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ON THE STRUCTURE OF MANPOWER PLANNING, 

A CONTRIBUTION OF SIMULATION EXPERIMENTS WITH AGGREGATION METHODS 

Abstract 

by 

J.D. van der Bij 

J. Wessels 

J. Wijngaard 

In this paper two ways are considered to estimate the possibilities to 

match manpower availability to manpower requirement in the organization ac

tivity plan of a task oriented unit of an organization. One estimation 

procedure is based on detailed information about the personnel groups 

which are located in the task oriented unit. The other procedure is based 

on aggregate information about total availability and total personnel 

requirement in the whole unit. Sometimes these organization activity plans 

are used in a normative way. Concrete steps are taken on the basis of 

these plans. An example of such a situation has been analysed in this 

paper as well, for the case that steps are taken on the basis of detailed 

information and for the case that steps are taken on the basis of aggregate 

information. 

Results of this research are derived by simulation experiments. 
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Introduction 

Personnel planning is defined as the process of matching personnel re

quirement and personnel availability. On the requirement side one dis

tinguishes task oriented units e.g. profit centres, plants, departments, 

etc. In general the organization activity plan, in which long term object

ives of the organization are set down and worked out, is specified for 

the various task oriented units of the organization. At the generation 

of the organization activity plan, mainly financial aspects play a role. 

Financial consequences of all possible resources must be estimated. At 

this estimation requirement as well as availability aspects are important. 

In fact, a global estimation is made of the average costs which have to 

be spent on the matching of availability and requirement of all resources. 

In this paper we will consider the personnel resource in more detail. In 

general (implicitly or explicitly) aggregate information w.r.t. the per

sonnel is used to estimate the average costs which will be necessary to 

match personnel availability to personnel requirement in the task oriented 

unit. 

The first theoretical question which can be posed, is how good such an 

estimate, based on aggregate information w.r.t. the personnel, can be. In 

general various personnel groups are located within one task oriented 

unit. Turnover, salary-level, quality etc. can be different in each person

nel group. It is also possible that more people with a certain quality 

are required to realize the organization activity plan than people with 

other qualities. In this paper we investigate this question in a task 

oriented unit consisting of two personnel groups. The quality of the people 

in both personnel groups is different, but not the turnover and the salary

level. The personnel requirement can be specified for each personnel group. 
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In this paper the following two situations have been investigated: 

a. Estimations of the average costs in the long term organization acti

vity plan of the task oriented unit are made on the basis of detailed 

information about the personnel availability and the personnel require

ment of both personnel groups. 

b. Estimations of the average costs in the long term organization activi

ty plan of the task oriented unit are made on the basis of aggregate 

information about the total personnel availability and the total per

sonnel requirement of the whole task oriented unit. 

It has been assumed that there is a certain mobility between the two per

sonnel groups. The mobility is mainly the capability (different qualities) 

and willingness of people of one personnel group to do jobs which are 

suitable for the people of the other personnel group. It is clear that in 

case of complete mobility, aggregate information w.r.t. the personnel is 

just as good as detailed information. So, mobility plays a central role 

in this problem. But also other parameters play a role such as the size 

of the turnover, the structure of the manpower requirement process etc. 

This problem is treated in more detail in section 3. Results are derived 

by simulation experiments. 

A more practical problem has been investigated in this paper too. In a 

centrally controlled organization, one can use these organization activi

ty plans for the various task oriented units in a normative way. As an 

example of such a situation it has been assumed in this paper that on the 

basis of the organization activity plan of a task oriented unit, the total 

recruitment for the next year in this unit is determined, so the control 

variable is the total recruitment. Also in this case the two situations 

a and b can be compared (in a task oriented unit consisting of two per-
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sonnel groups). If the total recruitment is determined on the basis of 

detailed information of both personnel groups, it is obvious how this 

total recruitment has to be distributed over. the two personnel grouµs. How-

ever, if the total recruitment is determined on the basis of aggregate 

information of the whole unit, this is not so obvious. An assignment plan 

has to be made to distribute the recruits for the next year over the 

personnel groups. This plan is constructed on the basis of detailed in-

formation about the personnel availability and the personnel requirement 

in both personnel groups for the next year. This problem is treated in 

more detail in section 4. Also in this case results are derived by simu-

lation experiments. 

