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13 SUMMARY 
14 
15 The population of the developed world is growing older, leading to shortages in the labor market, and the 
16 age and level of education of migrants will be important factors in the labor market in the coming decades. 
17 This paper presents a theoretical framework in which the timing of migration and the educational attain- 

ments of immigrants are determined endogenously. The combination of social and economic factors related 
18 to migration allows us to detect different patterns in these variables. The main finding is that the optimal age 
19 for migration, in the case of individuals who attain a higher educational level, is lower than those who have 
20 a lower level of education. Copyright © 2013 John Wiley & Sons, Ltd. 
21 
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23 
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27 1.  INTRODUCTION 
28 
29 The bulk of the literature on immigration from an economic perspective has concentrated on the 
30 effects on welfare, with a view to formulating immigration policies aimed at facilitating assimi- 
31 lation. The optimum approach to policy design may be to ascertain certain key characteristics of 
32 migrants, in such a way that it would then be possible to assess the effects of migration on the host 
33 country’s economy, and implement appropriate policies to ease the assimilation of migratory flows. 
34 The variable considered in the majority of papers is that of education (see, for instance, [1–4]). 
35 In contrast, only a small number of papers have focused on another important characteristic  of 
36 migrants, their age. The general conclusion is that the best decision is to migrate at the youngest 
37 possible age, or never [5]. However, this conclusion seems to be inconsistent with data. For instance, 
38 focusing on the two European countries that received the highest flows of immigrants in 2008 [6], 
39 Spain and Italy, most decisions to migrate are taken between the ages of 25 years and 29 years 
40 (Table I), whereas an individual can be considered a potential migrant as soon as he or she enters  T1 
41 the labor market (around 18 years old). 
42 One possible explanation of the divergence between the data in Table I and the developed theoret- 
43 ical models is that these frameworks only consider the stream of income associated with migration, 
44 without taking into account other important elements, such as social factors or the human capital of 
45 the migrant. Our objective in this paper is to contribute to a better understanding of the mechanisms 
46 through which migrants decide both at what age to migrate and their qualification level at the time 
47 of departure. It is clear that migration provides economic gains, a factor that we introduce in our 
48 model by assuming a market made up of two countries – home country and host country – where 
49 there is economic asymmetry, in the sense that wages and salaries in the former are lower than in 
50 the latter. The immediate gain of migration is the difference between salaries in the host and home 
51 
52    
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Table I. Number of migrants received by age, 2008. 
 

 Spain % Italy % 
15–19 58,283 10 39,340 9 
20–24 111,304 19 80,180 18 
25–29 129,009 22 89,660 20 
30–34 97,790 16 69,886 16 
35–39 68,602 11 52,436 12 
40–44 47,902 8 38,471 9 
45–49 32,942 5 30,627 7 
50–54 22,655 4 22,416 5 
55–59 16,557 3 14,136 3 
60–64 14,101 2 8511 2 

 
 
 
countries  [7]. Additionally,  our framework  integrates  the human capital of the migrant as well 
as social  factors,  in both  the home  and the host countries,  to avoid  any discrepancy  between 
theory and data. 

From a social point of view, the individual who emigrates suffers a loss of relationships in his 
homeland and must make a great deal of effort to adapt to the new culture. The contribution [8] 
takes this consideration into account, introducing a parameter in the utility function that represents 
migrant preferences for the country of birth, in such a way that migration to another country implies 
a decline in utility. We follow the example of Faini’s work, but rather than assuming a constant pref- 
erence parameter, we incorporate the effect of time within this parameter. The paper [9] also includes 
this, considering that individuals with less preference for their country of origin migrate earlier, and 
those who have deeper home roots prefer to wait until earlier emigrants establish a better network. 
Although this assumption is plausible, the specification of migrants’ preference for the country of 
birth has the shortcoming that the later the departure time of the emigrant, the lower the preference 
for the country of origin. The present paper establishes a more adequate specification. First, we 
consider that the longer a migrant stays at home (that is to say, the older he or she is), the greater 
the preference for the country of birth. Second, we take into account that the longer an immigrant 
stays in the destination country, the greater the level of integration; the migrant assimilates cultural 
aspects and establishes new relationships. Finally, although migration always produces a loss of 
relationships, it is also true that the longer an emigrant waits for departure, the more developed are 
the networks to be found in the host country, and the more able he or she is to settle, thus producing 
a higher level of welfare for the immigrant. All these considerations imply that the individual age at 
migration establishes a mechanism that makes the social costs of migration endogenous. 

