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Motivation

How should governments set the frequency of bene�t payments?

Understudied parameter in designing transfer policies, but lots of
cross-country and within-country variation in pay frequency

Three key considerations in answering this:

1 Welfare gains from inducing smooth consumption over paycycle

F Depends on behavioral motivation for non-smoothing

2 Administrative costs might be increasing in the frequency

F Bank transfer fees, labor, fraud prosecution, etc.

3 Menu costs: frequency a�ects ability of retailers to price discriminate

F Shorter paycycle interval =) larger per diem cost to changing prices
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Example: pension paycycle lengths across countries

Among 36 OECD countries...

I 25 operate on monthly systems
I 6 disburse every four weeks
I 2 every two weeks (Australia/New Zealand)
I 2 annually (Iceland/Ireland)
I 1 every two months (Japan)

Is there an economic rationale for a monthly system?

Some cross-country variation in regular length, but also calendar
variation within countries! (\5th Friday rule")

I Pro: �xing a calendar date for payments good if otherwise non-salient

I Con: can magnify welfare losses from self-control problems, liquidity
constraints, etc.
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One big (nest) egg, or many small ones?
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What we do

1 Propose new model of optimal payment frequency

I Govt. trades o� consumption-smoothing bene�t with higher admin cost
from increasing frequency

I Su�cient statistics: avg. daily bene�t, slope of welfare loss and admin
cost function w.r.t. frequency

2 Empirical application: Japanese bimonthly public pension system

I Use daily retail scanner data to estimate expenditure response to
payday (� 10% spike)

I Within-store average prices increase by � 2% but due to consumer
substitution towards higher quality goods, not retailer response

I Model calibration: for various behavioral motivations, optimal
frequency is always < 1 month =) Pareto improvement possible
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Basic modelling framework

Govt. picks T to minimize welfare loss subject to balanced budget

min
T

n
� p � �(T ) +

�
p � b(T ) + �(T )

�o
Govt. sets length of paycycle T � to equate the marginal reduction in
the welfare loss to marginal cost of reducing T

p � �0(T �)| {z }
MB

= �0(T �) + p � B| {z }
MC

Depends on fraction of pensioners p, the average daily bene�t
amount B, slope of welfare loss �0(T ) and cost function �0(T )

Key challenge: admin costs and welfare losses not directly observed

I Exploit local exposure to 1980s JPS reform which moved T = 90! 60

I Admin costs increase by at most 4%
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Related literature

Expenditure responses to regular payments

I Browning & Collado (2001), Stephens (2003,2006), Dobkin & Puller
(2007), Hori & Shimizutani (2009), Stephens & Unayama (2011),
Gelman et al. (2014), Leary & Wang (2016), Baker (2018), Gelman
(2018), Baugh & Wang (2018), Olafsson & Pagel (2018)

Motivations for consumption non-smoothing

I Zeldes (1989), Gruber (1997), Thaler (1999), Shapiro (2005), Card et
al. (2007), Mastrobuoni & Weinberg (2009), Parsons & Van Wesep
(2013), Hastings & Shapiro (2013,18), Farhi & Gabaix (2015),
Fuchs-Sch�undeln & Hassan (2016), Parker (2017), Kueng (2015,18)

Firm behavior during peak demand periods

I Warner & Barsky (1995), MacDonald (2000), Chevalier et al. (2003),
Nevo & Hatzitaskos (2006), Hastings & Washington (2010), Goldin et
al. (2016), Lambrecht & Misra (2017), Chevalier & Kashyap (2019)
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Optimal Frequency Model

LaPoint & Sakabe Optimal Payment Frequency JEES: July 2, 2020 8



Model setup

Fraction p of people receive a at (pension) bene�t every T days
equal to b(T ) = B � T

Other 1� p fraction are workers who earn exogenous w(t) and pay
lump-sum tax �(b)

Continuous time setup because T is the government’s choice variable

Government runs balanced budget for each t 2 [0;T ]:

(1� p) � �(b) = p � b(T ) + �(T ) =) �(b) =
p � B � T + �(T )

1� p

�(T ) is an administrative cost function assumed to be weakly convex

I Captures program costs that vary with T : authorizing/delivering
bene�ts, redeeming bene�ts, investigating fraud
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Government’s problem