In section 2 the task oriented unit in which the two problems have been in-

vestigated, is described in more detail. In sections some general remarks 

are presented w.r.t. the use of simulation experiments to gain insight 

in the structure of manpower planning 

2. Description of the personnel system 

In this paper a personnel system will be considered consisting of one 

task oriented unit (for instance: a profit centre) in which two personnel 

groups are located. This system is depicted in figure I. 

ersonnel 
group I 

recruitment i 

mob' lity 

personnel 
group II 

i recruitment 

'Figure I. Manpower flows within one task oriented unit, in which two per
sonnel groups are located. 
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Internal recuitment from other personnel groups of the unit or external 

recruitment is possible in both personnel groups. Each year in every 

personnel group there is some turnover of people who are leaving the 

organization or, at least, the task oriented unit. The turnover in a 

personnel group is assumed to be a fixed fraction of the number of people 

in that group. This turnover fraction is assumed to be the same for both 

personnel groups. Between the two personnel groups, which are considered, 

there is a certain mobility. The maximum mobility in a personnel group is 

assumed to be a fixed fraction of the number of people in that group. 

Firing (negative recruitment) is not allowed. The future manpower require-

ment for both personnel groups is partly predictable. 

The following model describes the development of the manpower availabi-

lity at time t: 

Xt(l):= (1-a)Xt_ 1(1) 

Xt(2):= (1-a)Xt_ 1(2) 

Mt(l) + Mt(2), 

+ Mt(l) - Mt(2), 

where the following notation has been used: 

given, 

given, 

Xt(i):= number of people in personnel group i at time t, 

Rt(i):= recruitment in personnel group i in period (t-1,t], 

Mt(i):= number of people going from personnel group i to the other person

nel group in period (t-1,t], 

mmob:= maximum mobility fraction, 

a := turnover fraction • 

So M (i) and R (i) are the decision variables (see section 4). They have 
t t 

to satisfy the following restrictions: 

Mt(i) $ rmnob Xt_ 1(i) 

Mt(i), Rt(i) ~ 0 

(i = 1, 2) ' 

(i=l,2). 
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The manpower requirement process is assumed to be autonomous, The struc-

ture of this requirement process is very important for the performance 

of the two ways of planning. Consider, for instance, the possibility that 

the manpower requirement in both personnel groups is highly correlated. In 

that case, after a.while, both personnel groups have the same personnel 

problems, so they cannot help each other. The reliability of the esti-

mates of the personnel requirement is also an important aspect. In this 

paper we only consider requirement processes which fluctuate around an 

average which is independent of time. 

The following model is used to generate the manpower requirement in person-

nel group i (i = 1,2): 

where the following notation has been used: 

Gt(i):= required number of people in personnel group i at time t, 

0(i) := average requirement in personnel group i, 

ut(i):= unknown fluctuations of the average requirement in personnel 

group i in period (t-1,t]; 

in period [t-1,t): ut(i),ut_ 1(i), ••• ,u0 (i) are known, 

kt(i):= known fluctuations of the average requirement in personnel group i 

in period (t-1,t]; 

inperiod[t-1,t):kt(i.)(i=l,2)is known for all .Q. E: JN u {O}. 

That means that an estimate of G 0 (i) at time t (notation G 0 (i)) will 
t+N t,N 

be given by: 

Gt,O(i) = Gt(i) ; i = 1,2 

<\,t(i) = 0(i) + ktH(i); .Q. > O, i = 1,2. 