The education level of migrants is also taken into account. The literature of migration points to a 
close connection between the final educational level of migrants and age at migration. The majority 
of papers study the effect of age at migration on the education level attained by migrants in the host 
country. The contribution [10] reports that immigrants from Mexico who arrive in the US before 
the age of 6 years, complete as much education as the second generation of Mexican-Americans. 
However, those who arrive after the age of 15 years complete less schooling. The paper [11] inves- 
tigates the effects of arrival age on immigrants to the Netherlands, showing that migration at an 
early age appears to have a disadvantageous effect on immigrant educational achievement, depend- 
ing on their country of origin. However, to our knowledge, there is no recent work examining the 
relationship between the education level of migrants attained in the country of origin and the age 
when the migration takes place. The lack of studies of this aspect may be due to data limitations. 
Fortunately, we have a microdata set of a representative sample of Spanish immigrants (for 2007), 
which allows us to test the relationship between the prior educational level of migrants and their age 
at migration. Spain can be considered a good example, because it has received a substantial number 
of immigrants in recent years. Figure 1 shows a clear negative relation between the prior human 
capital of the migrant and the age at migration. 

The incorporation of education level in our framework allows us to test the main implications of 
the model with Spanish data. The optimal age at migration will be lower for those who choose more 
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14 Figure 1. Age at migration, median by educational level, and Spanish data 2007. 
15 
16 
17 education than for the less educated, in spite of more time spent obtaining qualifications in the coun- 
18 try of origin. In particular, we find that the link between the optimal age at migration and education 
19 level operates in two directions: the age at migration affects education level, and education, in turn, 
20 has an influence on the optimal departure time. 
21 On the one hand, the age at migration negatively affects the level of education, because it short- 
22 ens the period in which the emigrant earns a higher wage: the later the departure time, the lower the 
23 stream of income obtained from migrating, and, hence, the lower the incentives to invest more 
24 in education. This economic effect is similar to that highlighted  by studies focusing on migra- 
25 tion incentives in the accumulation of human capital [2, 3]. These studies establish that, due to the 
26 wage differential between the origin and destination countries, non-migrants have a lower stream 
27 of income than potential migrants and, thus, fewer incentives for greater educational attainment. 
28 Therefore, early migration extends the period during which income is higher, a fact that encourages 
29 investment in education. On the other hand, age at migration is also affected by education via the 
30 salary gap. The higher the level of education of the migrant, the greater the expected wage bene- 
31 fits associated with migration and, hence, the greater the incentives for an earlier migration. This 
32 effect is the only one that appears in the model of paper [5], who finds that the best decision is 
33 to emigrate at the earliest possible age. What, then, influences migrants to delay the age of migra- 
34 tion? The answer is that social forces delay migration; by postponing the moment, the emigrant can 
35 reduce the social costs associated with migration because of the more consolidated networks he or 
36 she may find in the destination country. All these considerations lead to lesser educated migrants 
37 having more incentive to delay the age at migration than those with higher education and vice versa. 
38 This finding supports the idea that educational requirements could be incorporated in immigration 
39 policy, not only to attract educated workers but also younger workers. This is an important concern 
40 in advanced economies, which have a high proportion of older workers. 
41 The remainder of this paper is organized as follows: the nature of the problem faced by migrating 
42 individuals, the key economic factors, and the optimal levels of the age at migration and the period 
43 of education, are presented in Section 2. The calibration of the model, and comparative statics are 
44 analyzed in Section 3. Section 4 closes with a review and discussion of our main conclusions. 
45 
46 2.  THE MODEL 
47 
48 The model is developed in continuous time. Individual welfare comes from the stream of con- 
49 sumption c.t / over the individual’s lifetime. Assuming that the instantaneous utility derived from 
50 consumption is logarithmic, the utility of an individual born in t D 0 can be represented as follows: 
51 T 

52 
Z 

53 
54 0 

 

8.t / ln c.t / e-pt dt  ,  (1)  Q3 
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Figure 2. Illustration of the function 8 . 
 
