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1
In

tro
d
u
ctio

n

Standard
econom

ic
theory

-together
w

ith
com

m
on

sense
-suggests

that,in
an

uncertain

environm
ent,risk-averse

agents
are

better-off
ifthey

m
anage

to
insure

the
uncorrelated

part
of

the
fluctuations

in
their

resources.
In

a
frictionless

environm
ent,

every
agent’s

consum
ption

should
not

respond
to

idiosyncratic
shocks

in
his

incom
e.

T
his

condition

can
be

interpreted
as

a
cross-sectional

version
of

the
P
erm

anent
Incom

e
H

ypothesis:

individualconsum
ption

should
not

vary
across

agents
in

response
to

uncorrelated
shocks

in
their

individual
incom

e.
R

ational
agents

should
insure

one
to

the
other

against

idiosyncratic
m

ovem
ents

in
their

incom
es.

T
hey

should
achieve

w
hat

is
com

m
only

called
”full

risk-sharing”.
H

ow
ever,

casual
observation

of
consum

ption
data

suggests

that
such

condition
is

hardly
m

et
at

all
levels

of
aggregation.

Individual
consum

ption

seem
s

to
be

very
correlated

w
ith

both
current

and
lagged

individual
incom

e.

H
ere

w
e

address
the

issue
of

im
perfect

risk
sharing

from
tw

o
standpoints.

In
the

first
contribution,

w
e

address
the

problem
of

lack
of

optim
al

social
insur-

ance
ow

ing
to

the
diffi

culties
of

eliciting
socially

optim
al

actions
from

individuals.
A

stream
of

research
proposes

to
study

the
properties

of
constrained

optim
al

allocations

in
presence

of
incentive

problem
s

using
contract

theory.
G

enerally
speaking,

a
con-

tract
is

a
m

utual
agreem

ent
betw

een
heterogenous

agents,
w

ho
jointly

im
prove

their

w
elfare

by
redistributing

their
resources.

H
ere,the

contract
also

provides
a

theoretical

benchm
ark:

the
optim

al
allocation.

A
n

influentialstream
of

literature
assum

es
that

the
lack

of
risk

insurance
is

gener-

ated
by

the
technological

problem
of

enforcem
ent

of
contracts.

E
ven

though
there

is

full
and

public
inform

ation,
perfect

com
pliance

m
ay

not
be

achieved
because

it
is

not

legal,or
because

its
cost

w
ould

be
prohibitive.

T
here

is
no

direct
m

easure
to

force
the

agents
in

the
contract.

T
hey

can
alw

ays
step

out,
w

ith
no

direct
consequences.

H
ow

-

ever,there
is

one
indirect

m
easure

that
can

credibly
m

ake
the

life
ofthe

deviating
agent

less
easy.

T
he

agent
that

refuses
to

com
ply

w
ill

be
excluded

from
the

contract
from

the
tim

e
ofthe

deviation
onw

ards.
T

he
utility

ofconsum
ing

in
autarchy

forever
w

illbe

the
exit

option
in

the
hands

of
each

agent.
A

n
insurance

contract,
to

be
sustainable,

should
be

self-enforcing,
that

is,
it

m
ust

deliver
to

each
agent,

at
each

point
in

tim
e,
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at
least

the
sam

e
utility

he
w

ould
get

in
autarchy.

In
practical

term
s,

this
am

ounts

to
tuning

upon
the

trade-off
betw

een
short-run

benefits
(enjoy

the
tem

poraneous
good

incom
e

realisation)
and

long-run
costs

of
default

(consum
e

in
autarchy

forever).

In
this

thesis
w

e
extend

the
scope

of
this

approach
studying

the
consequences

of

collective
default.

In
fact,w

e
argue

that,in
severalcircum

stances,restricting
the

alter-

native
to

autarchy
consum

ption
seem

s
unrealistic.

G
enerally

speaking,borrow
ers

m
ay

find
access

to
credit

through
m

any
different

channels.
B

eside
the

offi
cialinternational

financialm
arkets,incom

e
fluctuation

ofsovereign
countries,for

instance,are
sm

oothed

aw
ay

also
w

ithin
regional

treaties,
trade

arrangem
ents,

and
so

on.
Individuals

tend
to

pool
their

resources
through

inform
al

agreem
ents

w
ithin

extended
fam

ilies,
kinships,

and
so

on.
If

coordination
to

punish
jointly

infractors
is

not
sustainable,

a
borrow

er

m
ay

take
on

a
loan

from
one

institution
and

at
som

e
point

renege
it

to
enter

one
of

these
other

arrangem
ents.

W
e

provide
a

first
characterisation

of
the

dynam
ics

of
lending

induced
by

the
op-

tim
al

contract
robust

to
deviations

of
this

sort.
T

he
equilibrium

pattern
of

lending
is

show
n

to
be

com
plex

and
sensitive

to
the

stochastic
properties

of
the

incom
e

process.

M
ore

im
portantly,

it
displays

very
different

features
w

ith
respect

to
the

case
in

w
hich

collective
default

is
not

perm
itted.

F
irst

of
all,less

lending
w

illbe
sustainable

in
equi-

librium
.

Second,
a

borrow
er

is
going

to
be

m
ore

likely
to

receive
future

lending
the

m
ore

he
has

been
convinced

not
to

default
in

the
past

and
the

less
is

the
future

utility

from
his

best
outside

alternative
(w

ith
individual

default,
the

opposite
w

ould
happen

m
aking

the
borrow

er
w

ith
higher

future
utility

be
m

ore
likely

to
be

prom
ised

m
ore

fu-

ture
lending).

T
hird,lending

dynam
ics

w
illheavily

depend
on

how
individualincom

es

relate
to

each
other

(w
ith

individual
default,

only
individual

incom
e

characteristics

count).

R
isk

y
assets

an
d

in
su

ran
ce

d
em

an
d
.

T
he

second
contribution

of
this

thesis
is

em
pirical.

U
sing

paneldata
on

w
ealth

and
incom

e
characteritics

of
Italian

households,

w
e

aim
to

explain
the

scarce
diffusion

of
health

and
property

insurance
products

w
ith

low
degree

of
risky

asset
held

in
their

portfolios.

In
the

classical
optim

al
insurance

m
odel

a
risk

averse
agent

has
to

decide
w

hether

to
buy

an
unfairly

priced
insurance

policy,or
increase

savings
to

self
insure.

T
he

m
ain
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prediction
is

that
the

agent
w

illbuy
insurance

only
ifthe

m
arginalrate

ofsubstitution

betw
een

endow
m

ents
in

the
different

states
ofnature

exceeds
the

m
arket

prem
ium

rate.

T
he

m
ore

the
consum

er
is

able
to

transfer
readily

liquid
resources

to
the

future,
the

less
the

m
arginal

rate
of

substitution
is

likely
to

be
higher

than
the

prem
ium

rate.

H
ow

ever,
certain

types
of

assets
can

be
used

as
self

insurance
instrum

ents
m

ore

effi
ciently

than
others.

Safe
and

liquid
assets

like
transaction

and
saving

accounts
are

certainly
m

ore
suitable

for
precautionary

saving
than

risky
assets,

such
as

stock
or

shares
of

m
utual

funds,
or

illiquid
assets

such
as

life
insurance

prem
ium

s
or

shares

in
pension

funds.
Follow

ing
this

reasoning,
it

is
m

ore
likely

that
the

m
arginal

rate

of
substitution

of
an

agent
w

ith
high

portfolio
shares

of
risky

or
illiquid

assets
goes

above
the

m
arket

prem
ium

rate,and
thus

m
ore

likely
that

the
agent

purchases
private

insurance.

W
e

test
this

hypothesis
using

the
data

collected
in

the
Survey

ofH
ousehold

Incom
e

W
ealth

(SH
IW

)
run

by
the

B
ank

ofItaly
over

the
period

1989-2002.
W

e
estim

ate
a

cen-

sored
regression

m
odelw

here
the

propensity
to

purchase
health

and
property

insurance

is
related

to
the

degree
of

diversification
the

asset
portfolios

held
by

the
households.

T
he

estim
ation’s

results
confirm

the
existence

of
a

positive
relationship

betw
een

the

degree
of

portfolio
diversification

and
the

inclination
to

purchase
property

insurance.

W
e

obtain
less

m
ileage

from
the

estim
ation

of
the

health
insurance

equation.
A

s
a

by-product,w
e

present
a

detailed
account

ofthe
diffusion

ofhealth
and

property
insur-

ance
across

Italian
household

grouped
by

socio-econom
ic,

dem
ographic

and
territorial

characteristics.
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A
b
stract

T
his

paper
studies

the
dynam

ic
properties

of
self-enforced

lending
contracts

betw
een

a
credit

institution
and

sovereign
borrow

ers.
In

our
set-up,borrow

ers
can

default
collectively

on
the

lending
contract

to
share

risk
betw

een
them

in
alternative

agreem
ents.

In
these

circum
stances,the

relevant
outside

options
to

the
borrow

ers

w
ould

be
given

by
the

utility
attainable

in
these

alternatives.
T

he
self-enforcing

lending
contract

is
obtained

preventing
borrow

ers’
m

utual
im

provem
ent

in
any

of

the
risk-sharing

alternatives.
W

e
adapt

the
L
agrangian

m
ethod

developed
by

M
arcet

and
M

arim
on

(1998)
to

our
environm

ent
and

cast
the

problem
for

the

effi
cient

lending
contract

in
a

recursive
fram

ew
ork.

D
epending

on
the

different

contractual
conditions

in
the

alternative,
the

dynam
ics

of
lending

w
ill

display
a

variety
of

patterns
in

response
to

incom
e

shocks
–

in
any

case,
quite

different
to

the
case

w
ith

individual
default

only.
W

e
analytically

solve
for

the
self-enforcing

credit
contract

in
a

sim
ple

one-shock
environm

ent
to

show
the

m
ain

properties
of

the
lending

contract.
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1
In

tro
d
u
ctio

n

B
ack

grou
n
d

an
d

m
otivation

s.
In

the
last

50
years,developing

countries
have

had

access
to

foreign
capital

m
ainly

through
international

lending.
In

the
1970’s,

capital

flow
s

to
less

developed
countries

increased
substantially,reaching

in
1999

nearly
halfof

their
G

D
P. 1

N
evertheless,in

spite
ofthe

severalforeign
debt

default
crises

experienced

over
the

last
century,

there
is

evidence
that

on
average

lenders
have

recovered
their

principal.
L
ending

to
sovereign

borrow
ers

has
proved

to
be

a
profitable

business.
E

ven

loans
in

default
ended

up
being

profitable
ex-post.

E
ichengreen

and
P
ortes

(1989)

observed
that,

due
to

default,
ex-post

rates
on

B
ritish

and
U

.S.
loans

to
sovereign

borrow
ers

resulted
low

er
than

the
rates

established
contractually.

H
ow

ever,
the

sam
e

rates
w

ere
still

higher
than

those
available

on
the

dom
estic

m
arket.

A
n

accurate
analysis

of
the

dynam
ics

of
international

lending
cannot

overlook
the

problem
of

how
repaym

ents
from

sovereign
entities

are
enforced.

In
effect,

w
hilst

dom
estic

law
s

generally
enforce

contracts
reallocating

collateralfrom
insolvent

borrow
-

ers
to

lenders,
a

sovereign
borrow

er
cannot

be
obliged

to
repay

its
debt

by
virtually

any
internationallaw

.
T

he
absence

of
a

third-party
authority

w
ith

recognised
pow

ers

over
the

resources
of

sovereign
debtors

m
akes

the
enforcem

ent
of

contracts
w

ith
direct

m
easures

in
generalvery

diffi
cult.

H
ow

ever,even
w

ithout
the

possibility
of

punishing

defaulters
w

ith
direct

sanctions,
som

e
lending

can
still

be
sustained

by
threatening

insolvent
borrow

ers
w

ith
the

harshest
indirect

punishm
ent:

the
perpetual

foreclosure

from
any

future
lending.

Sustainable
repaym

ent
schem

es
should

be
designed

so
that

borrow
ers

receive
at

least
the

sam
e

utility
as

in
their

best
outside

alternatives.
If

the

lender
is

capable
to

im
pose

a
com

plete
em

bargo
from

future
intertem

poral
trade,

the

best
outside

opportunity
w

ould
be

the
utility

of
consum

ing
in

autarchy
from

the
tim

e

of
default

onw
ards.

T
he

lack
of

enforceability
of

contracts
has

been
pointed

out
as

a
m

ain
cause

of

im
perfect

allocation
ofrisk

in
m

ore
generalenvironm

ents.
M

arcet
and

M
arim

on
(1992

and
1998)

study
the

im
plications

ofim
perfect

participation
and

inform
ation

on
grow

th

and
consum

ption
sm

oothing
in

a
m

odel
w

ith
capital

accum
ulation.

K
ocherlakota

1W
o
rld

D
ev

elo
p
m

en
t

In
d
ica

to
rs

(2
0
0
3
),

T
a
b
le

4
.1

6
,
E

x
tern

a
l
D

eb
t.
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(1996)
addresses

the
issue

m
ore

explicitly
analysing

a
m

odel
of

dynam
ic

insurance

betw
een

tw
o

risk-averse
agents.

A
lvarez

and
Jerm

ann
(2000)

study
im

plications
on

asset
price

dynam
ics

ofthe
problem

ofenforceability
w

ith
a

decentralised
version

ofthe

m
odelofK

ocherlakota.
E

aton
and

G
ersow

itz
(1981)

stressed
on

the
role

ofreputation

for
solvency

to
enforce

lending
to

sovereign
countries.

In
their

setting,borrow
ers

w
ould

repay
debt

only
to

the
extent

this
gives

them
future

opportunities
to

sm
ooth

incom
e

fluctuations
through

lending. 2

In
this

paper,
w

e
depart

from
this

schem
e

arguing
that,

in
several

circum
stances,

restricting
the

alternative
to

autarchy
consum

ption
seem

s
unrealistic.

G
enerally

speak-

ing,
borrow

ers
m

ay
find

access
to

credit
through

m
any

different
channels.

B
eside

the

offi
cial

international
financial

m
arkets,

incom
e

fluctuation
of

sovereign
countries,

for

instance,
are

sm
oothed

aw
ay

also
w

ithin
regional

treaties,
trade

arrangem
ents,

and
so

on.
Ifcoordination

to
punish

jointly
infractors

is
not

sustainable,a
sovereign

borrow
er

m
ay

take
on

a
loan

from
one

institution
and

at
som

e
point

renege
it

to
enter

one
of

these
other

arrangem
ents.

W
e

assum
e

that
an

alternative
available

to
a

borrow
er

that
defaults

is
to

form

a
risk-sharing

agreem
ent

w
ith

another
defaulting

borrow
er.

T
his

has
a

num
ber

of

consequences.
F
irst,

the
lending

contract
m

ay
experience

sim
ultaneous

default
by

several
borrow

ers.
Second,

the
desirability

of
the

outside
option

is
in

general
higher.

Individualparticipation
constraints

m
ay

no
longer

be
suffi

cient
to

ensure
sustainability.

T
he

lender
should

avoid
the

form
ing

of
collective

arrangem
ents

too.

In
the

form
alset-up,there

is
a

non-sovereign
risk-neutralcredit

agency
–

the
L
ender

–
that

borrow
s

and
lends

to
risk-averse

sovereign
agents

–
the

B
orrow

ers
–

endow
ed

2B
u
low

a
n
d

R
o
g
o
ff

(1
9
8
9
)

sh
ow

ed
th

a
t

if
a

d
efa

u
lter

h
a
s

a
ccess

to
a

rich
va

riety
o
f
ca

sh
-in

-a
d
va

n
ce

co
n
tra

cts,
th

en
n
o

len
d
in

g
co

n
tra

ct
w

o
u
ld

b
e

su
sta

in
a
b
le

in
eq

u
ilib

riu
m

.
T

h
e

a
rg

u
m

en
t

is
q
u
ite

stro
n
g
,

in
th

a
t

th
e

ca
sh

-in
-a

d
va

n
ce

co
n
tra

cts
th

ey
p
ro

p
o
se

co
n
stitu

te
a

fo
rm

o
f

sav
in

g
,

th
o
u
g
h

v
ery

so
p
h
istica

ted
.

It
is

ea
sy

to
b
eliev

e
th

a
t
a

b
a
d

cred
it

reco
rd

ca
n

fo
reclo

se
a
ccess

to
fu

rth
er

b
o
rrow

in
g
.

It

is
less

lik
ely

th
a
t
it

k
eep

s
fro

m
sa

vin
g.

T
h
is

resu
lt

sp
u
rred

a
n

in
ten

se
d
eb

a
te:

K
letzer

a
n
d

W
rig

h
t
(2

0
0
0
)

sh
ow

ed
th

a
t

so
m

e
len

d
in

g
is

in
d
eed

su
sta

in
a
b
le

if
th

e
fi
n
a
n
cia

l
in

stitu
tio

n
to

o
ca

n
n
o
t

m
a
k
e

b
in

d
in

g

co
m

m
itm

en
ts;

C
o
le

a
n
d

K
eh

o
e

(1
9
9
8
)

a
rg

u
e

th
a
t

a
co

u
n
try

h
a
s

to
m

a
in

ta
in

cred
ib

ility
in

n
o
n
-d

eb
t

rela
tio

n
sh

ip
s

(m
ilita

ry,
p
o
litica

l
etc.),

o
u
tsid

e
th

e
cred

it
m

a
rk

et,
th

a
t

w
o
u
ld

h
ow

ev
er

b
e

u
n
d
erm

in
ed

b
y

th
e

d
efa

u
lt

in
cred

it
m

a
rk

ets.
In

th
is

p
a
p
er,

w
e

d
o

n
o
t

a
d
d
ress

th
is

issu
e

d
irectly.
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w
ith

stochastic
incom

e
stream

s.
O

w
ing

to
the

sovereign
status

of
the

borrow
ers,

the

lender
is

unable
to

elicit
fullparticipation

from
them

.
O

n
the

other
hand,he

is
able

to

m
ake

perfectly
binding

com
m

itm
ents

on
future

paym
ents.

A
fter

observing
the

incom
e

realisation,the
borrow

ers
can

continue
in

the
lender’s

contracts,or
arrange

som
e

risk-

sharing
betw

een
them

in
a

”localagreem
ent”

m
ade

up
ofthe

tw
o

borrow
ers

in
isolation.

A
n

im
portant

difference
betw

een
the

lender
and

the
borrow

ers
is

given
by

the
credit

technology,to
w

hich
only

the
lender

has
access.

Ifthe
borrow

ers
default

on
the

lender,

they
can

only
trade

on
current

incom
e

realisations.

Self-enforced
contracts

should
be

constructed
so

that
no

borrow
er

finds
any

outside

alternative
m

ore
attractive,neither

individually
nor

collectively.
W

e
propose

a
m

echa-

nism
to

avoid
collective

deviations
that

consists
in

breaking
up

consensus
necessary

to

form
any

possible
alternative

agreem
ents.

O
nly

one
of

the
tw

o
borrow

ers
threatening

to
default

collectively
is

going
to

be
prom

ised
at

least
the

sam
e

treatm
ent

he
w

ould

receive
in

the
risk-sharing

alternative.
T

his
operation

w
ill

be
perform

ed
effi

ciently,

so
that

the
lender’s

stream
of

profits
are

m
axim

ised,provided
the

borrow
ers

are
given

som
e

m
inim

um
initial

utility.