Govt. picks T to minimize welfare loss subject to balanced budget

Can write this compactly as

min
T

n
� p � �(T ) +  �

�
p � b(T ) + �(T )

�o
with  = �@U

�=@�

@R�=@�

 is the marginal cost of funds (MCF), equal to unity under
lump-sum taxation of workers

Govt. sets length of paycycle T � to equate the marginal reduction in
the welfare loss to marginal cost of reducing T

p � �0(T �)


= �0(T �) + p � B (1)

Su�cient statistics: fraction of pensioners, the average daily bene�t
amount, slope of welfare loss and cost function
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Worker vs. pensioner consumption paths

Working households face standard consumption-saving problem:

max
f C( t )gt � 0

Z T

0
u(C(t ))dt s.t. C(t ) = S(t ) + w(t ) �

� (b)
T

Solution to this problem is full smoothing:C(t ) = C� ; 8t

Optimal consumption for pensioners is alsoC(t ) = C� ; 8t , but
suppose instead actual choice follows:

C(t ) = c0(T ) � exp(� f (t ))

f (t ) captures how path deviates from optimum over paycycle

Budget constraint
RT

0 C(t )dt = b(T ) pins down the value of
consumption on paydayc0(T ) with f (0) = 0
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Welfare loss from non-smoothing
Welfare loss from non-smoothing is the share of the bene�t a
pensioner should be willing to give up to achieveCt = C�

Z T

0
ur

�
c0(T ) � exp(� f (t ))

�
dt =

Z T

0
ur (� B)dt

(1 � � ) is the compensating variation or welfare loss from
non-smoothing �a la Lucas (1987), which depends onT

For any invertibleu(�) we can rewrite� (T ) as

� (T ) =

T � u� 1

(
1
T

RT
0 u

�
c0(T ) � exp(� f (t ))

�
dt

)

RT
0 c0(T ) � exp(� f (t ))dt

Numerator: total consumption where daily consumption is s.t. receive
average daily utility over theactual consumption path

Denominator: actual total consumption over the paycycleMarginal
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What behavior generates this welfare loss?

We consider three potential underlying motivations:

1 Quasi-hyperbolic discounting: consumption declines over paycycle

F Welfare loss comes from time-inconsistency problem (present bias)

2 Rule of thumb spending (\payday liquidity"): consumption spike on
payday, then at pro�le for rest of paycycle

F Consistent with results using high-frequency data

F Problem: unclear what behavioral problem might generate welfare loss

3 Liquidity constraints: unable to borrow against future income, so
cannot smooth payment over cycle

F Unlikely an issue with regular, constant payments

F Could be short-term income risk on other sources of income
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Quasi-hyperbolic discounters

Suppose utility function takes the form:

u(c0) + � �
TX

t =1

� t u(Ct )

Individuals with these preferences exhibit present bias: sequence of
discount rates is 1; ��; �� 2; �� 3; : : :, with � < 1; � < 1

With u(�) isoelastic with inverse IES� , can show that log
consumption decreases over timePaths Continuous

@log(Ct )
@t

=
1
�

� log� �
1

T � t + 1
+

1
T � t + � � 1=�

< 0

For � � 1 but � < 1 this decrease is approximately linear

Embed these preferences in the general model by assumingf (t ) = � t
where� is the daily decline in consumption over the paycycle
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Welfare loss from QH discounting

With QH discounting, internality problem because individual
overconsumes in earlier periods and underconsumes in later periods

Three features of the welfare loss (1� � ): Equations

1 Welfare loss is increasing in govt. choice ofT

F For higher T , welfare loss will be greater because integral between the
optimal smooth path and QH path larger

2 Welfare loss is increasing in�

F Higher � means consumption less substitutable between periods, so
individual willing to pay more to get closer to consumption smoothing

3 Optimal T � is decreasing in�

F Govt.'s MB curve of decreasingT becomes steeper for higher�
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Welfare loss from QH discounting

By IES
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Payday liquid consumers

Recent papers �nd that individuals exhibit \payday liquidity"

I Spike in expenditures on payday across the income distribution
I Unrelated to expectations of future liquidity constraints
I Expenditures are smooth for the rest of the paycycle