 
 
where T is the life expectancy of this individual, p is the inter-temporal discount rate of the utility, 
and 8 (t) is a parameter that reflects his or her preference for the place of residence. In a similar 
way to the paper [8], we introduce the fact that the emigrant experiences a reduction of utility asso- 
ciated with departure from the country of birth, revealing the existence of psychological and social 
moving costs. Faini [8] postulates that individuals have a preference for living in their country of 
birth, because migration produces a loss of social relationships and the need to adapt to a new envi- 
ronment. In this model, as in paper [9], the loss of utility associated with migration depends on the 
departure time of the emigrant, because the delay in the timing of migration facilitates the consol- 
idation of networks. However, we use a very different specification, and the parameter 8.t / adopts 
the following form: 
 

 
81 .t / D et1 t ,  t 2 Œ0, t1 ] , 

 
 
 

82 .t / D y.t1 , s/ et2 .t -t1 / ,  t 2 . t1 , T ] , 
 

 
where t1  is the age at migration and s is the period of education. We assume that the emigrant 
completes his entire education in his country of birth t1   > s, because our purpose is to analyze 
the relationship between the prior educational level of migrants and their age at migration. We also 
assume that t1 > 0, t2 > 0 and et1 t1 > y .t1 , s/. In this way, three facts are established (Figure 2): 
 

1.  The longer an individual stays in the home country, the greater is the preference for this country 
.t1 > 0/. 

2.  The longer an individual lives in the host country, the greater is the preference for this country, 
through better adaptation to the new environment  .t2 > 0/. 

 3.  Migration produces a decline in utility through the loss of relationships and the necessity to 
adapt 

(
et1 t1 > y .t1 , s/

) 
. However, the longer an individual delays migration, the more con- 

solidated networks will be found in the host country, and the lower will be the jump in utility. 
Moreover, working before migration also may reduce the drop in utility, because previous 
experience facilitates integration in the host labor market. Therefore, we assume that y .t1 , s/ 
depends positively on the departure time of the emigrant. In any case, whatever the timing of 
migration, the utility in the home country is always higher than in the host country, that is to 
say, 8 0 6 t1  6 T , the condition et1 t1 > y .t1 , s/ fulfills. 

 
We consider that individuals emigrate to obtain a better standard of living. As in other studies of 

migration, we establish the wage difference as the main reason for migration. In this framework, 



5 EDUCATION AND AGE AT MIGRATION 

Copyright © 2013 John Wiley & Sons, Ltd. Optim. Control Appl. Meth. (2013) 
DOI: 10.1002/oca 

 

 

 
 

01 earnings are the product of a rate w.t /, that is the wage for one unit of human capital, multiplied 
02 by each individual’s human capital. This human capital will be greater for the more skilled workers. 
03 We assume that individuals are heterogeneous with respect to their human capital level h, which 
04 depends exclusively on the period of education, s : 
05 
06 h D f .s/, 
07 
08 with f 0 .s/ > 0. Following contribution [12], we assume that the only education cost is the opportu- 
09 nity cost. The rate of return of human capital is given by the economic conditions of the country of 
10 residence. We assume that the rate of return of human capital in the country of birth w1  is constant, 
11 reflecting the economic stagnation of this economy, assuming growth of w1  does not substantially 
12 change the results. The host country rate of return of one unit of human capital w2 .t / is higher 
13 and grows at a rate  2 , reflecting the better economic conditions in the destination country, or a 
14 greater productivity of human capital in the host country. For simplicity, we assume that this growth 
15 rate is positive and constant, indicating that the differential in wage levels between more-educated 
16 and less-educated emigrants increases over time. Taking all these considerations into account, the 
17 problem for an emigrant born at t D 0 takes the following form: 
18 
19 
20 Max 
21 
22 
23 
24 

s Z 
et1 t ln c.t / e-pt dt C 

 
0 

t1  T Z Z 
et1 t ln c.t / e-pt dt C 

 
s  t1 

 
y.t1 , s/et2 .t -t1 / ln c.t / e-pt dt ,  (2) 

