JOB SEEKER'S SPATIAL EQUILIBRIUM IN A FUZZY MATHEMATICAL FRAMEWORK
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This paper incorporates complex behavior in a job seeking strategy model.

Since the state of information is imperfect, a job seeker faces an imprecise labor market. His behavior is fuzzy and variable. It is shown how this complex behavior can be described by fuzzy subsets theory and bifurcation analysis. The latter examines the discontinuous phenomena.

Then it is proved that a job seeker' s fuzzy equilibrium with a spatial constraint exists.

The empirical literature on job seek theory is often focused on the studies of the linkage between two elements of a job seek strategy : migration and job seek efficiency [d' Avirsenet (1979), Goss E. P. and Schoening N. V. (1984), Greenwood M. J. , Hunt G.L. and Me Dowell J.M.

(1986), Lesourne J. (1986), Renault E. and Lesourne J. (1986)] ; wage requirement and job seek efficiency [START_REF] Barron | Search Effort in The Labor-Market[END_REF], [START_REF] Kahn | The Returns to Job Search : a Test of Two Models[END_REF]] ; imperfect information and job seeking strategy [Laffond G. and Lesourne J. (1986), Rea S.A. Jr (1981)] and job seeker' s qualifications and job choices [Lösch A. (1954)].

The aim of this paper is to combine these different elements 1.e. to introduce the complex behavior of a job seeker in a job seek strategy. More precisely, we consider that the labor market is an Imprecise space where job seekers have a fuzzy and spatial behavior. The job seeker' s fuzzy behavior results from many influences of the different characteristics of the jobs : wage, qualifications, job location and of the job seeker' s ones : qualifications, socio-demographic characteristics, residential location and wished wage.

Since informations on vacancies, wages and job locations are imperfect, job seekers cannot have precise and constant behaviors. So they are not able to say whether a job belongs to their sets of preferences or not (without any other choice) but they are able to say that a job imperfectly belongs to them. That is designated by "fuzzy behavior".

The job seeker' s spatial behavior is analyzed as a choice between migration and geographical immobility. First the analysis is job oriented (given a residence look for jobs). Then, if the job seeker does not choose a job in his residential labor market, he decides to migrate.

THE ANALYTICAL FRAMEWORK

A particular economic framework is given.

The job seek strategy depends on four principal factors : wage, information, space and qualification -which are interdependant-. For example, the level of qualification determines the level of wage, or a man who does not want to migrate will accept a lower wage and if the Information is costly the job seeker will accept more easily a lower wage.

Finally, we can set down that the wage absorbs most of the influences of the other factors. A job seek strategy will be mainly articulated around the wages wished by Job seekers and offered by employers.

The job seeker fuzzy behavior will consist in obtaining the maximum wage which also depends on qualifications, space and information.

We set down that the wage utility measures the job utility because of the following comments : first the wage levels take into account some characteristics linked to the practise of a job : hard job, tiresome job, unhealthy job. Second, other characteristics are not systematically taken into account by the wage because their "monetary" integrations depend on the work contract négociation between a job seeker and an employer. For example, a job seeker who lives far from his future job location will try to obtain an higher wage to compensate the distance costs. Finally, wage utility is a good approximation of job utility if most of the influence of these factors : space, information and qualification is taken into account.

However, we suppose that these last factors constrain the job seek strategy. More precisely, we set down that a job seeker faces only with the spatial constraint. In fact, the state of information determines the set of Jobs known by a job seeker and his qualification determines the jobs he can can obtain. So these two factors influence the job seek strategy before it begins. On the contrary, the influence of the factor "space" appears during its progress.

The spatial behavior of a job seeker can be resumed as follows :

a job seeker tries to make his residential location and his job location coincide. So, either he does not want to migrate and he prefers to move daily from home to job location or he accepts to migrate when these daily moves are too costly and tiresome.

This spatial behavior is a passage from a refusal to migrate to an acceptance to migrate, i.e. is a spatial behavior breaking off. It can be analyzed by the bifurcation theory.

THE HODEL

A job seeker follows a strategy of a fuzzy wage utility maximization under a fuzzy spatial constraint. We study this behavior with the theory of fuzzy subsets and with the bifurcation theory. We will obey the following plan : first we will define the jobs sets and second we will describe the objective and constraint.

We draw the attention on the following point : only ordinary (non fuzzy) mathematical concepts are underlined. For example A c X is a fuzzy subset of the X referential.