To be able to take into account a certain correlation between the require-

ment in different personnel groups, the variables u and k are generated 



- 7 -

in the following way: 

k (.) 0(i) {kct + kut(i·)lf t l. := 0(1) + 0(2) 

u c u c where u (.), u , k (.), k are independent identically distributed normal . 
2 2 2 2 

variables with mean 0 and variance resp. cru(u), cru(c), crk(u), crk(c); more-

c not depend on u 
t2 

or i 2 # i 1 and k~ 1 
That means that 

if t
2 

# t 1, k~ (i 1) does not depend on 
I 

does not depend on kc if t
2 

# t 1• 
t2 

uu(i) only contributes to (unknown) fluctuations in personnel group i in 
t -

period (t-I,t], 

u~ contributes to (unknown) fluctuations in both personnel groups in period 

(t-1, tJ, 

k~(i) only contributes to (known) fluctuations in personnel group i in 

period ( t-1 , t], 

kc contributes to (known) fluctuations in both personnel groups in period 
t 

( t-1 'tJ' 

0(i) 
0(!) + 0 (2) is a factor which ensures that cr{Gt(l)}/cr{Gt(2)} = 0(1)/0(2) 

3. How good an estimate, based on aggregate information, can be: a comparison 

of the use of detailed information and the use of aggregate information 

In this section the problem is treated how good estimates based on aggre-

gate information, can be. These estimates are compared with estimates 

based on detailed information. Suppose the activity plan of the task ori-

ented unit, described in section 2, requires a certain personnel content 
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of each of the personnel groups. One can use recruitment and mobility to 

meet this requirement as well as possible. Estimates can be made how well 

the personnel availability will match the personnel requirement. These 

estimates can be based on information about the total availability and the 

total personnel requirement of the task oriented unit but also on detailed 

information about the personnel availability and requirement in both per

sonnel groups. In section 3.1 these two different ways to estimate the 

goodness of the match availability/requirement are described and a perform

ance criterion as well. Results are derived by simulation experiments. In 

section 3.2 the design of these experiments is treated and in section 3.3 

some results are given. 

3.1. Description of the two estimation procedures 

In the two following procedures an estimate is made of the possibilities 

to match the personnel availability to the personnel requirement following 

from the organization activity plan of the task oriented unit. Often in an 

organization a long term activity plan is constructed every year for, for 

instance, the following T years. But only the activity plan for the next 

year is actually executed. The estimation procedures have the same charac

teristics. Each year, estimations are made for the following T years on the 

basis of the information which is available at that moment, but only the 

estimations for the next year are actually measured. The most straightfor

ward way to estimate the mismatch, which will result from the matching 

process, is to measure the linear distance between personnel availability 

and personnel requirement. Of course it is desired to minimize this distance. 

The same notation as in section 2 will be used. 
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3.1.l. An estimate based on detailed information 

One way to estimate the mismatch, which will result from the matching 

process, when detailed information about both personnel groups can be used, 

is to measure the linear distance between personnel availability and person-

nel requirement of both personnel groups. Since it is desired to minimize 

this distance, basis of this estimation procedure from time t 0-I onwards, 

is the following minimization problem for Xt(i), Rt(i) and Mt(i) 

(i=l,2; t=t0 , ••• ,t0 + T-1): 

min T~l f Ix (I) 
l i t +2 

2=0 l 0 

such ):hat for t = t 0 , ••• , t 0 + T-1: 

xt < l) = (I - ct)Xt-1 (I) + Rt (I) Mt ( l) + Mt(2), xt -1 ( l) given, 
0 

xt (2) = (I a)Xt-l (2) + Rt (2) + Mt ( l) Mt(2), xt-1(2) given, 
0 

Mt ( l) ::;; mmob xt-1 (I)' 

Mt (2) ::;; mmob xt-1 (2)' 

Mt(l), Mt(2), Xt(l), Xt(2), Rt(l), Rt(2) ;;::: o. 

The quality of this estimation procedure i is measured at each time t 0 by 

3.1.2. An estimate based on aggregate information 

The following notation will be used: 

Xt:= Xt(l) + Xt(2) , 

at,2:= at,2< 1) + at,2< 2)' 

Gt:= Gt(l) + Gt(2) , 

Rt:= the total recruitment in the whole task oriented unit in period (t-1,t]. 
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Now a way to estimate the mismatch is to measure the linear distance 

between the total personnel availability and the total requirement in the 

whole task oriented unit. It is desired to minimize this distance. Basis 

of this estimation procedure from time t 0-1 onwards, is the following 

minimization problem for Xt' Rt (t = t 0 , ••• ,t0 + T-1): 

min 

such that for t = t 0 , ••• ,t0 + T-1: 

xt = (1 - a)Xt-l + Rt , 

Xt,Rt ;:; O. 

