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1 Introduction

Different people make different education choice: some pedumese to attend college;
er or Doctoral degnde some others may
not even finish high school. Different education choice may leaa $barp life-time
income difference across all agents. The empirical evidenoe ff& data also suggest
that an increasing number of people choose to receive moratolui@nd the income
inequality from different types of education attainment tends twobe sharper and

some people pursue furthermore for a Mast

sharper.
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It is generally believed that innate ability is the critical element tleategates these
heterogeneity among agents, other potential channels may alsdenaitial wealth,
human capital accumulation technology etc. This paper mainlysf@n the channel
of borrowing constraint. To be more precisely, we present aehtdstudy how credit
imperfection leads to different education choice. The esseniigdtgpn we attempt to
ask is everything else being the same, how people’s educat@moectary according to
the magnitude of borrowing constraint. Since people receive mowsria from higher
education, hence studying of this question will also enable us terstahd the extent
of income inequality arising from credit market imperfection.

Credit market imperfections are pervasive in the case of éducians due, in part
to the fact that human capital does not act as collateral for Jahese is a moral hazard
issue in lending to finance education. Credit market imperfectigdharpaper is cap-
tured by the level of endogenous credit limit, which defines how naggnt can borrow
against their future income in youth in order to receiving educati®ndogenous debt
constraint is firstly proposed by Kehoe and Levine (1993). dgetous credit limit is
crucial to our analysis, and matter significantly in explaining thergemnomic conse-
guences of credit constraints for education.

The mechanism throughout the paper works explicitly as followsn&agaage in-
come is assumed to be monotonically increasing in term of both abilityedndation,
and higher education is supposed to be more expensive. dhete$s abeled agent may
be constrained from borrowing due to the credit market imperfecaad they have to
go for lower education, and this may potentially amplify the income uiadity among
agents. The mechanism is embedded in a three-period OLG fraevirere agents
are heterogenous in term of innate ability, and no initial wealth is asduar all agents.
Agents make the education choice in the youth, which will be affelayeabent’s innate
ability and credit market condition. In the middle age, agemsyehe loan and receive
the wage income based upon their education and ability level. Agetinces to work
through the old age. No unemployment and layoff is considereceipper.

This paper contributes to the literature that connect income aliggwith the credit
market imperfection: Priya (2000) describes the credit markperfection by assum-
ing an exogenous constant probability of default. Galor (1993)assuhat a higher yet
fixed interest rate from borrowing than from self-financing. Te best of our knowl-
edge, Wang(2003) is the first paper that describes endogerbusahstraint in a con-
text that studies the issue of income inequality, and in their workléfault probability
depends on the education dis-utility in youth. The main contributiathie paper can
be recognized in the following respects: firstly, we model a contimeducation choice
instead of a binary decision such as to receive education or rohéliéve that a contin-



uum of education will give us more insight on which education attamtriexel will be
more affected if credit market condition gets improved, and alsdligie a more pre-
cise measure on income inequality once more available educdtmoes are included.
Secondly, in our paper, the endogenous debt constraint deperabent’s innate ability,
and thus also hinges on agent’s intending education choice.

We extend the theoretical model into a life-cycle model and calibirédd).S econ-
omy. Quantitative analysis suggest that when credit markegrifeqt, the average ed-
ucation attainment level will be greatly increased, moreoveonme inequality across
agents will also be reduced. We also discuss some potential cadity guch as ex-
tending or shortening the punishment periods in the event alultefve could quantify
the contribution of a better credit market market to agentigcation choice and income
inequality.

The remaining of the paper is organized as follows: section 2 ibescthe general
environment, we discuss the prefect credit market equilibriuneatien 3 and section
4 defines the imperfect credit market equilibrium, some numeeixaiples are offered
in section 5. Section 6 calibrates the model into U.S economySaation 7 perform
some counter factual exercise. Finally Section 8 concludes.