Simple consumption rule wheret = 0 is payday and intervalT > 1:

Ct =
�

(1 + x) � c if t = 0

c if t 2 [1; T � 1]

If this Ct is the result of utility maximization then no welfare loss

One possible utility function where this is optimal:Details

u(C) = (1 + x) � logu(C0) +
T � 1X

t =1

log(Ct )
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Welfare loss from payday liquidity

If instead underlying preferences do not put extra weight onu(C0)
there will be a welfare loss

With convex administrative costs the welfare loss goes to zero as
T ! 1 (i.e. govt. faces no tradeo�)

I Intuition: loss is concentrated on the initial spike, so asT ! 1 loss is
small relative to total consumption over the cycle

If instead allow spike to depend on paycycle length withx0(T ) > 0,
then T � < 1

I Stephens & Unayama (2011): some evidence thatx0(T ) > 0, since
MPC out of pension payments lower whenT = 90 ! 60

I We �nd evidence to support this case using high frequency data
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Marginal welfare loss with payday liquidity: x(T )

To keep things simple, focus on log utility (� = 1)

Welfare loss expression is the same, but now the marginal loss is:

� � 0(T ) = (c=B )(1+ x(T )) 1= T � 1

T 2

h�
1 + x(T )

�
� log

�
1 + x(T )

�
� Tx 0(T )

i

Now decreasingT can improve welfare if:
�

1 + x(T )
�

� log
�

1 + x(T )
�

| {z }
loss from spike magnitude asT "

> T � x0(T )
| {z }

gain from subdivision asT "

(2)

Spike grows withT due to pent-up demand (LHS), butdaily lossfalls
as interval length increases (RHS)

Our empirical evidence suggests linearx(T ) = 0 :0023� T =)
welfare higher for lowerT Constant x
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Welfare loss under payday liquidity with x(T )

1 � � (T ) is now concave vs. convex in the QH discounting case

Importantly, � 0(T ) has similar shape for both cases By IES
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Empirical Application:
Japanese Pension System
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Policy setting: Japanese public pension system

Payments distributed regularly on 15th of even monthsDistribution

If scheduled bene�t delivery falls on a weekend or holiday, moved to
�rst non-holiday weekday =) calendar variation in paycycle length

Late retirement until age 70 possible, but> 95% claim by age 65

Link shoppers to their eligibility through age reported on loyalty point
card =) ITT estimates

Advantages: universal health coverage, small living spaces (hard to
stockpile), large share of HH income

Arrival date and amount known in advance, so payment receipt
carries no new information

Details Flowchart Google data Pro�le
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Data sources

1 Hourly retail scanner data from Japanese marketing �rm

I Mainly covers regional grocery store chains
I Shoppers' purchase history connected to loyalty point card with basic

demographics (region, age, gender)
I Prices and quantities at barcode level

2 Japanese Study of Aging and Retirement (JSTAR) from Research
Institute of Economy, Trade and Industry

I Survey of people aged 50 or older in 10 suburbs of major cities
I Get basic summary stats on retirement and initial claimant ages, total

elderly expenditures, income

3 Local expenditures on public pension bene�ts from Cabinet O�ce

I Allows us to measure city-level administrative cost per claimant
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Estimation sample

Sample restrictions:

I Time period: April 1, 2011 to October 31, 2014
I Stores must have transactions recorded for all months
I Restrict to transactions attached to a member ID
I Exclude member IDs if reported age is less than 20 or greater than 90
I Members must make� 2 purchases in every month since sample entry

Observations summary:Summary Periodicity

I 511 stores (spread across 21 retail chains)
I 1,035,431 unique member IDs
I 28% above normal retirement age; 41% above early retirement age
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High frequency diff-in-diff strategy

For shopperi and purchases within categoryc we run

Xi ; c; t

X i ; c
=

P +7
j = � 7 � j � 1i

�
Paymentt + j

�
+ � dow + � wom +  my + � h + � i + � i ;t

with 1i

�
Paymentt + j

�
= 1

�
Paydayt + j

�
� 1

�
Agei ;t � 65

�
(3)

Compares daily consumption path of pension eligibles to pension
non-eligibles =) ITT/lower-bound estimate Distribution