The quality of this estimation procedure j is measured at each time t 0 by: 

c(j,to):= jxto - Gtol· 

3.2. Design of the simulation experiments 

In the simulations performed here, the following parameters have been 

varied: 

2 
variance of uu( 1) and u~(2) cr (u) := u t 

2 
crk (u) :.= variance of k~( 1) and k~(2) 

2 
variance c cr (c) := of ut u 

2 
crk(c):= variance of kc 

t 

mmob:= the maximum mobility fraction, 

a := the turnover fraction • 

The following parameters have been fixed: 

0(1) = 0(2) = 50; without loss of generality one may fix the average 

personnel requirements; 
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x0 (1) = x0 (2) = 50; the number of people in each personnel group is 

assumed to be equal to the average personnel re-

quirement in that personnel group; 

T = 5; it is shown in [6] that 5 is an acceptable planning horizon if 

the turnover is about 10%. 

N = 90; all simulation experiments have been executed over 90 periods 

of time; 

a sample from a normal distribution with µ = 0 and cr
2 = 1 has been used 

to generate realizations of the various variables in the demand process; 

since the use of random number sets for different simulation experiments 

would be an extra source of variance, we used the same set of random 

numbers in all experiments; 

2 2 2 2 
ou(u) + ou(c) + ok(u) + crk(c) = 100; the coefficient of variation of 

the manpower requirement process in personnel group i, which is given by: 

le /cru
2

(u)+cru
2

(c)+ok
2

(u)+ok
2

(c) 
G(i)2() 2() 2 ) 2( )/·(·) = 

0(1)+0(2) Ou U +cru C +ok(u +crk c 0 1 0(1)+0(2) 

has been taken constant (1/10). 

2 2 2 
Notice that by varying the parameters ok(c), crk(u), ou(c), 

simulated. Only the cases 

2 
cr (u) 

u 
2 

cr (u) 
u 

many 

2 = cr (c) = 0 
u 

degrees of predictability can be 

(deterministic case) and cr~(u) = 

considered in this paper. 

2 
crk(c) = 0 (stochastic case) have been 

At the end of each simulation experiment 

• 1 90 
C(J):= 90 I C(j,t) 

t=l 

has been computed for each estimation procedure j. On the basis of this 
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average cost, the two procedures have been compared. 

3.3. Some results 

In this section some results are presented of simulation experiments with 

the two estimation procedures, described in section 3.1. The results of the 

simulation experiments do not show much difference between the two estima

tion procedures. 

This is probably caused by the fact that we only consider very special 

manpower requirement processes, namely processes which fluctuate around 

an average which is independent of time. So processes in which a trend in 

time has been assumed, haven't been considered. However, comparing average 

costs_of the two procedures at different values of the model parameters, an 

idea can be obtained for which values of the model parameters, estimates 

based on aggregate information, can actually be improved by the use of de

tailed information about the two personnel groups in the task oriented unit. 

In general the estimates based on aggregate information are most optimistic, 

but not always very valid. 

In the figures and tables the estimation procedure based on detailed in

formation, T periods ahead, will be denoted by detail (T). The estimation 

procedure based on aggregate information, T periods ahead, will be denoted 

by aggr(T). 