2 Model setup

2.1 Environment

The economy is populated by a unit mass of population. Each ageriive three peri-
ods: youth, middle age and old age. Agents are heterogenousnrofennate ability.
Once agent is born, his ability is a random draw from a distribufimction: ', and F’
is defined on the intervéd, a).

Suppose in the economy there are a continuum types of educatitabéandexed
by i, the tuition for education at period: is denoted by (i), wherek,(.) is assumed to
be continuous and twice differentiable. We also impose the assumipi@di;(j) > 0
andk/(j) > 0, hence higher education is more costly.

Young agent has no initial wealth, hence in order to receiving &titurt;, they have
to borrowk;(j)/R; in the youth, and pay badk(j) in the middle age.For agents with
ability «, his middle age income from receiving education is givea(as), wheree(i, a)

Is assumed to be continuous and twice differentiable with respectitao Bnda. More-
over, we assume higher type of education deliver more incomevéay @gent, that is
de(i,a)/0i > 0, and also we assunig(i,a)/0i > 0, which means higher ability agents



will always earn more income from receiving any kind of educatiém the old age,
agent’s income is assumed to be a fraction of middle age incomeaitteoh is denoted
by M.

Agent who is born at has life-time utility as follows:

U(Cia C§+1> C§+2) = U(Ciﬂ) + 5U(C§+2)

3 Perfect Credit Market

In this section we assume credit market is perfect in a sensagleats are committed
to repay their loan made in youth.

Throughout the whole paper, | am going to make the following assumgtio

Assumption 1
611(i, a) < 0, 612(2', CL) >0

Assumption 2
e1(i,a) < k'(i)for each a

These two assumptions above are indeed very general, a CES utildidin with
elasticity of substitution less than one will satisfy assumptioAdsumption 2 requires
that the marginal cost from receiving education will be more thamitrease of middle
age income from receiving a marginal more unit of education.

Proposition 1. Given assumption 1, in the perfect credit market scenario,tageith
higher ability will choose a higher level of education.

[Insert Figure 1]

The formal proof of proposition 1 is offered in appendix. Howaves very straight-
forward to show it in figure 1. All we need for higher ability agents asiog more
education is the convexity of tuition function and the concavity(ofa) in i, and both
of them are guaranteed from assumption 1. Now we will move on toel#iim perfect
credit market equilibrium as follows:

Definition 1: The perfect credit market equilibrium consists of an interest Ratedu-
cational choice$(a) and consumption allocatiors; (a), c2(a) such that



Income
A

k(i)

(1+=)el(i,a)

(1+=)el(i,a")

\J

1. GivenR, agenta chooses education typé:) and{c;(a), ca(a)} to maximize their
life-time utility:

max{U;}
1-0o 1-0o

C C
where  U; = L+ — 4 -2
l1—0 1—0

c1+ca/R=e(i,a)(l+ %) — k(7)

2. Market clearing conditions:
| st 1)l RjiF @) -
0

® k(i*(a, R))
/0 — 5 dF(a)

where

yi(a, R) = eli*(a, R),a] — k(i*(a, R))
y2(a, R) = Xe[i*(a, R),a]

Given the definition of perfect credit market equilibrium, we né&edvestigate the
existence and uniqueness of such an equilibrium, before that vixe diee following
two lemmas. Lemma 1 essentially states that agent’s optimal educiimice will be a
decreasing function of interest rate R. This result is intuitive iarese that when interest
rate is low, agents needs to repay more from the education loae mgduth, and this
could potentially discourage agent from receiving more atan. Moreover, the stan-
dard results that saving function is increasing in R also hold withiment framework,
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which can be proved through Lemma 2.

Lemma 1: Given Assumptions 1-2, it can be shown

0i*(a, R)
OR

Lemma 2: saving function satisfies the following properties:

<0

o s(R,e(i,a) — k(i), \M(i)e(i, a)) IS increasing ink.

