maximum allowed number of re-
cruits. Moreover, in case the upper bound for the éllowed recruitment
is reached 'in some year, the user may allow recruitment some years ear-

lier, which leads to over~occupation of the grade for some time.

Using these upper bounds one can take care for stable recruitment.
Also, these upper bounds can be used in case the possibility for the
organization to recruit people from the labour market is restricted.
The overflow feature makes it possible to choose a compromise between
the maximally allowed recruitment and the minimally desired manpower

distribution.

Notice that in this procedure the recruitment is considered on the
level of grades instead of classes. This means that the original
transition matrix has to be reformulated for grades. We will not dis-

cuss this in more detail her.

The recruitment planning procedure has been based upon a dynamic pro-
gramming approach and has been described by Van Nunen/Wessels [62].

Tables 4.8 and 4.9 show an example of application of this procedure.

The procedure shows the impact of changes in the manpower requirement

on the necessary recruitment.



RECRUITMENT IN PLANNING PERICD

GRADE
YEAR « TA TAl THA THAl TTHABD « TOTAL
1977 ¥ 27 ] 0 o [ LY
1978 ¥ 52 0 0 0 0 » 52
1919 * at b1 0 °©o o " 69

{1980 * a0 g 0 [ o " T m
1981 " 43 28 0 0 0 ¥ ooq

Table 4.8. Example of the use of the recruitment planning procedure;

The table gives the forecasted recruitments when the )
allowed number of recruits in each year is 80 resp. 50

for the grades TA and TAl. The desired lower bounds for
these grades are 200 resp. 500 each year and no earlier
recruitment is allowed. It is assumed that the recruitment
during 1977 is first counted in the manpower distribution
of 1978. The resulting manpower distribution over the

grades is given in table 4.9.

MANPOWER DISTRYBUTION IN PLANNING PERIOD INCL. RECHUTTMERT

GRADE
YEAR L] TA TAl THA THAL THABD s« TOTAL
1977 & 238 547 ire 180 70 « 1411
1978 « 200 53 354 . 184 75 « 1384
1979 « 200 . 504 412 190 75 « 1J81
1980 * 200 500 425 200 79 = 1204
1981 * 200 500 436 210 )1 « 1327
1982 « 200 500 450 222 6. =« 1358

Table 4.9, Resulting forecasted manpower distribution including the
recruitments of table 4.8. Notice that in grade TAl it

takes some time to reach the lower bound.

ad 3. forecasting the consequences of a change of the retirement age.

The user may change the retirement age for every planning year and is

able in this way to assess the impact of alternative retirement ages.
ad 4. forecasting by using FORMASY dynamically.

One limitation of the Markov model is that the transition fractiéns
are assumed to be constant. Dynamical use of FQRMASY removes this ob-
jection. If the user expects certain changes in promotion policies

or turnover fractions, he may compute the impact of these changes with
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FORMASY., He applies, for instance, the actual transition matrix for
the planning horizon for which he expects this matrix to be correct.
The forecasted manpower distribution for this planning horizon can
be stored. Then, he re-starts the processing of FORMASY and applies
the new transition matrix to the stored manpower distribution over

the categories.

All optlons described in this section are executed interactively by
commands of the user. The simulation possibilities may be considered
as the main contribution to the applicability of this planning system.

We will discuss the advantages in some detail in section 4.7.
In the appendix,an example is given of the use of FORMASY for the
caseustudy of chapter 6. This listing demonstrates how the above-men-—

tioned options are used.

L.5, Estimation of transition fractions

In subsection 3,2.2.3 we described how transition fractions for the
Markov model can be determined from historical data. If one wants to
obtain some information with respect to the promotion fractions the
analysis of historical data is a straightforward first step. 1If one
wants to start with career planning and no data from history is
available, then one may try to deduce promotion fractions from an in-
tended policy or one may evaluate by simulation which promotion frac-

tions are sensible.
For the estimation of the turnover fractions one may use:

1, historical data on the considered level of aggregation;
2. historical data on a higher aggregation level within the organi-
© zation;

3. data from other organizations or from the national level.

‘We will discuss these possibilities by means of example a of section
4.3, where the three levels of engineers in a Dutch public service
have been considered. If one wants to determine the turnover fractions

. for the highest level engineers, one may ccmpute this data according

to formula (3.6) using past data of this same group of engineers. If

.:the humber of leavers cannct be obtained in such a detail, then one may
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be satisfied with, for instance, the number of leavers for the entire
group of engineers in the past or turnover for the total organization.
If this data is not available, then one may try to obtain such infor-
mation from other public services or from national turnover:fractions
for people with similar training and qualifications. In this situation,
however, the reasons for turnover should be taken into account expli-

citly.

L.6. Computational efficiency of FORMASY

Concerning the computational efficiency of FORMASY, we will consider
the required storage capacity and the computation time of application

of this system.

The required storage capacity depends on the way the possible transi-
tions of employees are stored. If we consider the transition fractions
pij in formula (3.1), which are based upon the transitions bhetween
classes in the terminology of this chapter, then these fractions are
equal to zero in general if j < i. This means that no degradations
may occur. By this property the matrix of transition fractipns can be
stored in a very efficient way by only storing the elementsiwhich can

be positive (see fig. 4.10).

Pir P12 Pi3e e -Piy Pyo
Pa2 Paze = v +Pom  Pao

P33, P3g Pay  P3o

O o pMM . pM:O
i 1]

F%gyre 4.10. Shape of the matrix of transition fractions based on

classes, where M is the number of classes and P;g de~

notes turnover from class i.

Of course, we do consider categories in the FORMASY system and
not classes. This means that for all classes of fig. 4.10, a number
of transistion fractions have to be stored, namely for every grade

seniority, but in order to avoid a very technical discussioh we will
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not treat this aspect in detail.

Another saving of storage capacity is achieved by deleting the posi-
tions which do not occur in practice. Recall from section 4.2 that
the total size of the system would be (G X § X E x § + 1). For the

examples of section 4.3, this would lead to the following number of

states:

example a.l : 51 and 66 respectively;

example a.2 : 241;

example b.1 : 151;

example b,2 : 131;

example c : 736;

example d : 301 (or with age classes included: 901).

However, usually a considerable saving on the number of states is

possible., This gives for the examples:

example a.l : nothing can be gained, but 51 and 66 are not very large;
example a.2 : 1 + 13 x 12 = 157 states suffice;
example b.1 : since the subgrades only work for the lowest grade, it

is sufficient to consider 1 + 7 x 10 = 71;

»

example b.2 : 1 + 13 x 7 = 92 states suffices;
example c : nothing can be gained;

example d

s

1 x 16 x 10 = 161 states suffice (with age classes in-
cluded, a reduction to 391 appeared to be possible).
Here a further reduction is possiblé Since it is not
neéessary for all states to consider 10 levels for the

grade seniority.

The second aspect, the computation time, will be discussed briefly
here. The computation time- depends of course on the number of cate-~
gories and the number of possible transitions between the classes.
The forecasting procedure is very simple which leads to (relatively)
low computation times. For the example considefed in the appendix -
which regquired several executions of the forecasting procedure - the

total processing time on a B7700 computer was about 40 seconds.
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%.,7. Usefulness of FORMASY

The program system FORMASY has been designed to make it simple to simu-
late the effects of various possible policies with respect%to manpower .
As before, the term simulation does not mean Monte Carlo simulation.
Here, we mean that for several policies, forecasts are computed for
the future behaviour of the manpower system. In this sense, the ef-
fects of policies are simula;ed. Using this aspect, FORMASY can be
applied as an instrument to match manpower>requirement and manpower
availability (or to estimate the flexibility of the organization for
changes in manpower requirements). It is especially suitable for me-
dium and long term planning. Short term planning (less than a one
year-period) has to be so detailed that it is usually preferable to
consider individuals rather than categories as we discussed in sec-

tion 1.5.
The main advantages of FORMASY are the following features:

+ it 'is an interactive computer program;

+ it can be used by experts in the manpower planning field;

+ it is based on a simulation approach, i.e., there are no thimization
criteria built in-to assess the policies; :

+ it contains many options to change the policies easily:

+ it has many output facilities.

There are also some conditions for an optimal usefulness of this com-

puter program system:

. the user has to be familiar with manpower planning problems;

. the user should be creative in designing alternative policies and
should have the knowledge required to assess the alternatives;

. the required input data is easy accessible;

. the computer system has facilities for interactive use.

The usefulness of FORMASY and the implications for the organization

will be discussed in more detail in chapter 5.
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CHAPTER 5
THE USE OF FORMASY

5.1. Introduction

In this chapter we will cdnsider the use of the manpower planning
system FORMASY. Three parts can be distinguished in this chapter. In
the first part, sections 5.2.~ 5.3, we will discuss the matching pro-
cess of manpower availability and manpower requirement in some detail.
Particularly the use of a system such as FORMASY for the matching pro-
cess will be described in section 5.2. In section 5.3 we will give
some examples of the application of FORMASY for designing career po-

licies and recruitment policies,

In the second part, sections 5.4 - 5.5, some aspects will be described

which have to be considered before FORMASY can be applied. In section
5.4 we will indicate how the level of aggregation may be chosen, i.e.
how should one choose the function groups such that manpower planning
is possible and useful. In section 5.5 we will discuss how the length

of the planning horizon may be Chosén.

Finally, in sections 5.6 - 5.8, some organizational guestions with

respect to the use of FORMASY will be described. The requirements for
the personnel registration are considered in section 5.6. In section
5.7 we will discuss the requirements for the empldyees of the person-~
nel department. At last, in section 5.8, the place of FORMASY within

the organization will be described.

5.2, The matching process and FORMASY

5.2.1. Introduction

In subsection 1.4.4 we discussed the manpower planning activities:
career planning, recruitment planning, training and development plan-
ning and allocation planning., The importance of these activities for
the matching of manpower requirement and availability depends on the
type of manpower flow or transition which is considered and on the

restrictions on these transitions.
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Flows can be purely vertical, a transition to a similar function on

a higher organizational level. Flows can also be purely horizontal, .a
transition to a different type of function on the same organizational
level, or a mixture, a transition to a different type of function on

a higher level within the organization.

If the career restrictions are very tight, for instance because of a
high degree of commitment, then the vertical component of the flows
is very important, thus also career planniﬁg. If many functions can
only be occupied by employees with experience in different types of
functions, then the horizontal component of the flows is very impor-
tant, thus also allocation planning. In may situations both éypes of
planning have to be considered. But, if there is a high degree of
flexibility with respect to horizontal or vertical movement, for in-
stance because of a high mobiiity of employees, it may be sufficient
to consider on medium and long term only the vertical or only the
horizontal transitions. This 1s an example of aggregation which will
be diécussed in some detail in section 5,4. An important variable in
each type of planning is recruitment, In certain gituations, for in-
stance if some types of employees can hardly be recruited, it may be
necessary to pay special attention to recruitment planning. In the
same way, training and development may be an important variable in

each type of planning.

In the subsequent subsections we will discuss the use of FORMASY for
the development of career policies, allocation policies, recruitment

policies and training and development policies.

5.2.2. Caveer policies

The design of career policies is a very important activity in organi-
zations today. While machines have an economic lifetime of between
about two and twenty years, employees may stay with the organization
for forty years or even longer. It is more and more accepted that em-
Ployees have their own career rights and influence on the career poli-
cies, The degree of acceptance of this development by the ordanization
determines the level of commitment of the organization to its person-

nel (recall section 1.6).
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The resctrictions with respect to the vertical flows of employees may

be expressed by:

a the organization's restric¢tions;
2 the personnel restrictions;
the environment's restrictions;

c
d the stability restrictions.

ad a The organization's restrictions are restrictions caused by the
availability of functions on the various organizational levels and by

the availability of money to pay the promotions.

ad b The personnel restrictions are restrictions caused by the employ-
ees. These restrictions are determined by the interests and the poten-

tial abilities of the employeés.

ad c The environment's restrictions are restrictions caused by the

career opportunities offered by other organizations.

ad d The stability restrictions are restrictions caused by the wish

to have stable career policies over time,
Career policies can be described by the following characteristics:

. the position of an employee when entering the organization;
. the different positions an employee occupies subsequently;

. the number of years spent in each position.

The starting position of an employee in the organization has to agree
to some extent with the usual level both within the organization and
elsewhere in society (c). This is true for the salary level but also

for the contents of the tasks.

The different positions an employee occupies during his stay with the
organization have to agree with the individual expectations of the em-
ployees and his potential ability (b) but also Qith the organization's
requirements (a)., After some time he may be able to perform a function
on a higher level. Particularly for highly trained employees who start
in a learning function and who will stay with the organization for a
long time, career planning is very important. Therefore, one has to
forecast the future organization regquirements and the evolution of

the manpower distribution in order to notice possible discrepancies

in time.
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T2 number of years until the position of an
ajree with his personal ability and with the
I+ is important to develop a career plan for

of personnel, the position when entering the

employee changes, has to
organization’s demands.
all relevant categories

organization, the minimum,

average and maximum time between the transitions and the'average frac-~

tion of employees reaching the given positions. Such a career plan

indicates clearly the prospects for the recruits and the employees

already present within the organization. This may avoid diséppoint-

ments and a possible feeling of arbitrariness of promotions '(d). Of

course, such a scheme is an average scheme, which leaves the possi-

bility open that the hetter employees may reach top-positions within

a few years, while other employees may never reach such a top-position.

See fig. 5.1 for an example of this feature

aqu

60

48 level 3 \

ageT

60

44

level 3

level 2 level 2
32
30 30 28— - .
level 1 level 1 level 1
20 20 10
B o — ———t
(a) no. of employees (b) no. of employees (c) no. of employees
Fi ¢ a,], Three alternative career policies. Fig. (a) shows the

average career where all employees will reach the top-

level. Fig,

(b) illustrates the case of a selection bound

at age 44, such that only a part of the employees will

achieve the third level. Fig.

(c) illustrates another case

of selection bounds. Employees are promoted to level 2 at

age 28 or 32, Promotion to level 3 takes place at an age

between 40 and 48. For convenience, we have expressed the

careers according to age but one may also replace age by

e.g. length-of-service.



Many organizations do have a career plan for certain groups of person-
nel (usually the employees with high training or experience). But of-
ten this plan is not formalized, Sometimes only a minimum time for

promotion is formalized, because of experience requirements.

With respect to the career opportunities FORMASY can be used in the
following way. First, compﬁte the impact of the historical career
opportunities (promotion fractions) on the evolution of the manpower
distribution. The career plan may depend on the qualifications of the
employees. A comparison of the resulting manpower availability fore-
cast with the manpower requirement forecast indicates possible dis-
crepancies. Secondly, alternative career policies can be developed.
This means that the position when entering the organization is changed,
or the sequence of occupied fractions or the time spent in each of the
functions, This process of changing career policies has to be continued

until the career policies agree with the organization's requirements,

In section 5.3 we will give some examples of the use of FORMASY for

the design of (alternative) career policies.

5.2.3. Allocation policies

The allocation policies indicate which numbers of employees will occu-
py the different types of functiéns on medium and long term. Allocation
planning is important if the organization wants to maintain a given
intensity of the horizontal flows. This will be the case, for instance,
if for certain functions, one requires experience in other types of
functions. Consider, as an example, a bank where the requirement for
managers for large affiliations is several years of experience in

staff functions and several years of experience as affiliation manager

is some smaller affiliations.

The restrictions with respect to the horizontal flows of employees can
be classified similar to the restrictions mentioned in subsection
5.2.2 for :career policies. The organization's restrictions and the
stability restrictions of allocation policies need no explanation. The
environment's restrictions are caused by, for instance, the opportuni-
ties offered by other organizations. The personnel restrictions are

closely related to the willingness of employees to participate in the
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“allocation patterns (mobility). In subsection 1.4.4 (fig. 1.7) we
considered an example with two function levels and three types of
functions (A,B and C) on the lowest level. The requirement for func-
tions on the second level is 2 years experience in A-type functions,
3 years in B-type functions and 5 years in C~functions.

The foliowing model structure may be used for the application of
FORNASY-

g‘

i

type of function (g = 1,2,3 or 4 for A-type, B-type, C-type and

level 2 functions);

e I experience of the employee (e = 0,1,2,...,7);

]
on

2 function seniority (s = 1,2,...).

»Tﬁe.éxperience of employees can be given as:

J_éV=kb (no experience), e = 1 (at least 2 years intype A functions),

e = 2 (at least 3 years in type B functions), e = 3 (at least 5 years
in type C functions), e = 4 (required experience in functions A and
B), e = 5 (required experience in A and C), e = 6 (required experience

in B and C}, e = 7 (fully qualified employees}.