Jobs sets

A job seeker prospects on a specific labor market which is the set of a priori possible jobs that we note £. 8 is characterized by the state of the labor market and by its capacity to deliver information.

The state of the labor market depends on economics circumstances and we will suppose that the unemployment rate is rather high. Jobs are perfectly localized and types of jobs are known through available Information. So for each Job man asks some qualifications and man offers a certain wage.

We define 6 as the set of jobs offered in a given location for a certain level of qualification and for a given wage.

We set down that :

• { ' ' -3 1 )
where 1 represents the job locations 1 = 0. ..m q represents the qualifications asked for the jobs q = l...n and s represents the offered wages s = l...r. 1 3 For example, the job e^ is a job offered in Lille (a town whose code is 1) for a professional whose qualification level is 3 and for a wage of x FF (code 4 in the wages scale).

However, the space of offered jobs is different from the space of accessible jobs. The latter depends on the job seeker' s qualifications.

We will note E the set of technical possible jobs.

Then E c § and E = -| [ ^e^ ] j-where q ' = 1. . . t ; t s n. q ' are the job seeker' s qualifications. The Job seeker' s decision belongs to E.

The objective

A job seeker tries to maximize a fuzzy wage utility which is imprecise because it depends on the different effects of the different characteristics of the jobs : the wage offered by the employer, the job location, the qualifications required for the job, and it depends on the job seeker' s requirements : the wished minimum wage (the reservation wage)

and the wished job locations.

Remarks 1)

The maximization wage utility objective is compatible with the reservation wage concept. So, for constant wage requirements, the objective is to obtain a wage equal to or higher than the reservation wage. If wage requirements can be reviewed falling, the objective is to obtain the nearest wage from the reservation wage. If wage requirements can be reviewed rising, the objective is to obtain the highest possible wage.

2.)

The state of information is imperfect, so the reservation wage is not exactly known. This also justifies the use of a fuzzy wage utility.

Finally, a job seeker will prefer more or less a job following its offered wage actually observed for this type of jobs on the labor market.

Let F be the fuzzy objective of a job seeker and be the r membership function which designates the fuzzy wage utility.

We define F and (ip as follows :

F c E F = j e s , (ip ; V e g e E ; Mpie«,) e [0, l]j where eg = [ ] and : (ip

: E i -----» [0, 1] es ' -----> * V (es) € [°' 1 L
* Let s be the reservation wage and s be the average wage really 1 h ^ observed for the job eg which is payed for a wage s.

We will note e = s -s the estimation error of the reservation wage.

* ® * * -If s is overestimated, c is positive and max (s , s ) = s . m * * -If s is underestimated, e is negative and max (s , s ) = s . m m F Mf(es ) -0 • V ' S ' ' 1 /iF (es ) € ]0, It if s < min (s , s ) m * if s i max (s , s ) m * * if min (s , s ) s s < max (s , s ) m m
If the reservation wage is exactly estimated, we find again the 1 h * traditional case, i.e. a job seeker will accept the job e if s £ s = * ® s , then u_(e ) = 1 and he will refuse it if s < s = s , then LU,(e ) = 0. m r s m F s

The constraint

The job seeker' s spatial behavior depends on the labor market area he prospects. If we define this area as a space centred on the job seeker' s residential location, we define a linkage between the job seeker' s mobility and the labor market area he prospects. The latter is

Limited by the maximum distance between the residential location and the * job location he will accept. We note R this maximum distance.

Since the distances are costly, R depends on the job seeker' s earnings. Since job seeker wage requirements are imprecise and since a job seeker can have other earnings over wage (financial yields, spouse wage, game incomes, work on the side), the whole job seeker' s earnings is * imprecise, so R is not perfectly determined and the spatial constraint is fuzzy.

We can define the spatial fuzzy constraint C as follows :

C = {e1, n c , V e 1 € E, M ^e 1) € [0, 1]>
where e* = [^g] and is the membership function of a job to the C fuzzy subset.

We set down :

E i ------» [0, 1] = e 1 i ------» e *°' ^
Let 1q be the residential location and 1 be the Job places with

1 = 0. . .m. / M ^e 1 ) = 0 if d(lQ, 1) * R* -Mc (e1) -1 if d(l0, 1) = 0 -^( e 1) € ]0, 1[ if 0 < d(l0 , 1) < R*
where d(lQ , 1) is the distance between 1Q et 1.