W
e

construct
the

set
of

contracts
robust

to
collective

default
concentrating

our

analysis
on

the
class

of
effi

cient
contracts.

A
feature

displayed
by

solutions
satisfying

these
type

ofconstraints
is

that
they

end
up

depending
on

an
increasingly

large
num

ber

ofvariables,potentially
infinite.

A
w

ay
to

reduce
this

dim
ensionality

w
ould

be
setting

out
recursively

the
lender’s

optim
al

problem
.

A
s

standard
dynam

ic
program

m
ing

techniques
cannot

be
em

ployed
w

hen
sustainability

constraints
include

future
choice

variables,w
e

use
a

version
ofthe

L
agrangian

m
ethod

proposed
by

M
arcet

and
M

arim
on

(1992
and

1998)
to

w
rite

the
effi

cient
contract

problem
as

a
function

ofa
lim

ited
num

ber

of
states

variables.

W
e

provide
a

first
characterisation

of
the

dynam
ics

of
lending

induced
by

the
opti-

m
alcontract

inspecting
the

first
order

conditions.
T

he
equilibrium

pattern
of

lending

is
show

n
to

be
com

plex
and

sensitive
to

the
stochastic

properties
of

the
incom

e
pro-

cess.
M

ore
im

portantly,
it

displays
very

different
features

w
ith

respect
to

the
case

in

w
hich

collective
default

is
not

perm
itted.

F
irst

of
all,

less
lending

w
ill

be
sustainable

in
equilibrium

.
Second,a

borrow
er

is
going

to
be

m
ore

likely
to

receive
future

lending

4



the
m

ore
he

has
been

convinced
not

to
default

in
the

past
and

the
less

is
the

future

utility
from

his
best

outside
alternative

(w
ith

individual
default,

the
opposite

w
ould

happen
m

aking
the

borrow
er

w
ith

higher
future

utility
be

m
ore

likely
to

be
prom

ised

m
ore

future
lending).

T
hird,lending

dynam
ics

w
illheavily

depend
on

how
individual

incom
es

relate
to

each
other

(w
ith

individualdefault,only
individualincom

e
character-

istics
count).

Fourth,
som

e
characterstics

of
the

alternative
agreem

ents
–

nam
ely

the

surplus’sharing
rule

and
the

degree
of

enforceability
–

are
relevant

to
the

w
ay

incom
e

shocks
propagate

to
the

pattern
of

lending.

O
u
tlin

e
of

th
e

p
ap

er.
T

he
paper

is
organised

in
the

follow
ing

w
ay.

Section
2

describes
the

form
al

environm
ent

and
briefly

discuss
the

case
of

individual
deviation.

Section
3

introduces
the

possibility
of

collective
deviation

allow
ing

the
form

ation
of

local,
m

utually
beneficial,

alternative
risk-sharing

arrangem
ents.

A
fter

discussing
the

sustainability
ofborrow

ing
and

lending
contracts

in
this

m
odified

environm
ent,section

4
presents

the
optim

alcontract
offered

by
the

credit
agency

using
a

recursive
form

ula-

tion.
In

section
5,w

e
look

at
the

pattern
oflending

induced
by

the
sustainable

contract

a
sim

ple
one-shock

econom
y

w
ith

aggregate
fluctuations

proving
the

m
ain

features
of

the
sustainable

contract.
T

he
last

section
sets

out
our

m
ain

conclusions
and

proposals

for
future

research.

A
ll

results
are

proved
in

the
A

ppendix.

2
E
n
v
iro

n
m

e
n
t

a
n
d

h
y
p
o
th

e
se

s

T
im

e
is

discrete
and

infinite.

T
here

are
tw

o
risk-averse

sovereign
agents

–
the

B
orrow

ers
–

indexed
by

j
=

a
,b.

E
ach

one
ofthem

orders
preferences

on
consum

ption
(absorption)

sequences{c
jt }

t≥
0

of

the
only

non-storable
good

of
this

econom
y

by
m

eans
of

a
V

on-N
eum

ann-M
orgenstern

expected
utility

representation.

E
0

∞∑t=
0 β

tu(c
jt )

T
he

period
utility

function
u(.)

is
differentiable,

increasing,
strictly

concave
and

satisfying
standard

Inada
conditions;

β
∈

(0,1)
is

the
tim

e
preference

factor.

A
longside,

a
risk-neutral

credit
agency,

the
L
en

d
er,

has
access

to
an

exogenous

5



credit
m

arket
in

w
hich

he
can

borrow
and

lend
at

the
exogenous

interest
rate

r.
T

he

lenders
seeks

to
m

axim
ise

the
benefits

proceeding
from

the
credit

arrangem
ents

reached

w
ith

the
borrow

ers.

Π
=

E
0

∞∑t=
0

R
−

t ∑j=
a
,b (y

jt −
c
jt )

w
here

R
≡

1
+

r.

U
ncertainty

consists
in

the
exogenous

realisations
of

endow
m

ents
y

jt
to

w
hich

each

borrow
er

is
entitled.

B
orrow

ers
are

ex-ante
identical:

their
incom

es
are

draw
n

from

the
sam

e
com

pact
support

in
R

+
+
.

A
ggregate

incom
e

of
the

borrow
ers

Y
t ≡

y
a
t +

y
bt

fluctuates
over

tim
e.

A
state

of
this

econom
y

at
tim

e
t

is
fully

described
by

the
list

of
agents’

incom
e

realisations
y

t
=

{y
a
t ,y

bt }.
T

he
conditional

state
history

y
s/y

t
=

{y
t, y

t+
1 ,...y

s }
is

the
list

of
allthe

realisations
of

y
up

to
s≥

t
after

the
unconditional

history
y

t=
{y

0
, y

1 ,...y
t },given

y
0 .

T
he

probability
ofobserving

y
t
is

P
r(y

t)
and

the

conditionalprobability
of

observing
y

s
after

history
y

t
is

P
r(y

s/y
t).

T
he

expectation

conditional
to

the
inform

ation
available

up
until

t
of

the
generic

sequence
{x

s }
s≥

t ,

E
t ∑

∞s=
t x

s ,is
the

average
taken

over
allpossible

conditionalhistories
y

t+
s/y

tafter
the

node
y

t, ∑
∞s=

t ∑
y

t+
s P

r(y
t+

s/y
t)x(y

s/y
t).

O
w

ing
to

their
sovereign

status,
the

borrow
ers

are
unable

to
com

m
it

ex-ante
to

agreem
ents

w
ith

the
lender.

O
n

the
other

hand,
the

lender
is

able
to

bind
him

self
to

undertake
future

actions.

U
pon

realisations,
incom

es
are

publicly
and

costlessly
observable.

2
.1

In
d
iv

id
u
a
l
d
e
fa

u
lt

A
t

tim
e

0,
the

lender
and

the
borrow

ers
sign

a
contract

consisting
in

a
list

of
state-

contingent
transfers

to
be

perform
ed

in
the

future.
A

useful
w

ay
to

interpret
these

transfers
is

to
regard

them
as

part
of

an
im

plicit
insurance

contract
resulting

from

periodical
renegotiations

of
a

standard
lending

contract.
In

any
case,

agreem
ents

of

this
sort

w
ould

need
an

enforcem
ent

m
echanism

capable
to

induce
the

participants
to

undertake
the

transfers
w

hen
they

are
called

upon
to

do
so.

W
ith

sovereign
borrow

ers,obtaining
com

pliance
by

direct
m

easures
m

ay
result

too

6



costly
or

even
not

feasible.
H

ow
ever,if

the
agreem

ent
can

credibly
exclude

borrow
ers

from
future

participation,
then

com
pliance

m
ay

be
obtained

indirectly
by

threatening

borrow
ers

w
ith

the
w

orst
possible

indirect
punishm

ent.
T

his
am

ounts
to

excluding

infractors
perpetually

from
any

future
transfer

schem
e.

Form
ally,this

requires
to

bind

the
agreem

ent
to

satisfy
borrow

ers’individualrationality
constraints

to
m

ake
sure

that

each
participant

obtains
from

the
contract

at
least

the
sam

e
utility

they
w

ould
get

outside.

T
o

fix
ideas

w
e

can
think

of
a

village
in

w
hich

there
are

tw
o

farm
ers

w
orking

in
a

fertile
land

and
a

risk-neutralm
oneylender.

A
t

the
end

of
every

period
t,they

harvest

a
random

production
ofcrop

y
jt ,and

then
turn

it
over

to
the

m
oneylender,w

ho
invests

it
outside

the
village

at
an

exogenous
interest

rate
r.

T
he

lender
w

ill
offer

contracts

to
a

and
b

conditional
to

m
aking

non-negative
expected

profits
at

tim
e

0,

E
0

∞∑t=
0

R
−

t[(y
a
t +

y
bt )−

(c
bt +

c
bt )]≥

0

m
aking

sure
that

at
tim

e
0

borrow
ers

get
at

least
the

intertem
poralutilities

U
a

and

U
b .T

he
lender

can
m

ake
binding

prom
ises,

but
farm

ers
can’t.

A
t

any
tim

e,
farm

ers

can
step

out
of

the
agreem

ent
if

the
expected

utility
of

consum
ing

their
ow

n
crop

from

then
on

is
higher.

T
o

avoid
deviations,

the
m

oneylender
m

ust
design

the
transfer

schem
e

so
that

there
w

ould
be

no
ex-post

benefit
from

going
aw

ay.
T

his
am

ounts
to

constraining
the

contract
to

the
follow

ing
sequence

of
constraints.

E
t

∞∑s=
t

β
s−

tu(c
js )≥

V
Ajt (y

t)
(1)

for
j

=
a
,b

and
all

t≥
0,

w
here

V
Ajt (y

t)≡
E

t ∑
∞s=

t β
s−

tu(y
js ).

T
he

right
hand

side
of

inequality
1

represents
borrow

er
j’s

tim
e

t
best

alternative

to
the

contract
offered

by
the

lender:
perpetual

autarchy
consum

ption.
W

ith
lim

ited

participation
at

the
individual

level,
borrow

ers
w

ill
renege

if
the

sequence
of

future

transfers
delivers

less
utility

than
their

lifetim
e

autarchy
consum

ption.
W

hen
a

bor-

row
er

is
asked

to
repay

part
of

the
debt

–
for

instance
w

hen
experiencing

a
positive

7



incom
e

realisation
–

he
w

ill
face

a
trade-off

betw
een

the
short-term

gain
of

not
trans-

ferring
resources

to
the

lender,
and

the
enduring

gain
of

receiving
transfers

in
states

w
ith

low
incom

e
in

the
future.

H
e

w
ould

not
renege

a
contract

capable
to

balance
this

intertem
poral

trade-off.
3

W
e

w
ill

refer
to

the
set

of
allocations

robust
to

individual

deviations
w

ith
the

notation
Ω

= {
c
I1
t ,c

I2
t }

t≥
0 .

In
the

next
section,

w
e

take
the

first
step

aw
ay

from
this

fram
ew

ork
m

aking
bor-

row
ers

face
m

ore
structured

alternatives
to

the
contract

offered
by

the
lender.

3
C

o
lle

ctiv
e

d
e
fa

u
lt

E
nforceability

of
the

contract
described

above
is

obtained
by

trading
off

the
enduring

gains
offered

by
the

long
term

agreem
ents

from
the

lender
w

ith
the

one-period
current

gains
and

subsequent
perpetual

exclusion
represented

by
autarchy

consum
ption.

T
he

borrow
er’s

contractual
choice

reduces
to

only
tw

o
possibilities:

either
deal

w
ith

the

credit
agency

or
stay

in
autarchy.

T
his

dichotom
y

appears
to

us
som

ew
hat

radical.
In

m
any

contexts,
agents

can

sm
ooth

incom
e

fluctuations
using

different
channels

and
institutions.

Fam
ilies,

ex-

tended
fam

ilies
and

sm
allcom

m
unities

constitute
an

instance
ofenvironm

ents
in

w
hich

risk
m

ay
be,

and
often

is,
shared.

D
ifferent

m
em

bers
m

ay
pool

part
of

their
incom

es

and
diversify

their
idiosyncratic

com
ponents.

In
som

e
rural

com
m

unities
people

tend

to
sm

ooth
individualincom

e
fluctuations

w
ithin

groups,often
characterised

by
vicinity,

kinship
or

fam
ily

links.

Sovereign
countries

m
ake

no
exception.

T
he

form
ation

ofinternationalagreem
ents

m
ay

create
a

broader
set

of
financial

instrum
ents

available
to

the
m

em
ber

countries.

A
trade

agreem
ent,

for
exam

ple,
by

increasing
the

volum
e

of
trade

w
ould

foster
the

developm
ent

of
trade-associated

financial
instrum

ent,
such

as
short-term

com
m

ercial

credit,
through

w
hich

som
e

incom
e

fluctuations
could

be
sm

oothed
aw

ay.

T
he

alternatives
for

risk
sharing

and
consum

ption
sm

oothing
m

ay
be

m
ore

or
less

enforceable.
In

fact,
enforcem

ent
by

reputation
seem

s
to

be
a

characteristic
of

agree-
3A

n
o
th

er
in

terp
reta

tio
n

o
f
th

e
p
a
rticip

a
tio

n
co

n
stra

in
ts

is
th

a
t

o
f
”
rep

u
ta

tio
n

o
f
p
ay

m
en

ts”
,
a
s

th
ey

k
eep

a
g
en

ts
fro

m
ren

eg
in

g
in

o
rd

er
to

b
u
ild

a
rep

u
ta

tio
n

o
f
so

lv
en

cy.
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m
ents

betw
een

sovereign
and

non-sovereign
entities.

W
ithin

a
restricted

group
ofcoun-

tries
default

could
be

credibly
avoided

by
threatening

infractors
w

ith
direct

sanctions,

such
as

com
m

ercial
em

bargoes,
exclusion

from
regional

treaties
and

the
like.

E
ven

in

the
case

oflack
ofcom

m
itm

ent
w

ithin
the

localagreem
ent,the

threat
ofdefault

by
one

m
em

ber
w

ould
be

partially
balanced

by
the

threat
of

default
by

the
others.

W
e

w
ill

see
that

the
possibility

of
joining

alternative
risk-sharing

agreem
ents

m
ay

induce
collective

default
on

the
lending

contract.
B

orrow
ers

m
ay

sim
ultaneously

find
it

convenient
to

renege
the

credit
contract

and
arrange

som
ething

betw
een

them
.

In
such

an
event,

the
lender

w
ill

no
longer

avoid
default

offering
contracts

proof
to

individual

deviations
only.

W
ith

collective
deviations,

the
sustainable

credit
contract

should

m
ake

sure
that

the
borrow

ers
don’t

form
any

jointly
im

proving
alternative

agreem
ents

too.

3
.1

L
o
ca

l
a
g
re

e
m

e
n
ts

It
is

w
ell

know
n

that
w

ith
com

plete
inform

ation
self-enforcing

contracts
w

ill
never

ex-

perience
default.

N
evertheless,

to
understand

the
characteristics

of
the

self-enforcing

contract,
w

e
need

to
know

w
hat

happens
if

default
indeed

takes
place.

W
ith

indi-

vidual
deviations,

this
is

straightforw
ard.

B
orrow

ers
in

default
can

only
consum

e

their
individual

incom
e

from
the

tim
e

of
deviation

onw
ards.

B
ut

now
the

borrow
ers

can
default

on
the

lending
contract

jointly
to

arrange
som

e
alternative

risk-sharing

agreem
ent.

W
ith

collective
default,

w
e

need
to

characterise
the

possible
equilibria

in

all
the

possible
risk-sharing

agreem
ents

that
could

be
reached

by
groups

of
defaulting

borrow
ers.

W
e

first
describe

the
characteristics

ofthe
alternative

agreem
ent

as
ifthe

borrow
ers

had
no

access
to

the
lender’s

services,and
they

could
only

sm
ooth

incom
e

fluctuations

betw
een

them
.

W
e

refer
to

the
arrangem

ents
achievable

w
ithout

the
lender

as
”L

o-

cal
A

greem
ents”,

to
convey

the
idea

of
exclusion

from
international

lending
and

the

suffering
of

aggregate
fluctuations.

For
the

tim
e

being,
w

e
w

ill
consider

the
broad

class
of

agreem
ents

satisfying
the

m
inim

alrationality
requirem

ent
ofbeing

m
ore

attractive
than

individualautarchy.
W

e

require
that

such
agreem

ents
be

m
utually

im
proving

at
the

tim
e

of
form

ation,
to

have

9



all
joiners

be
better-off

w
ith

respect
to

the
their

autarchy.

D
efi

n
ition

1
(L

o
cal

A
greem

en
ts)

A
LocalA

greem
entis

a
risk-sharing

arrangem
ent

form
ed

atsom
e

t
by

the
tw

o
borrow

ers
inducing

a
consum

ption
allocation{c

La
s;t ,c

Lbs;t }
s≥

t ,

such
that

the
follow

ing
conditions

are
m

et.

1.
It’s

F
ea

sib
le.

T
hat

is,
it

satisfies
the

sequence
of

period
resource

constraints.

∑j=
a
,b c

Ljs;t (y
s)≤ ∑j=

a
,b y

jt (y
s)

2.
It

is
M

u
tu

a
lly

Im
p
ro

v
in

g.
T

hat
is,

its
m

em
bers

w
ould

ex-ante
im

prove
upon

the
value

of
their

autarchies.
Letting

V
Ljt (y

t)≡
E

t ∑
∞s=

t β
s−

tu(c
Ljs;t )

be
the

ex-

pected
utility

to
borrow

er
j

in
the

local
agreem

ent,
this

m
eans

the
follow

ing.

V
Ljt (y

t)≥
E

t

∞∑s=
t

β
s−

tu(y
js )

for
j

=
a
,b.

T
he

(local)
feasibility

requirem
ent

is
the

first
consequence

ofcollective
default.

A
f-

ter
default,

borrow
ers

w
ould

no
longer

have
access

to
the

credit
technology

m
anaged

by
the

lender.
T

he
property

of
m

utual
im

provability
calls

for
a

degree
of

ex-ante
de-

sirability
of

localagreem
ents.

A
bsent

the
credit

agency,m
utualim

provability
ensures

that
the

local
agreem

ent
w

ould
indeed

be
form

ed.

N
ext,

w
e

w
ill

see
the

im
plications

of
the

existence
of

these
arrangem

ents
on

the

structure
ofincentives

ofthe
borrow

ers
w

hen
deciding

w
hether

to
com

ply
or

not
to

the

credit
contract

offered
by

lender.

3
.2

T
h
e

su
sta

in
a
b
le

le
n
d
in

g
co

n
tra

ct

T
he

credit
agency

w
ill

offer
the

borrow
ers

enduring
lending

contracts
guaranteeing

them
at

least
as

the
sam

e
conditions

they
w

ould
enjoy

outside.
For

a
deviating

borrow
er,

”outside”
there

are
the

follow
ing

options:
either

rem
ain

in
autarchy

and

consum
e

his
ow

n
endow

m
ents

for
good,

or
join

a
local

agreem
ent,

provided
the

other

borrow
er

is
w

illing
to

do
the

sam
e.

T
he

m
em

bers
ofa

localagreem
ent

form
ed

at
som

e

t
w

ould
obtain

the
expected

utilities
V

La
t (y

t)
and

V
Lbt (y

t),
w

hich
w

ill
constitute

their

10



best
outside

opportunities.
B

y
m

utual
im

provability,
these

w
ill

alw
ays

dom
inate

the

expected
utility

ofconsum
ing

in
individualautarchy.