3.3.l. The turnover fraction 

Only if the turnover fraction is small, there is some difference between 

the two estimation procedures. When the turnover is more than 10%, both 

estimation procedures are equally good in case the maximum potential mobi

lity is about 10% and there is some correlation between fluctuations in 
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the future demand in different personnel groups. If the uncertainty in the 

future demand increases, differences between the estimation procedures are 

decreasing. Some of these results are shown in table 1. In the upper part 

of table I the deterministic case is considered, in the lower part of 

table I the stochastic case is considered. 

average costs model parameters 

aggr(5) detai1(5) 2 2 2 2 cr (c) ,cr (u) crk(c),crk(u) mmob a 
u u 

3.25 3.37 0,0 50,50 0. 10 0.05 

1.65 I. 6 7 o,o 50,50 0. 10 0.10 

0.75 0.75 o,o 50,50 0. I 0 0. 15 

3.92 3.93 50,50 o,o 0. 10 0.05 

2 .07 2.08 50,50 o,o 0. I 0 0. I 0 
- 0.98 0.98 50,50 0,0 0 .10 0. 15 

Table I. Difference between the two estimation procedures in the deter
ministic and stochastic case, when the turnover fraction in
creases. 

3.3.2. The maximum mobility fraction mmob 

If the maximum mobility fraction is small, in general estimates based 

on aggregate information are too optimistic. If the maximum potential mobi-

lity is more than 10%, both procedures are equally good, at least in case 

that the turnover is about 10% and there is some correlation between flue-

tuations in the future demand in different personnel groups. This is 

shown in figure 2 for the (deterministic) case that a. = O·. lO, ~ (c) = cr~ (u) = 50, 

2 2 
cr (c) cr (u) = O. Results in the stochastic case are of the same type. u u 
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detail(5) 
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' ..... 
' ' 'a,._,.. 

1.65 aggr(5) ~ .... -
x--------x------~~0--------0-------0 

0.05 o. 10 o. 15 0.20 0.25 
nnnob -r 

Figure 2. Difference between the two estimation procedures when the maxi
mum mobility fraction increases in the (deterministic) case that 

2 2 2 2 
a= 0;10, crk(c) = crk(u) = 50 and cru(c) = cru(u) = O. 

3.3.3. The correlation in the personnel requirement in different personnel groups 

If fluctuations in the future demand in different personnel groups are 

completely correlated, both estimation procedures are equally good, inde-

pendent of other model parameters. If the correlation between fluctuations 

in the future demand in different personnel groups decreases, the estimates 

based on aggregate information are getting too optimistic and the differ-

ences between the two procedures are not independent of the other model 

parameters anymore. Some of these results are shown in table 2 for the 

stochastic case. Results in the deterministic case are of the same type. 

average costs model parameters 

aggr(5) detail(5) 2 2 2 2 
cr (c) ,cr (u) crk (c) ,crk (u) mmob CL 

u u 

. 7 .31 7.31 100,0 o,o 0.01 0.01 

7. I 9 7.36 75,25 o,o 0.01 0.01 

6.52 6.88 50,50 o,o 0.01 0.01 

5.75 6.42 25,75 0,0 0.01 0.01 

4. 15 5.66 o, 100 0,0 0.01 O.OT · 

Table 2. Differences between the two estimation procedUl'es if the correlation between 
fluctuations in the future demand in different personnel groups decreases 
(stochastic case). 
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4. Recruitment planning in a rather centrally controlled organization: a com
parison of a detailed planning method and an aggregate planning method 

In a rather centrally controlled organization, the plans developed at the 

central level, are not only used to estimate the mismatch personnel re-

quirement/personnel availability, but are also used to set budgets for the 

total recruitment for the first year. In that case, at the lower level, one 

can only allocate the recruitment and use mobility to distribute the total 

population as well as possible over both personnel groups. Since in such 

a structure one may not expect to know the budgets for further years, it 

makes no sense to base this distribution on other information than only 

information with respect to the first year. It is interesting then to 

compare this planning method with the more detailed planning method. There 

the central level also decides about recruitment per personnel group and 

about transfers from one personnel group to the other. Notice that in 

this case, we rather speak about planning methods instead of estimation 

procedures. In section 4.1 the two planning methods are described as well 

as a perfomance criterion for each planning method. Also in this section, 

results are derived by simulation experiments. In section 4.2 the design 

of these experiments is treated and in section 4.3 some results are given. 