We assume implicitly that employees are only transferred if they have
obtained the required experiences in their functions. If the tramsition
fractions between the types of functions are given, then forecasts for
tﬂe'humber of employees in each type of function can be made. Notice
that the possible transition fractions depend on the willingness of
éﬁbloyées to participate in the allocation scheme (mobility). Evalu~
atlon of these results may lead to changes in the allocation pollcies.
This model could also be used for estimation of mobility which is re-

quired to guarantee the matching of required and available experience.

5.2.4. Recruitment policies

 ﬁééfuitment policies indicate the numbers and types of people which
have to be recruited on medium and long term. The restrictions with
respect to recruitment policies are again classified similar to the
Vzrestrlctions given in subsection 5.2.2, The interpretation of the en~
mvironment s restriction is the situation on the labour market. The
personnel restriction indicates the willingness of people to join the

organization, This willingness will be related to job-security, working
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circumstances, etc.

It should be remarked, once again, that recruitment policies have a
great impact on career policies. Changes in an existing career plan

may be hecessary because of unstable recruitment over time.

Consider an example. One group of employees is embodied into a grade
system with two grades and the desired number of employees in every
grade is fixed. If, in a certain period, extra recruitment was neces-
sary in grade 1 because of an increase. in ‘the number of functions in
grade 1 and this will continue in the following years, then the average
career prospects deteriorate, since there become relatively less func-
tions available in grade 2. A possible action here, might be the in-
ternal or external recruitment of older personnel, e.g. less trained
people with some experience. This leads to an increase of wastage
(retirement) such that the career prospects for the younger employees
need not deteriorate. In section 5.3 we will see an example of such

recruitment policies,

Often, little attention is given to the desirability to have a stable
recruitment policy. Many organizations recruit people in situations
of an increase in offtakes, since one does not want to lose part of
the market. However one has to realize that these employees may stay
for a long time with the organization and that thus their employment
and career opportunities have to be ensured. Medium and long term re-

cruitment planning is important therefore.

Recruitment planning is also important if the situation on the labour
market changes such that a shortage of certain groups of personnel

may occur,

Recruitments may be restricted also by training facilities. In fact,
‘if an organization, such as the police organization, has its own
training institute, then the capacity of this institute puts restric-

tions on the recruitment.

The first question to be answered if recruitment is necessary, is
whether the vacancies can be filled from within the organization (in-
ternal transfer), possibly after a training course, or whether exter-
nal recruitment is desired., In this approach also the education and

training requirements have to be considered.
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In subsection 5.3 we will consider an example of the use of FORMASY

for the development of recruitment policies,

5.2.5. Development and training polietes

Development and training policies indicate the numbers and types of
employees who should attend courses in order to be preparedifor future
positions. The restrictions are classified similar to the réstrictions
given in subsection 5.2.2. Particularly important is the personnel
restriction which indicates the willingness of the_employee tc parti-
cipate in development and training programs, but also the ability of
the employee to attend such courses. The enviromment's restriction
indicates the development and training opportunities which are offered
by other organizations and, for .instance, the capacity of training in-

stitutes.

Recall that development and training policies may influence and will

be influenced by both horizontal flows and vertical flows.

FORMASY has been used for the design of training and develcpment poli-
cies for the Dutch police forces. This has been described in Van

Meeteren [57].

5.2.6. Preliminary steps for the application of FORMASY

In section 5.3 we will describe two applications of FORMASY. Here we
will first make some general remarks on the preliminary steps neces-

sary for such applications.

First, one has to determine which questions have to be answered. One
possible question is whether the availabe numbers of employees with
their qualifications in the futnre will agree with the required num-
bers of employees. In the next phase; the relevant characteristics of
personnel demand and supply must be given, for instance, training or
~experience. Before one can apply a system as FORMASY, the level of
aggregation and the planning horizon have also to be fixed. The sub-
sequent steps are indicated in fig. 5.2,
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choice of choice of choice of the
manpower plan-t—..sl personnel] characteristics » level of
ning problem _ group aggregation
[CHOLICE O The ] .
planning - application of
horizon FORMASY

Figufe 5.2. Scheme of necessary steps when using FORMASY.

Application of FORMASY means that the following data has to be given:

a the actual manpower distribution;
b the transition percentages and recruitment (preferably based on his~

torical data).

The forecasts of the manpower availability based on this data have to
be compared with the manpower requirement forécasts. Then, transition
fractions and recruitment can be changed in order to diminish the
deviations of manpower availibility from manpower requirement. The
resulting policies have to be evaluated. This may lead to a change of

manpower requirement which restarts the matching process.

5.3. Applications of FQORMASY for designing career and recruitment

policies

5.3.1. Application at the Netherlands Ministry of Public Works

As has been described in section 4.3, example a, the engineers of the
Public Works Office have their own grade system. The model structure
has been described in fig. 4.1 ~ 4,3. We will consider here two ex-

amples of application of FORMASY:

a avoiding an overstaffing in top-grades;

2 maintaining career prospects by integration of groups.



Eggggle 1: avoiding an overstaffing in top—grades.

For the top~level engineers of this example, as for many other groups
of employees, one meets the following situation. In the recent past

a raise of the size of the group occurred, which was caused by a
steady inflow of young members. At the moment this increase stagnates
and no more increase is expected within the foreseeable future. The
consequences for the distribution of engineers over the grades will
be investigated. Notice.that we will consider in particﬁlar the ver-
tical flows of employees whereas the horizontal flows are aggregated.
Thus all engineers of various fields of training are brought into one
group. Application of the forecasting procedure (without recruitment)
shows that the current bottom-heaviness of the hierarchical pyramid
will be transformed into a rather strong top-heaviness in a relatively

short time (see table 5.1.)

rade 1 2 3. 4 5 total
llowed no. of employees 288 210 99 86 683
n 1977

ho. of employees in 1977]] 120 204 120 90 78 612
orecasted no. of — 5 106 168 123 402
ployees in 1989

Taple 5.1. BAllowed, current and forecasted distribution of top-level
engineers over the grades. The forecast for 1989 is based
on the current situation without recruitment and using the

actual pramotion policy of the last five years.

From this forecast and the forecast for the intermediate years, it is
easily computed how the total population may be kept on the present
level of 612 by recruitment. In this application, this is simple since
practically there can only be inflow in grade 1. The forecasted re-

cruitment for the forthcoming years is given in table 5.2.
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1977 11078 | 1979 ] 19801981 | 1982 | 1983 ] 1984 | 1985] 1986| 1987 198

19 21 22 20 21 22 22 22 21 23 a8 | 22

Table 5.2: Forecasted recruitment in grade 1 in order to maintain the

total work force at full strength.

It is clear that this recruitment, which is much lower than recruit-
ment in the past, will take care for the filling of the lower grades.
However, the overrepresentation in the top-grades does remain (see

table 5.3).

grade * 1 2 3 4 5. * total
allowed * 288 210 99 86 « 683
1977 * 120 204 120 90 78 * 612
1978 + 101 195 143 91 82 = 612
1979 * 113 153 168 93 85 * 612
1980 * 96 140 192 97 87 =* 612
1981 * 80 131 207 104 90 * 612
1982 * 95 95 218 111 93 * 612
1983 * 112 70 214 121 95 * 612
1984 * 115 66 200 134 97 * - 612
1985 116 58 190 148 100 =* 612
1986 * 116 56 176 159 105 « 612
1987 * 118 64 154 167 109 =* 612
1988 « 118 73 135 170 116 « 612
1989 * 118 76 126 169 123 = 612

Table 5.3. Allowed, current and forecasted manpower distribution over
the grades with recruitment, under the actual promotion

policy.
This prospected overstaffing in the top-grades is not allowed for for-

mal and financial reasons. But also for social reasons it is highly

undesirable, because of the lack of appropriate positions for high-
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level employees with several years/of experience. The only solution
can be found by starting as early as possible some slowing down of
promotions in the lower grades. In our view, it is better to keePJAli
employees a bit longer on the lower levels of their career than td‘Vi
allow the generation of a great stock of engineers waiting for promc;

tion.

In the tables 5.4 and 5.5 we show forecasts for alternative bromotion
policies, Each alternative transition matrix is derived from the ori-
ginal one by shifting all promotions in same grades by one or more
years. Always the recruitment policy of tahle 5.2 is used., Notice the
small changes in the total number of employees because of differént
turnover fractions for the various grades. Since the number of years
until promotion has been changed, the employees will stay in a grade

for a longer time. This may also chénge the forecasted turnover.

In one processing session, several of these shifts can be tried out
such as to obtain a good indication to what extent the number of years
until promotion has to be lengthened in order to obtain reasonable
prospects for the distribution of employees over the grades. In a
later stage, refinements may be brought in by not only cohsidering

pure shifts,
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grade

shift of 3 years in grade 2 and 2 years in grade 3.

lyear * 1 2 3 4 5 total
1977 =* 120 204 120 90 78 612
1978 * 101 219 122 88 82 612
1979 * 113 188 138 86 85 610
1980 = 96 180 161 87 87 611
1981 « 80 167 184 90 89 610
1982 95 128 200 94 91 608
1983 * 112 93 212 99 92 608
1984 = 115 a3 215 102 94 609
1985 * 116 80 209 110 94 609
1986 116 73 203 120 9% 608
1987 «* 118 70 190 132 98 608
1988 «* 118 79 168 142 101 608
1989 «* 118 87 148 149 104 606
Table &§.4. Forecasted distribution of employees over the grades for a
shift of 1 year in grade 2 and 1 year in grade 3,
grade

ear * 1 2 3 \ 4 5 total
1977 =« 120 204 120 20 78 612
1978 * 101 230 113 85 82 611
1979 * 113 224 108 81 85 611
1980 =« 96 239 108 80 87 610
1981 80 240 120 79 89 608
1982 « 95 201 137 81 90 604
1983 « 112 158 156 86 91 603
1984 « 115 135 173 88 91 602
1985 * 116 117 191 86 90 600
1986 =« 116 109 201 83 a0 599
1987 =« 118 106 201 84 20 599
1988 «* 118 99 201 89 90 597
1989 =« 118 g8 194 97 90 597
Table 5.5, Forecasted manpower distribution over the grades for a
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Example 2. maintaining career prospects by integration of groups.

In example 1 the situation for the top~level engineers has been inves-
tigated in some detail. For the two other groups of engineers in the
same organization the situation is similar. So, by planning the three
groups separately, the result is a considerable lengthening for the

time until promotion for all engineers involved.

However, with regard to tasks as well as salaries, there is a consi=
derable overlap between the three groups. Figure 5.3 shows that the
top~grades of the surveycrs have the same salary level as the lowgr
grades of the middle-level engineers and similarly for the top-grades
of the middle-~level engineers and the lower grades of the top-level

engineers.,

top_ievel engmecrs

- ) middie.level engineers

6 100 500 1ong

¢ 100 500 900 .
——>» no. of employees

Figure 5.3. Representation of allowed and actual number of employees
and the salary levels for the three types of employees.
) allowed number of employees in each grade
I actual number of employees in each grade
In this figure the actual numbers of top- and middle-level
engineers in grades 1 and 2 are aggregated, since in the

organization the allowed numbers are also aggregated.
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The main prcoblem for all three groups is the large numbers of engi-
neers allowed in the léwer grades against the small numbers allowed

in the top-grades. In a non-growing system this must inevitably lead
to rather poor career prospects for those involved., From fig. 5.3. one
can see that the lower grédes of the middle-level engineers are not
fully occupiéd, whereas the surveyor grades on the same level are over-
occupied. This gives the clue to a solution: transfer some of the
allowed numbers of lower-grade engineers at the middle-level to the
top-grades of the lower level engineers and also some of the allowed
numbers of top-level engineers in lower grades to the top-grades of
the middle-~level engineers. The result of such an operation is: better
prospects for all groups although the recruitment of top-level engi-

neers must certainly be diminished further.

Using FORMASY, it is simple to find out what might be cbtained in

this way. By choosing promotion and recruitment policies for all three
groups, forecasts can be made and it is easy to compute whether the
forecasted numbers fit the allowed numbers after the tramsfer. Figures
5.4 and 5.5 give the result of such an exercise for the three groups

of engineers.
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nos of T - ) <_*:-
E@?ﬁeerzsooc‘//' - i T
1500 .
middle-level engi neers
000
413
509 .
lower-level engineers
1001 .
™ T R~ I ™ TR ™ 7]

— yrars

Figure 5.4. integration of middle-level and lower~level engineers. The
figure gives the numbers of employees at the salary level
that lower~level and middle-level engineers haveiin common.
The dotted lines show the numbers of functions oﬁ this
salary level: 370 for the lower-level engineers and 1830
for the middle~level engineers. Futhermore, the striped
lines give the férecasted numbef of lower-level engineers
and the total forecasted number of employees for the given
promotion and recruitment policy. In the figure it is in-
dicated that transferring 413 middel-level functions ‘to
lower~level engineers in the following 20 years would be
sufficient to maintain the current promotion and recruit-

ment policy.
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FiQure b.9. An analogous representation as fig. 5.4 for the salary
level that top~level and middle-level engineers have in
common, In the figure it is indicated that transferring
91 top-level functions to middle-level engineers in the
following 20 years would be sufficient to maintain the

current promotion and recruitment policy.

Using the program system it is clarifying to try out some promotion
and recruitment policies in order to find out which combination of
promotion shift and recruitment policy fits best for the purpose. As
figures 5.4 and 5.5 show, an integrated treatment of various groups
may help considerably in reconciling the conditions imposed by the
workload and salary constraints on one hand and the career prospects
on the other hand. In order to realize the developed policies, one

has to execute function analysis, potential appraisal, etc. This appli-

cation has also been described in Van der Beek/Verhoeven/Wessels [11].



5.3.2. Application at a large industrial firm

As we have seen in subsection 5.2.2, FORMASY can be applied in order

to match future demand for and supply of personnel by considering the
impact of changes in the historical policies. However, sometimes

the historical transition fractions are not appropriate. Consider the

following example.

The research lab of a large indusfrial firm employs two types of engi-
neers: engineers with a university degree on master's or doctor's
level and middle-~level engineers. Top-management decides to decrease
the total personnel for this research lab by 3% a year. The guestion
is to which degree this leads to an ageing organization (being cata-~
strophic for a research organization) and which recruitment will be

possible in the future.

The model structure for the engineers is given in fig. 5.6. The model

has 3 grades (5 classes); each class has 15 grade seniorities.

The classes 1 and 3 stand for grade 1 and 2 for engineers with a uni-
versity degree (high-level engineers). The classes 2 and 4 indicate

grade 1 and 2 for middle-level engineers., Class 5 stands for grade 3,
both for.middle-level and for high-level engineers., The engi&eers are

recruited in the classes 1 and 2. Rhe retirement age is 60.

university degree 1 :

middle-level 2 W

grade —»

Figure 5.6. The classes and transitions for the engineers of a research
lab of a large industrial firm. There are 3 grades and in
each grade two classes, engineers with a university degree
and engineers with a middle-level degree. In grade 3 the
engineers have been taken together. The grade seniorities

have been deleted in this figure.
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We will forecast the evolution of the manpower distribution over the
classes, There have been no'promotions in last years but this may not
continue in the next years. It is pot possible to use historical pro-
motion fractions' therefore. In first instance, same promotion fractions
are chosen, based on management’s ideas on a reésonable career for the
engineers, Consider as an example the transitions from class 2 to
class 4. According to management about 40% of the people in class 2
can make this promotion and the promotion has to occur after 8 to 10

years service,

Based upon these transition fractions, forecasts for the next 10 years
have been made. For the case of no recruitment, the forecasted evo-
lution of the manpower distribution over the grades is given in table
5.6, The corresponding actual and future age distributions are shown

in fig. 5.7.

