A Online appendix: mathematical proofs of Sections 2 and 3
A.1 Proof of Proposition 2.1
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To obtain (A5), we use the fact that 
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To obtain (A11) we have used the fact that 
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In (A15) we used the fact that B and Z are independent. Additionally, (A16) is justified because 
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To obtain (A20), we have used the expressions for 
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A.2 Proof of Proposition 3.1
Without any loss of generality, we assume 
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The partial derivative of 
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Because 
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For 
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Assuming that (A25) holds, we need to prove
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Inequality (A26) is equivalent to
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Because we assume that (A24) and 
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which in turn is equivalent to
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Finally, we can see that (A29) holds because 
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A.3 Proof of Proposition 3.2
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Using (A30) and (A31), 
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We consider 
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We define the following

[image: image95.wmf]11

()

=0=0

()=,

TT

TiTj

ij

ij

gWWe

m

m

--

-+-

åå


(A35)


[image: image96.wmf]11

()

=0=0

()=.

TT

TiTj

ijij

ij

hWWe

m

mr

--

-+-

åå


(A36)
Then, it is clear that
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Additionally, we define 
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Thus, we can verify that

[image: image106.wmf](

)

(

)

1

1111

=0

2

22

11

()max{,}

=0=0

(2)

()

=,

T

i

iTTTT

i

TT

Tijij

ij

ij

WeACBD

D

eWWe

m

sms

m

m

-

-

----

--

-+-

--

¶

¶

å

åå


(A41)
where

[image: image107.wmf]11

2

()max{,}

1

=0=0

=,

TT

ijij

Tij

ij

AWWe

ms

--

-+-

-

åå


(A42)


[image: image108.wmf]1

1

=0

=,

T

i

Ti

i

CWie

m

-

-

-

å


(A43)


[image: image109.wmf]11

2

()max{,}

1

=0=0

=(),

TT

ijij

Tij

ij

BWWije

ms

--

-+-

-

+

åå


(A44)


[image: image110.wmf]1

1

=0

=.

T

i

Ti

i

DWe

m

-

-

-

å


(A45)
Under all of the previous assumptions, 
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Then, 
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Using expressions (A52) and (A53) and assuming 
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Moreover, we can verify the following
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Replacing 
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Finally, inequality (A57) holds because 
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A.4 Proof of Proposition 3.3
We define the following
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and define
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Moreover, Proposition 3.2 implies that
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for all 
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Consequently, we need to find the conditions under which 
[image: image171.wmf]()<0

T

Y

 for all 
[image: image172.wmf]>1

T

. We will use induction to find these conditions. When 
[image: image173.wmf]=2

T

, we have

[image: image174.wmf]22

2(2)22(2)

011101

(2)=()()()()

xxxx

WWeWeWeWWe

ss

--+--+

Y+-+


(A68)


[image: image175.wmf]2

2(2)2

0101

=

xx

WWeWWe

s

-+-

-


(A69)


[image: image176.wmf]2

()

0110

=(),

xx

WWeWeW

s

--+

-


(A70)
and having 
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Because we are assuming 
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If 
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Moreover, (A64) is equivalent to
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Inequalities (A75) and (A76) imply
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If we consider 
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6.5 Proof of Corollary 3.1
We only need to verify whether the conditions given in the corollary imply that 
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Assuming (A78), we have 
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If 
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6.6 Proof of Proposition 3.4
We will start with the first claim. From 
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After some algebraic manipulation, and using the fact that 
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Therefore, we only need to establish conditions under which
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and
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Condition (A85) is satisfied when either 
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We obtained the previous inequality by taking a partial derivative with respect to 
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After some algebraic manipulation and using the fact that 
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Therefore, we also need to establish the conditions under which (A86) holds, which will be found next.

From expressions (8) and (10) and the assumptions of Proposition 3.4,
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Moreover, using the appropriate expressions for 
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Using the previous results and after some simplifications, we obtain
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Finally, (A97) will be less than or equal to zero if 
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To prove claim (2), we fix 
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Because the right-hand side of (A98) is negative for 
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. The proof of the second claim follows a similar logic but uses the Corollary 3.1 instead of Proposition 3.3.
B Online appendix: real wage growth
This appendix is based entirely on SBS (2013). Empirical and theoretical studies in labor economics state that real wage growth is primarily explained by worker’s productivity levels (Mincer (1974) and Ashenfelter (2012)) and find that productivity gains are associated with education levels and work experience. For the Peruvian economy, Castro and Yamada (2010) show empirical evidence of wage differences, which are explained by gender and age.