We show that decreases when d(lg, 1) increases

V [* eg»]j e E x E where 1' £ 1 ; h ' * h ; s' <* s if d d 0> i) £ d(iQ , 1 ^ then s Now
we can define the job seeker' s fuzzy and spatial equilibrium.

JOB SEEKER' S FUZZY AND SPATIAL EQUILIBRIUM

A job seeker must find a compromise between the wages he can obtain and the location of the jobs. In order to solve this problem, we must define the spatial behavior of a job seeker before we shall determine the job seeker' s fuzzy and spatial equilibrium.

The spatial behavior

A job seeker prospects on a more or less large labor market area because of his mobility constraint. Since daily moves are costly and tiresome, he will measure the profitability of the offered jobs. For a given wage, the labor market area is a disk whose center is lnand whose « « radius is R . We can set down the following assumptions : HI : The residential utility at 1^ is noted and it measures the profitability of the job offered at 1. For every wage s, the residential utility is maximum when 1 = 1^.

H2

For a given wage s, the residential utility decreases when the distance <1(1^, 1) increases.

H3 : For a given wage s, the residential utility equals 0 when d(l0 , 1) = R*. * H4 : If cU I q , 1) = R , a Job seeker will prefer to migrate and go to live in 1, where the new residential utility will become maximum.

Under these different assumptions the spatial behavior of a Job seeker can be interpreted as follows : for a given wage, the residential utility equals 0 when it is more interesting to migrate than to move daily from home to job location. So, a job seeker will change his behavior, i.e.

he will accept to migrate after he has refused to do it.

Finally, the problem of migration is to determine a maximum * distance R = d(lg, 1) for which we observe a spatial behavior break off.

This problem can be solved by the bifurcation theory since a bifurcation point is a point for which the type of the set of solutions * changes. Here, for a distance R , the residential utility U^ equals 0 but it becomes maximum in 1. We actually have a bifurcation point. We set down Sq = a s (consumption spent is a constant part of the wage s). 

Then UQ = (J -twx -n R ^) ((1 -a) s -nC1 R ) Remark 

*» 1)

The residential utility can be minimum for a distance R , solution of the equation :

ô R i.e. R ., V ^s U -a)) + CjCT -tWj) 2n V1 Cj * ' 11 2 R = I (R j ♦ R j)
Then if Ug is minimum, its value is negative and we cannot accept it in economics.

* 1 2 2) We choose R = min (R^, R^) in order to respect the traditional behavior of leisure preference.

* 3) R is a maximum radius of a labor-market area centred on the residential location of a job seeker who refuses to migrate. * All the points of the frontier of the disk (1^, R ) are bifurcation points, i.e. UQ equals 0 but it becomes maximum when a job seeker migrates from 1q to 1. So, if a job seeker changes his behavior, we have a discontinuous phenomena that we can represent as follows : * R Figure 1 Remarks The new residential utility value U depends on the cost of life at 1 so it can be lower, higher or equal to Un (figure 1).

* u

The value of R mainly depends on offered wages. So for each wage level, a specific set of solutions is symbolized by a circle (figure 2) and the higher the wage is, the more slowly the residential utility decreases (figure 1).

Bifurcation phenomenas are symbolized by the dotted lines (figure 1) which represent the discontinuity of the residential utility function. A numerical application using French data illustrates our purpose. With the property of decreasing of the sequence we have :

V (oij, a2 ) € [0, 1] x [0, 1] if <f s g then C S C
and Sup Mp(eg ) s Sup Mp(eg ) =* We know that a fuzzy subset is strictly convex if and only if its membership function is strictly quasi-concave. We are going to prove that jip is strictly quasi-concave.

Up is strictly quasi-concave if and only if the following condition is true.

V e € Pe*1] g F V e , € le*1] e F with e * e , S

[ sj S L sj s s

3

) if M p (es ) £ Mp(© ) * V A € ]0, 1] |ip(X eg+ (1 -A)eg , ) £ Mp(es, )
Then fip is strictly quasi concave and F is strictly convex. So we have to prove proposition (3).

If e is different from e , , these two jobs are different either by the s s location or by the wage or by the qualification or by any combination of two or three of these elements. We have to examine seven different cases.

First case s * s' ; h = h ' and 1 = 1*

The two jobs are only different by the wage.