25 s.t 
26 
27 
28 
29 
30 

kP.t / D r1 k.t / - c.t / t 2 Œ0, s/ ,  (3) 
 
 
kP.t / D r1 k.t / C w1 f .s/ - c.t / t 2, Œs, t1 /  (4) 

31 kP.t / D r2 k.t / C w2 .t1 /e  2 .t -t1 / f .s/ - c.t / t 2 Œt1 , T ] ,  (5) 
32 
33 
34 k.0/ D 0,  k.T / > 0,  (6) 
35 
36 with t1   > s. The parameters r1   and r2   are the interest rates in the country of birth and the host 
37 country, respectively, and k.t / is the amount of assets that an individual owns at time t . A dot over 
38 the variable indicates its variation in time. Equation (26) is the restriction for the individual while 
39 obtaining skills, Equation (17) is the restriction for the individual while working in the country of 
40 origin, and (9) represents this same restriction for the worker in the destination country. We have not 
41 considered the explicit economic costs of moving, although these can easily be included, assuming 
42 that the expected wage is net, after these costs. 
43 The endogenous variables are the age at migration t1  and the period of education s. To solve this 
44 three-stage optimal control problem, we extend the conditions developed by contribution [13] for 
45 a two-stage model, where the switch point is a choice variable and appears as an argument of the 
46 integrands. This technique has also been applied to solve certain adoption problems under embod- 
47 ied technical change [14] and other problems addressed by the environmental literature [15]. The 
48 formulated problem is nontrivial, but it can be made tractable by decomposing it into a sequence of 
49 three auxiliary problems, corresponding to the period in which the emigrant has left the country of 
50 birth t1  6 t 6 T , the period in which the emigrant works in the home country s 6 t < t1 , and the 
51 period in which the emigrant is at school 0 6 t < s. For a brief introduction of multistage optimal 
52 control models [16]. 
53 We begin with an auxiliary problem corresponding to the third stage of the multistage problem, 
54 once the individual has migrated to the host country. 
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01 Auxiliary Problem I 
02 In the host country, the emigrant faces the following problem: 
03 
04 Z 
05 Max J3 D 
06 t1 

07 

y.t1 , s/et2 .t -t1 / ln c.t / e-pt dt , 

08 s. t. 
09 
10 
11 

kP.t / D r2 k.t / C w2 e  2 .t -t1 / f .s/ - c.t /,  t1  6 t 6 T , 
 

k .t1 / D k1 ,  k.T / > 0. 

12 In this auxiliary problem, the emigrant’s consumption c.t / is the endogenous variable, whereas 
13 the starting time t1 , the level of education s, and the starting level of individual assets in the host 
14 country k.t1 / are exogenous variables, in such a way that the term t1  in the integrand of the per- 
15 formance index J3 does not imply any conflict when Pontryagin’s  maximum principle is used. 
16 The variable c.t / is called the control variable and the variable k.t / is called the state variable. 
17 The corresponding Hamiltonian is defined as H3 .k, c,   3 , t , t1 , s/ D y.t1 , s/et2 .t -t1 / ln c.t / e-pt  C 
18  3 .t / 

(
r2 k.t / C w2 e  2 .t -t1 / f .s/ - c.t /

l
, where   3 .t / is called the costate variable. The solution 

19 meets the following necessary conditions, detailed in [17]: 
20 
21 y.t1 , s/e 

 
t2 .t -t1 / 

 

e-pt   
   .t /,  (7) 

22 c.t / 
D   3

 

23 
24 

25 
- r2   3 .t / D  P 3 .t /,  (8) 