MANPOWER DISTRIBUTION IN PLANNING PERIOD

grade :
year * Gl G2 G3 * total
1980 * 50 70 120 =* 240
1981 = 49 67 118 * 234
1682 = 48 65 115 228
1683 = 46 63 112 * 221
1984 = 40 59 110 = 209
1985 = 38 56 109 = 203
igBe ~* 35 52 108 =* 195
1987 =* 33 48 107 = 118
1988 * 28 47 103 = 178
1989 =* 25 48 98 * 171
1990 =* 21 47 92 160

Table 5.6. Actual manpower distribution.over the grades and the fore-
casts for ten years ahead if there would be no recruitment.
The total number of eﬁployees decreases by 33% in this pe-
riod. Gl indicates grade 1, etc. In this table, the numbers
of employees in the classes are lumped in order to obtain

the numbers of employees in the grades.
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JEIGURE OF THE ACTUAL MANPOWER: 1980

96~-37 X1111233

34-55 ¥133333

52-5% %11222333

H0-31 ¥1112333333333

48-49 ¥1111222222233333

46-97 ¥11122333333333333

44-45 ¥122222322333333333

42-43 K2333333333333333

A0-41 ¥11111222232232333333333333333
3639 ¥111112322233333333333333
d6-37 %31111111112223333333333333
34-37 x1111311232223333333333
32-33 ¥111122222222222222323333333F
30~31 %1222222282

28~29 %2

26-27 *2

24-25 %

1 PICURE = 1 EMPLOYER

YEAR } 1990

;gfki X

58-57 ¥1112222223333
56-57 %11223333333333

. 54-55 %12222223333233

_52-53 #2333333333333

50-51 %1122222222333333333333
48-4% %1122222233333333333
46-47. %111122222233333333333
44-45 X11122222333333333
42-43 %1122222233333333333
40-41 ¥122333

38-39 :

16-37
34-35
32-33
30-31
28-2%
24-27
24-25

LE X B XX B ¥ 7

1 PIGURE = 1 EMPLOYEE

Figure 5.7. Actual age distribution and the forecasted age distribu-
tion for 1990 over the grades if there were no recruit-
ments. Each figure stands for 1 employee in this case.

Each line indicates the age class and the number of employ~
ees with the corresponding ages. The figure indicates the
number of the grade of the employee (1 = grade.l, 2 = grade
2, 3 = grade 3). For instance, B employees are in the age
class 52-53 in 1980; 2 of them are in grade 1, 3 of them

in grade 2 and also three employees in grade 3.
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Now, we will investigate whether the forecasted evolution of the man-
power distribution over the grades agrees with the desired future

manpower distribution. Table 5.7 shows the desired manpower distribu-
tion in the planning period based upon the yearly decrease of 3%, Com-

pare these numbers with those in table 5.6.

MANPOWER DISTRIBUTION IN PLANNING PERIOD

grade
vear & Gl G2 G3 » total
1980  x 110 50 90 = 250
1981 = 107 49 87 = 243
1982 ° x 103 47 85 & 235
1983 « 100 46 82 & 228
1984 « 97 44 80 & 21
1985 « 94 43 77 * 214
1986 % 92 42 75 = 209
1987 =« 89 40 73 % 202
1988 =« 86 39 71 % 196
1989 «x 84 38 68 x 190
1990 « 8t 37 66 * 184

Table 5.7. Desired manpower distribution over the grades based upon
the yearly decrease of 3%. As in table 5,6, the numbers of
employees in the classes are lumped in order to obtain the

numbers of employees in the grades.

Comparing table 5.6 and table 5.7 we notice a discrepancy between the
actual manpower distribution and the desired manpower distribution.
The actual percentage of employees in the classes, is: class one:

0%; class two: 20,8%; class three: 12,5%; class four: 16,7% and class
five: 50%. The desired manpower distribution for 1980, is: class one-
24%; class two: 20%; class three: 12%; class four: 8% and class five:

36% of the employees,

In fact, the comparison of tables 5.6 and 5.7 also shows that only a
few employees can be recruited in this ten years' period. This would

lead to an ageing research lab. In order to prevent this development,
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management wants to consider alternative policies., One alternative

policy is:

- recruitment of 10 employees sach year in class 2 {as was the his-
torical policy), but also 10 employees in class 1 from other divi-
siéns;

- transfer of highly experienced personnel from class 5 to management
functions in other divisions. ]

In the program system FQRMASY this can be accounted for by changing
the turnover percentages e;g. for the grade seniorities 5,6,...,15
form category 5 from 2% to 12%;

- changing the retirement age from 60 to 58 years.

The forecasted manpower distribution over the grades for this alter-

native policy is given in table 5.8.

MANPOWER DISTRIBUTION IN PLANNING PERTIOD

; grade

&ear * G1 G2 G3  * total
1980  * 50 70 120 =* 240
1981 * 69 67 108 =* 244
1982 =* 83 64 9% % 243
1983  * 101 62 85 x 248
1984  * 116 59 75 x 250
1985 = 128 58 69  * 255
1986  * 137 57 63 * 257
1987 =* 147 59 57 * 263
1988  * 156 62 50 % 268
1989  «* 165 62 4 271
1990  * 17 64 39 * 274

Table 5.8. Forecasted manpower distribution over the grades for the
alternative with yearly recruitment of 10 people in class
1 and 10 people in class 2, earlier retirement and extra

turnover from grade 3 (class 5).
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This table shows clearly that the desired manpower distribution (table
5.7) is also not achieved. However, the problem of the ageing organi-
zation has been solved (fig. 5.8). In fact, this example demonstrates
that career prospects which seem acceptable for management do not al-
ways result in a manpower distribution which is acceptable for manage~

ment.

YEAR 1990

AGE x

58-59 * ~
54-57 1122333
54-55 X1222222333
52-53 %23333
S0~51 $11222222223333
49-49 X112222223333
44-47 %11112222223333
44-45 %11112222233333
42-43 ¥1111111112222223333333
40-41 ¥11111111111111222333
©38-397 ®¥1111111111111111112
34-37 ®1111111111111111111111223 :
 :34-35 %111111111111111111111111122222
..32-33 ¥1111111111111111111112222222 .
30-31 ¥1211111111111111122222 -
.29-29 ¥1111211111111111122
..26-27 ¥111111111111
. 24-25 %1111

1 FIGURE = 1 EMPLOYEE

Figure 5.8. Forecasted age distribution of the engineers in 1990
according to an alternative policy, including recruitment

(cf., fig, 5.7; 1 = grade, 2 = grade, 3 = grade.

We will now consider a second alternative policy in order to change
the evolution of the manpower distribution over the grades such that
the forecasts come close to the desired manpower distribution given

in table 5.,7. The new alternative policy is:

-~ recruitment of 1 middle-~level engineer in class 2 and 9 high-level
engineers in class 1 each year;

~ increasing the promotion fractions from class 3 and decreasing the
promotion fractions fram class 4;

~ transfer of highly experienced personnel from class 5 to management
functions in other divisions as in the first alternative;

- retirement age of 58 years.

151



Notice that the promotion prospect for high-level engineers will im-
prove and for the middle-level engineers will deteriorate, The fore-

casted manpower distribution over the grades is given in taﬁle 5.9.

MANPOWER DISTRIBUTION IN PLANNING PERIOD

grade

year % Gl G2 G3 * total
1980 * 50 70 120 * 240
1981 + 59 67 108 * 234

982 * 67 63 96  * 226
£983 * 75 61 85 = 221
1984 *+ 83 53 79 215
1985 * 82 52 77 211
1986 + 80 ‘52 74+ 206
1987 « 82 55 65 * 202
1988 * 86 53 57 % 196
1989 * 84 48 57 % 189
19390 * 81 45 58 * 184

Table 5.9. Forecasted manpower distribution over the grades;fof the
second alternative with recruitment of 9 people in class 1
and 1 in class 2, improved career prospects for employees
with a university degree and deteriorated career prospects

for middle~level employees.

A comparison of table 5.7 and table 5.9 shows that the last alternative
gives a forecasted manpower distribution which is close to the desired
distribution. Of course this is only one possible alternative. We will

not discuss here other reascnable alternatives.

This case-study shows how manpower planning can be executed though
historical data concernihg career possibilities are missing. It also
makes clear why manpower planning for such organizations with highly

gpecific personnel is relevant (cf. typology, section 1.6).
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5.4, Level of aggregation

5.4.1. Introduction

In this section we will consider the choice of the function groups to
use in the matching process. On one hand, the groups may not be too
small, in order to guarantee a certain reliability of the forecasts.
On the other hand, the groups may not be too large, in order to keep

the matching meaningful.

Consider as an example two extreme cases: one might consider the en-
tire organization as one personnel group or one might consider per-
sonnel groups containing just one individual, In the first case, re-
liable information can probably be obtained with respect ot the evo-
lution of the manpower size but the question is whether this informa-
tion is also valuable for subgroups of the organization. for instance,
if the total number of -employees increases by 5 percént, this does not
mean. necessarily that both the number of engineers and the number of
secretaries will increase by 5 percent. Usually, more detailed infor-
mation is necessary in the planning process. The other extreme case,
however, is not executable in practice, since it is not possible to
estimate the exact requirement for all functions individually on medium
and long texm. The minimum level of aggregation, required to maintain
a certain reliability of the forecasts, depends on the degree of un-
certainty and on the length of the planning horizon. The maximum level
of aggregation, allowed to keep the matching meaningful, depends on the
flexibility of manpower requirement and availability. We will explain
these factors in more detail in subsection 5.4.2. For the short term
planning a detailed approach is desired, whereas the consequences of
the decisions for the medium and long term usually can be investigated
on a higher aggregation level. As we have seen in section 1.4, man-
power planning has to be part of the corporate planning. In the corpo-~
rate planning the future development of finance, materials, equipment
and personnel is considered. We already distinguished three levels of
planning: short term (less than one year ahead), medium term (one un-
til ten years) and long term (more than ten years ahead). The long
term corporate plan provides the goals and restrictions for the medium

and short term plan. Considering the short term decisions,one has to
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accept the medium and long term corporate plan as a restriction. This
restriction may be expressed in terms of total salary costs or in terms
of numbers of allowed employees. Whether the restrictions are given

in terms of money or in terms of allowed personnel depends also on the
decision structure of the organizatioﬁ. This will be discussed in sub-

section 5.4.3.

5.4.2. The level of aggregation
Two important factors with respect to the level of aggregation are:

1. the length of the planning horizon;

2. the flexibility of manpower requirement and availability.
ad 1. The length of the planning horizon.

Manpower requirement forecasts are based upon the corporate planning.
If the length of the planning horizon increases,then the manpower re-
quirement forecasts become less reliable for the later years of the
planning period because of the possibility of future changes in the
corporate planning. Also, the manpower availability forecasts are less
reliable for a longer planning horizon. Thus, for a long planning ho-
rizon a high level of aggregation is required, whereas for short plan-
ning horizons more detailed computations are possible. In séction 5.5

the planning horizon will be considered in more detail.
ad 2. The flexibility of manpower requirement and availability.

The degree of flexibility of manpower requirement is the degree to
which the numbers of functions and the types of functions can be
changed if necessary. This corresponds with the rigidity of manpower
requirement as described in section 1.6 (typology). If the degree of
flexibility of manpower requirement is low, then the level of aggrega-
tion has to be low, since otherwise a match on a high level of aggre-
gation gives no guarantee for a detailed match of requirement and

availability.

The degree of flexibility of manpower availability is the degree to
which the organization can transfer employees to other functions or
locations (mobility). Dimissing employees of one type and recruiting

personnel of another type is also a form of (indirect) mobility.
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If we consider an organization with departments, then a high level of
aggregation is allowed if the mobility between the departments is so

high that there will never arise a matching problem in a subsystem if
the aggregated system has been matched. In the remainder of this sub-

section this is explained in more detail by means of an example.

ExamEZe. Consider a manpower system with twoc groups of functions on

the same organizational level (fig. 5.9).

“1\ /"?

category category

2

];l(t) nrz(t)

Figure 5.9. A manpower system with two categories of personnel (func-
tions) on the same organizational level, oy indicates the
wastage fraction from category i; Bi denotes the mobility
fraction from category i and ri(t) indicates the recruit-

ment in category i during the time interval (t-1,tl.

Define:

ai = wastage fraction from category i;

Bi = mobility fraction from category i, indicating the maximal frac-
tion of employees in category i who can be transferred to the
other category each year;

mi(t) = the number of required employees in category i at time t;

ni(t) = the number of available employees in category i at time t;
ri‘(t) = recruitment in category i during the time interval (t-1,tl;

bi(t) = the numbers of employees in category i who are transferred to

the other category during the time‘interval (t-1,t].
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For the‘sake of simplicity we assume the wastage fractions for both
categories to be equal and constant over time: a = o = a,. Suppose
that the system can be controlled by recruitment and by transferring
employees from category 1 to category 2 and vica versa. There is no
restriction on recruitment. The goal is to minimize the deviations
between manpower requirement and availability over a cetrtain planning
horizon of say T years. We assume the .costs of deviations between
available and required numbers of employees to be constant over time

and equal for both categories.

We will investigate whether it is possible to solve this matEhing

problem by using an aggregated model for a long planning horizon and
a disaggregation model for the first planning period. If this is not
possible, then a detailed model for the two-category system has to be

used.

In the detailed model, the recruitment ri(t) and the numbers of trans-
fersbi(t) are determined simultaneously for both categories for all
planning years.
The detailed model of the two-category system is:
minimize

T
(5.1) Y {|n, (£) - m ()] + |n,(t) - m (&)}

1 1 2 2

t=1
under the .conditions:
(5.2) n,(t) + n,(t) 2 (1 - a) (n(t =~ 1)+ ny(t - 1)),

for £t =1,2,...,T,

] > - - -
(5.3) n(t) 2 (1 -a -8y} n(t-~1),

for t =1,2,...,T,

(5.4) n,(t) 2 (1 = a - B,) nylt - 1),

for t 1,2,...,T.
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Solving this problem gives the solution for nl(t) and nz(t), for all
t=1,2,...,T. The values of ri(t) and bi(t) are determined by the
values of ni(t). For instance, if nl(t) < (1 ~ o) n1(t - 1} then

£ (8) = 0; ry(t) = (ng(t) + ny(t))- (1 = a)(n(t - 1) + n,(t -~ 1)), and
bl(t) = (1 - a)nl(t - 1) - nl(t); b2(t) = 0.

In the aggregated version of the model, total recruitment r(t) is de-
termined for t = 1,...,T.

The aggregated version of the model is:

minimize

T
(5.5) Y |ste) - (m, (£) + mz(t))!
. +=1

under the conditions:

7

(5.8) s{t) 2 (1 - a) s(t ~ 1) ¢ for £ =1,2,...,T ,

where s(t) is the total number of employees at time t. Solving this
prcblem gives the solution for s(t), for all t =1,2,...,T. The values

of r(t) are determined by the values of s(t), namely:

{5.7) rit) = s(tj - (1 - a)s{t -~ 1).
The total number of employees, as computed with the aggregated model,
has to be distributed over the categories. In order to determine nl(l)
and nz(l) one may use the following disaggregation model: -
minimize )
(5.8) [n1(1) -m ()] + |n2(1) - m2(1)|
under the conditions:
*

(5.9) n,{1) + n,(1) =8 (1),

1 2
(5.10) n,{1) 2 {1 -a=~ B,)n, (0),

(5.11) n2(1) 2 (1 ~a~- Bz)nz(O),

where s*(l) in the optimal value of s(1) as found when using the aggre-

gated model.
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Solving the aggregated mdoel and then solving the disaggregation model
gives values for nl(l) and n2(1). Values for ni(t) and n2(t) for t > 1
can be obtained in the same way. Aggregation is allowed if these va-
lues for nl(t) and n2(t) for t » 0 are optimal. This is the case if

following conditions are satisfied:

(5.12)  m(6) 2 (1 - a - B,) m(t = 1) , for £ = 1,2,...,T ,
(5.13)  my(t) 2 (1 - & ~ By) my(t = 1) , for t = 1,2,...,T ,
(5.14)  my(t) £ (1-a)m (t=1)+Bm (£=1) +s (£) - (1 -a)s* (£~1),

for t = 1,2,...,T ,
(5.15) m2(t) < (1‘- a)mz(t— 1) +Bim1(t— 1) +s*(t) - (1 —cx)s*(t— 1,
for t =1,2,...,T ,
where
nl(O) = ml(O) and n2(0) = m2(0)

and s*(t) is the optimal solution for the aggregated model.

The conditions (5.12) -~ (5.13) indicate that manpower requirement may
not decrease yearly with more than the numbers of leavers and the num-
ber of transferable employees for each category. The conditions (5.14)
- (5.15) ensure that if both categories are sufficiently occupied at
time t, then it is possible to éhtain a sufficient number of employees

in at least one of the categories at time t + 1.