The real growth rate along the salary curve was computed using the implicit salary (mandatory contributions divided by contribution rate) of SPP affiliates between June 2010 and September 2012 (10 quarters). Affiliates were classified on the basis of gender and education level (college or no college). Table B1 shows the yearly percentage growth of real salaries as a function of age for different gender/education combinations.

The effect of productivity on the growth of real wages was estimated using the Peruvian Permanent Employment Survey (EPE) between 2003 and 2012. The annualized variation of real wages was determined for the same gender/education combinations. The values for women and men without a college education were 2.73% and 3.52% per year, respectively. The variations were 1.69% and 0.63% per year for women and men with college education. The aforementioned variations were considered for the first 10 years; after 20 years, it was assumed that the gains for productivity converged to 1.00%, and for years 11 to 20, the average between the current productivity gain and the long-run gain was contemplated. Table B2 summarizes the information about real wage growth due to productivity gains.

The real wage growth (annualized) is the sum of the corresponding growth along the salary curve plus the growth due to productivity. For example, a 23-year-old woman with a college education would have a real wage growth of 3.74% per year (2.05% from the salary curve plus 1.69% from productivity) until she reached 27 years of age. From 28 to 32 years of age, the growth rate would be 2.95% (1.26% from the salary curve plus 1.69% from productivity). Additionally, from 33 to 37 years of age, the growth rate would be 2.33% (0.98% from the salary curve plus 1.35% from productivity). Note the change in the productivity gain after 10 years; it goes from 1.69% to 1.35%. We can continue in the same way until we determine all of the growth rates during her accumulation phase. Finally, the annualized growth rates are transformed to monthly rates, 
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Table B1. Yearly percentage growth rate of real salaries of PPS affiliates. Source: Quarterly Database of the PPS June 2010 - September 2012
	Age
	Female
	Male

	
	No college
	College
	No college
	College

	18-22
	2.33%
	3.26%
	2.03%
	3.90%

	23-27
	1.44%
	2.05%
	1.12%
	3.06%

	28-32
	0.71%
	1.26%
	0.51%
	2.35%

	33-37
	0.56%
	0.98%
	0.30%
	1.89%

	38-42
	0.46%
	1.10%
	0.23%
	1.66%

	43-47
	0.35%
	1.46%
	0.21%
	1.66%

	48-52
	0.22%
	1.22%
	0.17%
	1.48%

	53-57
	0.09%
	0.71%
	0.11%
	1.16%

	58-64
	0.00%
	0.00%
	0.00%
	0.00%


Table B2. Productivity gain in percentage of real wage growth
	Gender / Education
	Period

	
	1-10 yearsa
	11-20 years
	21 or more

	Female / No college
	2.73%
	1.87%
	1.00%

	Female / College
	1.69%
	1.35%
	1.00%

	Male / No college
	3.52%
	2.26%
	1.00%

	Male / College
	0.63%
	0.82%
	1.00%


a Source: Peruvian Permanent Employment Survey (EPE) 2003-2012
C Online appendix: tables of Section 4.2
Table C1. Risk-neutral equivalent charge on balance, 
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, in percentage (%) and annualized for different ages and gender/education combinations (
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 female, 
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 male, 
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 no college and 
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 college) in a moderate scenario (expected fund return of 5.00% per year). We have assumed 
[image: image268.wmf]=0.1761

a

 (which corresponds to a charge on flow of 1.615% of the salary under a constant contribution rate of 10%) and a retirement age of 65 years.
	Age
	F/NC
	F/C
	M/NC
	M/C