26 
27 kP.t / D r2 k.t / C w2 e  2 .t -t1 / f .s/ - c.t /,  (9) 
28 
29 
30  3 .t / > 0,  (10) 
31 
32 k .t1 / D k1 ,  k.T / > 0.  (11) 
33 
34 From expressions (7) and (8), we obtain the optimal path of consumption, given by the following: 
35 
36 cP.t / D .r2 - p C t2 / c.t /.  (12) 
37 
38 By using (9), (11), and (12), and assuming that r2  ¤  2  and p ¤ t2 , it can be derived that 
39 1 - e.t2 -p/.T -t1 / 

 

e.   2 -r2 /.T -t1 / - 1 
40 k .t1 / D c .t1 / 
41 

 

p - t2 
- w2 f .s/  

2 - r2 
,  (13) 

42 for t1   6 t  6 T ,where c.t1 / is the level of consumption at moment t1  in the host country. Intro- 
43 ducing (12) and (13) into the objective function J3 , we now define the optimal performance index 

45 3  .k .t1 / , t1 , s/ as follows: 
46 

3  .k .t1 / , t1 , s/ D Max J3 D 
47 ´ 
48 y .t1 , s/ e-t2 t1 

´" 
e. 

ln  k1  C w2 f .s/ 
 
2 -r2 /.T 

 
-t1 / - 1 

#  
p 

 
- t2 

μ 
r2  - p 

C C t2 

!
 

49 
50 
51 e-.p-t2 /t1 - e-.p-t2 /T 

2 - r2 
 
r2  - p C t2

 

1 - e-.p-t2 /.T -t1 / 
μ 

p - t2 

52 p - t2  
-

 
53 

 
p - t2 

.T  - t1 / e-.p-t2 /T  ,  
 
(14) 

54 allowing us to formulate the following auxiliary problem. 
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s  C w1 f .s/  r  C w2 f .s/ 

28 

34 

52 
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01 Auxiliary Problem II 
02 
03 
04 
05 
06 

 
 
 
 
Max J2 D 

 
 
t1 Z 

et1 t ln c.t / e-pt dt C J3  .k .t1 / , t1 , s/ , 
s 

07 s. t 
08 

kP.t / D r1 k.t / C w1 f .s/ - c.t /,  s 6 t < t1 , 

09 and  k .t1 /free, k.s/ D ks . 
10 In this auxiliary problem, the emigrant’s consumption c.t / is the control variable, whereas we 
11 assume that the starting capital after education, k.s/, and the period of education, s, are given. The 
12 Hamiltonian is defined as H2 .k, c,   2 , t , t1 , s/ D et1 t ln c.t / e-pt C  2 .t / Œr1 k.t / C w1 f .s/ - c.t /], 
13 where   2 .t / is the costate variable. The solution meets the following necessary conditions: 
14 
15 et1 t  e-pt  

16 c.t / 
D   2 .t /,  (15) 

17 
18 
19 - r1    2 .t / D P 2 .t /,  (16) 
20 
21 
22 kP.t / D r1 k.t / C w1 f .s/ - c.t /,  (17) 
23 
24 
25 2 .t1 -/ D   3 .t1 C/ ,  (18) 
26 
27 k .t1 -/ D k .t1 C/ ,  (19) 

 
29 with t1 -  D lim t1  - "  and t1 C D  lim t1  C " being "  > 0. Equations (18) and (19) establish the 
30 "!0 "!0 

31 continuity of the costate variable path and the state variable path, respectively. From (15) and (16), 
32 we deduce that the optimal path of consumption at this stage takes the following expression: 
33 cP.t / D .r1 - p C t1 / c.t /.  (20) 

 
35 By using (17) and (20), and assuming p ¤ t1 , it is possible to characterize the path of assets in the 
36 source country once the emigrant has entered the labor market. At t1 , we have 
37 
38 
39 k.t1 / D ks er1 .t1 -s/ C w1 f .s/ 
40 

er1 .t1 -s/ - 1 
r1 

 
- c.t1 / 

e.p-t1 /.t1 -s/ - 1 
p - t1 

 
,  (21) 