It
is

already
clear

that
satisfying

the
sequence

of
participation

constraints
based

on
the

utility
of

individual
autarchy

consum
ption

w
ill

no
longer

be
suffi

cient
to

m
ake

the
credit

contract
self-enforcing.

L
et’s

consider
the

local
agreem

ent
available

at
tim

e
t.

T
he

trivial
w

ay
to

avoid

collective
default

w
ould

be
prom

ising
both

borrow
ers

the
sam

e
utility

they
w

ould
obtain

from
the

local
agreem

ent:
at

least
utility

V
La
t (y

t)
to

borrow
er

a
an

d
at

least
utility

V
Lbt (y

t)
to

borrow
er

b.
H

ow
ever,the

lender
has

a
subtler

and
surely

m
ore

effi
cient

w
ay

to
prevent

the
form

ation
of

local
agreem

ents.
A

local
agreem

ent
w

ould
arise

only
if

the
tw

o
borrow

ers
consensually

decide
to

default
on

the
credit

contract.
T

he
lender

can
disrupt

consensus
m

aking
sure

that
eith

er
a

gets
V

La
t (y

t)
or

b
gets

V
Lbt (y

t)
–

not

necessarily
both

–,
and

then
ensure

that
none

of
them

deviate
individually. 4

If
this

operation
is

perform
ed

at
all

t’s,
then

the
resulting

credit
contract

w
ill

be
proof

to
all

deviations
–

individual
and

collective.

W
e

are
now

ready
to

spell
out

rigorously
the

central
concept

of
this

paper.
W

e

w
ill

refer
to

the
contract

fulfilling
these

requirem
ents

as
to

the
Sustainable

Lending

C
ontract.

D
efi

n
ition

2
(T

h
e

S
u
stain

ab
le

L
en

d
in

g
C

on
tract)

Let
C

=
{c

a
t ,c

bt }
t≥

0
∈

Ω
a

consum
ption

allocation
proof

to
individualdeviations.

Let {
V

La
t (y

t),V
Lbt (y

t) }
t≥

0
be

the

sequence
of

intertem
poral

utilities
obtainable

joining
local

agreem
ents.

W
e

define
the

set
of

sustainable
credit

contracts
Λ

as
follow

s.

Λ
= 

C
∈

Ω
:E

t ∞∑s=
t β

s−
tu(c

a
s )≥

V
La
t (y

t)
o
r

E
t ∞∑s=

t β
s−

tu(c
bs )≥

V
Lbt (y

t),∀y
t,

t≥
0 

T
he

lender
is

bound
to

offer
contracts

in
the

set
Λ

.
A

s
for

the
case

of
individual

deviations,
at

tim
e

0
m

inim
um

profit
requirem

ent
has

to
be

satisfied.

E
0

∞∑t=
0

R
−

t[y
a
t +

y
bt −

c
bt −

c
bt ]≥

0

4W
e

w
rite

”
a
n
d
”

a
n
d

”
o
r”

in
b
o
ld

to
stress

th
eir

n
a
tu

re
o
f
lo

g
ica

l
o
p
era

to
rs.
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4
T

h
e

e
ffi

cie
n
t

co
n
tra

ct

T
he

lender
w

illact
effi

ciently.
A

fter
prom

ising
the

borrow
ers

som
e

initialfuture
utility,

he
w

illsolve
an

optim
alcontracting

problem
m

axim
ising

the
expected

sum
of

benefits

from
the

contract
sub

ject
to

the
constraints

defined
in

Λ
.

T
he

solution
to

the
lender’s

problem
identifies

the
frontier

of
effi

cient
contracts.

L
et’s

call
it

F
Λ

.

F
Λ

=
sup
C∈

Λ
E

0

∞∑t=
0

R
−

t ∑j=
a
,b (y

jt −
c
jt )

(2)

s.t.
:

E
0

∞∑t=
0

β
tu(c

jt )≥
U

j

W
here

j
=

a
,b.

U
a

and
U

b
are

tim
e

0
prom

ises
of

intertem
poral

utility
that

param
etrise

the
frontier

of
effi

cient
contracts. 5

T
he

set
of

sustainable
credit

contracts
Λ

displays
a

som
ew

hat
com

plex
structure

that
im

pedes
a

straightforw
ard

characterisation
of

the
frontier

as
it

w
ould

be
w

ithout

com
m

itm
ent

problem
s.

Indeed,
as

uncertainty
unfolds,

the
agents’

collective
outside

opportunities
V

La
t (y

t)
and

V
Lbt (y

t)
m

ay
increase

up
to

the
point

agents
are

tem
pted

to

renege
the

lender’s
agreem

ent
and

join
localagreem

ents.
T

he
lender

w
ould

then
have

to
choose

one
ofthe

tw
o

borrow
ers

threatening
default

and
prom

ise
m

ore
future

utility

to
him

.
T

his
w

ould
perm

anently
m

odify
the

distribution
of

expected
utility

across

borrow
ers

in
favour

of
the

chosen
borrow

ers.

T
his

cannot
be

seen
directly.

O
ur

definition
of

the
set

of
sustainable

lending

contracts
over

w
hich

the
lender

should
m

axim
ise

lacks
of

analytical
tractability.

T
he

next
result

addresses
this

issue.

R
esu

lt
1

T
he

generic
consum

ption
allocation

C
w
ill

be
proof

to
collective

default
if

and
only

if
it

satisfies
the

follow
ing

sequence
of

constraints.

m
ax

j=
a
,b [

E
t

∞∑s=
t β

s−
tu(c

js )−
V

Ljt (y
t) ]≥

0,
for

all
t

(3)

T
he

sustainability
requirem

ent
associated

to
collective

default
is

expressed
as

in

a
m

ore
fam

iliar
w

ay.
W

e
are

now
ready

to
restate

the
effi

cient
sustainable

lending
5F

o
r

in
sta

n
ce,

th
e

ex
p
ected

va
lu

e
o
f
th

eir
en

d
ow

m
en

ts
a
t

tim
e

0
.
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contract
m

axim
isation

problem
in

the
m

ore
fam

iliar
w

ay.
T

he
contract

w
illm

axim
ise

tim
e

0
expected

profits
to

the
lender,

m
ax

{
c
a

t ,c
b
t }

t≥
0 E

0

∞∑t=
0

R
−

t ∑j=
a
,b (y

jt −
c
jt )

(4)

so
that

the
follow

ing
sequence

ofsustainability
constraints

are
satisfied

for
j

=
a
,b

and

t≥
0,

m
ax

j=
a
,b [

E
t

∞∑s=
t β

s−
tu(c

js )−
V

Ljt (y
t) ]

≥
0

(5)

E
t

∞∑s=
t

β
s−

tu(c
js )−

V
Ajt (y

t)
≥

0

for
j

=
a
,b,

m
aking

sure
borrow

ers
get

U
a

and
U

b
at

tim
e

0.

A
longside

the
individualparticipation

constraints,the
constraints

associated
to

the

utility
attainable

in
a

local
agreem

ent
by

the
borrow

ers
are

to
be

satisfied.
T

his
is

the
key

difference
to

the
case

ofindividualdeviations.
T

he
structure

ofincentives
ofa

borrow
er

w
illalso

be
influenced

by
the

stochastic
characteristics

ofthe
other

in
a

direct

m
anner.

N
ot

only
w

ill
his

outside
opportunity

depend
on

his
incom

e
realisation,

but

also
on

its
degree

of
”com

patibility”
w

ith
the

other
borrow

er.

T
he

solution
to

the
effi

cient
credit

contract
w

illthen
incorporate

this
peculiar

asym
-

m
etry.

T
he

borrow
ers

threat
default

as
a

group,but
the

relevant
enforcem

ent
problem

is
still

associated
to

individuals.
T

he
unity

of
the

group
determ

ines
the

value
of

the

outside
option,

but
only

individual
agents

are
those

w
ho

w
ill

eventually
gather

the

long-term
benefits

for
forgoing

such
option.

4
.1

A
L
a
g
ra

n
g
ia

n
fo

rm
u
la

tio
n

W
henever

the
borrow

ers
are

tem
pted

to
deviate,

either
individually

or
collectively,

they
w

ould
be

convinced
to

stay
w

ith
a

prom
ise

of
perm

anently
higher

future
utility.

T
he

effi
cient

contract
should

keep
track

of
all

these
prom

ises
m

ade
in

the
past

to

avoid
default

of
borrow

ers.
T

he
m

athem
atical

solution
of

an
optim

isation
problem

w
ith

this
backloading

feature
becom

es
quite

com
plex,

as
the

dim
ensionality

of
the

control
variables

increases
very

rapidly
w

ith
tim

e.
E

very
tim

e
the

individual
and

sustainability
constraints

bind
the

future
distribution

of
consum

ption
betw

een
agents

13



w
illbe

perm
anently

affected.
A

s
a

consequence,the
contractualsolution

m
ay

have
to

account
for

the
w

hole
history

of
incom

e
realisations. 6

In
our

environm
ent,in

addition,things
are

com
plicated

by
the

asym
m

etry
betw

een

the
entity

threatening
default

and
that

being
aw

arded
for

not
stepping

out.
T

he

im
plications

ofthis
discrasy

could
not

em
erge

so
clearly

from
a

solution
that

potentially

involves
an

infinite
num

ber
ofvariables.

T
o

reduce
the

num
ber

ofthe
relevant

variables,

w
e

need
to

construct
a

recursive
version

of
the

sam
e

contractual
problem

.
K

ydland

and
P

rescott
(1977)

show
ed

that
these

constraints
cannot

be
reconducted

to
know

n
law

ofm
otions

ofthe
current

states
variables

and
the

policy
function

cannot
take

the
usual

form
.

T
he

standard
dynam

ic
program

m
ing

techniques
that

have
been

used
extensively

in
the

dynam
ic

m
acroeconom

ics
literature

(see
Stockey

et
al.

1989)
are

not
suitable

for

problem
s

w
ith

constraints
involving

expectations
of

future
variables

such
as

those
in

1

and
5.

W
e

develop
a

L
agrangian

specification
extending

the
techniques

illustrated
by

M
arcet

and
M

arim
on

(1998,
henceforth

M
M

)
to

our
environm

ent.
T

he
strategy

is
to

restate

the
optim

isation
problem

including
the

constraints
directly

in
a

L
agrangian

ob
jective

function
and

look
for

a
saddle-point

solution
in

the
state-space

enlarged
w

ith
a

co-state

variable
that

keeps
record

of
the

w
hole

history
of

binding
constraints.

T
heir

set-up

is
quite

general
and

it
is

suitable
for

a
broad

class
of

problem
s

for
w

hich
the

standard

B
ellm

an
equation

doesn’t
apply.

T
hey

present
a

num
ber

of
practical

exam
ples

for

applications.
O

ur
m

ain
reference

is
going

to
be

their
”E

xam
ple

1:
A

P
artnership

w
ith

L
im

ited
C

om
m

itm
ent”,in

w
hich

they
propose

a
recursive

form
ulation

of
a

problem
of

consum
ption

risk-sharing
w

ith
individual

participation
constraints.

H
ere

w
e

have
to

face
a

further
com

plication
that

keeps
us

from
applying

M
M

’s
tech-

nique
straight

aw
ay.

A
part

from
the

sequence
of

individual
participation

constraints

–
w

hich
are

still
there

to
be

fulfilled
–

there
is

also
the

sequence
of

sustainability
con-

straints
defined

on
the

borrow
ers

taken
collectively.

H
ow

ever,
only

individual
agents

should
be

receiving
com

pensations
for

not
stepping

out
of

the
contract.

T
he

co-state

variables
keeping

record
of

these
com

pensations
need

to
be

related
to

borrow
ers.

W
e

m
ust

find
a

w
ay

to
link

the
collective

sustainability
constraint

w
ith

individualutilities.
6T

h
is

is
a

ty
p
ica

l
fea

tu
re

o
f
co

n
tra

cts
b
a
sed

o
n

rep
u
ta

tio
n

fo
r

so
lv

en
cy.
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H
enceforth,w

e
w

illassum
e

that
the

borrow
ers’individualparticipation

constraints

never
bind

and
assum

e
the

interest
rate

r
is

equal
to

β −
1−

1
to

focus
on

risk-sharing

and
sm

oothing
only.

W
e

w
ill

present
and

discuss
the

general
case

in
the

appendix.

L
et{ γ

t (y
t)}

t≥
0

be
the

sequence
of

non-negative
L
agrange

m
ultipliers

associated

to
the

collective
sustainability

constraints
and

α
j

>
0

that
is

associated
to

the
initial

prom
ise

of
lifetim

e
utility

U
j

to
borrow

er
j.

W
e

m
ay

w
rite

the
L
agrangian

function
as

follow
s.

H
=

E
0 

∞∑t=
0 β

t  ∑j=
a
,b (y

jt −
c
jt )+

+
γ

t m
ax

j=
a
,b [

E
t

∞∑s=
t β

s−
tu(c

js )−
V

Ljt (y
t) ]}

+

+ ∑j=
a
,b α

j [
∞∑t=

0 β
tu(c

jt )−
U

j ] 
(6)

For
each

binding
constraint,the

contract
w

illoptim
ally

choose
one

agent
to

aw
ard

to
break

unanim
ity

in
the

deviating
group.

T
he

follow
ing

result
allow

s
us

to
rew

rite
the

planner’s
problem

m
ore

suitably.

P
rop

osition
1

LetI
jt

be
an

indicator
function

defined
on

borrow
er

j
such

that,
for

all
consum

ption
allocations

C
,

I
jt = 

10

if
E

t ∑
∞s=

t β
s−

tu(c
js )−

V
Ljt (y

t)
>

E
t ∑

∞s=
t β

s−
tu(c

is )−
V

Lit (y
t),

i�=
j

O
therw

ise

then,
the

collective
participation

constraint

m
ax

j=
a
,b [

E
t

∞∑s=
t

β
s−

tu(c
js )−

V
Ljt (y

t) ]≥
0

(7)

is
satisfied

if
and

only
if

the
follow

ing
constraint

is
satisfied

as
w
ell.

∑j=
a
,b I

jt [
E

t

∞∑s=
t

β
s−

tU
(c

js )−
V

Ljt (y
t) ]≥

0

T
he

indicatorI
t

is
a

w
ell

defined
function.

M
apping

from
the

set
of

consum
ption

allocations,
it

selects
w

hich
one

of
the

borrow
er

j’s
participation

constraint
is

going

to
be

the
one

to
be

taken
into

consideration
in

the
effi

cient
contract

at
each

point
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tim
e.

N
otice

thatI
a
t +

I
bt =

1,w
hich

m
akes

sure
that

at
m

ost
one

agent
w

illget
the

com
pensation

for
not

deviating
and

join
a

local
agreem

ent.

L
et’s

incorporate
this

result
in

the
L
agrangian,

then
m

axim
ise

it
w

ith
respect

to

the
borrow

ers’
consum

ption
sequences

C
≡

{c
a
t ,c

bt }
t≥

0
and

m
inim

ise
it

w
ith

respect

to
the

corresponding
sequence

of
L
agrange

m
ultipliers

Γ
≡

{
γ

t }
t≥

0
associated

to
the

local
agreem

ents
that

could
be

form
ed

out
of

the
lending

contract.

m
inΓ

m
ax
C

J
≡

E
0 

∞∑t=
0 β

t  ∑j=
a
,b (y

jt −
c
jt )+

(8)

+
γ

t ∑j=
a
,b I

jt [
E

t

∞∑s=
t

β
s−

tu(c
jt )−

V
Ljt (y

t) ] 
+

+ ∑j=
a
,b α

j [
∞∑t=

0

β
tu(c

jt )−
U

j ] 
P

rop
osition

2
T

he
problem

for
the

effi
cient

sustainable
lending

contract
8

can
be

w
ritten

as
follow

s.

m
inΓ

m
ax
C

E
0

∞∑t=
0 β

t ∑j=
a
,b {(y

jt −
c
jt )+

+
µ

jt u(c
jt )

+
I

j
t γ

t [u(c
jt )−

V
Ljt (y

t) ] }
W

here
µ

jt+
1

=
µ

jt
+

I
jt γ

t
(w

ith
its

initial
value

µ
j0

set
equal

to
the

Lagrange

m
ultiplier

associated
to

the
initialutility

prom
ise

α
j )

is
the

(co)state
variable

accounting

for
the

history
of

past
tem

ptations
of

collective
deviation

up
to

tim
e

t
and

relative

prom
ises

of
future

utility
to

avoid
them

.

U
sing

the
algebraic

steps
in

M
M

and
the

law
of

iterated
expectations,

w
e

can

group
term

s
m

ore
suitably

to
w

rite
the

lender’s
ob

jective
function

as
a

function
of

a

reduced
num

ber
of

variables.
T

he
period

return
function

(the
function

h
in

M
M

)
now

depends
on

current
consum

ptions
c
j ,

the
state

y
,

the
L
agrange

m
ultiplier

γ,
defined

on
the

local
agreem

ent,
tw

o
co-state

variables
µ

j
and

the
relative

indicator
functions

I
j ,

w
hich

instead
are

associated
to

borrow
ers.

h(c,I
,γ

,µ
,y

)
= ∑j=

a
,b {(y

j −
c
j )

+
(µ

j
+

I
j γ)

u(c
j )−

I
j γ

V
Lj
(y

t) }
16



W
e

can
interpret

h
as

if
the

lender
shifts

every
period

the
w

eights
assigned

to

the
borrow

ers.
T

he
lender

w
ill

set
the

L
agrange

m
ultiplier

γ
positive

w
henever

the

collective
constraint

binds,
that

is,
w

hen
the

borrow
ers

are
tem

pted
to

form
a

local

agreem
ent.

H
ow

ever,
the

lender
w

ill
offer

m
ore

intertem
poral

utility
(renegotiate

debt)
only

to
one

of
them

to
refrain

from
doing

so.
T

his
is

captured
by

the
indicator

function
I

jt ,
w

hich
is

set
equal

to
one

if
j

is
the

chosen
borrow

er.
T

he
positive

m
ultiplier

on
the

collective
default

constraint
γ

w
ill

increase
this

borrow
er’s

co-state

variable
µ

j
accounting

for
the

w
hole

history
of

tem
ptations

and
prom

ises
of

future

utility.

T
his

form
ulation

differs
from

the
exam

ple
w

ith
individualparticipation

constraints

from
at

least
tw

o
view

points.
F
irst,

the
value

function
is

obtained
by

m
axim

ising

over
agents’

consum
ption

stream
s,

but
it

is
m

inim
ised

over
constraints

defined
on

the

group
form

ed
by

them
.

T
he

lender
chooses

the
utility

w
eight

to
be

assigned
to

agents,

according
to

the
evolution

ofthe
L
agrange

m
ultipliers

relative
to

the
localarrangem

ent

they
m

ay
threat

to
form

as
uncertainty

reveals.
Second,

w
hilst

the
em

ergence
of

a
local

agreem
ent

clearly
depends

on
the

degree
of

risk-sharing
affi

nity
betw

een
its

m
em

bers,
their

individual
consum

ption
stream

s
w

ill
be

affected
according

to
how

the

sam
e

arrangem
ents

can
be

broken.