Weekends/holidays generate exogenous variation in the payday due to
delivery date rule

Identi�cation: payday only event which generates gap in expenditures
between pensioners/non-pensioners, net of time/shopper FEs
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Expenditure Responses
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Result #1: spike in expenditures for pensioners

dXi ;t =
P +7

j = � 7 � j � 1i

�
Paymentt + j

�
+ � dow + � wom +  my + � h + � i + � i ;t

Similar results controlling for days since last trip or� dow � � i

LaPoint & Sakabe Optimal Payment Frequency JEES: July 2, 2020 25



Result #2: larger response for \splurge" categories
(a) Prepared Foods (b) Sweets/Desserts (c) Alcohol

(c) Fresh Produce (d) Fresh Fish (e) Meat & Poultry

(f) Processed Fruits/Vegetables (g) Preserved Fish (h) Grains

Regressions Single Di�
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Testing for \pent up demand"

Interact payment dummy with length of paycyclep:

Xi ;c;t

X i :c
= � 1 � 1

�
Paydayt

�
� Lengthp + � 2 � 1i

�
Paymentt

�
�

�
Lengthp

� 2

+ � dow + � wom +  my + � h + � i + � i ;t

Control: 1
�

Paydayt
�

= 0 = ) C0 = c

Treatment: 1
�

Paydayt
�

= 1 = ) C0 = c � (1 + � 1T + � 2T 2
| {z }

� x(T )

)

LaPoint & Sakabe Optimal Payment Frequency JEES: July 2, 2020 27



Result #3: evidence for \pent-up demand": x0(T ) > 0

(1) (2) (3) (4) (5) (6)

1(Payment) � Length 0:0015��� 0:0018��� 0:0023��� 0:0025��� � 0:733��� � 0:736���

1(Payment) � Length2 0:0000 0:0000 0:0246��� 0:0247���

1(Payment) � Length3 � 0:0002��� � 0:0002���

Length � 0:0003��� � 0:0003�� � 0:0003���

Total response (T = 58) 0.088 0.087 0.131 0.131 0.242 0.194

Total response (T = 60) 0.091 0.090 0.136 0.136 0.300 0.248

Total response (T = 62) 0.094 0.093 0.140 0.140 0.259 0.203

Joint F-test (p-value) { { 0.000 0.000 0.000 0.000

N 956,844,278 956,844,278 956,844,278 956,844,278 956,844,278 956,844,278

Adj. R2 0.013 0.013 0.013 0.013 0.013 0.013

Linear interaction model (3) suggests payday spike is� 0.2 p.p.
higher for each day the paycycle length increases

Distribution
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Result #4: spike in barcodes purchased by pensioners

ln bns;t =
P +7

j = � 7  j � Paydayt + j + � dow + � wom +  my + � h + � s + � s;t
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Avg. responses as a function of paycycle expenditures

Relatively at pro�le =) liquidity constraints play a minor role

By decile Distribution
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Summary: consumer responses

Four main results:

1 Clear spike of� 10% above daily consumption on scheduled payday

2 Intensive margin: switch to pricier splurge goods =) \type
switching" (Chevalier & Kashyap 2019)

3 Extensive margin: expanded consumption basket

4 Pent-up demand: variation in paycycle length identi�es case where
x0(T ) > 0 =) role for govt. to increase frequency

Exp. response only larger for very low liquidity shoppers (bottom
20%), otherwise constant spike magnitude

Minimal decline in consumption over cycle =) behavior less
consistent with QH discounting
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Pricing Responses
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Isolating retailer responses

Compute average (log) price of goodsk in stores that consumers age
� 65 buy each dayt :

ln Ps;t =
1

ns;t

X

k

ln pk ;s;t (4)

Can mathematically decompose changes in the index into three
components (di�cult to estimate!) Decomposition

1 Retailers' response: change in sales promotions

2 Variety e�ect: consumers' extensive margin response

3 Substitution e�ect: consumers' intensive margin response

Counterfactual prices o�er a simpler method:

I Replacepk;s;t in even months with the last observed daily value in the
preceding odd month