41 for s 6 t < t1 , where c.t1 / is the level of consumption at moment t1 in the country of birth. 
42 
43 Evaluating the expressions (7) and (15) in t1  and applying the condition (18), we detect that the 
44 break in the consumption path of the emigrant at moment t1  is y.t1 , s/e-t1 t1 due to the sudden drop 
45 in the level of utility derived from adaptation to the new environment. Therefore, postponing the 
46 time of migration reduces the utility discontinuity. Note that the utility function is strictly concave, 
47 so the individual tends to smooth consumption whenever possible. Consumption discontinuities are 
48 allowed if there are incentives to wait: the later the timing of migration, the more consolidated 
49 networks in the host country and the lower the social costs of migration. 
50 From expressions (13), (19), and (21), we derive the following expression: 
51 

k er1 .t1 -s/ e r1 .t1 -s/ -1 
1 

e . 2 -r2 /.T -t1 / -1 
2 -r2

 

53 c.t1 / D 
1   e-.p-(2 /.T -t1 / 

e.p-(1 /.t1 -s/    1
 ,  (22) 

54 y .t1 , s/ e-t1 t1    -
 

 
p-t2 C p-t1 
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e  -1 

r2   T -t1 

.t  s/ e 

 # 

C C @s 2    js   C 1    js   - 

s 

40 

 
 

01 where c.t1 / is the level of consumption at moment t1  in the country of birth. Expression (22) allows 
02 us to define the optimal performance index J2 .k.s/, t1 , s/ as 
03 
04 J2 .k.s/, t1 , s/ D Max J2 D 

 
05 e-.p-(1 /s -e-.p-(1 /t1 

´  " 
ks e 

ln 
r1 .t1 -s/ 

 
Cw1 f .s/ r1 .t1 -s/ 

r 
 
Cw2 

 
f .s/ e.     2 - /. / -1  

# 
r 

μ 
r -pCt 

1 2 - 2 1 1 

06 
D 

p-t1 y .t ,s/e- t    1-e-.p-(2 /.T -t1 / e.p-(1 /.t1 -s/ -1 C p-t1 

1 
(1 1 p  (2 C p-(1 

07 
08 
09 

-
 

10 

 
r1 -pCt1 

p-t1 1 - 

- 

 
-.p-t1 /s C 

11 ks er1 .t1 -s/ Cw1 f .s/ e  -1 Cw2 f .s/ e  -1 
μ  ! 

 

12 C   ln 
r1 .t1 -s/ 

r1 
.p-(2 /.T -t1 /

 

. 2 -r2 /.T -t1 / 
2 -r2 

.p-(1 /.t1 -s/ 
 
y.t1 , s/e 

 
-t1 t1 

 
r2 -pCt2 C p-t2

 
y.t1 ,s/e-(1 t1 1-e- 

13 
 
p-(2 

e -1 C p-(1 

14 t2 t1   e-.p-(2 /t1 -e-.p-(2 /T  
r2 -pCt2

  
.p-t2 /T

  
-t2 t1

 

15 y.t1 , s/e- 

16 

 
p-t2 - p-t2 .T  - t1 / e- y.t1 , s/e  ,  

(23) 

17 which  allows  us to reduce  the initial three-stage  problem  to a tractable,  single-stage  problem, 
18 characterized by the following auxiliary problem: 
19 Auxiliary Problem III 
20 Z 
21 
22 
23 
24 s. t 
25 
26 

Max J1 D 
 

0 

et1 t ln c.t / e-pt dt C J2 .k.s/, t1 , s/ D J1 .t1 , s/ , 
 
 

kP.t / D r1 k.t / - c.t /,  0 6 t < s, 
 

k.s/ free, k.0/ D 0. 

27 The Hamiltonian is H1 .k, c,   1 , t , t1 , s/ D et1 t ln c.t / e-pt  C  1 .t / Œr1 k.t / - c.t /], where   1 .t / 28 is the costate variable. The solution meets the following necessary conditions: 29 
30 et1 t  e-pt  

31 c.t / 
D   1 .t /,  (24) 

32 
33 
34 - r1    1 .t / D P 1 .t /,  (25) 
35 
36 kP.t / D r1 k.t / - c.t /,  (26) 
37 
38 1 .s-/ D   2 .sC/ ,  (27) 
39 

 

41 
k .s-/ D k .s C/ ,  (28) 

42 
s 

43 Z 
44 
45 0 

46 
47 s 

 