For further research on the level of aggregation and its relationship
to the planning horizon in manpower planning see Nuttle/Wijngaard [63)

and Wijngaard [93].
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Consider now some numerical results for the example above. The para-

meter values are:

a = 0.1; Bl = 0,2; 52 = 0.1; T = 2;

]
fl
]

nl(O) = ml(O) 1000; ml(l) 1200; m1(2) 200;

i
[
it

n2(0) = m2(0) 1500; m2(1) 1300; m2(2) 1100.
An investigation of the conditions (5.12) ~ (5,15) shows that aggre-
gation is allowed. Solving the aggregated model (5.5) - (5.6) gives

the following results:
s(0) = 2500 ; s(1) = 2500 ; s(2) = 2250;

which makes a discrepancy in pericd 2 obvious. Executing the disaggre-

gation step gives: n1(2) = 900 ; n2(2) = 1350.

Solving the disaggregated medel (5.1) - (5.4) gives the following

solution:

n1(0) 1000; n1(1) 1200; n1(2) = 900;

1350.

]
]
1]

n2(0) 1500; nz(l) 1300; n2(2)

This solution is indeed identical to the solution of the aggregated
model.

The solution in terms of recruitment and transfers is:

bl(l) = 0; b1(2) = 180;
b2(1) = 50; b2(2) = 0jf
rl(l) = 250; rl(Z) = 0;

r2(1) = 0; r2(2) = 0.

5.4.3. Diecussion

The choice of the level of aggregation is not unique in general.
A function can be classified roughly in a three-dimensional way: the

organizational level of the function, the place where the functionm is
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executed and the organizational sector where the function belongs.
Aggregation based on one of these dimensions is called vertical aggre-

gation, geographical aggregation and sectoral aggregation, respectively.

The example above shows that aggregation is possible if the mobility
between the subsystems to aggregate is so high that there will neyer
arise a matching problem in a subsgystem, if the aggregated system has
been matched. The match of regquirement and availability in the aggre—‘

gated plan guarantees the match for each subsystem.

But also if the situation is not so ideal with respect to tﬂe mobility
between the subsystems, the matching of the aggregated forecasts im-
proves the possibility to obtain a good future match in each of the
subsystems. If there are no more possibilities for aggregation (sec-
toral or geographical for instance) one can choose the dimension over
which the mobility is highest. If sectoral mobility is higher than
geograpﬁical mobility it is probably better to apply sectoral aggre-

gation.

The conditions for vertical aggregation are of the same type as the
conditions for horizontal aggregation. But the mobility 1s asymetrical
in this case. It is impossible, in general, that people move to a
lower organizational level. Let for instance A and B be two.different
levels and let the normal career scheme be that people start in B and
move to A after a number of years, Assume a constant growth in the
number of available functions of 10% a year. If there are né restric-
tions on the numbers of recruits it is always possible to adapt the
number of available people to this growth, although one can get diffi-
culties with experience requirements. Another difficulty can be the
existence of fixed career patterns. If one moves from B to A after
five years of experience, the number of people at level A ié not in-
fluenced by recruitment for the first five years. Thus, each restric-

tion on the flows between B and A is a handicap for aggregation.

As mentioned already in subsection 5.4.1, there is also a relation
between the level of aggregation and the organization structure. On
the central level of an organization one usually considers a high
level of aggregation since it is impossible to solve possible discre-
pancies on a lower level of aggregation. Therefore, budgets:are ex-

pressed, for instance, in total salary costs. The number of allowed
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employees in each category cannot be determined. This has to be done .

on the lower level of the organization. In the Dutch police organiza-

ticn, for instance, ‘a total budget is given for each of the local for-
ces, The local organization has to fill in the concrete numbers and

types of police officers.

5.5. Planning horizon

5.5.1., Introduction

As we have seen in subsection 5.4.2, there is a relation between the
level of aggregation and the length of the planning horizon. For or-—
ganizations with a high degree of flexibility (a high degree of mobi~-
lity) only a short planning horizon will be required.:

In this section we will discuss in particular the relation between
planning horizon and uncertainty. A simulation experiment has been

executed in order to illustrate this relation (subsection 5.5.3).

5.5.2. Planning horizon
There are two reasons why a short planning horizon may be sufficient:

1 large flexibility of manpower requirement and availability;

2 large uncertainties with respect to the forecasts,

ad 1. Large flexibility of manpower requirement and availability.

This reason corresponds with the requirement of flexibility for high
levels of aggregation (subsection 5.4.2). In situations of a high de-
gree of flexibility of manpower requirement and availability it is re-
latively easy to obtain a match of manpower demand and supply. If wast-
age is high, for instance, ox.if the organization is growing there will
be sufficient functions available for. the- employees such that the ca-
reer expectations can be satisfied. In these situations a short plan-

ning horizon is sufficient.
ad 2. Large uncertainties with regpect to the forecasts.

In fact, two types of uncertainties are important, the unpredictable
variability (see subsection 1.6.2) in manpower mvailability and the un-

predictable variability in manpower requirement. In gubsection 3.2 we
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considered the possible errors in the manpower availability forecasting.
As has been shown {table 4.3), the standard deviations of the fore-
casted manpower distribution over the grades are relativelyfsmall

on medium term, The unpredictable variability in manpower requirement,
however, may be much more important. Many factors will influence this
requirement: market share, technology, economical situation, etc. In

the case of large uncertainties, a short planning horizon is sufficient.

5.5.3. Simulation experiment

In this subsection we will use a simulation experiment in order to
illustrate the relation between the length of the planning horizon
and the variability (both predictable and unpredictable) of the re-

quirement.

Suppose, we have one‘category of personnel (for instance one grade or
the entire personnel size). The wastage fraction p is known and con-

stant, say 0.05 (fig. 5.10),.

[ |
Hz%t)

Figure 5.10. One category of personnel with wastage fraction p and

yearly recruitment r(t),

The number of employees in the category is assumed to be controlled by
a rolling plan procedure. In order to simulate such a controlled pro-~
cess, one has to indicate how the real manpower requirements and avai-
labilities originatq, but also how the forecasts are obtained and how

the matching is executed.
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We distinguish the following phases of a rolling plan procedure (cf.

subsection 1.2.5):

1 forecasting of manpower requirements;

2 forecasting of manpower availabilities;

3 matching of forecasted requirements and availabilities by means of
recruitment.

Define:

fi({t,t + 1) = estimated manpower requirement for time t + i made at

time t;

m(t}) = manpower requirement at time t (realization);

n(t) = manpower availability at time t (realization);:

r(t) Z recruitment in the time interval (t-1,t];

ad 1. Forecasting of manpower requirement.

We assume that the realization of manpower requirement m(t) is obtain-

ed by the following process:

(5,16} m(t) = m, (t) + m,(t) + c,

where

ml(t) = unknown component of the manpower requirement;

m2(t) = given, fluctuating component of the manpower requirement;
[o} = constant;

ml(t) is supposed to follow an auto-regressive process of order 1
(cf. (2.6)):

(5.17) ml(t +‘1) = aml(t) + 2

where o is the given process coefficient and the noise €e has the

following characteristics:

(5.18) Ee, = 0 and E (ee, ) ={ 0 fork #0 for t = 0,1,2,..0 »
A

QZ for k = @
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In the simulation process, we will vary the values of A in order
to investigate the influence of a different degree of uncertainty on

the length of the planning horizon (0 < X < 1).

mz(t) is also supposed'to follow an auto~regressive process of order

1, but is known for T years ahead according to:
(5.19) m2(t + 1) = ulnz(t) + Gt
where the noise 6t has the following characteristics:

{5,200 E& =0and E (8.5 ) = { 02 for k # 0
0

{1 - Ao~ for k

f

for t = 0,1,2,... .

It is assumed that the Gt are known T years in advance. In a simula-
tion procedure we obtain the manpower requirement forecasts at time t
according to the following formula:

(5.21)  @(e,t 4+ i) = ﬁl(t,t + i) + mz(t +1i) + ¢,

for i =1,2,...,T

for t = 0,1,2,...,
where
ﬂl(t,t + i) = minimal mean square error forecast for the unknown com-
ponent of the manpower requirement at time t + i, made
at time t;
m2(t + 1) = given component of manpower requirement at time t + i.

The forecasts ﬁl(t,t + i) for the unknown component can be obtained by:
. i
(5.22) A (t,t + i) =a” - m(t) .

ad 2. Forecasting of manpower availabilities.

Wastage and recruitment bear influence on the manpower availébility.

We assume the wastage fraction p to be known and constant over time
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(deterministic situation).
Thus:

(5.23) n{t + 1) =n(t) « (1 -p) +r(t+1) , fort=0,1,2,...

ad 3. Matching by means of recruitment.

The matching of manpower requirement and availability is executed by
means of recruitment. The recruitment for time 0,1,2,..., is obtained
by minimizing

T
(5.,24) Y |R(t,t + 1) - n(t + 1) .

i=1
In order to evaluate the outcomes of the simulation process for dif-
ferent planning horizons T we must have a performance criterion. Let

M be the number of periods over which the rolling plan is simulated.
The following performance criterion is used to evaluate the outcomes:

1 M
(5.25) 3 - 1 [nt0) - mty].
t=1
Results of the simulation for different values of A,Oz and T are given
in table 5.10. The simulations have been executed for M = 500 in 5
runs of 100 trials, each with a "warming-up" period of 50 trials. Be-
cause of the linear objective function (5.24), the value of the cri-

terion (5,25) changes only for all odd values of the planning horizon.

Table 5.10 clearly shows that in case of large but predictable fluc-
tuations of the manpower requirement (A ~ O, 02 large) large planning
horizons are necessary, whereas in case of large but unpredictable
fluctuations of the manpower requifement (X ~ 1, 02 large) short plan-
ning horizons are sufficient. Small fluctuations (02 small) will also

result in short planning horizons.

Notice that many extensions can be investigated. Here, we only con-
sidered one category of personnel (high level of aggregation). If the
flexibility of manpower availability is low, for instance because of
the existence of fixed career patterns, then the planning horizon will
lengthen., However, we will not discuss such agspects in more detail,

(see also Nuttle/Wijngaard [63]).
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value of the performance criterion for planning horizon

. A 1 2 3 4 5 | 6 7 8 | 9 | 10 11| 12

0 13,27 | 13,27 [ 10.03 (10.03 | 9.26 | 9.26 | 8.90| 8.90 | 8.85| 8,79 | 8.79 | 8.75
.25 15.71 | 15.71 | 13,65 |13.65 | 13.34 | 13.34 | 12,82 | 12.82 | 12.71 | 12.60.
400 | .50 | 17.09 | 17.09 | 15.71 | 15.71 [15.43 | 15.43 | 15.29 | 15.29 ( 15.17 | 15.16
.75 118,37 | 18,37 | 17.63 | 17.63 | 17.41 | 17.41 | 17.33|17.33 | 17.24
1 19.72 [ 19.72 [ 19.48 | 19.48 | 19.45

0 3.43 | 3.43 | 2.55 | 2.55| 2.44 | 2.44 | 2.4!
.25| 5,78 | 5.78 | 5.16 | 5.16 | 5.09
100 | .50 | 6.79 | 6.79 | 6.44 | 6.44 | 6.40
75| 7.63| 7.63 | 7.46
1 8.59

1o .50 | 0.50 | 0.42
.25 | 2.11 | 2.11 | 2.06
25| .50| 2.85| 2.85| 2.82
.75 | 3.45
It 4.05

Table 5.10, Results of the simulation experiment for different values of 02 and A. The last
number on each line indicates the minimum value of the criterion; an increase of T

would not improve the criterion value., The parameters are: p = 0,05; o = 0.8; ¢ = 100.



5.6. Requirements for the personnel registration

In this section we will brieéfly discuss the relation between the in-
troduction of manpower planning - and more specifically of systems as
FORMASY - and the personnel registration of an organization. As we
have seen throughout this book,manpower planning requires a lot of
information, both about the personnel and about the functions. First,
information about the numbers and types of functions, now and in the
future, is necessary. Therefore, a {(automized) function registration
system can be helpful. In such a system all functions are recorded
together with information about the organizational level and the ne-
cessary qualifications or training. This function registration system
agrees with the organization scheme of this moment. It may also con-
tain information about the future development of the functions, e.g.
the time at which a function will disappear or when new functions will
arise. An example of a part of such a registration system is shown in

fig. 5.11.
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891

(1) (2) (3) (4) (5) (6) 17) (8)
number of
organization| serial functions grade function function authority | function requirements +
element code| number (rank) name code level remarks
peace~| war—
time time
21.000 manpowehr plannding departmenit
010 1 1 col, off. P 05027 63 also controller
020 1 ) 1 registr. 850105 63 secr. also diary
registr. 850103 63 secr. also diary
21.000 plannding section
010 1 1t., col. | off. P 05026 62
030 1™ 1% |maj. off. Klu 09900 63 to be replaced by
’ probationer
040 1 1 cap. off. Bez. G50043a 42 ‘
050 1 | 1 maj. off. P. 05025 42 automation knowledge

Fige 5,11, EXample of a part of a function registration system for a Dutch defense organization containing: (1)

department nr., (2) serial number of the function, (3) the number of similar functions both in: peace-

time and in war-time, (4) grade (rank) corresponding to the function, (5) function name, (6) func-
tion code, (7) authority level of the function, (8) function requirements and remarks,




The registration system shown in fig, 5.11 stems from a Dutch defense
organization. If fits to the requirement of that organization. Other
organizations may want to include different characteristics, but this

system indicate, how such a registration system may look like.

Secondly, information is required on the number of employees. This may
be obtained by means of a (automized) personnel registration system
which stores the information about the actual employees. It may con-
tain data such as: name of the employee, date of birth (age), sex,
family status, date of entry in the organization (length-of-service),
grade at entrance, date of last promotion (grade seniority), training,
experience, expectations with respect to functions, actual functions.
For an adequate use of FORMASY it is helpful if such data is.available.
A personnel registration system gives information about the actual
numbers and types of employees and offers the opportunity to compute
historical transition fractions by comparing the positions of employ-
ees for instance once a year. As we have seen in chapter 4, this data
is necessary in order to investigate the consequences of a continaa-
tion of the historical policies on the evolution of the manpower dis-
tribution. Both the histerical promotion and the turnover rates have

to be adjusted each year.

5.7. Requirements for the personnel department

l

In this section we will make some remarks on .the requirements for the
personnel department. In our view, the personnel department should
have the responsibility to examine the evolution of manpower require-
ment and availability, to notice possible discrepancies and to propose
or to take actions in order to solve the matching problems. Thus, this
department should no only have a passive role in the reéistration of
functions and employees but also an active role in the design of po-

licies with respect to personnel.

The introduction of a manpower data-base and a manpower planning sys-
tem such as FORMASY implies certain tasks for the personnel depart-

ment. In the first place, the structure of the function and personnel
registration system has to be (re)designed - such that it can be used

for planning purpose -, in cooperation with the computer secondly,
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in order to detect tremds and systematic changes in both the organi-
Zation structure and the personnel distribution, is necessary that the
personnel department updates the function and personnel regiétration
system, makes from time to time surveys of personnel flows and func-
tion changes and investigates. future consequences. The introduction

of a computer-aided manpower planning system such as FORMASY leads to
requirements with respect to the employees who have to use this system
and the staff members who have to interprete the results, fhe intro-
duction, therefore, has to be done in such a way that possible resis-~
tance to computer-aided systems can be overcome, especially by showing
that all computations can be checked easily by hand and are only exe-

cuted by means of a computer program to save time.

The acceptance of these requirements implies that the management of a
personnel department must be gualified to understand the value of man-
power planning in general and of systems like FORMASY in particular.
Moreover, one has to be familiar with computerized function and per=-

sonnel registration systems.

5.8. Concluding remarks

Many restrictions both from outside the organization e.g. 1a§s, labour
market, labour costs, etc. and from within such as personnelidemands,
career expectations, commitment and svon, enforce the necessity of
manpower planning. The planning of personnel has been a neglected part

of the corporate planning for a long time.

In large organizations, quantitative methods are needed, as well to
forecast the development of the numbers and types of functions, as to
forecast the numbers and types of employees. The design of policies to
avoid discrepanciés can be done best by considering the consequences
of alternatives. These consequences may be computed directly using a

manpower planning system such as FORMASY.

By accepting such a manpowe planning procedure, management can take
actions in time, This iIs$ not only important for the organization or
management but .also for the individual employees. Manpower plaﬂﬂing
systems offer the possibilities for a dialogue between management and
personnel {or trade unions) in order to prewvent sudden conflicts; Ih
this way the organization can function better and the employées'can

get rational information about career possibilities.
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CHAPTER 6
A CASE-STUDY

6.1. Introduction

The manpower planning system FORMASY and its possible use has been
discussed in chapter 4 and 5, The use of FORMASY for practical man-
power planning will be illustrated in this chapter by means of a case-
study. We will describe the way FORMASY is used in the manpower plan-
ning process at the manpower planning department of the Royal Nether-

lands Airforce.