W
hether

the
contract

that
solves

the
originalproblem

in
4

is
also

a
solution

to
the

L
agrangian

function
in

6
is

a
technicalm

atter.
H

ow
ever,it

becom
es

a
substantive

issue

if
w

e
use

the
L
agrangian

form
ulation

to
provide

qualitative
insights

on
the

behaviour

ofconsum
ption

path
induced

by
the

effi
cient

contract.
T
o

m
ake

sure
that

our
problem

can
be

solved
using

the
results

in
M

M
,

w
e

should
verify

that
the

set
of

allocations

satisfies
som

e
regularity

conditions
on

the
stochastic

process
and

the
return

functions,

and
that

the
set

of
sustainable

contracts
has

at
least

an
interior

point
(assum

ption

A
1-A

3
and

A
-5

in
M

M
). 7

T
hese

conditions
are

satisfied
in

our
environm

ent.

T
he

definition
of

the
sustainable

lending
contract

requires
that

eith
er

one
or

the

other
m

em
ber

of
a

binding
local

agreem
ent

should
be

prom
ised

m
ore

future
utility

to
7T

h
ese

a
ssu

m
p
tio

n
s
en

su
re

th
a
t
th

e
set

o
f
su

sta
in

a
b
le

a
llo

ca
tio

n
s
is

clo
sed

,
b
o
u
n
d
ed

a
n
d

n
o
n
-em

p
ty,

a
n
d

th
u
s

a
so

lu
tio

n
to

th
e

o
rig

in
a
l
p
ro

b
lem

sta
ted

in
4

ex
ists.
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refrain
from

exiting.
T

he
set

of
sustainable

lending
contracts

Λ
is

the
intersection

of
the

unions
of

tw
o

convex
sets,

w
hich

m
ay

be
non-convex.

M
arcet

and
M

arim
on

acknow
ledge

that
m

any
econom

ic
problem

s
are

cast
in

non-convex
environm

ents
and

discuss
extensively

the
lim

its
of

applying
their

fram
ew

ork
to

study
them

.
H

ow
ever,

convexity
is

not
a

necessary
condition

for
the

existence
ofa

solution
to

the
L
agrangian.

Indeed,M
M

prove
that

ifthe
L
agrangian

has
a

saddle-point
solution,then

this
is

going

to
solve

also
the

prim
al

problem
. 8

4
.2

A
ch

a
ra

cte
risa

tio
n

o
f
th

e
o
p
tim

a
l
co

n
tra

ct

From
now

onw
ards,w

e
shallassum

e
that

the
saddle-point

problem
6

adm
its

a
solution,

callit{c ∗a
t ,c ∗bt ,I ∗a

t ,I ∗bt ,γ ∗t }
t≥

0 ,so
that{c ∗a

t ,c ∗bt }
t≥

0
also

solves
the

lenders
problem

stated

in
4.O

p
tim

al
con

su
m

p
tion

p
ath

of
b
orrow

er
j.

A
t

an
optim

um
,the

follow
ing

first

order
conditions

are
satisfied.

u ′(c
jt )

=
1

µ
jt +

I
jt γ

t
(9)

For
every

date
t

and
state

history
y

t,
j

=
a
,b.

W
e

see
that

j’s
consum

ption
is

increasing
in

the
term

I
jt γ

t ,
w

hich
w

ill
be

positive

at
an

optim
um

ifthe
constraint

on
the

localagreem
ent

binds
and

at
the

sam
e

tim
e

the

choice
variableI

jt
is

set
equal

to
one.

C
om

p
lem

en
tary

slack
n
ess

con
d
ition

.

γ
t ≥

0
and

γ
t ∑j=

a
,b I

jt [
E

t

∞∑s=
t

β
s−

tu(c
jt )−

V
Ljt (y

t) ]
=

0
(10)

T
he

first
order

condition
for

consum
ptions

is
obtained

directly
differentiating

the

L
agrangian

in
9

w
ith

respect
to

c
jt .

In
an

effi
cient

contract
c
jt

is
increasing

w
ith

the

L
agrange

m
ultiplier

γ
t
associated

to
the

group,provided
that

the
corresponding

choice

variableI
jt

is
set

equalto
one.

N
ote

that
c
jt

inherits
the

history
of

prom
ises

of
future

utility
received

in
the

past
to

avoid
deviations

represented
by

the
co-state

variable
µ.

F
inally,

the
value

of
γ

t
is

set
as

usual:
equal

to
zero

if
the

sustainability
constraint

holds
slack,

or
positive

otherw
ise.

8S
ee

T
h
eo

rem
2
,
p
a
g
e

2
6

in
M

M
.
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C
o-state

variab
le.

T
he

law
ofm

otion
of

µ
jt is

obtained
using

the
com

plem
entary

slackness
condition

and
the

condition
on

I
a
t .

µ
jt+

1
=

µ
jt +

I
jt γ

t

w
ith

µ
a
0 ≡

α
a ≥

0
and

µ
a
0 ≡

α
b ≥

0.

T
he

co-states
µ

a
t
and

µ
bt

represent
the

utility
w

eight
assigned

to
borrow

ers
at

tim
e

t
and

evolve
according

to
the

value
of

the
local

agreem
ent

and
to

w
hat

extent
this

m
akes

his
default

credible.

4
.3

L
e
n
d
in

g
d
y
n
a
m

ics

L
etI

t ≡
I

a
t .

T
hen,

w
e

m
ay

com
bine

the
optim

ality
conditions

for
the

tw
o

borrow
ers

to
study

how
their

utilities
w

ill
evolve

over
tim

e
relative

to
each

other.

u ′(c
bt )

u ′(c
a
t )

=
µ

a
t +

I
t γ

t

µ
bt +

(1−
I

t )γ
t

(11)

In
the

states
in

w
hich

the
local

agreem
ent

delivers
relatively

high
utility

to
both

agents
–

w
hen

the
borrow

ers’
aggregate

incom
e

is
high

–
the

probability
that

the

collective
sustainability

constraint
binds

increases.
If

this
effectively

happens,
10

im
plies

that
the

current
L
agrange

m
ultiplier

γ
should

then
take

a
positive

value.
T

he

function
I

t
w

ill
determ

ine
w

hich
borrow

er
is

going
to

be
convinced

not
to

join
the

agreem
ent

w
ith

m
ore

future
lending

or
w

ith
his

debt
paym

ent
recontracted.

T
he

lender
w

ill
pick

this
borrow

er
in

an
effi

cient
m

anner.

From
the

definition
ofI

t ,this
choice

w
illdepend

on
the

difference
betw

een
the

term

E
t ∑

∞s=
t β

s−
tu(c

js )
relatively

to
the

utility
of

the
local

agreem
ent

at
tim

e
t,

V
Ljt (y

t).

T
he

value
of

borrow
er’s

j
outside

option
V

Ljt (y
t)

is
exogenously

determ
ined

and

likely
to

be
influenced

by
a

num
ber

ofelem
ents,such

as
the

stochastic
properties

ofthe

incom
e

process,the
initialutility

w
eight

assigned
in

the
agreem

ent,the
degree

of
local

enforceability
and

the
like.

M
ore

im
portantly,it

represents
the

relative
portion

ofsur-

plus
he

can
extract

from
the

localagreem
ent.

O
n

the
other

hand,
E

t ∑
∞s=

t β
s−

tu(c
js )

is
determ

ined
endogenously.

From
condition

9,
w

e
see

that
it

grow
s

w
ith

µ
jt ,

that
is,

the
m

ore
the

agent
has

been
tem

pted
to

default
in

the
past,the

m
ore

likely
he

is
going

to
be

chosen
to

break
consensus

today
and

in
the

future.
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L
et’s

regard
all

the
possible

cases.

1.
B

oth
borrow

ers
are

strictly
better

off
in

the
lending

contract.
T

he
collective

participation
constraint

doesn’t
bind.

N
o

co-state
variable

is
updated.

E
t ∑

∞s=
t β

s−
tu(c

a
t )

>
V

Lst (y
t)

E
t ∑

∞s=
t β

s−
tu(c

bt )
>

V
Lbt (y

t)
γ

=
0

I
a
t =

any

I
bt =

any

µ
a
t+

1
=

µ
a
t

µ
bt+

1
=

µ
bt

T
he

pattern
of

lending
w

ill
not

be
m

odified.

2.
B

orrow
er

b
(a)

w
ould

be
tem

pted
to

default,
but

the
other

is
strictly

better
off

staying.
A

gain,
no

co-state
is

updated.

E
t ∑

∞s=
t β

s−
tu(c

a
t )

>
[<

]
V

Lst (y
t)

E
t ∑

∞s=
t β

s−
tu(c

bt )
<

[>
]
V

Lbt (y
t)

γ
=

0
I

a
t =

1
[=

0]

I
bt =

0
[=

1]

µ
a
t+

1
=

µ
a
t

µ
bt+

1
=

µ
bt

T
he

pattern
of

lending
w

ill
not

be
m

odified.

3.
B

oth
borrow

ers
are

tem
pted

to
default.

T
he

collective
participation

constraint

binds.
B

orrow
er

a
(b)

has
the

low
est

incentive
to

leave
and

therefore
is

prom
ised

m
ore

intertem
poral

utility.

E
t ∑

∞s=
t β

s−
tu(c

a
t )

=
[<

]V
Lst (y

t)

E
t ∑

∞s=
t β

s−
tu(c

bt )
<

[=
]V

Lbt (y
t)

γ
>

0
I

a
t =

1
[=

0]

I
bt =

0
[=

1]

µ
a
t+

1
>

[=
]µ

a
t

µ
bt+

1
=

[>
]µ

bt

T
he

pattern
of

lending
w

ill
be

m
odified.

T
he

borrow
er

w
ith

less
incentives

to

default
is

the
one

chosen
to

break
consensus

in
the

local
agreem

ent.
H

e
w

ill

obtain
a

higher
consum

ption
profile

(u
is

strictly
concave).

T
he

lender
w

illagree

m
ore

future
lending

to
him

,
rolling

over
the

debt
paym

ent
due

at
t.

T
he

next
rem

ark
sum

m
arises

these
considerations.

R
em

ark
1

If
the

local
aggregate

incom
e

is
high,

then
it

is
m

ore
likely

that
the

corre-

sponding
collective

participation
constraint

binds.
M

oreover,
the

consum
ption

profile

of
one

borrow
er

is
m

ore
likely

to
grow

above
the

consum
ption

profile
of

the
other

bor-

row
er

(the
m

ore
likely

he
is

going
to

have
his

repaym
ent

schem
e

renogotiated),
the

less

the
form

er
w
illobtain

in
the

localagreem
ent

and
the

m
ore

often
he

has
been

chosen
to

break-up
local

agreem
ents

in
the

past
(the

m
ore

likely
he

has
renegotiated

debt
in

the

past).
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W
ith

this
is

m
ind,

w
e

can
m

ove
on

to
the

analysis
of

the
evolution

over
tim

e

of
the

relative
position

of
borrow

ers
under

the
lending

contract.
T

he
ratio

ξ
t
≡

u ′(c
b
t )

u ′(c
a

t )
=

µ
a

t+
1

µ
b
t+

1
im

plied
by

condition
11

represents
the

enforceable
allocation

of
future

utility
im

plem
entable

by
the

contract
after

the
realisation

ofuncertainty
at

tim
e

t.
W

e

norm
alise

m
ultipliers

m
a
t =

I
t

µ
a

t γ
t
and

m
bt =

(1−I
t )

µ
a

t
γ

t
to

w
rite

a
law

of
m

otion
for

ξ
t .

ξ
t =

1
+

m
a
t

1
+

m
bt ξ

t−
1

(12)

A
s

indicators
have

to
sum

up
to

1,w
hen

m
a
t
>

0
it

m
ust

be
the

case
that

m
bt =

0,

and
vice-versa.

T
herefore,

if
the

optim
al

contract
chooses

borrow
er

a
(b)

to
prevent

default,
then

ξ
t

m
ust

grow
(fall)

above
(below

)
ξ
t−

1 .
B

orrow
er

a
(b)

w
ill

enjoy
better

contractual
conditions

and
the

situation
of

agent
b

(a)
w

ill
rem

ain
unchanged.

A
s

in

other
m

odels
w

ith
sovereign

risk
and

full
inform

ation,
the

threat
of

default
introduces

persistence
in

the
responses

of
debt

flow
s

to
incom

e
shocks.

N
otice

that,
thus

far,
w

e
have

not
specified

how
borrow

ers
actually

w
ould

interact

in
local

agreem
ents,

apart
from

im
posing

the
property

of
m

utual
im

provability.
T

he

collective
nature

of
default

alone
induces

the
peculiar

m
echanics

of
our

sustainable

lending
contract.

Indeed,in
presence

ofany
class

oflocalagreem
ents,the

self-enforcing

lending
contract

w
ould

display
the

sam
e

form
al

features.

H
ow

ever,the
dynam

ics
of

lending
m

ight
be

linked
to

how
localagreem

ents
happen

to
arise

and
how

they
are

eventually
broken

up.
T

he
degree

of
localcom

m
itm

ent
and

the
initial

utility
w

eights
assigned

to
the

borrow
ers

in
the

local
agreem

ent
appear

to

be
the

m
ain

drivers
behind

these
tw

o
events.

In
the

appendix
w

e
illustrate

tw
o

polar

cases.
In

the
first

one,w
hich

w
e

adopt
for

the
num

ericalexam
ple

in
the

next
section,

borrow
ers

are
able

to
fully

com
m

it
to

any
m

utually
im

proving
localagreem

ent.
U

pon

joint
default,

they
w

ould
able

to
achieve

the
best

local
alternative:

the
”L

ocal
P
areto

O
ptim

a”
(L

P
O

).
T

his
hypothesis

m
ay

apply
for

alternative
agreem

ents
betw

een
agents

that
are

linked
betw

een
each

other
by

strong
bonds

like
fam

ily
or

kin
relationships.

In
the

second
case,

w
e

w
ill

relax
the

hypothesis
of

local
full

com
m

itm
ent

allow
ing

defaulting
borrow

ers
to

join
only

self-enforced
local

agreem
ents

–
the

”C
onstrained

P
areto

O
ptim

a”
(C

P
O

).
T

his
assum

ption
m

ay
suit,

on
the

other
hand,

agreem
ents

betw
een

agents
connected

by
w

eaker
bonds,like

geographicalvicinity
bew

teen
sovereing
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countries.

5
A

o
n
e
-sh

o
ck

e
x
a
m

p
le

W
e

study
the

properties
of

the
sustainable

lending
contract

in
a

sim
ple

environm
ent.

A
non-sovereign

lender
borrow

s
and

lends
at

the
exogenous

interest
rate

r≡
β −

1−
1

to

tw
o

ex-ante
identical

sovereign
borrow

ers,
a

and
b,

w
ith

logarithm
ic

utility
u(c(y

t))
=

ln
c(y

t).

A
ggregate

fluctuations
are

determ
inistic.

A
t

tim
e

1,
aggregate

endow
m

ent
Y

t
is

”H
igh”.

In
all

subsequent
periods

it
is

”L
ow

”.

Y
1

=
H

;
Y

2
=

L
;
Y

3
=

L
;
....

w
here

H
>

L
>

0.

A
t

tim
e

1,
the

w
orld

w
inds

up
in

one
of

tw
o

possible
states

w
ith

equal
probabil-

ity.
A

t
tim

e
1

aggregate
incom

e
Y

1
=

H
is

split
across

agents
according

to
the

fixed

proportion
q∈ (

12 ,1 )
in

the
follow

ing
w

ay:
either

y
a
1

=
qH

and
y

b1
=

(1−
q)H

,
or

y
a
1

=
(1−

q)H
and

y
b1

=
qH

.
A

t
t
>

1,
borrow

ers’
individual

incom
e

is
constant

and

equal
to

12 L
.

A
ll

the
uncertainty

is
resolved

in
the

first
period.

A
ggregate

incom
e

experiences
a

high
realisation

that
is

unequally
distributed

according
to

the
realisation

of
uncertainty

and,
ex-ante,

agents
are

sym
m

etrical.

A
s

for
the

punishm
ent

technology,
borrow

ers
are

free
to

default
from

the
lending

contract,though
suffering

the
exclusion

from
future

credit.
M

oreover,w
e

assum
e

that

if
borrow

ers
are

left
in

individual
autarchy,

they
w

ill
lose

fraction
δ
∈

(0,1)
of

their

current
and

future
endow

m
ents. 9

5
.1

S
u
sta

in
a
b
le

le
n
d
in

g

For
the

rest
of

this
section,

w
e

shall
assum

e
that

at
tim

e
1

the
econom

y
ends

up
in

state
in

w
hich

y
a
1

=
qH

and
y

b1
=

(1−
q)H

. 1
0

9T
h
is

a
ssu

m
p
tio

n
,
a
lth

o
u
g
h

u
n
n
ecessa

ry
in

th
e

g
en

era
l
fra

m
ew

o
rk

,
is

n
eed

ed
in

th
is

p
a
rticu

la
r

o
n
e

to
av

o
id

triv
ia

l
so

lu
tio

n
s.

1
0T

h
e

a
ltern

a
tiv

w
ca

se
w

ill
d
isp

lay
o
p
p
o
site

b
u
t

id
en

tica
l
ch

a
ra

cteristics;
fo

r
th

is
clea

r
sy

m
m

etry,
w

e

d
ro

p
th

e
sta

te
co

n
tin

g
en

t
n
o
ta

tio
n
.
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A
t

t
=

0,
the

lender
offers

the
borrow

ers
a

contract
delivering

them
the

expected

utility
U

j ,
w

hich
w

e
assum

e
to

be
equal

to
the

expected
utility

of
their

incom
e

before

uncertainty
resolves.

B
orrow

ers
can

default
collectively

on
the

lender’s
contract

to
form

a
local

risk-sharing
agreem

ent.
A

ggregate
incom

e
is

high
only

at
tim

e
1,

therefore
the

collective
sustainable

constraint
binds

only
at

tim
e

1.
L
ettingI

≡
I

a and
(1−

I
)≡

I
b ,

the
first

order
conditions

for
an

optim
um

w
ill

be
the

sam
e

for
all

t’s.

c
a
t

c
bt

=
α

a
+

I
γ

1

α
b +

(1−
I
)
γ

1

W
here

γ
1

>
0

is
the

L
agrange

m
ultiplier

associated
to

the
binding

collective
par-

ticipation
constraint

at
tim

e
1.

G
iven

the
assum

ptions
on

the
incom

e
process,

as
y

a
1

>
y

b1
and

y
a
t

=
y

bt
for

all

t
>

1,agent’s
a

utiliy
from

the
localarrangem

ent
V

La
1

is
going

to
be

greater
than

agent

b’s,
V

Lb1 ,the
lender

w
illset

the
indicator

functionI
equalto

0,leading
to

the
follow

ing

ratio
of

equilibrium
consum

ptions.

c
b
=

α
b +

γ

α
a

c
a

T
o

obtain
the

consum
ption

shares,
w

e
need

to
derive

the
utility

of
the

collective

outside
options.

W
e

assum
e

that
in

a
localagreem

ent
borrow

ers
are

able
to

im
plem

ent

a
local

pareto
optim

al
allocation,

L
P

O
,
as

described
in

the
appendix.

L
o
cal

P
areto

O
p
tim

u
m

.
T

he
intertem

poralutilities
the

borrow
ers

w
ould

get
in

the
L
P

O
are

going
to

be
the

follow
ing.