So in terms of wage (As + (1 -A) s' ) > min (s, s' )

Then the job (Ae + (1 -X) e ,) is preferred to the job e , s s s and pu(\e) + (s -A) e , ) > fi (e . ). * e^j where 1" = A1 + (1 -A)l' we will have

Uptes"* > then * V ^es + ^ ^ es ' * > iV * es' ^'

Fourth case s * s' ; h * h ' and 1 = 1' If e is preferred to e , because of the combination (e, h) then, s s according to the individual division of labor theory (Lösch [13]), s is higher than s' . We find again the first case and MF (Aes + (1 _ X) es' ) > Fifth case s * s' ; h = h ' and 1 * 1 ' V es " " If e is preferred to e , then the residential utility for the job e is s s s higher than the residential utility for the job e ,. s Then the value of the residential utility for the job (Xe + (1 -X)e ,) s s will be higher than the residential utility for the Job e s Therefore jip(Xeg + (1 -X) eg, ) > Mp(es> )• Sixth case s = s' ; h * h ' and 1 * 1 ' If e is preferred to e , because of an optimum combination of 1 and h ; s s then all the compromise will be still preferred to eg , which is the worth wished situation. Then (ip(Xeg + (1 -X) eg, ) > (ip(eg, ).

Seventh case s * s' ; h * h ' and 1 * 1 '

The jobs e and e , are completely different. We can find again every l h " e € E Now we must examine if this solution is unique, i.e. if the two following conditions are confirmed, first the function ¡1-, must be strictly 1 h quasi concave (that is true) and second V e e (C -C.) we must have S Ot 1

Uppe^j * 1 and we cannot confirm this condition because we can find a job eg so that jippegj = 1.

Finally, a solution of the problem of the job seeker' s fuzzy and spatial equilibrium exists but it is not unique.

This conclusion does not prevent our model to be relevant to describe a job seek strategy when the labor market is considered to be an imprecise space. And a numerical example will illustrate the model while it will be explaining how the solution can be found.

NUMERICAL APPLICATION *

The solution e belongs to C e E, i.e. it belongs to the open disk (1q, R) and it requires the qualifications h of the job seeker.

*h

The job seeker has for each of his qualifications a reservation wage s , *h a fuzzy utility F(s ) and a seek labor market area determined by Uq (s ).

A job seeker follows an optimum strategy if he begins to seek the jobs whose combinations wage qualification are the best.

If he does not find a job, he will have to change his spatial behavior and move to go to live at the job location. Before we realize a numerical application, we are going to define numerically the membership function fZp and n^.. #ip is defined as follows :

E i-----» [0, 1] *V ' eg i ----» e f°> ^
where Mp(es ) ■ = 0 If we choose the first mathematical programming we determine A.

" f ' V = 1 if s < min (s , s ) m if s s max (s , s ) m minis, s ) -s " m u"(e ) = -------------- if min (s ,
The optimal Job e belongs to A and it has the highest value fi-te ). A job seeker will choose the job eg which is located 17 km for from his residential location and whose wage is 6 000 FF per month. This wage is

CONCLUSION

The following conclusions can be drawn.

1. The theory of fuzzy subsets allows to describe less strictly the job seek strategy than with the reservation wage theory since a job seeker wishes to maximize the fuzzy wage utility.

2. The bifurcation theory allows to analyse the job seeker' s spatial behavior as a variable behavior that refuses the traditional constant behavior assumption.

3. Finally, the problem of the job seeker' s fuzzy and spatial equilibrium admits solutions. The solution is not often unique but this result does not penalize the model because a job seeker can yet choose among the different optimal solutions. 4. The theory of fuzzy subsets allows the complex behavior analysis and their applications to performant models for decisions making.

Finally

  

0 !

 0 Now we are going to define it. The residential utility is a function of the time man can pass there and of the money man can spend there. Therefore, we set down that U^ = x if, where U^ = residential utility in 1^, = total leisure time passed in ln , 0 Pq = wage left over. This definition allows us to count all type of leisure either by their costs or their time if they are free. Remark The introduction of time supposes that we actualize the different costs compared with the job seeker' s age. But we set down that the reference period is smaller or equal to one year. This condition avoids the actualization and is compatible with information on Jobs which are quite precise for a year. More precisely we have : UQ = (7 -twx -n R : V x) (twxS -n ^ R 1 -SQ AQ ) where T = reference period (week, month, year...), tWj -work time on T for the job 1, n = number of moves from 1^ to 1 and from 1 to 1^ during T, Vj = move time from 1^ to 1, Rj = d(l0 , 1) (km), S = wage rate per work time, We note tw^ S = s = weekly wage or monthly wage or yearly wage, = move cost per km for d(lg, 1), Sq = cost of living at 1^, Aq = Consumption at 1^, We note A^ = s^ : consumption spent during T.