	20
	0.65
	0.66
	0.65
	0.67

	21
	0.67
	0.68
	0.67
	0.69

	22
	0.68
	0.70
	0.69
	0.70

	23
	0.70
	0.71
	0.71
	0.72

	24
	0.72
	0.73
	0.73
	0.74

	25
	0.74
	0.76
	0.75
	0.76

	26
	0.77
	0.78
	0.77
	0.78

	27
	0.79
	0.80
	0.80
	0.80

	28
	0.82
	0.83
	0.82
	0.83

	29
	0.84
	0.85
	0.85
	0.85

	30
	0.87
	0.88
	0.88
	0.88

	31
	0.90
	0.91
	0.91
	0.91

	32
	0.93
	0.94
	0.94
	0.94

	33
	0.97
	0.98
	0.98
	0.97

	34
	1.00
	1.01
	1.02
	1.00

	35
	1.04
	1.05
	1.06
	1.04

	36
	1.09
	1.09
	1.10
	1.08

	37
	1.13
	1.14
	1.15
	1.12

	38
	1.18
	1.18
	1.20
	1.17

	39
	1.23
	1.24
	1.25
	1.22

	40
	1.29
	1.29
	1.31
	1.27

	41
	1.35
	1.35
	1.37
	1.33

	42
	1.42
	1.41
	1.44
	1.39

	43
	1.49
	1.48
	1.52
	1.46

	44
	1.57
	1.56
	1.60
	1.54

	45
	1.66
	1.65
	1.69
	1.62

	46
	1.75
	1.74
	1.78
	1.71

	47
	1.86
	1.84
	1.89
	1.81

	48
	1.98
	1.96
	2.01
	1.93

	49
	2.11
	2.09
	2.15
	2.06

	50
	2.27
	2.24
	2.31
	2.20

	51
	2.44
	2.41
	2.48
	2.37

	52
	2.65
	2.61
	2.69
	2.57

	53
	2.88
	2.84
	2.93
	2.79

	54
	3.16
	3.12
	3.21
	3.07

	55
	3.50
	3.44
	3.54
	3.39


Table C2. Estimated values of 
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	20
	0.432
	0.436
	0.452
	1.678
	1.687
	1.715
	3.160
	3.163
	3.190