V
L

P
a
1

=
1

1−
β

ln [(1−
β
)
q

+
β

12 ]
H

1−
β
L

β

V
L

P
b1

=
1

1−
β

ln [(1−
β
)(1−

q)
+

β
12 ]

H
1−

β
L

β

N
ote

that
V

L
P

j1
≥

V
Aj1

for
j

=
a
,b

m
eaning

that
the

L
P

O
is

m
utually

im
proving.

In
a

steady
state,

evaluating
the

collective
participation

constraint
at

its
value

w
e

get
borrow

er’s
b

consum
ption.

c
L

P
b

= [(1−
β
)(1−

q)
+

β
12 ]

H
1−

β
L

β
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W
e

obtain
borrow

er
a’s

consum
ption

equating
his

expected
utility

to
the

utility
of

consum
ing

in
autarchy.

c
L

P
a

=
(1−

δ)q
(1−

β
) 12

β

H
1−

β
L

β

T
he

contract
im

plem
ented

by
the

lender
w

ill
display

the
follow

ing
features.

1.
B

oth
borrow

ers
are

going
to

surrender
som

e
of

the
incom

e
of

the
first

period
to

consum
e

m
ore

in
future

low
incom

e
periods.

T
his

is
the

consum
ption

sm
oothing

m
otive,w

hich
renders

the
contract

w
ith

the
lender

m
ore

attractive
than

the
local

agreem
ent.

C
learly,the

harsher
are

the
aggregate

fluctuations,the
m

ore
strongly

the
sm

oothing
incentive

w
ill

w
ork

against
collective

default.

2.
T

he
cross-section

incom
e

fluctuations
w

ill
be

redistributed
across

borrow
ers

to

avoid
the

form
ation

of
the

local
agreem

ent
in

the
first

period
(the

only
one

that

is
relevant)

prom
ising

just
one

potential
defaulter

m
ore

future
lending.

T
he

lender
m

inim
ises

costs;the
borrow

er
w

ith
low

incom
e

w
illneed

a
prom

ise
of

less

lending
to

refrain
from

defaulting.

3.
M

ore
im

portantly,
w

hen
a

receives
the

good
realisation,

the
lender

choses
bor-

row
er

b
to

break
consensus

in
the

localagreem
ent,although

his
incom

e
realisation

is
low

er,
as

this
m

axim
ises

the
ob

jective
fuction

of
the

lender.
D

ifferently
to

the

individual
default

case,
it

is
the

borrow
er

w
ith

the
relatively

low
er

realisation

w
hose

debt
paym

ent
is

forgiven
and

renegotiated.

T
he

follow
ing

rem
ark

proves
this

last
property.

R
em

ark
2

If
the

good
incom

e
realisation

hits
borrow

ers
a,

the
lender

w
illchoose

bor-

row
er

b
to

break
consensus

in
the

localagreem
ent.

Setting
β

=
0.98,

q
=

0.55,
δ

=
0.2,

L
=

2
and

H
=

10,
the

consum
ption

shares
w
ill

be
the

follow
ing.

c
L

P
a

=
4.1965

c
L

P
b

=
5.2252
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O
n

the
other

hand,
if

the
lender

had
chosen

borrow
er

a
to

break
the

coalitions
the

consum
ption

shares
w
ould

have
been

the
follow

ing.

c
a

= [(1−
β
)
q

+
β

12 ]
H

1−
β
L

β
=

5.2461

c
b

=
(1−

δ)(1−
q)

(1−
β
) 12

β

H
1−

β
L

β
=

4.1797

A
s

c
L

P
a

+
c
L

P
b

<
c
a

+
c
b ,

the
lender

w
ould

m
axim

ise
profits

by
choosing

borrow
er

b
to

break
the

coalition.

6
C

o
n
clu

d
in

g
re

m
a
rk

s
a
n
d

fu
tu

re
d
e
v
e
lo

p
m

e
n
ts

C
on

clu
sion

s.
W

e
analysed

the
interaction

betw
een

default
and

alternative
risk-

sharing
agreem

ents
focussing

on
the

dynam
ics

of
lending

to
sovereign

borrow
ers.

W
e

built
a

m
odel

of
dynam

ic
lending

w
ith

lim
ited

com
m

itm
ent

w
here

borrow
ers

have
the

option
to

default
collectively

and
trade

betw
een

them
state

contingent
claim

s
to

their

future
incom

es.

W
e

defined
a

new
class

of
sustainable

lending
contracts

proof
to

collective
default.

W
e

constructed
the

collective
sustainability

constraints
to

break
up

alternative
agree-

m
ents

w
ith

the
creation

ofa
conflict

ofinterest
for

only
one

oftheir
potentialm

em
bers.

W
e

show
ed

that
the

risk
of

collective
deviations

generates
a

peculiar
asym

m
etry

be-

tw
een

the
incentives

to
leave,w

hich
are

connected
to

the
unity

ofthe
group

ofborrow
ers,

and
the

incentives
to

com
ply

w
hich

are
related

to
borrow

ers
taken

individually.

W
e

provided
a

first
characterisation

ofthe
lending

dynam
ics

im
plied

in
the

optim
al

contract
solving

a
version

of
the

L
agrangian

form
ulation

proposed
by

M
arcet

and
M

a-

rim
on

(1999).
D

ynam
ics

are
show

n
to

be
com

plex
displaying

substantially
different

features
w

ith
respect

to
the

case
of

individual
default.

In
general

term
s,

w
hen

collec-

tive
default

becom
es

a
credible

threat,
just

one
borrow

er’s
repaym

ent
schem

e
w

ill
be

renegotiated.
T

he
choice

of
w

hich
of

the
tw

o
borrow

ers
w

ill
have

his
debt

rolled
over

is
m

ade
effi

ciently,m
inim

ising
the

cost
to

the
lender.

T
his

cost
w

illbe
less

depending

on
tw

o
fundam

entally
different

factors.
T

he
m

ore
the

lender
has

renegotiated
the

paym
ents

w
ith

a
borrow

er
in

the
past

and
the

low
er

is
the

utility
the

sam
e

borrow
er

is
going

to
get

in
the

future
alternative

agreem
ent,

the
less

am
ount

of
resources

to
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pay
the

lender
w

ill
renegotiate

to
convince

him
not

to
step

out.
T

he
second

elem
ent

is
independent

from
the

decisions
of

the
lender,

w
hereas

the
first

are
endogenously

determ
ined

in
the

optim
allending

contract.
In

contrast
w

ith
the

predictions
ofthe

in-

dividualdefault
set-up

a
relatively

low
incom

e
realisation

m
ay

increase
the

probability

of
receiving

m
ore

lending
in

the
future.

W
e

analytically
solved

for
the

optim
allending

contract
in

a
sim

ple
one-shock

econ-

om
y

w
ith

determ
inistic

aggregate
fluctuations,in

w
hich

these
conjectures

are
confirm

ed

and
som

e
m

ore
insights

are
carried

out.

F
u
tu

re
research

.
T

he
dynam

ics
induced

by
the

contract
appear

to
be

com
plex

and
heavily

dependent
on

the
underling

stochastic
properties

of
the

incom
e

process.

M
ore

m
ileage

could
be

obtained
solving

the
m

odel
num

erically.

A
nother

developm
ent

w
ould

be
the

analysis
of

the
m

arket
im

plications
of

breaking

collective
deviations.

W
e

w
ould

how
ever

need
to

cast
our

approach
into

a
full-fledged

general
equilibrium

environm
ent,

on
the

sam
e

lines
of

K
ehoe

and
P
erri

(2002).

F
inally,

our
equilibrium

concept
and

the
techniques

developed
to

characterise
it

could
be

extended
to

analyse
issues

in
other

fields
ofresearch.

T
he

form
ulation

could
be

adapted
to

include
collective

deviations
to

study
the

dynam
ics

of
cartelform

ation
and

stability,
as

w
ell

as
the

tim
e

pattern
of

m
erger

&
acquisition

w
aves.

A
nother

fruitful

extension
w

ould
be

analysing
the

dynam
ics

of
the

form
ation

of
political

m
ajorities

allow
ing

the
form

ation
of

coalitions
of

deviating
parties.
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7
A

p
p
e
n
d
ix

P
ro

of
of

R
esu

lt
1.

T
he

generic
consum

ption
allocation

C
w

illbe
proofto

collective

default
if

and
only

if
it

satisfies
the

follow
ing

sequence
of

constraints.

It
suffi

ces
to

prove
the

statem
ent

for
tim

e
t.

(
⇒

)
C

onsider
a

an
allocation

in
Λ

.
A

t
tim

e
t,

there
are

three
possibilities:

either
E

t ∞∑s=
t β

s−
tu(c

a
s )−

V
La
t (y

t)≥
0,

or
E

t ∞∑s=
t β

s−
tu(c

bs )−
V

Lbt (y
t)≥

0,
or

both.
It

cannot
be

the
case

that
E

t ∞∑s=
t β

s−
tu(c

a
s )−

V
La
t (y

t)
<

0,
an

d
E

t ∞∑s=
t β

s−
tu(c

bs )−
V

Lbt (

y
t)

<
0.

It
follow

s
that

the
m

axim
um

betw
een

them
m

ust
be

non-negative.

(⇐
)

Suppose
not.

T
herefore

there
is

an
allocation

C̃
0

=
{
c̃
1
t ,c̃

2
t }

t≥
0

that
satisfies

condition
3

and
it

is
not

a
m

em
ber

of
Λ

.
If

C̃
0

is
not

in
Λ

,
then

it
m

ust
be

the
case

that
n
eith

er
E

t ∞∑s=
t β

s−
tu(c̃

a
s )−

V
La
t (y

t)≥
0

n
or

E
t ∞∑s=

t β
s−

tu(c̃
bs )−

V
bt (y

t)≥
0.

It
is

only
possible

that
E

t ∞∑s=
t β

s−
tu(c̃

a
s )−

V
La
t (y

t)
<

0
an

d
E

t ∞∑s=
t β

s−
tu(c̃

bs )−
V

Lbt (y
t)

<
0.

B
ut

this
im

plies
that

m
ax

j=
a
,b [

E
t ∞∑s=

t β
s−

tu(c̃
a
s )−

V
La
t (y

t) ]
<

0
,w

hich
contradicts

that
C̃

0

satisfies
3.

P
ro

of
of

P
rop

osition
1.

L
etI

jt
be

an
indicator

function
defined

on
borrow

er
j

such
that,

for
all

consum
ption

allocations
C

,

I
jt = 

10

if
E

t ∑
∞s=

t β
s−

tu(c
js )−

V
Ljt (y

t)
>

E
t ∑

∞s=
t β

s−
tu(c

is )−
V

Lit (y
t),

i�=
j

O
therw

ise

then,
the

collective
participation

constraint

m
ax

j=
a
,b [

E
t

∞∑s=
t

β
s−

tu(c
js )−

V
Ljt (y

t) ]≥
0

(13)

is
satisfied

if
and

only
if

the
follow

ing
constraint

is
satisfied

as
w

ell.

∑j=
a
,b I

jt [
E

t

∞∑s=
t

β
s−

tU
(c

js )−
V

Ljt (y
t) ]≥

0

(⇒
)

L
et

the
allocation

C
satisfy

7.
W

e
prove

the
statem

ent
for

all
the

possible

cases:

1.
If

E
t ∑

∞s=
t β

s−
tu(c

a
s )−

V
La
t (y

t)≥
0

and
E

t ∑
∞s=

t β
s−

tu(c
bs )−

V
Lbt (y

t)≥
0,

then ∑
j=

a
,b I

jt [E
t ∑

∞s=
t β

s−
tU

(c
js )−

V
Ljt (y

t) ]≥
0

is
trivially

true.
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2.
If

E
t ∑

∞s=
t β

s−
tu(c

a
s )−

V
La
t (y

t)≥
0

and
E

t ∑
∞s=

t β
s−

tu(c
bs )−

V
Lbt (y

t)
<

0,

then
I

t
w

ill
com

m
and

thatI
a
t =

1
and

I
bt =

0.
It

follow
s

that
∑

j=
a
,b I

jt [E
t ∑

∞s=
t β

s−
tU

(c
js )−

V
Ljt (y

t) ]
=

E
t ∑

∞s=
t β

s−
tU

(c
a
s )−

V
La
t (y

t)≥
0.

3.
L
ikew

ise,if
E

t ∑
∞s=

t β
s−

tu(c
a
s )−

V
La
t (y

t)
<

0
and

E
t ∑

∞s=
t β

s−
tu(c

bs )−
V

Lbt (y
t)≥

0,then
it

w
ill

beI
a
t =

0
and

I
bt =

1.
It

follow
s

that
∑

j=
a
,b I

jt [E
t ∑

∞s=
t β

s−
tU

(c
js )−

V
Ljt (y

t) ]
=

E
t ∑

∞s=
t β

s−
tU

(c
bs )−

V
Lbt (y

t)≥
0.

(⇐
)

B
y

construction,I
t

can
be

such
that

eith
erI

a
t
=

1
and

I
bt

=
0,

orI
a
t
=

0

and
I

bt
=

1
–

n
ot

both.
If

in
allocation

C
condition

??
is

true
for

som
e

t,
then

only

one
of

the
follow

ing
cases

is
possible.

1. ∑
j=

a
,b I

jt [E
t ∑

∞s=
t β

s−
tU

(c
js )−

V
Ljt (y

t) ]
=

E
t ∑

∞s=
t β

s−
tU

(c
a
s )−

V
La
t (y

t)≥
0

2. ∑
j=

a
,b I

jt [E
t ∑

∞s=
t β

s−
tU

(c
js )−

V
Ljt (y

t) ]
=

E
t ∑

∞s=
t β

s−
tU

(c
bs )−

V
Lbt (y

t)≥
0.

B
y

result
1,

this
im

plies
that

condition
7

m
ust

be
satisfied

as
w

ell.
T

he
statem

ent

is
true.

P
ro

of
of

P
rop

osition
2.

T
he

problem
for

the
effi

cient
sustainable

lending

contract
8

can
be

w
ritten

as
follow

s.

m
inΓ

m
ax
C

E
0

∞∑t=
0 β

t ∑j=
a
,b {(y

jt −
c
jt )+

+
µ

jt u(c
jt )

+
I

j
t γ

t [u(c
jt )−

V
Ljt (y

t) ] }
W

here
µ

jt+
1

=
µ

jt +I
jt γ

t (w
ith

its
initialvalue

µ
j0

set
equalto

the
L
agrange

m
ultiplier

associated
to

the
initialutility

prom
ise

α
j )

is
the

(co)state
variable

accounting
for

the

history
of

past
tem

ptations
of

collective
deviation

up
to

tim
e

t
and

relative
prom

ises

of
future

utility
to

avoid
them

.

A
solution

to
8

is
found

by
m

axim
ising

w
ith

respect
to

C
and

m
inim

ising
w

ith

respect
to

Γ
the

function
J(C

,Γ
)

E
0

∞∑t=
0 β

t ∑j=
a
,b {

(y
jt −

c
jt )

+
I

jt γ
t E

t

∞∑s=
t [β

s−
tu(c

js )−
V

Ljt (y
t) ] }
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U
sing

the
law

of
iterated

allocations,
E

0 [E
t (x

s )]=
E

0 (x
s ),

and

∞∑t=
0 β

t ∑j=
a
,b [I

jt γ
t

∞∑s=
t β

s−
tu(c

jt ) ]
=

∞∑t=
0 β

t  ∑j=
a
,b µ

jt u(c
jt ) 

w
here

µ
jt+

1
=

µ
jt +

I
jt γ

t ,
µ

j0
=

α
j ,

w
e

get
the

result. 1
1

7
.1

L
o
ca

l
co

m
m

itm
e
n
t

In
this

section
w

e
discuss

tw
o

hypotheses
on

contract
enforceability

in
the

localagree-

m
ents.

L
o
cal

P
areto

O
p
tim

u
m

.

In
an

L
P

O
,the

borrow
ers

a
and

b
w

illseek
to

sm
ooth

their
incom

e
m

aking
transfers

to
each

other
sub

ject
to

the
sequence

of
period

feasibility
constraint.

A
m

ongst
allthe

feasible
allocations,

a
L
ocal

P
areto

O
ptim

um
at

tim
e

t
w

ould
be

an
allocation

solving

the
follow

ing
program

m
ing

problem
.

m
ax

{
c
a

s
,c

b
s }

s≥
t E

t

∞∑s=
t

β
s−

t [λ
tu(c

a
s )

+ (1−
λ

t )
u(c

bs ) ]
(14)

Sub
ject

to

c
a
s
+

c
bs �

y
a
s
+

y
bs

for
all

s
≥

t.
λ

t∈
(0,1)

is
a

param
eter

indicating
the

borrow
er’s

relative
position

in
tim

e
t’s

local
agreem

ent.
T

he
solution

of
the

program
m

ing
problem

in
14

does

not
provide

a
value

for
this

param
eter.

Its
determ

ination
is

how
ever

crucial
w

hen

w
e

com
pute

outside
opportunity

of
the

borrow
ers

to
be

confronted
w

ith
the

utility

attainable
in

the
credit

contract.
W

e
propose

the
value

for
λ

t
im

plem
enting

the

allocation
that

w
ould

result
in

an
com

plete
m

arkets
equilibrium

given
incom

e
realisation

{y
a
t ,y

bt }.

D
efi

n
ition

3
(L

o
cal

P
areto

O
p
tim

u
m

)
L
o
ca

l
P
a
re

to
O

p
tim

u
m

(L
P
O

)
is

an
in-

tertem
poral

allocation {
c
L

P
a
s;t ,c

L
P

bs;t }
s≥

t
im

plem
ented

at
som

e
t
≥

0
by

the
borrow

ers

satisfying
the

follow
ing

conditions.
1
1T

h
e

resu
lt

ca
n

b
e

ch
eck

ed
b
y

d
irect

su
b
stitu

tio
n
,
see

S
a
rg

en
t

a
n
d

L
ju

n
g
q
v
ist

(2
0
0
0
).
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(i)
R
isk-Sharing:

u ′(c
L

P
b
s
;t )

u ′(c
L

P
a

s
;t )

=
λ

t

1−
λ

t

(ii)
R
esource

C
onstraints:

c
L

P
a
s;t +

c
L

P
bs;t ≤

y
a
s
+

y
bs

for
all

s≥
t

and

(iii)
Intertem

poral
B
udget

C
onstraint:

E
t ∑

∞s=
t β

s−
t
u ′(c

L
P

j
s
;t )

u ′(c
L

P
j
t;t ) (

c
L

P
js;t −

y
js )

≤
0,

j
=

a
,b.

C
onditions

(i)
and

(ii)
have

to
be

satisfied
by

a
solution

ofthe
program

m
ing

problem

in
14.

A
s

required
by

P
areto

optim
ality,the

borrow
ers’m

arginalutilities
w

illbe
in

the

constant
proportion

over
tim

e.
C

ondition
(iii)

com
es

from
our

assum
ption

ofcom
plete

m
arkets.

T
he

initial
distribution

of
incom

e,
appropriately

discounted
by

the
future

gains
com

ing
from

m
utual

risk-sharing,
w

ill
ultim

ately
be

w
hat

determ
ines

λ
t.

A
t

tim
e

t,
borrow

ers
joining

a
L
P

O
w

ill
be

entitled
to

the
intertem

poral
utilities

V
L

P
a
t

(λ
t)≡

E
t ∑

∞s=
t β

s−
tu(c

L
P

a
s;t )

and
V

L
P

bt
(λ

t)≡
E

t ∑
∞s=

t β
s−

tu(c
L

P
bs;t ).