@H1   
@t1 

 
dt C 

t1 Z   
@H2   

@t1 
s 
 
 

t1 

 
dt C 

T Z   
@H3   

@t1 
t1 
 

 
T 

 
dt D H3   jt1  C - H2   jt1   - ,  (29) 

48 
Z

 
49 
50 0 

@H1  dt  
Z
 

@s 
s 

@H2  dt  
Z
 

@s 
t1 

@H3  dt D H     - H     ,  (30) 

51 with s- D lim s - ", sC D  lim s C ", H3   jt
 D  lim H3   jt

 
" , H2   j D  lim H2   jt  " ,

 
52 "!0 "!0 1  C  "!0 1  C t1  - "!0 1  - 

53 H2   js   C D  lim H2   js   C" and H1   js   - D  lim H1   js   -" , being "  > 0. Equations (27) and (28) 
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54 establish the continuity of the costate and the state variable paths, respectively. Equations (29) and 
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@s @s 

r2  - p C t2  @y .t1 

C 

C 

 
 

01 (30) are the matching conditions for a three-stage optimal control with two explicit switch points 
02 dependence. From (24) and (25), we deduce that the optimal path of consumption in this stage is 
03 equal to that in the previous stage: 
04 
05 cP.t / D .r1 - p C t1 / c.t /,  (31) 
06 which, together with expression (26), leads to: 
07 
08 e.p-t1 /s - 1 
09 k.s/ D -c.s/ 
10 

 

p - t1 
.  (32) 

11 From the expressions (22), (27), (28), (31) and (32), we obtain: 
12 
13 
14 c .t1 / D 

 
f .s/ 

h
w1 

e
  
r1 .t1 -s/ 

r1 

 
-1  C w2 

e . 2 -r2 /.T -t1 / -1 
i 

2 -r2 

 
 
.  (33) 

-.p-(2 /.T -t1 /
 .p-(1 /t1

 

15 y .t1 , s/ e.t2 -t1 /t1 1-e  C  e  -1 
p-t2 

16 
p-t1 

17 where c.t1 / is the level of consumption at moment t1 in the country of birth. Finally, applying the 
18 matching conditions (29) and (30), we obtain two equations that provide a solution for t1     and s*: 
19 @c.t1 / 

20 @t1 

 

1 - e-.p-t1 /t1 
" @c.t1 / 

@t1 t 
# 

e-.p-t2 /t1 

t 
 

- e-.p-t2 /T  
y .t , s/ 

21 c .t1 / p - t1  
C

 c .t1 / 
C

 2 - 1 1 
p - t2 

22 r 
 r1  - p C t1 

l r 
.p-t1 /t1

 r2  - p C t2 
l 

23 ln c .t1 / C 
24 

e- 
p - t1 

C   ln c .t1 / - t2 .T  - t1 / - t1 t1 C  

p - t2 

25 e-.p-t2 /t1 - e-.p-t2 /T   @y .t1 , s/ r2  - p C t2  

e-.p-t2 /T y .t1 , s/ D (34) 
26 p - t2 

27 
@t1 

C
 

r 
p - t2  

r 2 - p C t2 
l 

 
 
.p-t2 /t1

 

28 D 
29 

ln c .t1 / - t2 .T  - t1 / - t1 t1 C e- 
p - t2 

y .t1 , s/ C 

r1  - p C t1 r 2 - p C t2 
.p-t2 /T

 @y .t1 , s/ 30 C 
31 
32 

 