	21
	0.425
	0.429
	0.445
	1.648
	1.657
	1.686
	3.109
	3.110
	3.123

	22
	0.417
	0.421
	0.437
	1.617
	1.627
	1.656
	3.056
	3.056
	3.058

	23
	0.409
	0.413
	0.429
	1.586
	1.596
	1.625
	3.002
	3.001
	2.993

	24
	0.401
	0.405
	0.421
	1.555
	1.565
	1.594
	2.947
	2.946
	2.929

	25
	0.392
	0.397
	0.413
	1.524
	1.534
	1.563
	2.891
	2.889
	2.866

	26
	0.384
	0.388
	0.405
	1.492
	1.501
	1.531
	2.833
	2.831
	2.803

	27
	0.376
	0.380
	0.396
	1.460
	1.469
	1.498
	2.775
	2.773
	2.740

	28
	0.367
	0.372
	0.388
	1.427
	1.436
	1.465
	2.715
	2.713
	2.677

	29
	0.359
	0.363
	0.379
	1.394
	1.403
	1.432
	2.655
	2.653
	2.614

	30
	0.350
	0.354
	0.370
	1.361
	1.369
	1.398
	2.594
	2.591
	2.551

	31
	0.341
	0.345
	0.361
	1.327
	1.335
	1.364
	2.531
	2.529
	2.488

	32
	0.333
	0.337
	0.352
	1.293
	1.300
	1.330
	2.468
	2.466
	2.425

	33
	0.324
	0.328
	0.343
	1.259
	1.266
	1.295
	2.404
	2.403
	2.361

	34
	0.315
	0.318
	0.334
	1.224
	1.230
	1.260
	2.340
	2.338
	2.296

	35
	0.306
	0.309
	0.324
	1.189
	1.195
	1.224
	2.274
	2.273
	2.231

	36
	0.297
	0.300
	0.315
	1.154
	1.159
	1.189
	2.208
	2.207
	2.164

	37
	0.287
	0.291
	0.306
	1.118
	1.123
	1.152
	2.142
	2.140
	2.097

	38
	0.278
	0.281
	0.296
	1.083
	1.087
	1.116
	2.075
	2.073
	2.029

	39
	0.269
	0.272
	0.287
	1.046
	1.051
	1.079
	2.007
	2.005
	1.959

	40
	0.259
	0.263
	0.277
	1.010
	1.014
	1.042
	1.939
	1.936
	1.888

	41
	0.249
	0.253
	0.267
	0.973
	0.977
	1.005
	1.870
	1.867
	1.816

	42
	0.240
	0.243
	0.258
	0.936
	0.940
	0.967
	1.802
	1.797
	1.742

	43
	0.230
	0.234
	0.248
	0.899
	0.903
	0.930
	1.732
	1.726
	1.666

	44
	0.220
	0.224
	0.238
	0.861
	0.865
	0.892
	1.663
	1.655
	1.589

	45
	0.210
	0.215
	0.229
	0.824
	0.828
	0.853
	1.593
	1.583
	1.509

	46
	0.200
	0.205
	0.219
	0.785
	0.790
	0.815
	1.523
	1.511
	1.427

	47
	0.190
	0.195
	0.209
	0.747
	0.752
	0.776
	1.453
	1.438
	1.344

	48
	0.180
	0.185
	0.200
	0.708
	0.714
	0.738
	1.382
	1.365
	1.257

	49
	0.169
	0.176
	0.190
	0.670
	0.676
	0.699
	1.312
	1.291
	1.169

	50
	0.159
	0.166
	0.181
	0.630
	0.638
	0.660
	1.242
	1.217
	1.077
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	20
	-7.765
	-7.759
	-7.740
	-6.035
	-6.024
	-5.992
	-3.933
	-3.983
	-3.998