In
an

L
P

O
,the

surplus
w

ould
be

shared
betw

een
borrow

ers
according

to
λ

t,w
hich

is
linked

to
the

incom
e

realisation
observed

at
the

tim
e

of
default.

W
ith

individual

deviations,
if

incom
e

is
i.i.d

.
or

positively
autocorrelated,

borrow
ers

w
ith

high
incom

e

realisations
w

illbe
dissuaded

from
defaulting

w
ith

the
prom

ise
of

m
ore

future
lending.

W
ith

collective
deviations,a

high
realisation

to
borrow

er
a,for

exam
ple,w

ould
induce

a
high

λ,
and

hence
a

higher
value

of
V

L
P

jt
.

T
his

w
ould

im
ply

a
low

er
probability

of
receiving

future
lending

in
the

optim
al

lending
contract.

T
herefore,

a
borrow

er

experiencing
a

relatively
low

incom
e

realisation
1
2,is

m
ore

likely
to

receive
m

ore
future

lending
(or

be
given

the
chance

to
recontract

its
debt)

than
a

borrow
er

w
ith

a
high

incom
e

realisation.

N
ext,

w
e

see
the

opposite
case

allow
ing

borrow
ers

to
default

also
on

a
local

agree-

m
ent.

L
o
cal

C
on

strain
ed

O
p
tim

u
m

.

W
ith

lim
ited

com
m

itm
ent,

the
local

agreem
ent

has
to

be
self-enforcing.

A
n

L
P

O

starting
at

tim
e

t
w

ill
m

axim
ise

the
follow

ing
w

eighted
sum

of
intertem

poral
utilities

of
the

borrow
ers,

1
2R

ela
tiv

ely
to

th
e

o
th

er
b
o
rrow

er.
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m
ax

{
c
a

s
,c

b
s }

s≥
t E

t

∞∑s=
t

β
s−

t [λ
tC
u(c

a
s )

+ (1−
λ

tC )
u(c

bs ) ]
m

aking
sure

to
satisfy,together

w
ith

the
period

feasibility
constraints,the

follow
ing

sequence
of

individual
participation

constraints.

E
s

∞∑n
=

0

β
s−

tu(c
js+

n )≥
E

t

∞∑s=
t

β
s−

tu(y
js )

for
all

s≥
t.

D
efi

n
ition

4
(L

o
cal

C
on

strain
ed

O
p
tim

u
m

)
Let {

φ
L

C
a
s

,φ
L

C
bs }

s≥
t
be

the
sequence

of
Lagrange

m
ultipliers

associated
to

the
individual

participation
constraints,

then
a

Local
C

onstrained
O

ptim
um

(L
C

O
)

is
an

allocation {
c
L

C
a
s;t ,c

L
C

bs;t }
s≥

t
im

plem
ented

at

som
e

t≥
0

by
the

borrow
ers

satisfying
the

follow
ing

conditions,
for

all
s≥

t.

(i)
F
irst

O
rder

C
onditions:

u ′(c
L

C
b
s
;t )

u ′(c
L

C
a

s
;t )

=
∑

s−
t

i=
1

φ
L

C
a

i
∑

s−
t

i=
1

φ
L

C
b
i

(ii)
R
esource

C
onstraints:

c
L

C
a
s;t +

c
L

C
bs;t ≤

y
a
s
+

y
bs

T
he

set
of

solutions
to

this
program

m
ing

problem
s

has
been

studied
in

detail
by

K
ocherlakota

(1996).
For

sim
plicity,

w
e

set
the

initial
P
areto

w
eights

equal
across

agents. 1
3

A
t

tim
e

t,
borrow

ers
joining

a
L
P

O
w

ill
be

entitled
to

the
intertem

poral
utilities

V
L

C
a
t

(y
t)≡

E
t ∑

∞s=
t β

s−
tu(c

L
C

a
s;t )

and
V

L
C

bt
(y

t)≡
E

t ∑
∞s=

t β
s−

tu(c
L

C
bs;t ).

W
ith

local
lim

ited
com

m
itm

ent,
the

dynam
ics

of
sustainable

lending
are

likely
to

be
influenced

by
a

larger
num

ber
of

variables.
T

he
division

of
local

surplus
w

ould

depend
on

the
w

hole
prospect

of
future

threats
of

local
defaults.

M
oreover,

local

lim
ited

com
m

itm
ent

reduces
the

am
ount

ofutility
attainable

in
an

L
C

O
.

T
his

increases

the
sustainability

of
lending,

as
the

likelihood
of

threat
of

collective
default

w
ould

be

reduced.
C

learly,a
low

er
levelofindividualautarchy

utility
m

akes
the

localagreem
ent

m
ore

enforceable.
H

ow
ever,differently

from
the

individualcase,this
w

ould
eventually

1
3Id

ea
lly,

th
e

u
tility

w
eig

h
ts

sh
o
u
ld

refl
ect

th
e

ex
p
ected

fu
tu

re
strea

m
o
f

u
tility

o
b
ta

in
a
b
le

in
th

e

a
g
reem

en
t

in
clu

d
in

g
th

e
ex

p
ected

seq
u
en

ce
o
f
fu

tu
re

tem
p
ta

tio
n
s

to
d
efa

u
lt

a
n
d

co
rresp

o
n
d
in

g
u
tility

p
ro

m
ises.

W
e

a
re

n
o
t

p
u
rsu

in
g

th
is

issu
e

h
ere.
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harm
the

borrow
ers

in
term

of
lending.

In
effect,

the
harshest

is
autarchy,

the
m

ore

local
surplus

is
generated,

w
hich

in
turn

increases
the

chances
that

the
borrow

ers

decide
to

default
collectively.

B
ut

this
m

eans
less

lending
is

sustained
in

equilibrium
.

Interestingly,
the

original
set-up

in
w

hich
only

individual
default

is
possible

predicts

exactly
the

opposite:
the

w
orse

are
the

borrow
ers

in
individual

autarchy,
the

m
ore

lending
is

sustainable
in

equilibrium
.

7
.2

A
lg

e
b
ra

ic
d
e
ta

ils
o
f
th

e
o
n
e
-sh

o
ck

e
x
a
m

p
le

L
o
cal

P
areto

O
p
tim

a.
A

ccording
to

the
definition

of
L
P

O
,

an
allocation

im
ple-

m
ented

in
any

local
P
areto

optim
a

should
satisfy

the
risk-sharing

condition
and

the

period
resource

constraints
c
L

P
a
t

c
L

P
bt

=
λ

t

1−
λ

t

For
all

t≥
1,

λ
t
being

the
w

eight
assigned

to
borrow

er
a.

C
onsum

ptions
w

ould
be

in
constant

proportion
relative

to
each

other,
not

constant
over

tim
e.

U
sing

the
period

resource
constraint

and
the

intertem
poral

budget
constraint

con-

dition,
w

e
derive

an
expression

for
λ

t.

λ
t=

(1−
β
)
q

+
β

12

T
he

value
of

the
initial

w
eight

assigned
to

borrow
er

a
is

going
to

be
a

convex

com
bination

betw
een

the
portion

q
and

12
and

it
is

easily
interpretable.

T
he

m
ore

borrow
er

a
values

future
consum

ption
(the

higher
β
),

the
m

ore
of

his
(higher)

initial

realisation
he

is
w

illing
to

forgo
to

sm
ooth

consum
ption

across
future

states.

G
iven

this
w

eight,the
borrow

er’s
consum

ptions
w

illbe
fractions

of
localaggregate

incom
e

c
L

P
a
t

= [(1−
β
)
q

+
β

12 ]
Y

t

c
L

P
bt

= [(1−
β
)(1−

q)
+

β
12 ]

Y
t

from
w

hich
w

e
obtain

the
outside

options
V

L
P

a
t

and
V

L
P

bt
.
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7
.3

A
g
e
n
e
ra

l
fo

rm
u
la

tio
n

In
this

section
w

e
present

the
generalised

version
of

the
effi

cient
lending

contract.

T
he

lender’s
interest

rate
is

general
(1

+
r)≡

R
<

β −
1

and
individual

participation

constraints
m

ight
bind.

T
he

lender
m

axim
ises

the
expected

discounted
sum

of
revenue

from
the

contract.

m
ax

{
c
a

t ,c
b
t }

t≥
0 E

0

∞∑t=
0

R
−

t ∑j=
a
,b (y

jt −
c
jt )

so
that

the
follow

ing
sequence

of
sustainability

constraints
are

satisfied
for

j
=

a
,b

and
t≥

0,

E
t

∞∑s=
t

β
s−

tu(c
a
s )−

V
Aa
t (y

t)
≥

0

E
t

∞∑s=
t

β
s−

tu(c
bs )−

V
Abt (y

t)
≥

0

m
ax

j=
a
,b [

E
t

∞∑s=
t β

s−
tu(c

js )−
V

Ljt (y
t) ]

≥
0

E
0

∞∑t=
0

β
s−

tu(c
a
t )−

U
a

≥
0

E
0

∞∑t=
0

β
s−

tu(c
bt )−

U
b

≥
0

B
y

virtue
of

P
roposition

1,
w

e
can

construct
a

suitable
indicator

function
Ĩ

jt
and

look
for

an
optim

um
for

the
follow

ing
program

m
ing

problem
,

m
in

Γ
,Φ

m
ax
C

E
0 

∞∑t=
0 R

−
t   ∑j=

a
,b (y

jt −
c
jt )+

+
φ̃

jt [
E

t

∞∑s=
t β

s−
tu(c

js )−
V

Ajt (y
t) ]}

+
γ̃

t  ∑j=
a
,b Ĩ

jt [
E

t

∞∑s=
t

β
s−

tu(c
js )−

V
Ljt (y

t) ] 
+

+
α̃

a [
E

0

∞∑t=
0

β
s−

tu(c
a
t )−

U
a ]

+
α̃

b [
E

0

∞∑t=
0

β
s−

tu(c
bt )−

U
b ]}
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w
here

Φ̃
≡

{φ̃
a
t ,φ̃

bt }
t≥

0
Γ̃
≡

{γ̃
a
t ,γ̃

bt }
t≥

0
are

the
sequences

of
L
agrange

m
ultipliers

associated
to

the
individual

and
collective

participation
constraints,

respectively.

B
y

an
analogous

argum
ent

as
in

proposition
2,w

e
are

allow
ed

to
w

rite
the

problem

for
the

effi
cient

lending
contract

as
follow

s.

m
in

Γ
,Φ

m
ax
C

E
0 

∞∑t=
0 R

−
t ∑j=

a
,b {(y

jt −
c
jt )+

+
R

β
(α̃

j
+

µ̃
jt )

u(c
jt )

+
φ̃

jt [u(c
jt )−

V
Ajt (y

t) ]
+Ĩ

jt γ̃
t [u(c

jt )−
V

Ljt (y
t) ] }

W
here,

µ̃
jt+

1
=

R
β
µ̃

jt +
φ̃

jt +
Ĩ

jt γ
t

µ̃
j0

=
α

j

O
p
tim

al
con

su
m

p
tion

p
ath

of
b
orrow

er
j.

A
t

an
optim

um
,the

follow
ing

first

order
conditions

are
satisfied.u ′(c

jt )
=

1

R
β
µ̃

jt +
φ̃

jt +
Ĩ

jt γ
t

If
R

β
<

1,the
borrow

er
w

illvalue
current

consum
ption

m
ore

than
the

m
arket.

H
e

w
ould

borrow
m

ore
from

the
lender

accept
a

contract
that

delivers
him

a
consum

ption

profile
tilted

backw
ards.

C
onsum

ption
w

ill
decrease

m
onotonically

until
any

of
the

participation
constraints

don’t
bind.

From
that

m
om

ent
on,

the
borrow

ers
w

ill
only

repay
their

debt.

C
o-state

variab
le.

T
he

law
ofm

otion
of

µ̃
jt is

obtained
using

the
com

plem
entary

slackness
condition

and
the

condition
on

I
t

µ̃
jt+

1
=

R
β
µ̃

jt +
φ̃

jt +
I

t γ
t

µ̃
jt+

1
≥

R
β
µ̃

jt

W
ith

strict
equality

if
either

E
t ∑

∞s=
t β

s−
tu(c

a
s )

>
V

La
t (y

t)
or

E
t ∑

∞s=
t β

s−
tu(c

a
s )−

V
La
t

<
E

t ∑
∞s=

t β
s−

tu(c
bs )−

V
Lbt (y

t),
and

if
E

t ∑
∞s=

t β
s−

tu(c
a
t )

>
V

Aa
t (y

t).
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P
ortfolio

risk
an

d
th

e
d
em

an
d

for
h
ealth

an
d

p
rop

erty

in
su

ran
ce

in
Italy ∗

C
arlo

S
av

in
o †

A
N

IA
&

U
n
iversitat

P
om

p
eu

F
ab

ra

S
ep

tem
b
er

2006

A
b
stract

C
om

pared
w

ith
other

industrialised
countries,the

diffusion
ofhealth

and
prop-

erty
insurance

policies
across

Italian
households

appears
lim

ited.
It

seem
s

that

Italian
fam

ilies
still

prefer
to

insure
m

ainly
through

precautionary
saving.

A
long-

side,
a

very
sm

allfraction
of

fam
ilies

invest
their

savings
in

the
financialm

arkets.

P
ulling

together
these

tw
o

observations,
w

e
argue

that
fam

ilies
that

hold
their

financial
w

ealth
in

a
diversified

portfolio
find

precautionary
saving

a
less

effi
cient

insurance
instrum

ent
w

ith
respect

to
private

insurance
policies.

W
e

estim
ate

the

relationship
betw

een
health

and
property

insurance
diffusion

and
degree

ofportfolio

diversification
ofhouseholds

by
m

eans
ofcensored

regression
analysis

(tobit
m

odel)

using
the

data
collected

in
the

Survey
ofH

ousehold
Incom

e
W

ealth
(SH

IW
)
run

by

the
B

ank
of

Italy
over

the
period

1989-2002.
T

he
estim

ation’s
results

confirm
the

existence
of

a
positive

relationship
betw

een
the

degree
of

portfolio
diversification

and
the

inclination
to

purchase
property

insurance.
L
ess

m
ileage

is
obtained

from

the
estim

ation
of

the
health

insurance
equation.

A
s

a
by-product,

w
e

present
a

detailed
account

of
the

diffusion
of

health
and

property
insurance

across
Italian

household
grouped

by
socio-econom

ic,dem
ographic

and
territorialcharacteristics.
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p
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p
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a
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1
B

a
ck

g
ro

u
n
d

a
n
d

m
o
tiv

a
tio

n
s

It
seem

s
that

the
Italian

m
arket

for
private

health
and

property
insurance

has
not

yet
overcom

e
its

initial
stage

of
developm

ent.
In

2004
prem

ium
s

gathered
by

Italian

insurance
com

panies
operating

in
the

non-life
industry,

excluding
m

otor
insurance,

w
hich

is
alm

ost
everyw

here
com

pulsory,
accounted

for
as

low
as

1.1%
of

Italian
G

D
P,

am
ongst

the
low

est
in

E
urope:

2.3%
in

the
average

country
in

the
E

U
15,

2.8%
in

G
erm

any
and

in
the

U
K

,1.9
in

Spain.
Focussing

on
lines

of
business

providing
health

insurance
(sickness

and
injury),

the
gap

displayed
by

the
Italian

sector
is

even
larger.

O
nly

0.33%
of

G
D

P
is

spent
to

purchase
private

health
coverage,

against
0.66%

in

the
E

U
15,

1.48%
in

G
erm

any,
0.49%

in
the

U
K

,
0.61%

in
Spain. 1

E
urope

itself
is

considered
underinsured

if
com

pared
w

ith
the

U
S,

w
here

the
non-life

non-m
otor

lines

ofbusiness
accounted

for
4.7%

ofG
D

P
in

2003,and
the

health
business

for
2.4%

. 2
T

he

grow
th

rate
of

non-life
insurance

m
arket

penetration
during

the
last

decade
has

been

steady,
but

adm
ittedly

low
.

Severalanalysts
point

out
the

role
played

by
the

free
nationalhealth

system
hinder-

ing
the

grow
th

of
the

private
health

insurance
industry.

H
ow

ever,
aggregate

statistics

on
the

m
ain

sources
of

funding
of

health
expenses

in
industrialised

countries
released

in
2003

by
the

O
E

C
D

do
not

seem
to

substantiate
this

explanation.
Indeed,

m
ore

than
one

fifth
of

the
health

expenses
sustained

in
Italy

are
financed

directly
by

the

households,
leading

to
the

conclusion
that

against
those

outlays
not

covered
(ex-post)

by
the

national
health

system
,
m

ost
Italian

fam
ilies

still
prefer

to
self

insure
through

precautionary
saving

rather
than

the
private

insurance
m

arket.

Italian
households

show
little

interest
in

financialassets
m

arkets
as

w
ell.

T
he

degree

of
participation

of
Italian

fam
ilies

in
financial

m
arkets

is
rem

arkably
low

,
if

com
pared

w
ith

other
E

uropean
countries.

A
ccording

to
the

com
putations

carried
out

by
G

uiso

and
Jappelli(2002)

using
survey

data
collected

in
severalE

uropean
countries,only

15%

of
Italian

households
participate

in
the

stock
m

arket,
of

w
hich

only
7%

participate

directly,
i.e.

w
ithout

the
interm

ediation
of

institutional
investors,

less
than

half
the

E
uropean

average
of

14.7%
.

M
oreover,

the
structure

of
portfolio

holdings
of

Italian
1S

o
u
rce:

C
E

A
(C

o
m

ite
E

u
ro

p
een

d
es

A
ssu

ra
n
ces),

A
sso

cia
tes

S
ta

tistics,
2
0
0
4
.

2S
o
u
rce:

O
E

C
D

,
In

su
ra

n
ce

S
ta

tistics
Y

ea
rb

o
o
k
,
1
9
9
4
-2

0
0
3
.
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fam
ilies

is
very

sim
ple,

as
the

largest
share

of
assets

held
is

in
the

form
of

transaction

and
saving

accounts.

T
he

ob
jective

of
this

paper
is

to
build

a
bridge

betw
een

these
stylised

facts
dis-

cussing
the

im
pact

of
the

relationship
betw

een
precautionary

saving
and

the
patterns

of
households’

financial
m

arket
participation

on
the

decision
to

purchase
insurance

coverage.

T
he

reasoning
draw

s
from

the
classicaloptim

alinsurance
m

odel,w
here

a
risk

averse

agent
has

to
decide

w
hether

to
buy

an
unfairly

priced
insurance

policy,
or

increase

savings
to

self
insure.

T
he

m
odel

predicts
that

the
agent

w
ill

buy
insurance

only
if

the
m

arginalrate
of

substitution
betw

een
endow

m
ents

in
the

different
states

of
nature

exceeds
the

m
arket

prem
ium

rate.
T

he
m

ore
the

consum
er

is
able

to
transfer

readily

liquid
resources

to
the

future,
the

less
the

m
arginal

rate
of

substitution
is

likely
to

be

higher
than

the
prem

ium
rate.

T
he

basic
point

is
that

certain
types

of
assets

can
be

used
as

self
insurance

instru-

m
ents

m
ore

effi
ciently

than
others.

Safe
and

liquid
assets

like
transaction

and
saving

accounts
are

certainly
m

ore
suitable

for
precautionary

saving
than

risky
assets,

such

as
stock

or
shares

ofm
utualfunds,or

illiquid
assets

such
as

life
insurance

prem
ium

s
or

shares
in

pension
funds.