In section 6,2 we will broadly consider the complete manpower planning
process of this organization. We will describe in this case-study the
use of FORMASY for the group of officers., The model structure for this
group is given in section 6.3, Various planning horizons will be dis-
cussed. Long term planning is regarded in section 6.4, medium term
planning in section 6.5, while in section 6.6 the short term planning
will be described, Detailed manpower planning for task groups is given
in section 6.7. Finally, in section 6.8, a summary of this casé~study

is presented.

3ll policies, models and figures mentioned in this chapter are fictive.
However, they have been chosen in such a way that a certain corres-

pondence with the current situation has been cbtained,

6.2. Manpower planning within the Royal Netherlands Airforce

The personnel plan of the Royaeretherlands Airforce is integrated in
the defense planning process, together with the finance and the mate-
rials plan. This personnel plan indicates the numbers and types of em-
ployees in different functions for the next ten years. The plan is ad-
justed every two years. Information about the corporate planning and
the way personnel requirement forecasts are obtained has been given in
subsection 2.4.2 (case 1). Therefore, manpower reguirement forecasting

will not be considered here.
Manpower policies within this organization aim at the following goals:

1. An adeqguate filling - both quantitatively and gualitatively - of

the peace~time organization as well as of the war-time organization.
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This goal implies that a given number of employees in each type of
function has to be reached in a situation of peace-time, but also
an additional number of reservists (mobilization force) has to be
maintained for war~-time situations.

2. A planned development of the careers of the regular staff. Promo-
tions are often made after a fixed numher of years in a certain
rank, but only if adequate higher ranked positions are available.'
For this reason, career prospects have to bhe controlled, especially
since at the moment an 1rrégular age distribution exists.

3. Flexibility in the structure of the manpower composition in peace-
time.

The possibility of recruitment of short-term volunteers and con-
scripts, to fill temporary staff shortages, contributes to the

maintenance of flexibility. ‘

The manpower planning department controls the careers of the regular
staff and is involved in the determination of the numbers of recruits
of several categories of military personnel. The management of the
Airforce is interested in the evolution of the actual manpower distri-
bution and in the question whether there will arise discrepancies be-

tween staff supply and demand.

Special problems are caused by the actual irregular age structure
which has been caused by changes in the size of the organization and
by changes in recruitment which occurs in only a few age classes. The
organization has known a period of growth, then several years of about
constant size and has grown again in the last few years. This has re-
sulted in an age distribution with a high fraction of older employees,
also a high fraction of younger employees, but relatively low numbers
of employees in the intermediate groups (see fig. 6.3). Some conse-
quences of this age structure are the relatively high numbers of re-
tirements in the next few years, good career prospects for the employ-
ees in the intermediate age groups and poor promotion possibilities
for the younger personnel group. Therefore, it is important to develop
strategies which restore the age distribution (see subsection 1.2.3),
e.g. by recruitment in different age groups, flexible retirement ages,

changes in career prospects, etc,
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Other matching problems of manpower supply and démand concern the
training level of the employees; their qualification level and so on.
Thus, also training and development planning is important. Rhllocation
planning is another important topic.

Rising salary costs and matching problems as discussed above have re-
sulted in a growing interest in manpower planning instruments within

this organization.
Three time~horizons of manpower planning.can be distinguished:

a Long term planning.
This type of planning deals with the construction of equilibrium
structures (manpower pyramids) for all groups. This is executed by
assuming stable manpower requirements and then developing stable
manpower populations. Long term age distributions , career paths and
the numbers of recruits are thus determined.

Medium term planning.

1o

Medium term planning gives the forecasts for the evolution of the
number of employees in the various categories in the subsequent ten
years and the determination of recruitment of regular staff and
short~run volunteers, The planning is alsoc used to adjust the career
paths and to provide forecasts for the development of personnel ex-

penses.

[Ls}

Short term planning.

This type of planning delivers the forecasts of the evolution of
manpower availability and of the requirements for the following three
years -~ in monthly figures -~ in all types of functions and all cate-
gories of personnel, These forecasts are used for the determination
of the numbers of recruits for short term volunteering and of con-
scripts. These forecasts also provide the calculation basis for the

Airforce financial estimates,

This case~study presents some examples of these planning activities

for the peace-time strength of military staff.

Manpower planning is executed broadly for the different staff groups
(officers, non-commissioned officers, etc.) as well as detailedly for
the different task groups (air-operations, ground-operations, elec-

tronics and so on). The sections 6.3 - 6.6 cover the broad planning
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procedure, whereas section 6.7 deals with the detailed planning.

6.3, Model structure

We will treat the model structure for the group of officers. For the
other staff groups similar models have been constructed.

The group of "officers” is divided in five classes accérding to rank
or grade (some higher grades are lumped because of small numbers):
lieutenant, captain, major, lieutenant-colonél, and finally colonel

or higher ranks. Two training levels can be distinguished. The offi~-
cers for special services (0.5.5.) have a two years' training. They
are partially selected from the lower ranks. The officers who have
completed the Royal Military Academy (R.M.A.} have a four or five
years' training.

The maximum grade for the ¢.S5.S. officers is normally the rénk of
*lieutenant—-colonel”. However, some of the officers with this training,
who have attended the course "field officers” {(about 15%}, can be pro-
motedvto the training level of R.M.A, officers when they have the

rank of "captain”. This enlarges the chances for fast promotion and
reaching the highest rank of colonel. In the grade "major" aéd
"lieutenant~colonel” the R.M.,A. officers are divided into thrée quali-
fication levels, namely for those who do not have the potential ability
to reach thé rank of colonel, for those who have this potential abili-
ty and for the officers with an Airforce staff licence or with a uni-
versity degree. A carecer scheme for the officers is given in fig. 6.1.
In each class, the theoretical possibility of 24 grade seniorities is

included.
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colonel or higher grades
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(7.0) (5.0)
' Pramotion
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Figure 6.1.

The average

data needed

" 1[ Recruitment

0.s8.8. R.M,A,

Career patterns for officers and the average grade senior-
ities until promotion. In brackets, the average grade
seniority until promotion is denoted. Transitions with &
are selection promotions (i.e, not all officers make these
transitions), The ratio between recruits 0.5,S, and re-
cruits R.M.A. = 5 : 3. This relationship is the result of
the overall desired manpower distribution and career paths.
Classes 6 and 10 are determined for officers without po-
tential ability for colonel (gqualification level 1), clas~-
ses 7 and 11 for officers with potential ability for colo~-
nel (gualification level 2) and the classes 8 and 12 for
officers with a university degree or staff licence (quali=~

fication level 3).

grade seniorities until promotion as well as the input

for the use of the FORMASY system for this model have been
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obtained directly from the personnel registration system.

6.4. Long term planning

By means of a special option of the FORMASY system one may compute -
the steady~state distribution over the grades for some given recruit-
ment (see subsection 4.4.3). The recruitment has been chosen such

that the ratio between recruits 0.5.S. and recruits R.M.A. is 5 : 3.
The computed steady-state distribution is compared with the desired
distribution. Subsequently new recruitments are computed sucy that

the desired distribution is obtained and assuming that the given ratio

will not change.

The historical age distribution of the recruits is shown in fig. 6.2.

¥ 0.5.5. recruits

percentage,, 4
] R.M.A. recruits
20 }
¢ !
10 4 ¥
+ r 2
‘ P 4
Vi } ¢ 4
o_/\'.l ‘[Lq . L xra gt 13 age
20 25 30 35 40 > %9

Figure 6,2. Age distribution of recruited 0.5.5. and R.M.A. officers

in the last five years.

The actual manpower distribution and the steady-state manpower distri-
bution are presented in table 6.1. The steady-state distribution is
based on recruitment of 45 0.S.S. and 27 R,M.A. officers yearly and
the assumption that historical promotion and turnover rates will re-

main constant in the future.
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GRADE

LT CAP MAJ LT.COL COL+ TOTAL

actual distribution 318 466 467 220 85 1556

steady~state distribution} 435 519 396 158 54 1562

Table 6.1. Actual and steady-state manpower distribution of officers
over the grade with a yearly recruitment of 45 0,S.5. and
27 R.M.A, officers and with historical promotion and turn-

over rates.

The desired manpower distribution over the grades is assumed to be
equal to the actual distribution. Table 6.1 shows a forecasted over-
occupation of lower grades and a shortage of personnel in the higher
grades. The reason for this result is the existing number of years
until promotion takes place for each grade. The Royal Netherlands
Airforce has recruited in a few years after World War II many young
officers and these employees will retire in the next few years (see
fig. 6.3). As a consegquence, there have been only a few vacancies in
the higher ranks in recent years and this has resulted in a slowing
down of promotions. If the existing career policies would be maintain-
ed, then the forecasted shortage of staff in the higher ranks in the

long future would be realized.
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Figure €.3. Actual age distribution of Airforce officers. The retire-

ment age is 55.

It is possible to decrease the average time until promotion, without
changing the fraction of officers who are promoted. This would give

a speeding-up of promotions without affecting the selection criteria
for promotion., By such a speeding-up of promotions one might obtain a
steady~state distribution of officers over the ranks which looks more
like the actual distribution than the steady-state distribution of the

actual promotion policy (see table 6.1).
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After some trial and error efforts, an alternative can be designed as

indicated in fig. 6.4 (cf. fig. 6.1}.

13
LT COL 9 10 S EY 12
A 3 [
(m
MAJ 5 6 7 8
‘ )
(1) )
(1)
CAP 3 G0
y 1
(2) (2)
LT 1 2
0.s.s. R.M.A.

Figure 6.4. Bltermative career pattern for officers.
The figures in brackets denote the shortening of average
grade seniorities until promotion, coﬁpared with the ori-
ginal averages in fig. 6.1. In this alternative policy,
the highly gqualified officers even make faster promotion
than in the policy of fig. 6.1.

Table 6.2 gives a comparison of the actual distribution of officers
over the ranks with the steady~state distribution for the newly de;
signed promotion policy of fig. 6.1.

This alternative career path seems acceptable, The long term age dis-

tribution which will result is shown in fig. 6.5.
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GRADE

LT | CAP MAJ LT.COL COL+ TOTAL
actual distribution 318 | 466 | 467 | 220 85 1556
steady-state distribution| 300 | 483 | 466 | 220 87 1557

Table 6.2. Actual distribution of officers over the ranks compared
with the steady-state distribution for the newly designed
policy (cf. table 6.1).
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Figure 6.5. Steady-state age distribution for the alternative career
scheme for Airforce ocffjicers as developad in fig., 6.4.
Compare this age distribution with the current age distri-

bution as exhibited in fig. 6.3.
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Another type of policy that can be considered in order to obtain an
appropriate steady—state distribution over the ranks, is an increase
of the retirement age from 55 to -~ say ~ 58 years. The result of a
such a policy, when historical career schemes and turnover fractions
are maintained, is given in.table 6.3. The recruitment consists of 40

officers 0.5.5. and 24 officers R.M.A. each year.

GRADE

LT CAP MAJ LT.COL COL+ TOTAL

actuyal distribution 318 466 467 220 85 1556

steady-state distribution|387 475 420 200 - 74 1556

Table 6.3. Actual distribution of officers over the ranks compared
with the steady-state distribution for the promotion policy
of fig. 6.1, retirement at the age of 58 and a yearly re-

cruitment of 40 0.5.5, and 24 R.M.A. officers.
With this increased retirement age, only small changes in promotiocn
policies would be necessary in order to obtain the desired steady~

state distribution.

6.5. Medium term planning

Apart from recruitment of regular personnel, the Airforce has the op-~
portunity to recruit volunteers on officers level in the grade
"lieutenant"” on a contract basis of four or six years, After this pe-
riod they leave the organization. In section 6.4 the recruitment num-
bers for regular officers have been calculated, who are necessary to
maintain the total strength in the long run. If this recruitment po~
licy is really used, then the unfavourable age distribution of this
moment will disappear in the 1on§ run, However, in short and medium
term this would lead to a shortage of officers (because of many re-
tirements). This shortage, now, can be met by the recruitment of more

volunteers, The necessary extra recruitment of lieutenants for the next
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five years has been calculated with FORMASY and is shown in fig. 6.6
for the alternative career scheme of fig. 6.4. The resulting distri-
bution of officers over the ranks for the next five years is given in
table 6.4.

Number of extra

recruits

1
40 ¢ °

30 4
20 4

10 +

0 Ve * ' t +~—» year of recruitment
1979 1980 1981 1982 1983

Figure 6.6. Necessary reéruitment of volunteers in order to keep the
total strength constant, while using the promotion policy
of fig, 6.4 and the original recruitment policy of table

6.1.
GRADE
YEAR LT CAP - MAJ LT COL COL+ TOTAL
1879 318 466 467 220 85 1556
1980 168 546 516 260 88 1578
1981 191 547 480 263 82 1564
1982 2711 516 458 250 61 1556
1983 313 502 451 234 55 1556
1984 374 459 459 213 51 1556

Table £.4. Forecasted distribution of officers over the ranks, inclu-

ding the recruitment of volunteers as described in fig, 6.6.

Table 6.4 shows clearly that in the next two wears the totalénumber of
officers would be slightly more than is allowed with the alternative
policy. Moreover and worse, the distribution of officers over the
grades differs considerably from the actual distribution. This means

that the alternative career scheme which satisfies in the long run
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does not give an appropriate distribution of officers over the ranks
in medium term. One reason for the irregular development of the dis-
tribution over the ranks is the actual distribution of grade seniori-
ties. Because of fluctuafing recruitmenj:s in the past, this distri-
bution is very unbalanced (see table 6.5)., Promotion mostly occurs at .
a fixed grade seniority which results in heavily varying promotion
flows. ﬁway to meet this problem in the future is by stopping to promote
the officers at a fixed grade seniority. By spreading the promotions
from a grade over a block of seniorities, for instance, over 3 years
(see fig., 6,7), the promotion flows would stabilize somewhat. The to-
tal percentage of officers who are promoted can remain the same but a

distinction in abilities can be made in this way.

GRADE
GRADE LT ChP . MAJ LT COL CcoL+
SENIQRITY
1 Lt 8 55 48 26 5
2 *x 35 39 52 26 a
3 - .48 43 47 28 9
4 *h 49 54 71 a5 10
5 TS ag 73 o 28 []
& L 3 53 55 29
7 an 57 48 48 ) 20 10
a EL) o > 39 & 4
9 L 0 19 40 a8 7
10 Wk o 14 29 5
i1 - 0 24 [:] 3 4
z 12 - 1 12 3z 10 15

Table 6.5, Actual distribution over the grade seniorities for officers.
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actual scheme alternative scheme

grade age [1]2]3[4]56Zelol1o[11]12] [1[2[3T4[sEE o 10]11][12]
+

13
Promotions: 50% Promotions: 10% l l
40%
0 8%
Figggg 6.7. Left: example of an actual promotion scheme for some grade;

50% of the officers with grade seniority 7 meets the
promotion requirements and is promoted.

Right: example of an alternative for the left scheme; pro-
mgtions have been spread over the gread seniorities
6,7 and 8, By promoting 10% of the officers with
grade seniorityVG, 40% of the officers with grade
seniority 7 and 8% of the officers with grade se-
niority 8, one would maintain the averége time until

promotion and the total fraction of promoted officers.

6.6. Short term planning

In short term planning one regards the number of conscripts and volun-
teers which is monthly needed in order to keep the Rirforce continuous-
" ly at full strength. Of course, short term planning is only of inter-
est for the group of officers as far as it concerns the recruitment

of volunteers in the grade "lieutenant". Further promotions éannot

occur for this category of officers,

For short term planning a special version of FORMASY has been devel-
oped in which promotions are not considered (the only possible flows
are turnover, retirement and recruitment), This program deals with
monthly figures so that necessary recruitments of volunteers and con-
scripts can be computed in detail. The same types of tables and his-
tograms as shown for the medium term and long term planning can be

obtained for the short term planning.

6.7. Detailed planning

Once the average career schemes for the various staff groups are known,
a detailed planning is necessary in order to determine whether manpower
availability and requirement are matched for each task group. As an

example we consider the officers of the task group "ground operations®.

Medium term forecasts, assuming no recruitment , using the historical
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promotion

scheme for this task group are given in table 6.6.