4.1. Description of the two planning methods 

Both planning methods are of the rolling plan type (see [I]). That means 

that every period a long term recruitment plan is constructed (planning 

horizon T) for the system described in section 2 on the basis of infor-

mation which is available at that moment. The first period decisions fol-

lowing from this long term plan or following from an adapted version of 

this long term plan, are executed. The next period another long term plan 
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is made based on information which is available then etc. A linear program-

ming approach has been chosen to construct the plans. The same notation 

as in sections 2 and 3 will be used. 

4.1.1. Detailed planning with planning horizon T 

In this planning method the construction of the recruitment plan for the 

periods t 0 , .•• ,t0+T-I is based on the following minimization problem for 

Xt(i), Rt(i), Mt(i) (i = 1,2; t = to, •• ,to+T-1): 

Xt (I) = ( 1 a)Xt-I (1) + Rt ( 1) Mt (I) + Mt(2), xt -1(1) given, 
0 

xt (2) = (I - a)X 1(2) + Rt (2) + Mt ( 1) Mt(2), xt-1(2) given, 
t- 0 

Mt (I) ~ mm.ob xt-1 (I) 

Mt(2) ~ mmob xt-1(2) 

Mt(I), Mt(2), Xt(l), Xt(2), Rt ( 1), Rt(2) ~ O. 

The first period decisions R~ (I), R~ (2), M~ (1), M~ (2) of this plan are 
0 0 0 0 

executed which give the optimal solutions X~ (1) and x* (2) • 
· o to 

In general there are more optimal solutions. To reduce the set of optimal 

solutions, a small penalty has been assigned to the mobility in order to 

avoid optimal solutions with mobility into both directions at the same 

time. 

The quality of this planning method is measured at each time by 

c(i,t0):= Ix~ (1) - Gt (I)I + Ix~ (2) - Gt (2)1. 
0 0 0 0 
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4.1.2. The aggregation/disaggregation method with planning horizon T 

In this planning method the construction of the recruitment plan for the 

periods t 0 , ••• ,t0+T-l is based on aggregate information about the total 

personnel availability and the total personnel requirement in the whole 

task oriented unit. Only the total recruitment in the whole unit is a 

decision variable to match total availability to total requirement. On 

the long term relations between the personnel groups are not taken into 

account. This part of the planning method in which a long term plan is 

constructed, is called the aggregation part. The first period decision 

following from this long term plan is the total optimal first period re-

cruitment in the unit. This total recruitment has to be distributed over 

the two personnel groups. Only short term detailed information about both 

personnel groups is used to obtain an appropriate distribution. This is 

done in the disaggregation part of the planning method. 

A: Aggregation part 

The aggregate plan for the periods t 0 , ••• ,t0-l is based on the following 

minimization problem for Xt' Rt (t = t 0 , ••• ,t0+T-l): 

Solution of this problem gives at each time t 0 the first period optimal 

* * recruitment for the whole unit, denoted by R . Afterwards Rt has to be 
to o 

dist~ibuted. over the two personnel groups. This is done below. 
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B: Disaggregation part 

To get first period decisions based on the first period optimal recruit

ment for the whole unit (R* ), the following minimization problem is solved 
to 

for Xt (i), Rt (i), Mt (i) 
0 0 0 

(i = 1,2): 

minl(Xt (1) - Gt 0 (1)) - (Xt (2) - Gt 0 (2))1 
0 O' . 0 O' 

such that 

x (1) = 
to 

x (2) 
to 

(1 - a)Xt -l (I) 
0 

(1 -a)X 
1

(2) 
t -
0 * 

Rt (1) 
0 

+ R (2) = R 
to to 

Mt (1) $ nnnob xt _ 1(1) , 
0 0 

Mt (2)_ $ nnnob Xt _ 1 (2) , 
0 0 

+ Rt (1) 
0 

+ R (2) 
to 

+Mt (2), 
0 

- Mt (2), 
0 

Mt (1), Mt (2), R (1), Rt (2), X (1), Xt (2) ~ 0 • 
o o to o to o 

Xt -1 (1) 
0 

xt -1 (2) 
0 

given 

given 

* * Solution of this problem gives Xt (1) and Xt (2). The quality of this plan-
0 0 

ning method i is measured at each time t
0 

by: 

c(i,t0) := ix: (1) - Gt (1) I + ix: (2) - Gt (2) I· 
0 0 0 0 

4.2. Design of the simulation experiments 

The design of the simulation experiments with these two planning methods 

is the same as the design of the simulation experiments described in section 

3.2. Also in this case at the end of each simulation experiment 

. l 90 . 
C(i):= 90 l C(i,t) 

t=l 

has been computed for each planning method i. On the basis of this average 

cost, the two methods have been compared. 
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4.3. Some results 