Follow
ing

this
reasoning,

it
is

m
ore

likely
that

the
m

arginal

rate
ofsubstitution

ofan
agent

w
ith

high
portfolio

shares
ofrisky

or
illiquid

assets
goes

above
the

m
arket

prem
ium

rate,and
thus

m
ore

likely
that

the
agent

purchases
private

insurance.

T
he

m
ain

contribution
of

this
paper

consists
in

testing
this

hypothesis
using

the

data
collected

in
the

Survey
of

H
ousehold

Incom
e

W
ealth

(SH
IW

)
run

by
the

B
ank

of

Italy
over

the
period

1989-2002.
W

e
estim

ate
a

censored
regression

m
odel

w
here

the

propensity
to

purchase
health

and
property

insurance
is

related
to

the
degree

of
diver-

sification
the

asset
portfolios

held
by

the
households.

T
he

estim
ation’s

results
confirm

the
existence

of
a

positive
relationship

betw
een

the
degree

of
portfolio

diversification

and
the

inclination
to

purchase
property

insurance.
W

e
obtain

less
m

ileage
from

the

estim
ation

ofthe
health

insurance
equation.

A
s

a
by-product,w

e
present

a
detailed

ac-

count
ofthe

diffusion
ofhealth

and
property

insurance
across

Italian
household

grouped

by
socio-econom

ic,
dem

ographic
and

territorial
characteristics.
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In
the

literature
there

are
several

contributions
studying

various
aspects

of
pri-

vate
health

insurance
m

arkets.
Starr-M

cC
luer

(1996)
evaluates

the
im

pact
of

private

health
insurance

on
A

m
erican

households’saving
habits

to
verify

the
existence

of
sub-

stitutability
betw

een
private

insurance
and

self
insurance.

T
he

author
concludes

that,

in
general,

precautionary
savings

do
not

offset
private

insurance.
G

uariglia
and

R
ossi

(2001)
test

the
sam

e
hypothesis

on
B

ritish
household

data
reaching

the
sam

e
conclu-

sions,
although

they
find

som
e

degree
of

substitutability
in

areas
w

ith
poor

quality

public
health

services.
A

sim
ilar

argum
ent

is
set

out
in

the
analysis

of
Jappelli,P

ista-

ferriand
W

eber
(2004)

using
Italian

household
data.

B
esley

et
al.

(1998)
for

the
U

nited

K
ingdom

and
C

osta
and

G
arcia

(2001)
for

the
C

atalan
region

in
Spain

find
that

the

quality
differential

betw
een

public
and

private
health

services
is

an
effective

driver
of

private
health

insurance
dem

and
by

w
ealthy

households.

T
here

appears
to

be
a

less
rich

variety
of

contributions
on

household
property

insurance,
at

least
to

our
account.

T
he

analysis
conducted

by
G

uiso
and

Jappelli

(1998)
on

the
relationship

betw
een

household
incom

e
risk

and
the

dem
and

for
property

insurance
appears

to
be

the
closest

to
our

line
of

argum
ent.

T
he

rest
of

the
paper

is
organised

as
follow

s.
In

section
2,

w
e

provide
a

detailed

account
on

the
diffusion

of
health

and
property

insurance
across

Italian
households

grouped
by

dem
ographic,

socio-econom
ic

and
financial

m
arket

characteristics
using

panel
data

collected
by

the
B

ank
of

Italy.
In

section
3,

w
e

first
briefly

outline
the

m
ain

theoretical
issues

connected
w

ith
the

dem
and

of
insurance

in
presence

of
unin-

surable
risk

and
then

w
e

present
the

result
of

a
broad

regression
analysis

to
validate

our
predictions.

In
section

4,
w

e
draw

our
conclusions.

A
ll

tables
and

pictures
are

in
the

appendix.

2
D

e
scrip

tiv
e

a
n
a
ly

sis
o
n

h
e
a
lth

a
n
d

p
ro

p
e
rty

in
su

ra
n
ce

d
iff

u
sio

n
b
y

h
o
u
se

h
o
ld

ch
a
ra

cte
ristics

O
ur

data
source

is
a

panelm
ade

up
ofthe

last
seven

w
aves

ofthe
Survey

on
H

ousehold

Incom
e

and
W

ealth
run

periodically
by

the
B

ank
ofItaly

on
a

geographically
stratified

4



sam
ple

of
approxim

ately
8.000

households
over

the
period

1989-2002. 3
H

ouseholds
are

assigned
w

eights
that

are
proportional

to
the

probability
of

being
extracted

from
the

universe.
A

long
w

ith
social

and
dem

ographic
characteristics,

sam
pled

households
are

asked
to

report
fam

ily
incom

e
and

w
ealth,

consum
ption

and
saving

habits,
portfolio

decisions.
In

the
section

ofour
interest,households

are
asked

w
hether

they
hold

health

(sickness
and

injury)
and

property
insurance

-
excluding

com
pulsory

m
otor

insurance

-
and

how
m

uch
m

oney
they

have
spent

to
purchase

it. 4

T
able

II
in

the
appendix

reports
the

evolution
ofm

arket
diffusion,m

easured
by

the

percentage
offam

ilies
that

w
ere

covered
by

som
e

insurance
policy

at
the

m
om

ent
ofthe

survey
over

the
tim

e
period

1989-2002.
T

he
percentages

are
referred

to
the

population,

as
they

are
w

eighted
according

to
the

probability
of

the
sam

ple
units

to
be

included
in

the
sam

ple.

In
2002,according

to
the

SH
IW

,7.5%
ofItalian

households
benefited

from
sickness

and
injury

risk
coverage

through
private

insurance;
in

1989,
at

the
beginning

of
the

panel,the
percentage

w
as

4.4%
peaking

up
to

12.7%
in

1993.
In

2002
17.1%

of
Italian

households
w

ere
covered

by
property

dam
age

insurance,
from

11.4%
in

1989
w

ith
a

peak
of28.7%

in
1995.

F
inally,4.1%

held
both

types
ofcoverage

in
2002,1.6%

in
1989,

w
ith

a
m

axim
um

of
5.4%

in
1998

(table
1).

N
ext,w

e
report

a
detailed

account
ofthe

evolution
ofthe

fraction
ofinsured

house-

holds
by

class
of

hom
ogeneous

characteristics.
W

e
focus

our
analysis

on
three

m
ain

household
characteristics

groups:
socio-econom

ic,
dem

ographic
and

territorial.
Socio-

econom
ic

characteristics
include

degree
offinancialportfolio

diversification,incom
e

and

w
ealth

classes,
schooling,

profession,
title

of
ow

nership
of

dw
elling;

dem
ographic

char-

acteristics
include

gender,
age

and
household

size;
territorial

characteristics
include

region
of

residence
and

dim
ension

of
the

urban
centre.

Statistics
on

age,
education,

m
ain

professionalstatus
and

gender
are

referred
to

the
head

ofthe
household,intended

as
the

person
in

the
household

w
ith

highest
incom

e.
T

he
rest

of
the

statistics
are

referred
to

the
household

in
its

unity.
3T

h
e

su
rv

ey
s

w
ere

ru
n

in
1
9
8
9
,
1
9
9
1
,
1
9
9
3
,
1
9
9
5
,
1
9
9
8
,
2
0
0
0

a
n
d

2
0
0
2
.

4T
a
b
le

I
d
ep

icts
th

e
sectio

n
o
f
su

rv
ey

’s
q
u
estio

n
n
a
ire

co
n
cern

in
g

th
e

in
su

ra
n
ce

sta
tu

s
o
f
th

e
resp

o
n
-

d
en

t.
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For
each

characteristic,
w

e
report

the
degree

and
the

evolution
over

the
sam

ple

period
of

the
diffusion

of
insurance

coverage
w

ithin
groups,

that
is,

the
percentage

of

households
w

ith
a

given
characteristic

holding
health

insurance,property
insurance

or

both
health

and
property

insurance.

T
he

com
plete

set
of

descriptive
statistics

is
reported

in
the

appendix.

2
.1

E
co

n
o
m

ic
a
n
d

fi
n
a
n
cia

l
ch

a
ra

cte
ristics

Incom
e.

T
he

inclination
of

household
to

purchase
both

insurance
policies

increases

w
ith

incom
e

in
a

fairly
regular

fashion.
14.8%

of
households

in
the

5th
incom

e
quintile

had
purchased

health
insurance

in
2002

(20.9%
in

1995
and

16%
in

1989),
w

hereas

31.9%
of

them
had

property
insurance

(49.8%
in

1995
and

31.8%
in

1989).
8.6%

of

households
in

the
highest

incom
e

quintile
had

both
coverages

(13.1%
in

1995
and

7.5%

in
1989).

In
1995

the
distribution

of
insured

households
shifted

upw
ard

from
the

level
in

1989,especially
in

correspondence
of

the
third

and
fourth

incom
e

quintiles,suggesting

a
change

in
the

attitude
tow

ards
risk

by
the

m
iddle

class;in
2002

the
distribution

w
ent

back
to

the
initial

level,
m

aintaining,
though,

the
1995

profile
(table

III).

F
inancial

w
ealth.

A
gain,

propensity
to

buy
insurance

is
increasing

w
ith

financial

w
ealth

holdings.
14.1%

of
households

in
the

highest
incom

e
quintile

had
sickness

and

injury
coverage

in
2002

(22.1%
in

1995
and

13.3%
in

1989),
31.2%

%
of

them
had

property
insurance

(51.4%
in

1995
and

33.9%
in

1989).
8.5%

of
households

in
the

highest
w

ealth
quintile

w
as

covered
against

both
types

ofrisk
(13.7%

in
1995

and
7.7%

in
1989).

T
he

distribution
ofhouseholds

w
ith

health
insurance

becom
es

convex
in

correspon-

dence
of

the
highest

quintiles,
w

hereas
the

relationship
rem

ains
fairly

linear
for

the

households
insured

against
property

losses
(table

IV
of

the
appendix).

D
egree

of
portfolio

diversification.
A

s
in

G
uiso

and
Jappelli

(2001),
w

e
aggregate

the
different

assets
in

three
hom

ogeneous
risk

classes:
”safe

assets”
w

hich
include

transaction
and

saving
accounts

ofvarious
nature,”bonds”,w

hich
includes

governm
ent

and
corporate

bonds
w

ith
fairly

safe
returns

and
”stock”,w

hich
includes

shares,m
utual

funds
and

privately
m

anaged
assets.
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W
e

then
construct

an
index

ofportfolio
diversification

that
increases

w
ith

the
num

-

ber
of

assets
held

in
the

portfolio.
W

e
consider

four
configurations

-
only

safe
assets,

safe
assets

and
bonds,

safe
assets

and
stock

and
all

assets
-

are
ordered

from
totally

safe
to

fully
diversified.

W
e

ignore
unbalanced

portfolios,
such

as
those

com
posed

by

only
stock,

or
only

bonds.

In
2002,

the
highest

percentages
of

insured
households

w
ere

in
the

groups
w

ith

financialportfolios
com

posed
ofsafe

assets
and

stocks
and

allassets.
In

2002,18.6%
of

the
form

er
group

had
health

insurance
(20.9%

in
1995

and
12.3%

),36.9%
had

property

insurance
(52.6%

in
1995

and
37.5%

in
1989);

17%
of

the
latter

group
had

health

insurance
(20.9%

in
1995

and
12.3%

in
1989),

37%
had

property
insurance

in
2002

(51.9%
in

1995
and

36%
in

1989)
(table

V
of

the
appendix).

2
.2

S
o
cio

-d
e
m

o
g
ra

p
h
ic

ch
a
ra

cte
ristics

D
egree

of
schooling.

A
s

expected,
the

relationship
betw

een
inclination

to
purchase

private
insurance

and
degree

of
schooling

is
increasing

for
both

products.
In

2002,

m
ore

than
13%

of
households

w
ith

head
holding

a
college

degree
had

health
insurance

(19.9%
in

1995
and

9.5%
in

1989);
24.5%

had
property

insurance
(42.7%

in
1995

and

16.3%
in

1989).

H
igher

education
people,

besides
enjoying

higher
incom

e
levels,

are
likely

to
have

better
know

ledge
of

insurance
products

that
are

available
in

the
m

arket
(table

V
I).

M
ain

professional
status.

T
he

highest
percentages

of
insured

households
are,

for

both
insurance

products,
in

the
group

of
households

w
ith

head
m

em
ber

of
the

arts
or

professions,
23.8%

and
28.3%

in
2002,

respectively
(33.9%

and
41.8%

in
1995;

12.1%

and
18.5%

in
1989).

Self
em

ployed
people

are
likely

to
be

m
ore

sensitive
to

future

incom
e

losses,
as

they
already

face
higher

incom
e

uncertainty.

A
lso

high
percentages

ofm
anagers

are
insured

against
sickness

and
injury,probably

because
they

have
access

to
com

pany
health

insurance
plans,

apart
from

being
in

the

higher
incom

e
classes

(table
V

II).

T
itle

ofhom
e

ow
nership.

T
here

is
no

apparent
relationship

betw
een

the
percentage

of
household

w
ith

health
insurance

and
the

title
of

hom
e

ow
nership.

O
n

the
other

hand,
the

highest
percentage

of
households

insured
against

property

7



dam
age

is
found,not

surprisingly,w
ithin

the
group

ofhom
e

proprietors,21.8%
in

2002

(23.7%
in

1995
and

14.3%
in

1989)
(table

V
III).

G
ender

of
household

head.
In

2002
the

percentage
of

households
w

ith
fem

ale
head

w
as

stillquite
low

,36.6%
,although

the
percentage

grew
steadily

over
the

period
under

analysis
(19.5%

in
1989).

In
2002

the
portion

of
households

insured
against

sickness
and

injury
w

as
4.6%

%
if

the
head

ofthe
fam

ily
w

as
a

w
om

an
(6%

in
1995

and
2.3

in
1989),9.1

%
ifit

w
as

a
m

an

(12%
in

1995
and

4.9%
in

1989).
12.5%

of
households

w
ith

fem
ale

head
had

property

insurance
in

2002
(21.5%

in
1995

and
8.4%

in
1989)

and
2.2%

had
both

property
and

health
insurance

(3.0%
in

1995
and

0.7%
in

1989)
(table

IX
).

A
ge

ofhead.
T

he
age

structure
ofhousehold

heads
rem

ained
basically

constant
over

the
sam

ple
period.

T
he

age
structure

of
insured

households,
on

the
contrary,

changes

over
tim

e
and

across
insurance

products.
A

llage
profiles

are
hum

p-shaped.
For

health

insurance
the

m
axim

um
percentage

of
insured

households
m

oves
from

age
class

41-50

years
old

in
1989

(6.6%
)

to
age

class
31-40

years
old

in
2002

(10.6%
);

for
property

insurance
the

hum
p

m
oves

from
class

41-50
in

1989
(16.3%

)
to

51-65
in

2002
(21.9%

)

(table
X

).

O
lder

people
are

m
ore

likely
to

ow
n

their
hom

es
and

have
easier

access
to

the

national
health

insurance
system

.

Fam
ily

size.
T

he
percentage

of
households

insured
against

sickness
and

injury
is

highest
for

fam
ilies

w
ith

3
m

em
bers

in
2002,4

in
1995

and
3

in
1989;it

is
the

sam
e

size

(3
m

em
bers)

over
the

sam
ple

period
for

households
holding

property
insurance

and
for

households
holding

both
products

(table
X

I).

2
.3

T
e
rrito

ria
l
ch

a
ra

cte
ristics

G
eographical

region.
A

s
expected,

households
living

in
southern

Italy
are

the
least

likely
to

be
covered

by
som

e
private

insurance
policy.

In
2002,

12%
of

households

living
in

northern
regions

had
health

insurance
(13%

in
1995

and
6%

in
1989),

the

highest
percentage

in
Italy;property

insurance
too

is
m

ore
diffused

in
the

N
orth,30%

in
2002

(44%
in

1995
and

20%
in

1989).
G

eographicaldifferences
in

incom
e

seem
to

be

the
m

ain
reason

behind
this

distribution
(table

X
II).
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Size
of

urban
centre.

T
he

relationship
betw

een
the

size
of

the
urban

center
of

residence
and

the
inclination

to
purchase

health
insurance

behaves
som

ew
hat

erratically

over
the

sam
ple

period;it
is

increasing
w

ith
size

in
1989,it

is
increasing

in
1995

to
end

up
being

flat
in

2002.

T
he

behaviour
of

the
share

of
households

w
ith

property
insurance

show
s

m
ore

insights,
being

highest
w

ithin
households

living
in

sm
all

com
m

unities,
w

here
m

ost

fam
ilies

ow
n

their
hom

es
(table

X
III).

3
In

su
ra

n
ce

d
iff

u
sio

n
a
n
d

p
o
rtfo

lio
risk

T
he

financial
portfolios

of
Italian

households
span

rather
few

assets.
A

rem
arkably

large
portion

ofItalian
fam

ilies
had

no
sort

offinancialassets.
In

2002,this
portion

has

decreased
to

about
a

fifth,
from

over
30%

in
1989.

M
ore

than
half

of
the

households

(55%
in

2002,
from

49%
in

1989)
had

their
financial

w
ealth

invested
in

low
or

zero

yield
safe

assets,
such

as
transaction

and
saving

accounts.
A

rather
m

arginal
fraction

of
households

show
ed

som
e

degree
of

portfolio
diversification

in
favour

of
less

liquid

higher
yield

assets.
In

2002,
5%

of
the

population
had

safe
assets

and
bonds

in
their

portfolio
(20%

in
1995

and
14%

in
1989).

Italian
fam

iles
bear

little
financial

risk
in

their
portfolios

as
w

ell.
R

isky
assets

appear
in

a
m

inority
of

portfolios.
O

nly
of

the

fam
ilies

17%
safe

assets
and

stocks
(4%

in
1995

and
2%

in
1989)

and
4%

had
a

fully

diversified
portfolio

betw
een

safe
assets,bonds

and
stock

(6%
in

1995
and

4%
in

1989)

(table
X

IV
).

W
e

shallnot
go

into
further

detailreporting
cross

tabulations
ofthe

various
degrees

of
portfolio

diversification
of

households
as

w
e

did
for

insured
households.

T
here

are

present
in

the
literature

severalexcellent
studies

docum
enting

dem
ographic,socialand

econom
ic

dynam
ics

offinancialparticipation
ofItalian

households,to
w

hich
w

e
redirect

the
interested

reader
(see

for
exam

ple
G

uiso
and

Jappelli,2001
and

G
uiso

et
al.

2002).

W
e

argue
that

this
lim

ited
participation

of
households

in
financial

m
arkets

is
one

im
portant

determ
inant

ofthe
scarce

m
arket

diffusion
ofhealth

and
property

insurance

am
ong

Italian
fam

ilies.
Standard

insurance
theory

predicts
that

a
risk

averse
agent

w
ill

decide
to

purchase
unfairly

priced
insurance

instead
of

self
insure

if
the

m
arginal

9



rate
ofsubstitution

betw
een

w
ealth

holdings
in

the
different

states
ofnature

exceed
the

prem
ium

rate
offered

in
the

m
arket.

O
therw

ise,
the

agent
w

ill
sim

ply
transfer

m
ore

assets
to

the
future

for
precautionary

m
otives.