Since saving function is increasing in R and at the demand sidbptiewing is de-
creasing in R. In combination Lemma 1 with Lemma 2, we thus caneldre existence
and uniqueness of equilibrium in the following proposition.

Proposition 2: Given assumptions 1-3,there exists a unique perfect credit market
equilibrium with R > 0.

4 Imperfect Credit market

In this section, we will move on to the imperfect credit marketrsrio. When the credit
market is imperfect, agents are not committed to repay their loan iyaihidn. Also due
to lack of commitment, agents are not allowed to borrow in the midgée &o sim-
plify analysis, here we assume, if agents default, he will be dawgh probability 1.
If agents default, basically he will be restrained from both irg@nd borrowing in the
middle age. Note that all the theoretical results can still go thrdayggimply extending
the model by assuming that agents will be caught with certain pritigydess than 1 in
the event of default.

In the following, we will investigate the conditions under whicreagwill default. Es-

sentially, agent will default if at least one of the two conditizasisfy: agent is a bor-
rower in the middle age or his default payoff is greater than theesaly payoff, the later
condition can be expressed as follows:

Q=

u(e(i,a)) + Bu(A(@)e(i, a)) > (1 + Blulci(a)) + Buler(a)(BR)7)

e(i,a)(1+2%)—k(4)

wherec; (a) =
14 (BR)

Rl

=

Proposition 3: If agent of abilitya does not default at educationthen agents with
higher ability agents will not default either.

The proof of proposition 3 can be found from the appendix.



The equilibrium outcome from perfect credit market will not hggorted in the
imperfect credit market scenario, for instance, if any agentidsreower in the middle
age in the perfect credit market equilibrium, which means the follgwondition holds:

e(i,a) — k(i) A
e(i,a) = (BR)>

then this equilibrium will no longer be supported when credirket is imperfect. In the
following, I illustrate a numerical example to show that it is atifutne case that some
agent will default from their perfect credit market equilibriuntcome when credit mar-
ket is imperfect.

Now we move on to the determination of credit limit in the imperfect creditket
scenario.

Lemma 3: when(3R)> < X, then it is optimal for agents to borrow in the middle age,
hence they are constrained and their credit limit is zero.

In the following, | denotéb(i, a, R) to be the solution to the following equation:

u(e(i, a)) + Bu(Ae(i, a)) = u(er(a)) + Bu((BR)7c1(a))

i,a)(1+%)—bb(i,a,R)

where; (a) = < -

Lemma 4: When(8R)s > A, if the credit limit is set to béb(i, a, R), then agents will
always lend in the middle age.

Therefore the credit limit is set as follows: Dendte, «, R) to be the credit limit
level for agent: if she wants to achieve educatigrthen

' i 7>
b(i.a. R) bb(i,a, R) if @R) >\
0 otherwise
Lemma 5: b(i, a, R) satisfies the following properties:

e 0(i,a, R) is non-decreasing imfor each.

e (i, a, R) is non-decreasing infor eacha.
e For any given;, b(i,a, R)/e(i, a) is constant across all
Denotei°(a) to be the solution of the following equation:

Rb(i,a, R) = k(i)



bb(i,a,R)

bb(i,a",R)

Lemma 6: If agenta is constrained by educatiaf(a), then he will also be borrowing
constrained for all > i°(a).

[Insertpicture]
Old age
income
A
k
k
Middle
> age
income
Denote

i(a, R) = min{i*(a, R),1°(a, R)}

Proposition 6: Given assumption 1-3, higher ability agents still choose more eduncati
in the imperfect credit market.