	21
	-7.203
	-7.201
	-7.181
	-5.533
	-5.527
	-5.500
	-3.509
	-3.580
	-3.584

	22
	-6.635
	-6.630
	-6.616
	-5.031
	-5.031
	-4.995
	-3.148
	-3.136
	-3.173

	23
	-6.066
	-6.053
	-6.031
	-4.524
	-4.496
	-4.483
	-2.641
	-2.739
	-2.765

	24
	-5.483
	-5.471
	-5.460
	-4.013
	-3.986
	-3.953
	-2.204
	-2.194
	-2.306

	25
	-4.889
	-4.885
	-4.871
	-3.475
	-3.465
	-3.431
	-1.744
	-1.790
	-1.790

	26
	-4.298
	-4.293
	-4.277
	-2.945
	-2.931
	-2.902
	-1.291
	-1.287
	-1.262

	27
	-3.701
	-3.698
	-3.685
	-2.399
	-2.395
	-2.366
	-0.839
	-0.889
	-0.881

	28
	-3.105
	-3.097
	-3.089
	-1.867
	-1.862
	-1.827
	-0.394
	-0.388
	-0.458

	29
	-2.497
	-2.492
	-2.472
	-1.322
	-1.315
	-1.280
	0.098
	0.098
	0.050

	30
	-1.894
	-1.887
	-1.869
	-0.771
	-0.772
	-0.739
	0.634
	0.567
	0.564

	31
	-1.288
	-1.280
	-1.269
	-0.222
	-0.218
	-0.190
	1.092
	1.053
	1.002

	32
	-0.678
	-0.674
	-0.654
	0.325
	0.340
	0.365
	1.589
	1.557
	1.555

	33
	-0.074
	-0.067
	-0.048
	0.886
	0.889
	0.914
	2.047
	2.056
	2.025

	34
	0.536
	0.541
	0.554
	1.437
	1.440
	1.476
	2.538
	2.533
	2.489

	35
	1.145
	1.150
	1.163
	1.988
	2.005
	2.027
	3.038
	3.043
	3.028

	36
	1.748
	1.755
	1.772
	2.551
	2.555
	2.580
	3.511
	3.528
	3.471

	37
	2.358
	2.361
	2.374
	3.104
	3.111
	3.136
	4.010
	4.022
	3.974

	38
	2.961
	2.966
	2.978
	3.664
	3.667
	3.691
	4.530
	4.512
	4.487

	39
	3.563
	3.567
	3.580
	4.213
	4.224
	4.246
	5.016
	5.012
	4.993

	40
	4.166
	4.170
	4.175
	4.768
	4.777
	4.801
	5.532
	5.516
	5.498

	41
	4.767
	4.772
	4.781
	5.329
	5.338
	5.354
	6.038
	6.032
	5.975

	42
	5.361
	5.369
	5.377
	5.888
	5.891
	5.913
	6.535
	6.546
	6.495

	43
	5.962
	5.965
	5.975
	6.438
	6.446
	6.469
	7.034
	7.036
	6.992

	44
	6.557
	6.560
	6.572
	6.997
	7.000
	7.028
	7.554
	7.543
	7.522

	45
	7.154
	7.157
	7.167
	7.557
	7.563
	7.585
	8.059
	8.054
	8.016

	46
	7.750
	7.753
	7.766
	8.117
	8.120
	8.144
	8.578
	8.572
	8.521

	47
	8.349
	8.352
	8.363
	8.679
	8.685
	8.706
	9.093
	9.092
	9.064

	48
	8.951
	8.953
	8.960
	9.246
	9.251
	9.272
	9.625
	9.618
	9.578

	49
	9.552
	9.554
	9.563
	9.814
	9.823
	9.842
	10.148
	10.144
	10.131

	50
	10.154
	10.157
	10.168
	10.388
	10.395
	10.416
	10.686
	10.684
	10.658


_1521093076.unknown

_1521093152.unknown

_1521093193.unknown

_1521236693.unknown

_1521238381.unknown

_1521238857.unknown

_1521239041.unknown

_1521239390.unknown

_1521239708.unknown

_1521240003.unknown

_1521240060.unknown

_1521239718.unknown

_1521239412.unknown

_1521239202.unknown

_1521239323.unknown

_1521239158.unknown

_1521238948.unknown

_1521239019.unknown

_1521238928.unknown

_1521238614.unknown

_1521238715.unknown

_1521238791.unknown

_1521238655.unknown

_1521238487.unknown

_1521238561.unknown

_1521238463.unknown

_1521238056.unknown

_1521238167.unknown

_1521238280.unknown

_1521238100.unknown

_1521236781.unknown

_1521237988.unknown

_1521236710.unknown

_1521093209.unknown

_1521093225.unknown

_1521093233.unknown

_1521093237.unknown

_1521093240.unknown

_1521093242.unknown

_1521093243.unknown

_1521093244.unknown

_1521093241.unknown

_1521093239.unknown

_1521093235.unknown

_1521093236.unknown

_1521093234.unknown

_1521093229.unknown

_1521093231.unknown

_1521093232.unknown

_1521093230.unknown

_1521093227.unknown

_1521093228.unknown

_1521093226.unknown

_1521093217.unknown

_1521093221.unknown

_1521093223.unknown

_1521093224.unknown

_1521093222.unknown

_1521093219.unknown

_1521093220.unknown

_1521093218.unknown

_1521093213.unknown

_1521093215.unknown

_1521093216.unknown

_1521093214.unknown

_1521093211.unknown

_1521093212.unknown

_1521093210.unknown

_1521093201.unknown

_1521093205.unknown

_1521093207.unknown

_1521093208.unknown

_1521093206.unknown

_1521093203.unknown

_1521093204.unknown

_1521093202.unknown

_1521093197.unknown

_1521093199.unknown

_1521093200.unknown

_1521093198.unknown

_1521093195.unknown

_1521093196.unknown

_1521093194.unknown

_1521093173.unknown

_1521093184.unknown

_1521093189.unknown

_1521093191.unknown

_1521093192.unknown

_1521093190.unknown

_1521093186.unknown

_1521093188.unknown

_1521093185.unknown

_1521093177.unknown

_1521093179.unknown

_1521093181.unknown

_1521093178.unknown

_1521093175.unknown

_1521093176.unknown

_1521093174.unknown

_1521093165.unknown

_1521093169.unknown