GRADE
YEAR LT CAP MAT LT COL COL+ TOTAL
1979 105 128 135 53 8 429
1980 80 135 137 62 7 421
1981 67 139 123 66 9 404
1982 32 163 107 63 8 373
1983 16 167 106 64 7 360
1984 8 156 107 58 8 337

Table 6.6. Medium term forecasts for the distribution over the ranks

of ground-operations officers, excluding recruitment and

using their historical career schemes.

The planning goal is to maintain, as much as possible, the actual dis-

tribution over the ranks in the near future.

In order to attain this

"goal, the following changes in the average promotion patterns are con-

sidered:

~.let all promotions in the grade MAJ require 2 extra years, by the

appropriate shift of the promotion fractions;

~ accelerate all promotions in the grade CAP with 1 year by shifting

the promotion fractions appropriately;

- let all promotions in the grade LT require 1 year extra.

The forecasted result of this operation corresponds with the desired.

manpower distribution (apart from recruitment) as is shown in table

6.7.
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GRADE
"YEAR LT CAP MAJ LT COL COL+ TOTAL
1979 105 128 135. 53 8 429
1980 103 104 149 57 7 420
1981 79 120 140 56 9 404
1982 67 118 129 52 8 374
1983 31 136 - 127 57 7 358
1984 16 130 130 54 7 337

Table 6.7. Forecasts for officers of the task group "ground operations®

for the alternative career pattern, excl. recruitment.

The needed recruitment can easily be computed now, as was shown in

section 6.5,

A comparison of this alternative career scheme for the officers of a
task group with the proposed career scheme for the officers {cf. sec-
tion 6.5) shows very clearly that an "ideal” career pattern for the

total staff group is not always good for each task group. Especially,
if officers cannot be transferred to other task groups many problems

will arise {compare section 5.4).

6.8. Summary

In this case-study a survey has been given of the manpower planning
process within the Royal Netherlands Airforce. Also the usefulness of
the FORMASY system has been explained. Long term planning is based on
"ideal" grade and age structures in order to determine necessary re-
cruitment of regular staff avoiding irregular age distributions in the
future. Medium term planning deals in particular with extra recruit-
ment {i.e., apart from long term recruitment) in the next ten years,
partly needed because of the fluctuations in retirements., Furthermore,
alternative career schemes are studied. Short term planning regards

recruitment of volunteers on contract basis and conscripts and is
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based on monthly figures. Furthermore, it has been described how a
detailed planning has been worked out for a certain task group. Such
excercises make it possible to compare the career opportunities for
officers in different task groups and can help to notice possible dis-~

crepancies such that actions can be taken in tine.

It has to be remarked that we have illustrated the manpower planning
process by the development of alternative policies in order to adjust
the evolution of the distribution of officers over the ranks to the

' given manpower requiremént estimations. Notice, however, that matching
of availability and requirement may also lead to changes of the re-

gquirements.,
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APPENDIX

In the appendix a summary is presented of an example of the

system for the medium teim planning of the Royal Netherlands Airforce
(see section 6.5). Some results may differ from the results given in
section 6.5, since some transition fractions in the data-base have

been changed.

The notes at the end of this appendix give further explanatipns with

respect to the text.

The symbol -+ indicates the answers which have been typed in by the

user.

Here we used the english version of FORMASY.
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QUALIFICATION GROUPS
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GRADE

YEAR X LT  CAP. MAJ LTCOL COL+ % TOTAL
1979 X 224 266 194 4 0 X 488
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1980 % 164 277 218 9 0 X 668
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GRALE
YEAR % LT CAP MAJ LTCOL  COL+ %  TOTAL
1979 % 0 0 0 0 0 x 0
I N R B R BN IR R R N N R R R N N N I I B Y R R R R N B BN R R RE RPN EE N NE R LN IR R R I I R 2 2R BN
1980 x 0 0 16 0 0 x 16
1981 x 0 0 21 0 0 X 21
1982 x 0 0 25 0 0 x 25
1983 X 0 0 30 0 0 x 30
1984 % 0 0 34 0 0 x 34

4

GRADE
YEAR X LT CaFr MAJ LTCOL COL+ x - TOTAL
1979 % 0 0 53 48 85 % 184
LR AN N I I I I A I I A IR I AR A I IF SR AN B SR RE B EE IE JX BN N I B B B R BE BF B BE NE Y B BY 3K K N
1980 x 0 0 37 52 90 x 179
1981 x 0 0 39 46 B4 X 169
1982 x 0 0 k] 44 42 % 144
1983 x 0 0 34 43 55 % 134
1984 x 0 0 33 37 52 % 122

oo 2o T o i o out i o T S048 S U S At e AR Y s S O S bl B S0y o A 6 St SO G DA A S0 P WA Ol B S A W S R G S B0 S e St Mo

WHICH OUTFUT DO YOU WANT (FIGUREr NO CORES) 7
a3 = o N

FOR WHICH YEAR DO YOU WANT A TABLE (STOF BY 99 T
+ 1984



L61

YEAR : 1984

GR.SENIORITY LT CAP MAJ LTCOL COL+

B - B el T e

1 *X 0 28 45 25 12

2 *k 0 45 44 24 7 .
3 *k 0 84 32 28 7

4 *k 0 45 36 29 7

5 XX 0 76 90 49 8

6 XX 0 50 34 14 0

7 xX 17 a2 29 11 0

8 X 0 16 26 12 0

9 XX 0 20 36 & 0

10 X o 138 0 & 0

11 xX 0 0 13 5 0

12 xX 0 0 33 1 10 11)

FOR WHICH YEAR Dd YOU WANT A TABLE (STGF BRY 99) 7
+ 99

WHICH OUTFUT DO YOU WANT (FIGUREs NO CODES) 7
+ 0

HOW DO YOU WANT TO CONTINUE (CODES,NO FIGURES) 7
HELFP



867

LR 2R 2 2 2N 2O

o 3N UT

THE FOSSIBLE CODES ARE ¢
INFUTPRINT PRINTING OF INFUT DATA

EXTRAFRINT ! PRINTING OF CAREER PROSFPECTS
SURVEY : SURVEY OF CHANGED TRANSITIUN PERCENTAGES
RECRU ¢ INPUT OF RECRUITMENT
CHANGE :+ CHANGE OF TRANSITION PERCENTAGES
AGE ! FORECASTS OF THE GRADE/AGE DISTRIBUTIONS
SURTOT { INFUT OF DESIRED SUBTOTALS IN TABLES
FLANNING ¢+ RECRUITMENT FLANNING
DATARASE : TRANSFORMATION OF CHANGED DATA TO NEW DATA~-BASE
STOP ‘ ¢ END OF PROGRAM
AFTER THE LAST COREs TYPE IN ONE FIGURE !

*RECRU

+ CHANGE

+3

TYPE IN THE NUMBER OF CLASSES WHERE RECRUITMENT IS ALLOWED 7 12)

TYPE IN FOR ALL CLASSES THE NUMBER AND ON THE NEXT LINE
THE RECRUITMENT FOR THE S FLANNING YEARS 7
+1
> 459457457457 45
>2
2792792792792
************************************************************
IN HOW MANY TRANSITIONS DO YOU UANT TO CHANGE PERCENTAGES 7 13)

+
1]

TYPE IN ON SINGLE LINES THE NUMBERS OF THE TRANSITIONS 7

O e 49 900 Yo O U TR 490 S SUVE G P A9 WA VO MR Bk ko 4n4E ot S5 S e 7 O WD AR TR S358 S S o oo i WU LU AN AW W O O S e e 000 A SRR AR S 09 U o
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HOW DO YOU WANT TO CHANGE IN TRANSITION 1 7

+HELP
TYPE IN @
O ! CHANGE OF SINGLE FERCENTAGES
1 { SHIFT OF THE AVERAGE TIME UNTIL TRANSITION
2 ! MULTIPLYING THE TRANSITION PERCENTAGES WITH A FACTOR
+1 ‘
HOW MANY YEARS DO YOU WANT TO SHIFT THE FERCENTAGES 7
+ = LENGTHENING OF TIME UNTIL TRANSITION ¢ - = SHORTENING OF TIME UNTIL
TRANSITION

+-2
WATCH THE STRUCTURE OF THE TRANSITION PERCENTAGES FOR THE GRADE SENIORITIES

oo eat v e e o oo e e - ——

1t

14)

HOW DO YOU WANT TO CHANGE IN TRANSITION 3 7

»1
HOW MANY YEARS DO YOU WANT TU'SHIFT THE PERCENTAGES 7
+ = LENGTHENING OF TIME UNTIL TRANSITION s - = SHORTENING OF TIME UNTIL
TRANSITION
+-2

WATCH THE STRUCTURE OF THE TRANSITION PERCENTABES FUR THE GRADE SENIORITIES

o S e o o 2000 St e o S i Gy e o B e Fo S S T e L Gty S B e v Sy - Q.

HOW DO YOU WANT TO CHANGE IN TRANSITION S ?

+1
HOW MANY YEARS DO YOU WANT TO SHIFT THE FPERCENTAGES 7
+ = LENGTHENING OF TIME UNTIL TRANSITION s - = SHORTENING OF TIME UNTIL
TRANSITION
+=1

WATCH THE STRUCTURE OF THE TRANSITION PERCENTAGES FOR THE GRADE SENIORITIES

t

e R e o - - 15)




00z

HOW RO YOU WANT TO CHANGE IN TRANSITION 18 7

+1
HOW MANY YEARS DO YOU WANT TO SHIFT THE FERCENTAGES 7T
+ = LENGTHENING OF TIME UNTIL TRANSITION » ~ = SHORTENING OF TIME UNTIL
TRANSITION
+ -1

WATCH THE STRUCTURE OF THE TRANSITION FPERCENTAGES FOR THE GRADE SENIORITIES !!

00 YOU WANT TO CHANGE THESE TRANSITION PERCENTAGES AGAIN T
+NO

DO YOU WANT THE MANPOWER DISTRIBUTION FORECAST 7 TYPE IN! O
DO YOU WANT THE MANFOWER DISTRIBUTION/ AGE FORECAST T TYFE IN! 1
>0 .

TYFE IN THE AGE DISTRIBUTION OF RECRUITS (AGEr FERCENTAGE) T

CLASS 13
+ 24y 4
> 25, 9
+>27r b
+ 2813
+ 29y &
+ 3014
+31s11
+ 32y 4

>33y 2



102

¥

L2020 2R 2 2% 2R

LR IR IR 2R 2R 2N 2R 2K

(4]
|
-«

34
37y
38y
39
40y
41,
42y
43y
44,

G R N e G e e e G

.PERCENTAGE IS : 100

AVERAGE RECRUITMENT AGE IS8 ! 30.2

CLASS 28
21r 3
22,21
23r24
24,29

25916

26r 4
27y 2
28, 1
FERCENTAGE IS8 ! 100

.AVERAGE RECRUITMENT AGE IS ! 23.6

MANPOWER DISTRIFUTION IN FLANNING PERIOD

et re s PP PIERIRIEOEOIEIOIEOEOIERIOEOIEOIOIEOEOIEPOIERIOPOIEPOEOPEPOIEPOIEOIEPOLEROOEEYS

GRALDE

YEAR % LT CAF Mad LTCOL coL+ =x TOTAL
1979 X 318 466 4467 220 .85 X% 1556
1980 % 167 529 529 262 ?0 X 1577
1981 X% 190 532 492 266 B84 X 1564
1982 % 231 503 .48 253 62 X 1317
1983 X 257 489 440 239 9u X 1500

1984 % 300 448 447 o215 53 x 1483

i e e e e e e P e S e B B g e e e Tt e e B S S B e N T T B 40 OO O NS B SR AT S e e o SO
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WHICH OUTFUT DO YOU WANT (FIGUREs NO CODES) 7

TRAINING GROUFS

B L b T L T pp———p—

GRADE
YEAR X LT CAF MaJ LTCOL coL+ x TOTAL
1979 % 224 264 194 4 0 x 488
(20 AR 2R 2R B I L B0 BE B BN K 2R N 2R 2 BEIE I B I BE 2K 2R 2K 2N I 2N BN 2N 2 BN R B BE R N NE BN BN BE R NK 2R K R 2R RN 4
1980 x 115 339 2335 9 0 x 714
1981 x 129 348 218 12 0 x 727
1982 % 151 353 205 11 0 x 722
1983 x 177 320 199 18 0 x 714
1984 x 221 272 213 21 0O % 727
2
. GRADE
YEAR X% LT CaF HAaJd  LTCOL caL+ «x TOTAL
1979 % 94 200 273 216 85 X 848
LN 2R B AR R B B BN R B NN R A BE IR AR R R IR IR IR 2R A 2K 20 IR BN N 2K 2R 2F 2 2K 20 N IR R BE R NE R BE IR BE 2R B BN 2N 2N J
1980 x 92 174 294 253 ?0 X 863
1981 x &1 144 274 253 84 X 836
1982 X . 79 147 = 262 242 b2 X 792
1983 x 79 149 2461 221 55 % 785
1984 X 79 176 254 195 53 X

757

W00 20 Mo e Gt et S e S S S A W O SO YD o oh T S e e S G2es T e s v o -

WHICH OUTPUT DO YOU WANT (FIGURE, NO CODES) ?



FLOWS IN THE SYSTEM

LRI N BN 2N BN BN O 2N 2N 2N O 2N 2N BN N B NN 4

GRADE

X FLOW X YEAR
1979 1980 1981 1982 1983

LT
LT
LT

LT
LT
LT
LT

- oo o 40 Lot Sy s B i o B B S Tk o S S W O e b et B

RECR+ IN 72 72 72 72 72
PROM. IN 0 0 0 0 0
TOT. IN 72 72 72 72 72

P E 0 F O3 OO EEEEREEEEEEEEEEESESSSS

PROM.OUT 219 47 29 43 23

16)

TURN.OUT 4 2 3 3 3.

RETI.OUT 0 0 0 0 0
TOT.OUT 223 49 31 46 29

CAP
CAF
CAFP

s —-_o——- - con oo o s

€0z
r
—
0
=}
Lt

RECR. IN 0 0 0 0 0
PROM. IN 219 47 29 43 25
TOT. IN 219 47 29 43 23
L3R 2 BN BN B BN BE BN B O BN NN B O B B N AN BN BN BN NN NN N
FROM.OUT 149 35 45 446 57
TURN.OUT 7 7 7 é 7
RETI.OUT 0 2 b 4 3
TOT.OUT 156 44 o8 96 66

RECR. IN 0 0 0 0 0
FROM. IN 149 35 45 46 57
TOT. IN 149 35 45 44 57
PROM,OUT 70 37 30 =25 24
TURN.OUT 9 10 9 9 9
RETI.OUT 8 25 31 19 i8
TOT.OUT 87 72 49 53 51

RECR. IN 0 0 0 0 0
FROM. IN 70 37 30 25 24
TOT. IN 70 37 30 25 24

LI I B I B B BN B B BN BN N BN BE B K N B B AR B B B BN BN NN N



voc

LTCOL PROM. OUT 16 9 ? 8 13
LTCOL TURN.OUT 3 4 4 3 3
LTCOL RETI.OUT 8 21 30 28 31
L.TCOL TOT.OUT 28 34 42 39 47
coL+ RECR. IN 0 0 0 0 0
coL+ FROM. IN 16 4 ? 8 13
coL+ TOT. IN 16 9 9 8 13
coL+ FROM.OUT 0 0 0 0
coL+ TURN. OUT 1 1 1 i
coL+ RETI.OUT 10 14 30 13 15
coL+ TOT.OUT 11 15 31 14 16

WHICH OUTFUT DO YOU WANT (FIGURE, NO CODES) 7 ¢

STEADY-STATE MANPOWER DISTRIBUTION FOR LAST CHOSEN RECRUITMENT

L I Y B A B I A B I B A B A B B A 2N N BB A NI B B BN B B B O B 2N N 2N B O N N B 2N AN 2N 4

YEAR ¢

2013

GRADE



s0z

NECESSARY RECRUITMENT TO MAINTAIN THE TOTAL NUMBER OF EMFLOYEES
CLASS 1t 44
CLASS 2¢ 26

THE MANPOWER DISTRIBUTION WILL BE THEN

GRADE
LT CAP MAJ LTCOL COL+ TOTAL
TOTAL: 291 472 472 230 22 %% 1357

R e T

WHICH OUTFUT DO YOU WANT (FIGUREr NO CODES) 7
+ &

STANDARD DEVIATIONS OF THE FORECASTS (UFFPER BOUND)

L A N N N N N N N NN NN NN NN RN RN ER]