T
o

fix
ideas,let’s

consider
a

basic
optim

alinsurance
problem

w
here

an
agent

faces
an

incom
e

loss
L
,w

hich
occurs

w
ith

probability
p.

T
he

agent’s
incom

e
y

is
the

sum
m

ation

of
labour

incom
e

w
and

financial
incom

e
given

by
the

rate
of

return
r

tim
es

assets
A

.

W
e

start
describing

the
features

of
the

optim
al

solution
assum

ing
that

the
agent

invests
all

her
w

ealth
in

safe
assets.

T
he

agent
w

ill
then

solve
the

follow
ing

utility

m
axim

isation
problem

.

m
ax

I≥
0

p
u [

y−
L

+ (
1−

µ
p

µ
p )

I ]
+

(1−
p)u

(y−
I)

W
here

I
is

the
actual

am
ount

of
insurance

bought
and

µ
the

load
charged

by
the

insurer.
D

epending
on

the
size

of
the

load
factor

µ,
this

problem
m

ay
not

display
an

internal
solution

(i.e.
the

agent
w

ill
not

purchase
any

insurance).

T
he

optim
al

am
ount

of
insurance

I ∗
w

ill
have

to
satisfy

the
follow

ing
first

order

(necessary)
conditions.

p
u ′ [

y−
L

+ (
1−

µ
p

µ
p )

I ∗ ](
1−

µ
p

µ
p )

≤
(1−

p)u ′(y−
I ∗)

L
et’s

now
assum

e
that

the
assets

held
in

the
portfolio

of
the

sam
e

agent
(or

of

som
eone

else
w

ith
sam

e
preferences)

deliver
an

uncertain
rate

of
return

r̃
=

r
+

ε,

w
here

ε
is

a
random

variable
w

ith
0

m
ean

and
variance

σ
2ε . 5

L
etting

v(y)
=

u(y
+

εA
),

w
e

can
w

rite
the

first
order

conditions
for

the
optim

al

choice
of

I
as

a
function

of
the

non
stochastic

part
of

incom
e

y.

p
v ′ [

y−
L

+ (
1−

µ
p

µ
p )

I ∗∗ ](
1−

µ
p

µ
p )

≤
(1−

p)v ′(y−
I ∗∗)

E
eckoudt

and
K

im
ball

(1992)
show

that
if

u(.)
exhibits

decreasing
absolute

risk

aversion
and

increasing
prudence,

then
v(.)

w
ill

be
strictly

m
ore

risk
averse

than
u(.),

im
plying

that
I ∗∗

>
I ∗,

that
is,

the
optim

al
am

ount
of

insurance
w

ill
be

higher
than

in
absence

of
non

insurable
risk.

5In
th

is
sim

p
le

set-u
p

th
e

ra
te

o
f
retu

rn
in

clu
d
es

ca
p
ita

l
g
a
in

s
(o

r
lo

sses).
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U
nder

plausible
assum

ptions
on

the
utility

function,
it

m
ay

also
be

the
case

that

at
som

e
values

of
the

load
factor

µ
an

agent
holding

her
w

ealth
in

a
low

-risk
portfolio

w
ill

not
purchase

insurance,
w

hilst
the

sam
e

agent
holding

risky
assets

w
ill

do.

T
he

results
described

above
lead

to
the

im
portant

im
plication

that
not

all
types

of
assets

are
suitable

for
precautionary

saving.
A

n
asset,

to
serve

effi
ciently

as
a

self

insurance
instrum

ent,
should

be,
firstly,

reasonably
safe.

If
this

w
asn’t

so,
the

asset

w
ould

at
best

replace
its

uncertainty
w

ith
that

of
the

event
to

be
insured.

Secondly,it

has
to

be
fairly

liquid,
to

be
readily

available
to

be
converted

into
cash

to
finance

the

losses
if

nature
w

inds
up

into
bad

states.

In
line

w
ith

this
reasoning,

transaction
and

saving
accounts

are
certainly

m
ore

suitable
for

precautionary
saving

than
risky

assets
such

as
stock

or
shares

of
m

utual

funds,
or

illiquid
assets

such
as

life
insurance

prem
ium

s
or

shares
in

pension
funds.

A
higher

proportion
of

risky
or

illiquid
assets

in
w

ealth
holdings,

by
increasing

the

m
arginalrate

ofsubstitution
betw

een
states

ofnature,m
akes

private
insurance

coverage

m
ore

attractive.

3
.1

R
e
g
re

ssio
n

a
n
a
ly

sis

In
this

section
w

e
test

the
conjecture

on
the

database
constructed

upon
the

inform
ation

found
in

the
SH

IW
by

m
eans

of
discrete

choice
and

censored
regression

analysis.

W
e

proceeded
w

ith
the

follow
ing

specification
strategy.

P
relim

inary
estim

ations.
T

he
descriptive

analysis
reported

above
on

insurance
dif-

fusion
and

the
literature

on
financialm

arkets
participation

suggested
that

the
positive

correlation
betw

een
insurance

diffusion
and

degree
of

portfolio
diversification

m
ight

very
likely

be
driven

spuriously
by

com
m

on
factors.

In
order

to
identify

such
factors,

w
e

run
a

series
of

prelim
inary

regressions:
an

ordered
probit

regression
for

the
index

of
portfolio

diversification
of

households,
plus

separate
and

joint
probit

regressions
for

the
diffusion

ofhealth
and

property
insurance.

A
ll

equations
contained

constant
term

s
and

year
dum

m
ies.

In
the

ordered
probit

equation
for

the
degree

of
financial

diversification
the

coeffi
-

cients
associated

w
ith

age,education
size

of
household

are
significantly

positive;being

m
ale,resident

in
the

N
orth

and
in

the
C

enter,self-em
ployed

and
hom

e
ow

ner
increases

11



the
likelihood

to
have

a
m

ore
diversified

portfolio;
being

a
tenant

and
to

reside
in

a

urban
center

w
ith

m
ore

than
500,000

inhabitants
decrease

it
(table

B
1

in
appendix

B
).

In
the

individual
probit

equation
for

health
insurance,

the
significant

coeffi
cients

are
the

sam
e

and
they

show
the

sam
e

signs.
So

happens
to

the
estim

ated
coeffi

cients

in
the

individual
probit

equation
for

property
insurance,

apart
from

that
associated

to
being

a
tenant,

w
hich

is
negative

and
significant.

T
he

coeffi
cients

estim
ated

in
the

binom
ialprobit

equation
are

in
line

w
ith

those
of

the
individualequations,confirm

ing

though
the

existence
of

a
strong

aggregate
idiosyncratic

com
ponent

(table
B

2
and

B
3

in
appendix

B
).

M
ain

regressions.
W

e
use

these
variables

likely
to

be
com

m
on

drivers
as

controls

w
hen

estim
ating

the
censored

m
odels.

W
e

separately
regress

the
natural

logarithm

of
the

prem
ium

s
paid

by
households

for
health

and
property

insurance
against

four

dum
m

y
variables

constructed
upon

possessing
the

follow
ing

portfolio
configurations:

”only
safe

assets”,
”safe

assets
and

bonds”,
”safe

assets
and

stock”
and

”safe
assets,

bond
and

stock”,
controlling

for
all

the
variables

found
statistically

significant
in

the

prelim
inary

estim
ations.

A
ccording

to
the

argum
ents

set
out

above,the
coeffi

cients
and

their
signs

should
be

interpreted
as

follow
s.

A
large

and
positive

coeffi
cient

associated

to
a

portfolio
configuration

w
ith

risky
assets

w
ould

m
ean

that
households

tend
to

com
pensate

portfolio
uncertainty

by
purchasing

m
ore

insurance
against

health
and

property
risk.

A
negative

coeffi
cient

on
the

less
risky

portfolio
configurations

should

be
interpreted

as
the

inclination
of

household
to

use
their

w
ealth

as
a

self
insurance

device.

T
he

estim
ation

of
both

the
censored

m
odels

yielded
coeffi

cients
associated

to
the

portfolio
configuration

w
ith

a
higher

degree
of

diversification,
that

is,
”safe

assets
and

bond”,”safe
assets

and
stock”

and
”safe

assets,bond
and

stock”
are

positive,statisti-

cally
significant

and
in

line
w

ith
our

predictions.
T

he
coeffi

cients
on

the
safe

portfolio

configuration
w

ere
positive

too,
indicating

that
safe

assets
holdings

do
not

offset
com

-

pletely
the

dem
and

for
private

coverage
against

health
and

property
risk.

In
the

property
insurance

equation
the

coeffi
cients

increase
w

ith
share

of
non

risk-

free
assets

in
the

portfolios.
T

he
coeffi

cient
associated

to
the

m
ost

diversified
portfolio

configuration
(safe

assets,bonds
and

stocks)
is

low
er

than
those

associated
to

the
other

12



configurations.
T

his
suggests

that
the

incom
e

uncertainty
brought

about
by

holding

risky
assets

is
already

diversified
w

ithin
the

sam
e

portfolio.

T
he

interpretation
ofthe

coeffi
cients

ofthe
health

insurance
equation

is
less

straight-

forw
ard.

T
he

coeffi
cient

on
safe

assets
is

larger
than

that
associated

to
the

portfolio

configuration
w

ith
safe

assets
and

bonds.

W
e

included
am

ongst
the

regressors
the

possession
of

life
insurance

and
the

par-

ticipation
in

a
defined

pension
plan.

B
oth

coeffi
cient

w
ere

positive
and

significant,

suggesting
the

existence
of

com
plem

entarity
betw

een
different

insurance
products.

W
e

believe
that

this
result

relates
to

the
particular

m
orphology

of
m

ost
Italian

households’
financial

portfolios.
A

s
w

e
said,

financial
m

arkets
participation

in
Italy

is
still

at
a

very
early

stage
of

developm
ent.

P
ercentages

of
households

w
ith

w
ealth

allocated
in

bonds
and

stock
are

very
low

,
slightly

above
25%

for
all

three
diversified

portfolio
typologies,as

opposed
to

the
m

ore
than

50%
for

the
safe

configuration
alone.

It
is

likely
that

there
is

still
variability

across
people

w
ith

this
portfolio

configuration

w
hich

w
as

not
captured

by
the

control
variables

included
in

our
estim

ations.

4
S
u
m

m
in

g
u
p

T
he

diffusion
of

insurance
coverage

against
future

m
onetary

losses
associated

to
sick-

ness,injuries
and

property
dam

age
in

Italy
is

lim
ited.

T
he

existence
of

a
free

national

health
system

does
not

suffi
ce

to
account

for
the

lim
ited

developm
ent

of
health

in-

surance,
as

a
consistent

portion
of

health
expenses

are
directly

financed
by

household

individual
savings.

A
longside,

Italian
households

don’t
seem

to
appreciate

financial

m
arkets

as
a

valid
instrum

ent
to

diversify
their

w
ealth

holdings,at
least

com
paratively

w
ith

other
industrialised

countries.
W

e
propose

to
link

these
observations

arguing
that

high
portfolio

diversification,
generally

associated
to

significant
holding

of
risky

and

illiquid
assets,

m
ay

constitute
an

incentive
to

purchase
actuarially

unfair
insurance

coverage,
instead

of
self

insure
through

precautionary
saving.

T
o

verify
this

m
ain

conjecture
on

the
data,

w
e

used
the

follow
ing

specification

strategy.

U
sing

a
panel

dataset
m

ade
up

of
seven

w
aves

of
the

Survey
of

H
ousehold

Incom
e

13



and
W

ealth
run

bi-annually
by

the
B

ank
ofItaly,w

e
ran

a
series

ofprelim
inary

regres-

sions
to

identify
the

com
m

on
drivers

behind
the

decision
to

purchase
insurance

and

the
choice

of
the

degree
of

portfolio
diversification.

W
e

then
proceeded

to
estim

ate
the

relationship
betw

een
the

likelihood
to

hold
private

coverage
and

the
degree

ofportfolio

diversification,controlling
for

the
censorship

and
previously

identified
com

m
on

drivers.

A
s

regards
property

insurance
the

results
indicate

a
clearly

stronger
inclination

to

purchase
insurance

for
those

households
holding

risky
and

illiquid
assets.

T
he

outcom
e

of
the

estim
ation

of
the

health
insurance

equation
is

less
sharp.

T
he

coeffi
cient

asso-

ciated
to

the
safest

portfolio
configuration

w
as

positive
and

in
several

specifications

strongly
significant.

W
e

think
this

w
as

due
to

the
yet

early
stage

of
developm

ent
of

financial
m

arkets.

W
e

provided
a

detail
account

of
the

insurance
habits

of
Italian

households
hold-

ing
constant

by
a

rich
variety

of
dem

ographic,
territorial

and
socio-econom

ic
fam

ily

characteristics.
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B2. Preliminary estimations: separate probit models 

 Dependent variables 
 Property insurance possession Health insurance possession 

Regressor coefficient std. err. z-stat p-value Coefficient std. err. z-stat p-value
Age 0.039677 0.005090 7.79 0.00 0.044371 0.007352 6.04 0.00 
(Age^2)/1000 -0.371394 0.047983 -7.74 0.00 -0.471139 0.073427 -6.42 0.00 
Education 0.309475 0.054728 5.65 0.00 0.240488 0.072404 3.32 0.00 
(Education^2)/1000 -19.126610 8.246258 -2.32 0.02 -2.318873 10.457340 -0.22 0.83 
Male 0.089812 0.025815 3.48 0.00 0.136122 0.032515 4.19 0.00 
Size of household 0.061818 0.009396 6.58 0.00 0.049050 0.012115 4.05 0.00 
Resident in the North 1.309430 0.026792 48.87 0.00 0.783883 0.032547 24.08 0.00 
Resident in the Center 0.752801 0.030580 24.62 0.00 0.640905 0.035312 18.15 0.00 
<20,000 0.032049 0.022398 1.43 0.15 -0.007763 0.027887 -0.28 0.78 
20-40,000 -0.007282 0.024577 -0.30 0.77 0.019430 0.029451 0.66 0.51 
>500,000 -0.164290 0.031887 -5.15 0.00 -0.088865 0.035311 -2.52 0.01 
Employee -0.074743 0.030593 -2.44 0.02 0.025463 0.038684 0.66 0.51 
Self employed 0.267516 0.034116 7.84 0.00 0.543333 0.039254 13.84 0.00 
Home owner 0.368234 0.039616 9.30 0.00 0.113092 0.043415 2.60 0.01 
Tenant -0.312003 0.045240 -6.90 0.00 -0.046674 0.048555 -0.96 0.34 
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B3. Preliminary estimations: binomial probit model 

 Dependent variables 
 Property insurance possession Health insurance possession 

Regressor coefficient std. err. z-stat p-value Coefficient std. err. z-stat p-value
Age 0.036768 0.003466 10.61 0.00 0.055580 0.004868 11.42 0.00 
(Age^2)/1000 -0.347907 0.032155 -10.82 0.00 -0.576668 0.047873 -12.05 0.00 
Education 0.303104 0.038669 7.84 0.00 0.307437 0.050619 6.07 0.00 
(Education^2)/1000 -18.183030 5.900312 -3.08 0.00 -12.473940 7.402244 -1.69 0.09 
Male 0.091650 0.018110 5.06 0.00 0.115955 0.023029 5.04 0.00 
Size of household 0.059051 0.006376 9.26 0.00 0.031042 0.007847 3.96 0.00 
Resident in the North 1.196860 0.019556 61.20 0.00 0.714162 0.023290 30.66 0.00 
Resident in the Center 0.662920 0.022362 29.64 0.00 0.646271 0.026055 24.80 0.00 
<20,000 0.050721 0.017230 2.94 0.00 0.045236 0.021704 2.08 0.04 
20-40,000 0.026316 0.018704 1.41 0.16 0.080773 0.022604 3.57 0.00 
>500,000 -0.180019 0.025458 -7.07 0.00 -0.046864 0.028602 -1.64 0.10 
Employee -0.008739 0.021528 -0.41 0.69 0.057736 0.026729 2.16 0.03 
Self employed 0.291220 0.024160 12.05 0.00 0.569586 0.027835 20.46 0.00 
Home owner 0.408789 0.026468 15.44 0.00 0.041758 0.029890 1.40 0.16 
Tenant -0.275135 0.030519 -9.02 0.00 -0.141426 0.033532 -4.22 0.00 
Wald test of =0:  (1) =  664.207; Prob >   = 0.0000  
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B4. Main estimations: censored tobit model 

 Dependent variables 
 ln of property insurance premiums ln of health insurance premiums 

Regressor coefficient std. err. z-stat p-value Coefficient std. err. z-stat p-value
Safe assets 1.560293 0.177712 8.78 0.00 1.889224 0.326733 5.78 0.00 
Safe assets & bonds 1.663240 0.208075 7.99 0.00 1.187840 0.381845 3.11 0.00 
Safe assets & stock 2.552402 0.225928 11.30 0.00 3.322492 0.398848 8.33 0.00 
Safe assets, bonds & 
stock 2.166623 0.248290 8.73 0.00 3.030124 0.433068 7.00 0.00 
Wealth -0.831402 0.082713 -10.05 0.00 -0.666053 0.136639 -4.87 0.00 
(Wealth^2)/1000 85.862430 5.609639 15.31 0.00 77.581550 9.322630 8.32 0.00 
Income 0.000049 0.000005 10.19 0.00 0.000063 0.000008 8.16 0.00 
(Income^2)/1000 0.000000 0.000000 -7.83 0.00 0.000000 0.000000 -5.12 0.00 
Age 0.114266 0.023091 4.95 0.00 0.365389 0.045192 8.09 0.00 
(Age^2)/1000 -1.264671 0.214525 -5.90 0.00 -4.098484 0.444272 -9.23 0.00 
Education 1.743446 0.261846 6.66 0.00 2.517774 0.483673 5.21 0.00 
(Education^2)/1000 -209.669100 39.481660 -5.31 0.00 -229.066500 70.877670 -3.23 0.00 
Life insurance 0.118790 0.180820 0.66 0.51 -0.342985 0.288233 -1.19 0.23 
Defined pension plan 1.601657 0.148033 10.82 0.00 3.057332 0.236591 12.92 0.00 
Male 0.345303 0.120662 2.86 0.00 0.757173 0.219553 3.45 0.00 
Size of household 0.037971 0.045393 0.84 0.40 -0.144451 0.076851 -1.88 0.06 
Resident in the North 6.534281 0.143333 45.59 0.00 4.636963 0.239992 19.32 0.00 
Resident in the Center 3.283820 0.154873 21.20 0.00 4.642682 0.257276 18.05 0.00 
<20,000 0.377942 0.117594 3.21 0.00 0.599097 0.208222 2.88 0.00 
20-40,000 0.090731 0.125565 0.72 0.47 0.697145 0.216253 3.22 0.00 
>500,000 -1.127239 0.163862 -6.88 0.00 -0.408395 0.276038 -1.48 0.14 
Employee -0.200235 0.145187 -1.38 0.17 0.258280 0.258332 1.00 0.32 
Self employed 0.647412 0.163747 3.95 0.00 3.606563 0.279126 12.92 0.00 
Home owner 0.796964 0.196758 4.05 0.00 -1.604130 0.318656 -5.03 0.00 
Tenant -1.060264 0.205657 -5.16 0.00 -0.213725 0.326520 -0.65 0.51 

46226 left-censored observations at 
ln(property insurance premiums)<=0 

9619 uncensored observations 

51401  left-censored observations at ln(health 
insurance premiums)<=0 

4444     uncensored observations 