p - t1 
e- 

p - t2 
.T  - t1 / , 

@t1 

33 @c.t1 / 1 - e-.p-t1 /t1 

34 C 
@c.t1 / e-.p-t2 /t1 - e-.p-t2 /T  

y .t1 , s/ - 
35 

c .t1 / p - t1 c .t1 / p - t2 

, s/
 

36 - e-.p-t2 /T  .T  - t / 
 

(35) 
37 p - t2 

38 r 

1  @s 
D 

r2  - p C t2 
l 

e-.p-t2 /t1 - e-.p-t2 /T   @y .t1 , s/ 
39 D -  
40 

ln c .t1 / - t2 .T  - t1 / - t1 t1 C  

p - t2 
, 

p - t2  @s 

41 with c.t1 / given by (33). 
42 The  character  of  the  equations,  as  they  stand,  makes  it  impossible  to  determine  the  solu- 
43 tion explicitly  for t1  and s*, and so we must solve numerically,  which  is carried  out in the 
44 following section. 
45 
46 3.  NUMERICAL SOLUTION 
47 
48 The auxiliary problem is solved numerically making use of the program Wolfram MAT H E M AT I C A 
49 7. To obtain an optimal point close to the Spanish average timing of migration, we set the fol-  Q4 
50 lowing values for the parameters that can be considered as biennial: p D 0.066 corresponds to an 
51 annual inter-temporal discount rate around 3% (commonly used in the models [12]); w1 .t1 / D 0.27 
52 and w2 .t1 / D  0.4 match the annual earnings w1 .t1 / D  0.13 and w2 .t1 / D  0.20 in hundreds of 
53 thousands of Euros, in 2006, for Spain, and the rest of the world, respectively;    2 D 0.00001 estab- 
54 lishes a nearly null wage growth in the destination country; T D 38 approaches a life expectancy 
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01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 Figure 3. The performance index J1 for the variation of t1 and s. 
21 
22 t1 

23 
24 
25 15.5 

26 
27 15.0 
28 
29 
30 14.5 

31 
32 14.0 
33 s 

13.92 13.94 13.96 13.98 14.00 14.02 14.04 
34 
35 Figure 4. Optimal age at migration and period of education for different values of w1 .t1 /. 
36 
37 
38 of 76 years; r1   D  0.001 and r2   D  0.1 match an almost null return to capital in origin and an 
39 annual return to capital of 4.9% in destination, respectively and, following contribution [18], we 
40 have considered the following form for the function f .s/: 

 ‚ 
f .s/ e 1-‰ 

42 
1-tJt 

43 
44 
45 

F3  46 
47 
48 
49 

F4  50 
51 
52 
53 
54 

and utilized  their  estimates  for the parameters,  ‰=0.58  and ‚=0.32.  Finally,  we have  chosen 
t1 D  0.003, t2 D  0.001, and y.t1 , s/  D  e0.003.t1 =s/  to show a pair of optimal values of the age 
at migration and the period of education (t1    , s  / within the range of plausibility. The performance 
index J1 is plotted in the vicinity of t1     and s* to show the optimality of both (Figure 3). Observe 
that the functional form selected for y.t1 , s/ leads to a jump down at t1  when s > 1, which is critical 
in this model. 

To test the relationship between the age of the individual at migration and the level of education, 
we assign different possible values to the parameter w1 .t1 /. Figure 4 shows the set of optimal pairs 
(t1    , s  / obtained. We can observe that age at migration and level of education move in opposite 
directions. Intuitively, the effect of the age at migration on the educational level is negative, because 
later migration shortens the period in which the emigrant earns a higher wage: the later the depar- 
ture time, the lower the stream of income obtained, and, hence, the lower the incentive to invest 
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01 more in education. Additionally, education negatively affects the age at migration due to the earn- 
02 ings gap. The higher the level of education of the migrant, the higher the expected wage benefits 
03 associated with migration and, hence, the greater the incentive to earlier migration. Thus, the longer 
04 the period of education, the younger will be the age at migration, which is a result supported by the 
05 Spanish data. 
06 
07 4.  CONCLUSION 
08 
09 We have designed a three-stage optimal control problem that endogenously determines age at migra- 
10 tion and level of education. The combination of social and economic factors related to migration 
11 allows us to detect different patterns in the age at migration and the level of schooling. Our main 
12 finding is the negative relationship between these two variables. We can say that host countries 
13 may be more interested in higher skilled workers, not only because of their human capital but also 
14 because the migrants are younger. Immigration policies based on human capital selection provide 
15 younger and more qualified workers who, apart from being more productive, contribute longer to 
16 the economy of the host country, facilitating assimilation and alleviating the aging phenomenon 
17 commonly found in advanced host economies. 
18 
19 
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