I Results similar for alternative de�nitions of the \last price"
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Result #5 spike in store-level prices for > = age 65

ln bPs;t =
P +7

j = � 7  j � Paydayt + j + � dow + � wom +  my + � h + � s + � s;t
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Illustration: counterfactual price index
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Result #6: no clear retailer response around payday

ln bPs;t � ln bPs;last =
P +7

j = � 7  j � Paydayt + j + � dow + � wom +  my + � h + � s + � s;t

Rationalizes using a PE model (constant prices) to compute opt. freq.
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Estimating Administrative Costs
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Natural experiment to parameterize admin costs

Exploit 1988 reform which switched from quarterly to bimonthly
schedule for payments (T = 90 ! 60)

Reform did notchange annual bene�t amount or earnings test

Idea: compare reported costs of municipalities with a pension system
branch o�ce to those without one

I Cities with a branch o�ce more directly involved in administering
pensions and thus shoulder larger expense burden

I 312 branch o�ces tasked with determining eligibility from applications
and help process paymentsFlowchart

Caveat: cannot say anything about non-linearities but can say
whether shift toT = 60 is welfare improving
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Small uptick in admin costs in branch cities

Regression results: costs increase by at most 4.3% forT = 90 ! 60
Total costs Map Balance
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Regression-adjusted results still show small uptick

log� j ;t = � � Branchj � Postt +  j + � t + � j ;t

(1) (2) (3) (4) (5) (6)

Branch� Post 0:043�� � 0:012 0.034 � 0:003 0:073��� 0:021
(0.017) (0.014) (0.023) (0.016) (0.026) (0.017)

City & year FEs

Incl. Tokyo

Incl. major cities

1985 population bin X year FEs

1985 per capita income bin X year FEs

N 11,111 10,635 11,111 10,635 11,111 10,635

# Municipalities 663 635 663 635 663 635

Adj. R2 0.517 0.554 0.856 0.863 0.863 0.866

Costs rise by at most 4.3% with e�ect driven by six largest cities
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Calibration Exercises
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Model calibration
Policy parameters (based on FY 2011 data from JPS)

I Average daily payment per claimant:B = 3 ; 462 JPY (� $32.50)
I Fraction of participants who receive bene�ts:p = 0 :3766

Administrative cost function

I Posit cost function takes form� (T ) = � ` =T ` where` � 1
I For each` calibrate scale factor� ` such that � (T ) matches reported

administrative costs: 300.722 billion JPY (� $3.07 billion)

QH discounting

I Set f (t ) = � � t = 0 :002t to match estimated 10% spike at payday
I Implies average daily decline of 0.2% of consumption over paycycle

Payday liquidity

I Set magnitude of spike atx = 0 :1 or x(T ) = 0 :0023T to match
baseline estimates for raw foods
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Optimal frequency flat w.r.t. inverse IES
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Optimal frequency w.r.t. convexity of admin costs

For plausible levels of convexity in admin costs, optimal frequency
always less than 1 month, asymptote under two months
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Discussion: optimal frequency results

In each model version, opt. freq. almost completely invariant (but
*very* slightly dec.) w.r.t. the assumed value for the inverse IES

I � " means consumption less substitutable across periods, so shoppers
willing to pay more to get closer to the smooth path

Daily disbursement optimal for very non-convex cost functions
(` � 0:45), but opt. freq. always< 2 mo. =) Pareto improvement

Optimal frequency results almost numerically identical for QH and
payday liquidity consumers

I Intuition: since marginal welfare loss is at for both types of
consumers, tradeo� dominated by shape of admin costs
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Conclusion

First paper to consider payment frequency as a policy parameter

Framework is simple, but can be applied to any country and public
bene�t program with data on costs and recipient behavior

In the empirical application, we show:

I Large spike in expenditures on payday which appears to be unrelated to
liquidity proxies (consumer type switching)

I Limited evidence of retailer price discrimination =) menu cost
channel is weak

I Calibrated model yields optimal frequency< 1 month { most bene�t
systems have monthly schedule

Results suggest variety and substitution e�ects are important
determinants of prices during peak demand periods
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Appendix
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Marginal compensating variation: � 0(T )

Write compensating variation� (T ) as a function of total observed
consumptionCtot and total certainty equivalent consumptionC:

� (T ) =
T � C
Ctot =) � 0(T ) =

(T � C)0� Ctot � (T � C) � (Ctot )0

(Ctot )2

(Ctot )0 =
@

@T

Z T

0
c0(T ) � exp(� f (t )) = c0 � exp(� f (T ))

(C)0 =
@

@T
u� 1

(
1
T

Z T

0
u

�
c0(T ) � exp(� f (t ))

�
dt

| {z }
� U(T )

)

= u� 1
�

U(T )
�

(u� 1)0
�

u(U(T ))
�

� 1
T

"

u
�

c0(T ) � exp(� f (T ))
�

� U(T )

#

Main deck
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Source: Mastrobuoni & Weinberg (2009) Main deck
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Continuous quasi-hyperbolic discounting

Directly modeling quasi-hyperbolic discounting in continuous time is
challenging because there is no clear \today" and \tomorrow"

Following Webb (2016), de�ne� as the present period, and 0� � � 1
time interval length:

V� (C) =
Z � + �

�
(� 1=� � )t � � � u(C(t ))dt

| {z }
instant grati�cation

+ �
Z 1

� + �
� t � � u(C(t ))dt

| {z }
geometric discounting

Utility at t � � = 0 ; 1; 2; : : : weighted by 1; ��; �� 2; : : :

Extra parameter� captures time interval before present bias kicks in

Present bias in continuous time is akin to instant grati�cation

Implied consumption path is similar to path in discrete time setting

Main deck
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Details: quasi-hyperbolic case

With B � T to spend over the time period [0; T � 1], budget
constraint pins down payday consumptionc0(T ):

Z T

0
c0(T ) � exp(� � t )dt = B � T =) c0(T ) =

� � B � T
1 � exp(� � T )

Assuming isoelastic utility with inverse IES� the welfare loss is:

1 � � (T ) =

8
>>><

>>>:

1 � 1
B

� exp
�

c0 � � T =2
�

if � = 1

1 � c0

B
�

"
1� exp

�
(� � 1)� T

�

� T (1� � )

# 1
1� �

if � 6= 1

Main deck
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Welfare loss from QH discounting

Main deck
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Details: payday liquidity case with constant x

With B � T to spend over the time period [0; T � 1], budget
constraint pins downc:

(1 + x) � c +
T � 1X

t =1

c = B � T =) c =
B � T
T + x

If T = 1 then c = B by default

Assuming isoelastic utility with inverse IES� the welfare loss is:

1 � � (T ) =

8
<

:

1 � c
B

� (1 + x)1=T if � = 1

1 � c
B �T 1= (1� � )

h
(1 + x)1� � + ( T � 1)

i 1
1� �

if � 6= 1
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Welfare loss under payday liquidity: constant x
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Welfare loss under payday liquidity: constant x
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Welfare loss under payday liquidity with x(T )
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Public pension benefit system in Japan

Japan's mandatory public pension system (JPS) has two tiers

I National pension (NP): at-rate basic pension with compulsory
coverage for residents aged 20 to 59

I Employee pension insurance (EPI): earnings-related pension with
compulsory coverage for those employed full-time by private company
with � 5 workers

I NP and EPI implemented jointly as one system

Other features

I Earnings test: if working beyond age 65, EPI bene�t reduced or
suspended if monthly EPI payment + wages> 460,000 JPY

I Normal retirement at age 65, with early (60-64) or deferred (66-70)
collection possible

I Not very generous compared to other OECD countries: 2012 full NPI
amount was 780,100 per year for 40 years of contributions

Main deck

LaPoint & Sakabe Optimal Payment Frequency JEES: July 2, 2020 11



How are benefits paid out?

Both NP and EPI payments are distributed regularly on the 15th of
every other month (Feb., April, June, etc.)

If scheduled bene�t delivery date falls on a Saturday, Sunday, or
public holiday, it is moved to the �rst previous non-holiday weekday

22 delivery dates in our sample time period: 15 on the 15th, 4 dates
moved to the 14th, and 3 moved to the 13th

Payments usually arranged via bank transfer when pensioners submit
a form to local city o�ce to begin claiming bene�ts

I Local city o�ces not directly involved in remitting payments
I But local city o�ces involved in processing applications and

withholding taxes from pension payments
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