1)

  When d(l0 , 1) = 0 then UQ = U max = U* U = iff -tw^) (1 -a) Sq 2) Migration costs (psychological and monetary costs) are not counted because they are negligible compared with n x C^ x R^and n x x R^ because they represent only one move from 1^ to 1

For

  we suppose that 70 % of earnings is spent for the consumption of food, clothes, health and home). We obtain : Rj = 1032 km or R£ = 23,4 km So : R* = min (1032, 23,4) = 23,4 km Then a man who earns 5 000 FF for 4 weeks will have to migrate to live at his job location if it is 23,4 km or more far from his residential location. The value R^ = 1032 km is explained because total leisure time includes total sleeping time and this result proves the importance of the time over earning one. 4.2. Job seeker' s fuzzy and spatial equilibrium * The optimum job e is the best for the fuzzy objective and for the fuzzy constraint. This type of job is a fuzzy optimal decision which does not allow improving the objective without deterioring the constraint and vice-versa. * Therefore e e D with D = F r> C where D c E is defined as follows : D -f es • • * V V les e £• ^( les) -Fles> " " c '* 1'} where is the membership function of a job to the D fuzzy subset.To solve a problem of maximization of non fuzzy objective under non fuzzy constraint we need a convexity assumption for the C subset. In case of fuzzy subsets, convexity can be required for F or C. We choose to put convexity on F.The solution e is determined in the following manner MD (e') = Sup MnpeÜ) must find a so that Sup fi^Ce ) = a = Sup Mn (e ) if and only if the function #>(a) has a fixed point, i.e. if and only if <p(a) is continuous and decreasing over the interval [0, 1] due to the following theorem.TheoremIf the function Sup fip.pegj is continuous and decreasing over that ^p(a) is decreasing.

  will prove that <p(a) is continuous over [0, 1] with the theorem due to Tanaka-Okuda-Asal [21]. Theorem If the fuzzy subset F is strictly convex, then the function Sup ti"(e ) is continuous.

  ' ; h * h ' and 1 = 1' The two jobs are only different by the qualification. If eg is preferred to eg, because of the qualification, the job seeker will prefer again a job where he can use this qualification h to a job eg, where he cannot use it. Then MpCX eg + (1 -A) eg, eg ) > Mp(es, ) then d(lQ , 1) < d(lQ , 1' ).

  s s previous case by determining what is or what are the different elements that make eg preferred to eg . 2 Therefore, V (eg ; eg, ) € F if (ip(eg ) > Mp(eg. ) then V X e ]0, 1] Mr (Xe + (1 -X) e , ) > |i"(e , ) job seeker can be indifferent for eg and eg , or he cannot compare the two jobs. If the job seeker is Indifferent for eg and for eg,, the preference for a combination of this two jobs is evident. So we obtain (4) *V^es^ S *V^es^ * ^V ^s + ^ ~ es ' > ^F ^s ' If the Job seeker cannot compare the two jobs we have the axiome of the fuzzy subsets : Mp(0 ) = 0. So jjp(eg ) = Mp(©s») = 0 and the proposition (4) is confirmed. This proposition (4) proves that (ip is strongly quasi concave, then (ip is strictly quasi-concave, V (e , e ,) e F^. s s Then F is strictly convex and <p(a) is continuous over [0, 11. * Moreover, <p(a) is decreasing over [0, 1], Then ^p(a) has a fixed point a so that a = Sup ¿ip(es ) = Sup ^( ' e 9

  leg «£/«(. (leJ) * Mp = {* •; € E / "c (le s) * "} So we can calculate a from A or from a.

  the second mathematical programming we determine for each value of a e [0, 1] the corresponding fuzzy subset C . * a The optimum Job e belongs to C * and it has the highest value jip(e ).If we find some jobs equally placed, the job seeker will choose among them the one which satisfies other wishes. Now we state a numerical example.The job seeker residential location is 1^. He has three qualifications h = {1, 2, 3} and he can choose among ten jobs.