_1521093171.unknown

_1521093172.unknown

_1521093170.unknown

_1521093167.unknown

_1521093168.unknown

_1521093166.unknown

_1521093161.unknown

_1521093163.unknown

_1521093164.unknown

_1521093162.unknown

_1521093154.unknown

_1521093160.unknown

_1521093153.unknown

_1521093119.unknown

_1521093136.unknown

_1521093144.unknown

_1521093148.unknown

_1521093150.unknown

_1521093151.unknown

_1521093149.unknown

_1521093146.unknown

_1521093147.unknown

_1521093145.unknown

_1521093140.unknown

_1521093142.unknown

_1521093143.unknown

_1521093141.unknown

_1521093138.unknown

_1521093139.unknown

_1521093137.unknown

_1521093128.unknown

_1521093132.unknown

_1521093134.unknown

_1521093135.unknown

_1521093133.unknown

_1521093130.unknown

_1521093131.unknown

_1521093129.unknown

_1521093123.unknown

_1521093126.unknown

_1521093127.unknown

_1521093125.unknown

_1521093121.unknown

_1521093122.unknown

_1521093120.unknown

_1521093094.unknown

_1521093104.unknown

_1521093108.unknown

_1521093110.unknown

_1521093118.unknown

_1521093109.unknown

_1521093106.unknown

_1521093107.unknown

_1521093105.unknown

_1521093100.unknown

_1521093102.unknown

_1521093103.unknown

_1521093101.unknown

_1521093098.unknown

_1521093099.unknown

_1521093095.unknown

_1521093085.unknown

_1521093090.unknown

_1521093092.unknown

_1521093093.unknown

_1521093091.unknown

_1521093088.unknown

_1521093089.unknown

_1521093086.unknown

_1521093080.unknown

_1521093082.unknown

_1521093083.unknown

_1521093081.unknown

_1521093078.unknown

_1521093079.unknown

_1521093077.unknown

_1521092986.unknown

_1521093033.unknown

_1521093055.unknown

_1521093064.unknown

_1521093071.unknown

_1521093074.unknown

_1521093075.unknown

_1521093073.unknown

_1521093066.unknown

_1521093067.unknown

_1521093065.unknown

_1521093060.unknown

_1521093062.unknown

_1521093063.unknown

_1521093061.unknown

_1521093057.unknown

_1521093058.unknown

_1521093056.unknown

_1521093041.unknown

_1521093045.unknown

_1521093047.unknown

_1521093048.unknown

_1521093046.unknown

_1521093043.unknown

_1521093044.unknown

_1521093042.unknown

_1521093037.unknown

_1521093039.unknown

_1521093040.unknown

_1521093038.unknown

_1521093035.unknown

_1521093036.unknown

_1521093034.unknown

_1521093005.unknown

_1521093018.unknown

_1521093029.unknown

_1521093031.unknown

_1521093032.unknown

_1521093030.unknown

_1521093026.unknown

_1521093028.unknown

_1521093019.unknown

_1521093014.unknown

_1521093016.unknown

_1521093017.unknown

_1521093015.unknown

_1521093010.unknown

_1521093012.unknown

_1521093006.unknown

_1521092994.unknown

_1521093001.unknown

_1521093003.unknown

_1521093004.unknown

_1521093002.unknown

_1521092998.unknown

_1521093000.unknown

_1521092995.unknown

_1521092990.unknown

_1521092992.unknown

_1521092993.unknown

_1521092991.unknown

_1521092988.unknown

_1521092989.unknown

_1521092987.unknown

_1521092940.unknown

_1521092961.unknown

_1521092976.unknown

_1521092980.unknown

_1521092982.unknown

_1521092983.unknown

_1521092981.unknown

_1521092978.unknown

_1521092979.unknown

_1521092977.unknown

_1521092966.unknown

_1521092969.unknown

_1521092975.unknown

_1521092968.unknown

_1521092964.unknown

_1521092965.unknown

_1521092963.unknown

_1521092949.unknown

_1521092954.unknown

_1521092956.unknown

_1521092960.unknown

_1521092955.unknown

_1521092951.unknown

_1521092953.unknown

_1521092950.unknown

_1521092945.unknown

_1521092947.unknown

_1521092948.unknown

_1521092946.unknown

_1521092942.unknown

_1521092944.unknown

_1521092941.unknown

_1521092922.unknown

_1521092932.unknown

_1521092936.unknown

_1521092938.unknown

_1521092939.unknown

_1521092937.unknown

_1521092934.unknown

_1521092935.unknown

_1521092933.unknown

_1521092927.unknown

_1521092929.unknown

_1521092931.unknown

_1521092928.unknown

_1521092924.unknown

_1521092925.unknown

_1521092923.unknown

_1521092914.unknown

_1521092918.unknown

_1521092920.unknown

_1521092921.unknown

_1521092919.unknown

_1521092916.unknown

_1521092917.unknown

_1521092915.unknown

_1521092910.unknown

_1521092912.unknown

_1521092913.unknown

_1521092911.unknown

_1521092908.unknown

_1521092909.unknown

_1521092907.unknown