V " GRADE

YEAR X LT CAF MAJ LTCOL coL+
1980 x 1 4 8 S 2
1981 x 1 5] 10 8 3
1982 % 2 & 11 9 4
1983 % 2 4 12 10 4
1984 % 2 ? 13 11 S

e e e i o o G O S i o o . AL i S A0 O S50 A 4D ER S A PO B 0 S e S S .S B e . o M |

WHICH OUTFUT DO YOU WANT (FIGUREr NO CODES) 7
+7

STANDARD LEVIATIONS OF THE FORECASTS (EXACT)

T4 00800 4000000003330 0 0800800000000 00000b2800

+
*



90¢

GRADE

YEAR X LT CAF MAJ  LTCOL  cOL+
1980 % 1 4 8 5 2
1981 % 1 5 10 6 2
1982 X 2 6 11 7 3
1983 % 2 7 12 7 3
1984 X 2 8 13 8 4

WHICH OUTFUT DO YOU WANT (FIGURE» NO CODES)> 7
> 8

TYFE IN FOR THE 13 CLASSES (IN 1000-GUILDERS) ¢

MINIMUM SALARYr FPERIONIC INCREASEr MAX. NUMEER OF PERIONIC INCREASES ¢
> 38r1.2y 7 ) ‘
> 38r1.2y 7
> 48y1.4910
> 48y1.4,10
> 6511467
> 465r1.60
> &5r1.6y
> 45r1.6y
+82!108!
+82!108!
> 82+1.8y
> 82r1.8y
>100:2.0r &

2 2 s s s [ s e s x e ]

o - 18)
TYFE IN THE YEARLY TREND IN FERCENTS (STOP BY 99)
+0

SALARY COSTS IN MILLION GUILDERS

G 0 0 0 000



Loc

GRADE
YEAR X LT CAF MAJ LTCOL  COL+ %  TOTAL

ey s 4 N 2 o o 440 oS oo 200 SN $ D04 S0 Sy S0 S e S A s B SO W MO . S B S e

1979 % 13.45 25.11 33.47 19.29 ?.35 %X 100.67
L BN BN B IR B N N I B R BN BT B L N L DL L L B B B B LI IR B I B N I B AR B R B BE RN

1980 x% b.66 27.05 37.14 22.78 ?.76 % 103.38
1981 x 7.49 27,54 34,69 23.08 ?.07 %x 101.87

1982 % 2,10 26,36 33,05 22,05 6:56 X ?7.11
1983 x 10,17 25.87 32,71 20.85 5.86 % ?5.46
- 1984 X 12,02 23,88 33.22 18.835 5.55 % ?3.53

- o e o — - - - - o o

DO YOU WANT THE STANDARD DEVIATIONS 7
NOD

TYFE IN THE YEARLY TREND IN FERCENTS (STOF BY 99)
99 .

WHICH OUTFUT DO YOU WANT (FIGURE. NO CODES) 7
o .

FOR WHICH YEAR DO YOU WANT A HISTOGRAM (STOF BY 99) 7

1984

ONE FIGURE STANDS FOR 10 EMPLOYEES

YEAR 1984 ¢

o e s e s oo e Sopm A g 2o s
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~~~~~~ L < T R e e - B a Tt - B < e A |

LT 111111i1111111111131311111111111 300

LT 111111111111111111111111111111 300
CAP 222222222222222222222222222222222222222222222 448
CAFP 2222222222022222323222222222222222222222222222232 448
MAJ  33333333333333333333333333333333333333333333333 4467
MAJ 3333333333333 FIFIIIIIIZIZIZIIZIZIZI3IIIIZIIZIZIZZ 467
LTCOL 4444444444444444444444 215
LTCOL 4444444444444444444444 215
COL+ S5555 53

CoL+ 55555 83

FOR WHICH YEAR D0 YOU WANT A HISTOGRAM (STOP BY 99) 7
WHICH OQUTPUT PO YDU WANT (FIGURE» NO CODES) 7

HOW DO YOU WANT TO CONTINUE (CODESyNO FIGURES) 7
+ SURVEY
AGE
DATAEASE
FLANNING
i L ~ . - . . v ~

+ o+ o+



60¢

1, 3y 1¢ 0.0 29 4y 1: 0.0 3» 45 1: 0.0 3r Sy 1! 0.0
1, 3y 2¢ 0.0 29 4y 2 0.0 3y 4y 2: 0.0 3y Sy 2% 0.0
1! 3! : 000 2’ 4! 3: 9800 3! 4! 3: 1409 3! 5! 30 000
1» 3y 4¢ 0,0 2 4y 4: 98.0 3y 4y 4: 0.0 3r S» 4% 0.0
1, 3, 5! 99.0 2y 4y 5! 98.0 3y 4y 3¢ 0.0 3y S5y 5¢ 0.0
1, 3» 6! 99.0 2y 4, 6! 98.0 3y 4y 6 0,0 3y Sy 6 0.0
1, 3y 7! 99.0 2y 4y 7! 98.0 3y 4y 7! 0.0 3y S5y 7: 0.0
1, 3y 8! 99.0 2r 45 8! 98.0 3y 4y 8: 0.0 3r S» t 0.0
1y 3» 9! 99.0 2y 4y 9% 98.0 3y 4y 9! 0.0 3r Sy 9! 9292.0
1y 3,10! 99.0 2y 4910 98.0 Jr 4910: 0.0 3r S910: 929.0
1, 3,11: 99.0 2y 4,11: 98.0 3r 4511¢: 0.0 3y Sl 99.0
1, 3,12: 99.0 2r 4,12: 98.0 3r» 4512: 0.0 3y Sr12: 99.0

0 0 002000 0200000000400 L0220 0000 0000000000000
. i

e o o o i - o 2050 94t S W e o S oo s oo - o T o g s oo S SO 2. S o g S o . D S0 S S S S Y e

8 9 10 18
4y &by 1t 0.0 4, 79 1! 0.0 4, 8, 1: 0,0 8y 12y 1¢ 0.0
4, 6y 2 0.0 4, 7 2¢ 0.0 4, 8y 2¢ 0.0 By 12, 2¢ 0.0
4y, 4y 3! 0.0 4, 7y 3t 0.0 4, 8, 3¢ 0.0 By 12y 3! 0.0
4y 6y 4% 0.0 4y 7 47 0.0 4, 8, 4% 0.0 8r 12y 4 39.2
4, 6y 5t 0.0 4y 79 9! 0.0 4, 8y 5 24.5 Br 12+ 53¢ 98.0
4y by 68 71.9 4y 7y 6¢ 2641 4, 8y 6! 0.0 8r 12y 6% 98.0
4y by 7! 71.9 4y 79 70 26.1 4y By 7! 0.0 8y 12y 7! 98.0
4, b6y B! 71.9 4, 7y 8: 26.1 4y 8+ 8: 0.0 8y 12y 8! 98.0
4y 4y 9! 71.9 4, 7y 93 26.1 4, 8y 9: 0.0 8, 12, 9! 98.0
4, 6510 71.9 4y 7,10 26.1 4, B8,10: 0.0 8y 12,10¢ 98,0
4y 6911 71.9 4, 79113 26.1 4y By11: 0,0 8y 125112 98.0
4y 4912% 71.9 4, 7912 26.1 4y B8,12: 0.0 By 12,122 98.0
LK BB B B K B RE I K B K K K K L ER B Y B BRI R BE R R B R EE R K B NE I YRR IR L RE BE BB R RE B BRI R RN R R S R N I R Y N Y R R R )



ore

YOU WANT THE AGE DISTRIRUTIONS FOR ALL GRADES INCLUDING RECRUITHENT

TYPE IN THE DESIRED FIGURE $ 20)
: YOU WANT THE AGE DISTRIEUTIONS FOR GRADE N

0

N

+ 0
TYPE IN THE MINIMUM AND MAXIMUM AGE FOR THE

AGE DNISTRIRUTION YOU WANT TO SEE 7
+ 21,54

400 i o i o W M o S e e e S Bl Bt kD e e Ao e Senk A St S S i R Pt e M GO R B A A R B W

ACTUAL MANFOWER DISTRIBUTION ! 1979

GRADE
AGE LT CAF  MAJ LTCOL cCOL+ TOTAL
54 kX 0 0 8 8 10 Xxx 26
53 Xk 0 4 24 21 14 xx 63
52 XX 2 8 29 33 28 %x 100
51 XX 1 7 20 30 10 X% 468
S0 Xk 0 ? 18 32 12 xx 71
49 X% 1 9 32 22 6 XX 70
48 xx 1 12 40 19 4 Xk 76
47 XX 3 9 29 7 1 xx 4%
46 X% ? é 32 12 0 XX 59
45 %x 4 8 26 10 0 Xk 48
44 %% 4 10 36 12 0 XX 62
43 XX 3 8 32 6 0 XX 49
42 XX 2 17 30 7 0 XX 56
41 X% e { 20 22 1 0 %X 44
40 XX 4 23 21 0 0 XX 48
39 XX 1 12 19 0 0 XX 32
38 XX 4 20 18 0 0 XX 42
37 XX ? 39 16 0 0 XX 44
36 XX 12 40 7 0 0 XX 59
35 Xx 10 31 7 0 0 XX 48
34 XX 20 27 1 0 0 XX 48



112

33 xx 26 34 0 0 0 Xxx 60
32 xx% 26 32 0 0 0 XX 58
31 xk 22 30 0 0 0 Kk 52
30 xx 13 2] 0 0 0 XK 34
2% xx 17 15 0 0 0 XK 32
28 *x 22 i0 0 0 0 Xk 32
27 XX ie B 0 0 0 KX 23
26 XX 32 0 0 0 0 Xk 32
25 Kk 21 0 0 0 0 Xk 2]
24 xx 17 0 0 0 0 XX 17
23 Xk 10 0 0 () 0 XX 10
22 %k i 0 0 0 0 XK i
21 XX 0 0 0 0 0 xxX 0

oo o e G o2 S0 e S I A S0 A S50 S O S M PO B T D AW M S A Wl L e MMM A S At R e s S ek T B 0. S O e s e A iy

o o o0 o e D 1 S W S et SO A O A O S ot S P B Mo OO S S48 S O S S WO S P G

GRADE | AVERAGE | DEVIATION !
! AGE f !
~~~~~~~~~ fm e e
LT 31.5 i 6.2 i
caP ¢ 37.4 ! 6.3 !
MaJ 45.3 ! 4,9 !
LTCOL ¢ 49,2 ! 3.2
coL+ ! 51.5 ! 1.7 !

H 1

B T T B

o o o 540 ot o S S S S S P AT S S W PR A S S T S T S AT S I O SIS L PP S 00 N Sosd O e e

THE AVERAGE AGE OF TOTAL MANFOWER IS 41.0 YEARS
THE DEVIATION IS B.5 YEARS

AR - 2 o o O St S S A B S S o o A SO44 T U S A PO R S WO T S S0 i AT PR S S O . B P



et st e e oo S s 4 S Aot B 5608 i Ao M i o Sk B o g Saon A G AR CPYE O ShAs kS K00 GAY CHBH U303 AL NS ek 0

YEAR ! 1984

GRADE
5 AGE LT CAF Ma.J LTCOL colL+ TOTAL
54 XX 0 2 30 23 10 Xxx 65
53 kX 0 2 34 28 6 kX% 70
52 %% 0 4 20 18 3 kX 45
51 %X 0 % 20 19 5 %x 53
S0 XX 0 4 19 16 6 XX 45
49 XX 0 I3 24 21 7 XXk 1]
48 xx 0 5 15 22 3 kX 45
47 XX 2 7 i8 18 8 XX 53
44 %% 3 ] 23 12 2 kX 45
45 XX 4 7 28 8 1 xx 48
44 Xxx 4 3 17 9 1 xx 34
43 kX 5 8 22 8 1 XX 44
42 XX 4 22 31 ) 0 kX 63
41 kX% 4 22 . 31 2 0 XX 5¢
40 %Xk 3 21 22 2 0 XX 48
T3P kK ] 27 16 Tl 0 XX 48
38 xx 3 37 19 0 0 XX 59
37 %k 3 36 18 1 0 XX 58
36 XX 4 23 24 1 0 XX 52
35 XX 9 14 17 0 0 %X 40
34 XX 14 19 i1 0 0 XX 44
33 KX 146 24 6 0 0 XX 46
32 kX% 21 19 2 0 0 kX 42
31 XX 22 30 0 0 0 XX 52
30 XX 22 21 0 0 0 kX 43
29 XX 21 21 0 0 0 %% 42
28 XX 22 20 0 0 0 XX 42
27 kX 20 14 0 0 0 %X 34
- 26 %K 23 11 0 ) 0 Xx 35
25 XX 25 b 0 0 0 %X 31
24 XX 22 1 0 0 0 XX 23
23 %X 13 o] 0 0 0 XX 13
22 %X 6 0 0 0 0 kX 6
21 %% 1 0 0 0 0 X% 1

ot S A B g 2 B 5 B S0t om0 SO RS it A S . RO TR S0P SRS OOV S WA A e G OO O S At O 500 W00 B Chun S S04 WY SAAS ek e e e e



13 ¥4

AVERAGE AGES OF MANPOWER

o e v e e o —— T -

GRADE ! AVERAGE | DEVIATION !

| AGE ! !
~~~~~~~~~ f oo f e
LT 30.2 ! s.7 !

CAF ! 36.3 ! 6.5 1
MAJ i 44,4 ! be1
LTCOL | 49,1 ! 3.8 !
coL+ ! 50.0 i 3.0 !

: f !

e v e som v e o e sams § sntn e o s et ot st et o o s e § s e . e S i e St o SO

THE AVERAGE AGE OF TOTAL MANFOWER IS 40.0 YEARS

THE DEVIATION IS 8.7 YEARS

TYPE IN THE DESIRED FIGURE 3

0! YOU WANT NO FIGBURE OF THE AGE DISTRIBUTIONS

N: YOU WANT THESE FIGURES WHERE N SUCCESSIVE AGES
ARE TAKEN TOGETHER

FIGURE OF THE ACTUAL MANPOWER § 1979

Shen s e s oo s G GO GORD B o s hCH ot o DO AR KO GOAS W Wk G S P 406, A B W W P S 4 SO O SO O O U A O D005 2000 D B OO 0 U6 008



[AY4

AGE X

5254 %223333333333334444444444445555555555
4951 k222223333333333333344444444444444444555555
44648 ¥1112322233333333333333333333444444445
43-43 ¥11222223333333333333333333444444
40~42 ¥1122222222222233333333333333344

37-39 X1112222222222222233333333333

34-36 x1111111122223222222222222222333

31-33 ¥1111111111111112222222222222222222
28~-30 %1111111111222222322

2527 k111111111111112

22-24 %111111

21-21 X

1 FIGURE = S EMPLOYEES

e e e s it 2 et i, S o SR Sess i o7 S2b% S A0 TR 2368 A WA P S S WG AR 50 TS Bt S99 A 949 VN A R Y 990 B e e B o e o il e St

YEAR : 1784

e o 4B a7 00 2 S T Yo e S0 e SH GRS NS U S Ched L OAAS S SO e o B . TAY A T S 400 S0 G S B 9 S YO Y Sres Shey e e S i ot e 000

2 ot o e Sabe o B S b S0 Sk GHen Chek 0k GO0 SA00 AL SO AR CADS- SO SAn SR S . B o S WS Y 4000 €S04 609 S470 Une eu. S S e e et Sk A bt S et B0 000 YR

92-54 %233333333333333333444444444444445555
4951 *2222333333333333344444444444735355
46-48 ¥12223333333333344444444444555
43435 X¥1122223333333333333444445

40~-42 ¥1122222222222223333333333333333344
3739 %112222222222222222222233333333333
34-36 %x11111222222222223333333333 _

31-33 x11111111111122222222222222233
28-30 Xx1111111111111222222222222

29-27 ¥%11111111111111222222

22-24 x11111111

i A ont S S S0 Tt e S0 S SO e i S g i i U A S0 S S S, S P S A RO B B o T V) S S AR 000 S 2. G40 DS, O e B B




S1¢

YOU CAN CHOOSE FROM TWD DATA-BASES # TYFE IN?
0 ¢ ACTUAL TRANSITION PERCENTAGES AND BASIC YEAR = 1979
1 ¢ ACTUAL TRANSITION PERCENTAGES AND YEAR = 1984

TYPE IN THE NAME FOR THE NEW DATA-BASE 7T 21)

+ TEST.