In this section some results are given of simulation experiments with the 

two planning methods. The same global remarks can be made as are presented 

in section 3.3. In this case concrete steps have been taken on the basis 

of the personnel plans. The fact that an estimate based on, for instance, 

aggregate information is too optimistic, implies that there are more pro-

blems at the realization of such a plan, which means that the mismatch will 

be greater than in the case that detailed information is used. This implies 

after all that the average costs are higher in the case that aggregate in-

formation is used. In general average costs of the aggregation/disaggrega-

tion method are higher than average costs of the detailed planning method. 

In the figures and tables the aggregation/disaggregation method with 

planning horizon T will be denoted by agg/dis(T) and the detailed planning 

method with planning jorizon T by detail(T). 

Just as described in section 3.3.1, both planning methods are equally 

sensitive for variations in the turnover fraction when the maximum poten-

tial mobility is about 10%. The size of the average costs of both planning 

methods is decreasing considerably if the turnover fraction increases. Results 

in the stochastic case are of the same type as results in the deterministc case. 

The performance of the aggregation/disaggregation method is rather poor in 

relation to the performance of the detailed planning method if the maxi-

mum (potential) mobility is small. If the maximum (potential) mobility 

is 10% or more, the performance of both planning methods is equally good 

again. This is shown in Figure 3 for the aeterministic) case that a= 0.10, 

2( ) 2( ) 2( ) 2( ) . • crk c = crk u = 50, cru c = cru u = O. The results in the stochastic case 

are of the same type, but the difference between the planning methods is 

smaller. 
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Firgure 3. Performance of the two planning methods if the maximum mobility 
fraction increases (deterministic case). 

If the fluctuations in the future demand in different personnel groups 

are completely correlated, the performance of both planning methods is 

the same, independent of other model parameters. In this case average costs 

are high in relation to other situations. If this correlation decreases, 

average costs will decrease. The performance of the detailed planning 

method is getting relatively better. Some of these results are shown in 

table 3 for the deterministic case. Results in the stochastic case are of 

the same type. However, in the deterministic case the difference between the 

planning methods is more striking. 
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I average costs model parameters 

I 
agg/dis(5) detail(5) 

2 2 2 2 
cr (c) ,cr (u) crk (c) ,crk (u) mmob a 
u u 

7.03 

I 
7.03 o,o 100,0 0.01 0.01 

7.04 6.76 o,o 50,50 0.01 0.01 

I 5.98 5. 12 o,o o, 100 0.01 0.01 I 

Table 3. Performance of the two planning methods when the correlation be
tween fluctuations in the future demand in different personnel 
groups decreases (deterministic case). 

5. General remarks 

In general only simple personnel systems can be modelled. That means that: 

only a few relationships w.r.t. manpower planning can be taken into 

account; 

only a few organizational units can be considered. 

So detailed insight in real situations can't be obtained by simulation 

experiments, executed in this way. 

However, results roughly show how the system parameters influence the per-

formance. of the planning methods and estimation procedures. 

In a small set of values for the system parameters, there is a real differ-

ence in performance between the planning methods ;from a practical point of 

view, this set may be important. The size of this set of values may increase 

when also other manpower requirement processes (e.g. processes in which a 

trend in time has been assumed) are considered. 

In general the use of aggregate information instead of detailed information 

at the construction of personnel plans in our personnel system, will not 

cause extra problems if the maximum (potential) mobility is high or if the 

future manpower requirement in different personnel groups is highly correlated. 
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