FLOW SCHEME FOR RECRUITS 22

CreE et I EEEEEETIEERNBLIESEOEEDR

FROM TO AFTER ... YEARS

GRADE GRADE i 2 3 4
1 X% i 98 96 0 0
1 x 2 0 0O 94 93
1 x 3 o 0 0 0
1 x 4 0 0 0 0
1 X% ] 0 0 0 0
2 X% 2 ¥ 97 ®6 93
2 X% 3 0 0 0 0
2 X% 4 0 0 0 0
2 X% 5 0 0 0 0
3 % 3 8 96 94 88
3 % 4 0 0 0 5
3 % S 0 0 0 0
4 X 4 99 97 96 84

4 X ] 0 0 0 10
5 % ] 8 97 96 94

ottt B s o e T S GON S W R St WP Sl S Mt 0 . 00 B Bk o

DO YOU WANT TD CHANGE THE FLOW SCHEME FOR RECRUITS 7

IN HOW MANY GRADES IS RECRUITMENT ALLOWED 7



gie

+

TYFE IN THE NUMBERS OF THESE GRADES AND ON THE NEXT LINE
THE MAXIMAL ALLOWED RECRUITMENT FOR THE & FLANNING YEARS 7
1 . :
50¢50s50¢50,50

TYFE IN THE LOWER BOUND GRADE SIZES FOR THE S FLANNING YEARS 7
GRADE 1¢
170,200,250, 300y 350

TYPE IN HOW MANY YEARS REFORE RECRUITHMENT IS ALLOWED 7

MANPOWER DISTRIBUTION IN PLANNING FERIOD INCL. RECRUITMENT

0""”.."0""'..‘.'"""00"""”..""'0'....0.0.'..

GRADE
YEAR % T CaP MAJ LTCOL CoL+ x TOTAL
1979 % 318 466 4467 220 85 x 1356
LR N N N N RN NN NN EEEE RN N R I I I IR
1980 x 170 529 = 529 262 90 x 1580
1981 % 200 532 492 266 84 x 1574
1982 x 250 503 448 253 62 X 1536
1983 % 300 492 440 239 55 X% 1546
1984 x 350 458 447 215 53 x 1543

S o s o s o e ot ot [ry——— o Suts LA s 44 S PO D P S SD0E S i 2o Dot S BT S S0 S S e i

RECRUITMENT IN‘PLANNING FERIOD

LRI I I 2 A T R IR IR I N K O O BN O AR B N N B AN A A N



Lie

GRADE

YEAR X LT CAP MAJ LTCOL COL+ x TOTAL
1979 % 3 0 0 0 0 x 3
L2 B B K BN R R A B RN N N R K IE AE K O B BN B RN BN 2N N 2N 2K BE K AR AR AKX R 20 20 B U N BN BN BN NN NN I NN 1
1980 x 7 0 0 0 0 x 7
1981 x 10 0 0 0 0 % 10
1982 * 27 0 0 0 0 x 27
1983 x 14 0 0 0 0 x 14

DO YOU WANT RECRUITMENT FLANNING AGAIN 7T
NO

HOW DO YOU WANT TO CONTINUE (CODES,NO FIGURES) 7
STOP

THIS IS THE ENI' OF THE INTERACTIVE COMPUTER FROGRAM

© RAOKRKORK KK KKK KKK KKK KOK KKK KKK KK KK KK KK KK KK K K K K KK KK oK K KKK KK K K

R At ++ HEEEE R AR ++
+ + 4 + o+ + o+ 4+ 4+ 4 + o+ + 4 +
+ + + o+ + o+ o+ 4+ o+ 4 + o+ + 4+
H+HE 4 + bR O+ O+ 4+ + ittt + +

+ + + o+ 0+ + + bttt + +

+ + + o+ + + + 4+ + + +

+ + + o+ + + + o+ + + +

+ + + 4+ + 4 + o+ + o+ + +

++ 444444+ 4 +H++ +++ ++4 4 HHE 44 ++4+

23)
#ET=28:47.7 PT=40.2 10=4.4



Notes
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3)

4)

5)

6)

N

8)

9)

10)

i1)

12)

13)

14)

15)
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By this command the user starts the processing of the computer

program which is continuously stored on disk (backgfound;storage).

The data-~base "OFFICERS" contains the necessary input data for
the group "officers™. Such data-bases are also stored on disk

(bgckground storage) .

If such comments have been indicated on the data-base, then they

are printed at this moment.

If the user does not know the answer, then he may type in "HELP"

whereafter he receives the possible answers.

Sometimes, the user wants to lump some grades or function levels.
In that case he may indicate which grades have to be taken to-
gether by the code "SUBTOT".

The figure serves as a delimiter for the codes.

This list follows from the code * INPUTPRINT". It gives some data

recorded on the data-base.
The class "turnover" has to be indicated by (0,0,0).

The transition percentages for the transitions 3 - 26 have been

deleted here.

This list follows from the code "EXTRAPRINT". The data with
respect to the transitions:-5 -~ 24 have been deleted here.

For the maximum grade seniority (here 12), the number of em-
ployees with this grade seniority indicates the number of em-

ployees with this grade seniority or more.
Because of the code "RECRU" (recruitment),
Because of the code "CHANGE" (changes of career policies)

Back-shift of the promotion percentages means that the first
percentages of the transition are skipped.

The changes for the transitions 6,8,9 and 10 have been deleted

here.



16)

17)

18)

19)

20)

21)

22)

The flows indicate for each grade the numbers of recruits, promo~
tion into the grade, total inflow, promotions out of the grade,

turnover, retirements and total outflow respectively.
In this year the- steady-state distribution is obtained.

Such a trend may indicate for instance the inflation percentage

or the yearly extra salary increase.

Because of the code "SURVEY" (transitlons for which transition

percentages have been changed).
Because of the code "AGE" (forecasts of the age distribution).

Because of the code "DATA BASE" (recording of changed data on

a new data-base).

Because of the code "PLANNING"™ (recruitment planning).
The flow scheme indicates for allrgrades the percentage of

employees which is still in that grade and which has been pro-

- moted to higher grades for 1,2,3,.... years after entrance in

23)

that grade.

The "elapsed time" for this run has been about 28 minutes which
was mainly caused by the large numbers of options which have been
used for this example and by the number of users of the computer
system. The “"process time" has been about 40 seconds which was
mainly caused by the computation of the exact standard deviations.
The “input-output time" was about 4 seconds for the transport

of data.
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SAMENVATTING

Onder de term “personeelplanning” worden in de literatuur vele plan-
ningsactiviteiten met betrekking tot het personeel verstaan: korte,
"middelange of lange termijnplanning, planning voor individuern of voor

groepen personeel, enz. Wij behandelen een aantal methoden voor
middellange en lange termijn personeelplanning veor groepen personeel

welke bruikbaar zijn voor groter organisaties.

In hoofdstuk 1 wordt personeelplanning dedefinieerd als een verzame-
ling activiteiten die ten doel hebben het noodzﬁkelijke aantal per-
sonen met de vereiste kwalificaties in de organisatie aanwezig te
hebben, zodat de doelen van de organisatie worden verwezZenlijkt en
waarbij rekening wordt gehouden met de ‘belangen van de indiv%duele
personeelsleden. Als activiteiten onderscheiden wij: wervingplanning,
loopbaanplanning, opleiding- en vormingplanning en plaatsingplanning.
De drie fasen van het personeelplanningsproces zijﬁ: het voorspellen
van de behoefte aan personeel, het voorspellen van de beschikbaarheid
van perxsoneel en de onderlinge afstemming; van behoefte en beschikbaar-
heid, Een typologie van organisaties met betrekking tot personeelplan-
ning is ontwikkeld. Hierin wordt aangegeven welke personeelplannings=

activiteiten voor verschillende typen organisaties belangrijk zijn.

In het tweede hoofdstuk wordt de eerste fase van het personeélplan—
ningsproces behandeld: het voorspellen vanvde behoefte aan personeel.
We conderscheiden statistische en subjectieve methoden voor hét ver—
krijgen van deze voorspellingen. Ten aanzien van de statistische
methoden kan weer een onderscheid worden gemaakt in de univariate
extrapolatiemethoden en de multivariate methoden waarbij een relatie
wordt ondersteld tussen personeelbehoefte en een aantal verklarende
variabelen. Omdat de personeelbehoefte door vele factoren wordt bein-
vloced, zijn algemene statistische methoden niet altijd bruikbaar. Het
type organisatie en de personeelgroep waarvoor wordt gepland, zijn be-

palend voor de toepasbaarheid van deze methoden.

Teneinde enig inzicht te verkrijgen in de wijze waardp de personeel-
behoefte wordt voorspeld in praktijksituaties is een onderzoek gedaan
in een aantal Nederlandse organisaties. Tenslotte wordt in dit hoofd-

stuk een procedureschets gegeven van personeelbehoeftebepaling.
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In hoofdstuk 3 komt de tweede fase van het personeelplanningsproces
aan de orde: het voorspéllen van de beschikbaarheid van personeel.

Een aantal wiskundige methoden worden gepresenteerd waarmee de ont-
wikkeling van de persconeelbezetting kan worden voorspeld. Achtereen-
volgens worden behandeld: Markov modellen, renewal modellen en opti-
maliseringsmodellen. De laatste twee typen modellen zijn geen zZuivere
voorspellingsmodellen maar combineren het voorspellen met het afstem-
men van beschikbaarheid en behoefte. In dit hoofdstuk wordt aangegeven
aan welke eisen de modellen moeten voldoeh'teneinde toepasbaar te zijn
voor personeelplanning. Op grond hiervan, de gegeven definitie van
personeelplanning en de gekozen indeling van het personeelplannings-
proces hebben wij een Markov model gekozen als basis voor een perso-

neelplanningssystem.

Wij beschrijven in hoofdstuk 4 het op een Markov model gebaseerde per-
soneelplanningssysteem FORMASY. Met behulp van dit interactieve compu-
terprogramma kan men de ontwikkeling Qan een personeelbezetting voor-
spellen alsmede de gevolgen van een alternafief personeelbeleid. Ten-
einde de kloof tussen theoretische ontwikkeling en praktisch gebruik
van het planningssysteem te verkleinen, is veel aandacht besteed aan
de toepasbaarheid. FORMASY is zodahig opgezet dat het kan worden toe-
gepast door personeelmanagers of leden van een personeel- of planning-

afdeling, dus door de deskundigen op personeelplanningsgebied.

Essentiéle gegevens voor FORMASY zijn de huidige personeelbezetting
ingedeeld in categorién, de overgangsfracties vooxr iedere categorie

en de toekomstige werving per categorie. De overgangsfracties kunnen
daarbij gebaseerd zijn op historische gegevens, maar kunnen ook bepaald
zijn op basis van een alternatief beleid. Als resultaat van FORMASY
verkrijgt men de voorspelde bezettihg per categorie, de leeftijdsver-
delingen, verwachte salariskosten, stationaire verdelingen en diverse

andere opties,

In hoofdstuk 5 komt de ondexlinge afstemming van personéelbehoefte en
=beschikbaarheid aan de orde, Het ontwikkelen van een alternatief be-~
leid met betrekking tot werving, loopbaan, opleiding en vorming en
plaatsing komt hierbij aan de orde en in het bijzonder de rol die een
personeelplanningssysteem als FORMASY hierbij kan vervullen. Voorbeel-

den van toepassing van het planningssysteem worden gegeven «
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Ingegaan wordt op hét aggregatieniveau van peréoneelplanning, d.w.z,
hoe moet het personeel worden verdeeld in groepen waarvoor planning
relevant is. Belangrijke factoren voor'deze verdeling zijﬁ de iengte,
van de planninghorizon en de flexibiliteit met betrekking tot ﬁitwisf;

seling van personeel en functies.

Een andere belangrijke vraag die aan de orde komt, is: welke planning-
horizon dient te worden gekozeh? Bepalende factoren hiervoor zijn de
onzekerheden ten aanzien van de voorspellingen en de mate van flexi-

biliteit van personeelbehoefte en ~beschikbaarheid.

Tenslotte zijn in dit hoofdstuk in het kort een aantal organisatorische
consequenties van de invoering van personeelplanningssystemen zoals

FORMASY aangegeven.

In het zesde hcofdstuk behandelen wij een praktijkvoorbeeld van toepas-
sing van het personeelplannlngssysteem FORMASY. De organlsatle waarop
deze toepassing betrekking heeft is de Koninklijke Nederlandse Lucht-
macht. Zowel de lange, middellange als de korte termiljn personeelplan-

ning komen aan de orde evenals de planning voor diverse dienstgroepen.

In de appendix, tenslotte, is een voorbeeld gegeven van verwerking

van FORMASY op de B7700 computer van de Technische Hogeschool ' Eindhoven.
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STELLINGEN
behorende bij het proefschrift

INSTRUMENTS FOR CORPORATE MANPOWER PLANNING,
APPLICABILITY AND APPLICATIONS

door

C.J. Verhoeven



I

De oplossing van de overbezetting van top-rangen welke wordt aange-
geven in het voorbeeld in subsectie 5.3.1 van dit proefschrift, is
strijdig met de verwachte ontwikkelingen op de Nederlandseé arbeids-

markt.

II

De flexibiliteit bij personeelplanning in een organisatie Qordt aan-
zienlijk vergroot door het verhogen van het aandeel van petsoneel in
tijdelijke dienst in het totale personeelbestand en door hét stimu-

leren van deeltijdarbeid.

Iy

Het is onrechtvaardig om de gevolgen van veranderingen op de arbeids-
markt en schaarste aan financi&le middelen uitsluitend af te wentelen
op recente toetreders tot de arbeidsmarkt en de overige werknemers

te ontzien.

Iv

Het gevaar bestaat dat een inkrimping van het personeelbestand bij
de Nederlandse universiteiten en hogescholen in het kader vén be~
zuiniging~n zal leiden tot een vermindering van het aantal pérso—
neelsleden in tijdelijke dienst, terwijl het aantal medewerk?rs in
vaste dienst niet of nauwelijks zal afnemen. Een gevolg hiervan is
een verkleining van de onderzoekcapaciteit terwijl de totale:salaris-

last niet noodzakelijk zal afnemen.

v

Wanneer een werkgever de wet op het minimum loon ontduikt metémeer
dan 20%, is het voor de betrokken werknemers financleel aantrékkelijk
om volledig arbeidsongeschikt te worden verklaard omdat de uitke-
ringen in het kader van de Ziektewet minimaal 80% van het wettelijke

minimum loon bedragen.



V1

De techniek van kwadratische programmering wordt zelden toegepast in
de econometrie. De methode is echter bijvoorbeeld geschikt voor het

oplossen van portefeuille-selectieproblemen, onderzoek naar de struc-
tuur van een bedrijfstak (omvangsverdeling van ondernemingen) en het

voorspellen van de macro-economische ontwikkeling van bedrijfstakken.

Lit. C.J. VERHOEVEN, Een algorithme voer het oplossen van kwadra-
tische programmeringsproblemen met de mogelijkheid van ge-~
voeligheidsanalyse gebaseerd op de simplexmethode,
deel 2 : Toepassingen van kwadratische programmering.

Katholieke Hogeschool Tilburg, juni 1976,

VIiI

In het geval van perfecte negatieve correlatie tussen de rendementen
van twee fondsen wordt het verband tussen de verwachte opbrengst van
de portefeuille en de standaardafwijking. grafisch weergegeven door

twee lijnstukken. De efficiénte punten bevinden zich niet slechts op
het bovenste lijnstuk, zoals ten onrechte is vermeld in Eygenhuysen

(1977). Een correcte weergave is gegeven in Fama (1976).

Lit. H.G. BYGENHUYSEN, Risico en rendement van aandelenportefeuilles.
Stenfert Kroese, Leiden (1977), pp. 76~77.
E.F. FAMA, Foundations of finance.

Basic Books, New York (1976), pp. 220-222.

VIII

Indien het lokaal tarief voor telefoongesprekken (vast tarief onge-
acht de gespreksduur) wordt afgeschaft, levert dit een bijdrage aan

de verkleining van de wachttijd bij telefooncellen.

IX

Het verdient aanbeveling aan degenen die geen militaire dienstplicht
behoeven te vervullen, gedurende een bepaalde tijd een heffing op het
inkomen op te leggen ten gunste van degenen die wel dienstplicht ver-

vullen, teneinde een gelijke verdeling van lasten te verkrijgen.



X

Uit het oogpunt van rechtvaardigheid verdient het aanbeveling om aan
wetenschappelijk personeel in tijdelijke dienst aan de Nederlandse
universitaire instellingen, evenals dit gebeurt bij de Kort Verband
Vrijwilligers in het leger, een premie toe te kennen bij de contrac-

tuele beéindiging van het dienstverband.

Eindhoven, 25 november 1980 C.J. Verhoeven