Definition 2: The Imperfect credit market equilibrium consists of an interest Rated-
ucational choices(i, a) and consumption allocatiods; (i, a), c2(i, a) } such that:

(1) GivenR, agent: chooses education typeand{c;, c2} to maximize their life-time
utility:
max{U;}
st Rb(i,a, R) > k(i)
where  U; = max In(c1) + B1n(cz)

c1+ca/R=e(i,a)(1+ %) — k()
(2) Market clearing conditions:

/0 S[R.1(a, R), ya(a, R)dF(a) =

“ k(i*(a, R))
/0 — 5 dF(a)

where
yi(a, R) = eli*(a,R),a] — k(i*(a, R))
y2(a, R) = A(i*(a, R))eli*(a, R), a

Proposition 7: Given all assumptions, there exists at least two equilibrium: autarky
is always an equilibrium, the other equilibrium has-> )\/z3.

Numerical lllustration

Before we proceed to the calibration part, we will offer a simple auoal example to
illustrate how a perfect credit equilibrium may not be supportéémthe credit market
is imperfect in the sense that when agent can not commit to tepdgan made in youth.

First | assume ability is uniformly distributed on interyal1], the earning function
has the form:
e(i,a) = (14 i)%2a%

Moreover, the parameter values are assigned as follows:

8 =0.6
A=0.5
oc=1
k(1) =10.3
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If credit market is perfect, | can solve

a=0.38
R=284

Given this setting, if credit market is not perfect, | can solve

a = 0.58
R =4.92
1 T
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As shown in the graph above, when credit market is imperfect, #rereome agents,
who otherwise can become skilled if credit market condition isqmtyfcan not receive
education.

Quantitative Analysis

A life cycle model

We now explore the quantitative implication of the theoretical modedchEagent is
assumed to livg" periods, and we useto denote the age agent enters the labor market.
Moreover, there is no consumption before entering labor mafkesrefore agent’s life-
time utility is represented as follows:

T—p
> Blule)
t=0

11



The instantaneous utility function will take the CRRA form:

1—0
G

u(er) = 1—-0

In the quantitative analysis, we will drop the assumption on contmeducation
choice,and suppose there are several education choice avadalége and advanced
programme. Advanced programme refers to agents with schooling tinan 19 years.
Therefore agent can choose not to enter college, enter college oragivenced pro-
gramme.Every agent will retire at age Agent receives no income after retiring. The
earning function is assumed to be linear in ability level and consteert ime, and
agents with more education will work at more productive jobe.b& precise, the in-
come at each period will take form:

wg=7v =0
wy = via, 1€ {1,2}
If agent chooses not to enter college, he will enter the labor matlegje and no

tuition cost will be incurred. The life-time budget constraintiot-college school agent
IS given as:

T—p R—p

Ct o 70
Z (1+r)t Z (1+r)t
t=0 t=0

If agent chooses to enter college, he will borrow tuition and repamthfter entering
labor market at age. We assume the type of education loan requires to repay them
at a constant amourty for d years after entering labor market. The life-time budget
constraint for college agent is thus given as:

T—p R—p
Ct na
_— = — kj
Zt_o (1+7)t Zt_o 1+nt

Similarly the life-time budget constraint for advanced peogme agent is given as
follows, the only difference is agent needs to repay the loarcahatant amourit, for
d years, wheréy > k.

!
=y

—-p —P

Ct _ 720
(1+7) (1+7)

—/ﬂg
t

I
o
o+

I
=)

The optimal consumption path for all agents satisfies:

C
=g =(1+1)7
Ct

4.1 Perfect credit market scenario

Therefore when credit market is perfect in a sense that ageatsdted to repay the
loan, agent will choose to attend college if and only if he will get ahkiglife-time

12



utility from entering college:

o 7 1-[Bg" P ey 71— [Bg ]

l—0c 1—pgl—° l—0c 1-—pgl—°
where
_ 1
-G 1 mmy

T @ T T

1+r 1+r

1_(L)Tfp 1— HlR_p

~ T ==

Similarly, agent will choose to attend advanced programirteeffollowing holds:

C%_U 1 — [Bglfa]Tfp C%_U 1— [ﬁglfa]Tfp

l—0 1-—pgl—° l1—0 1-—pgl—°
where
1 — (22)T-p 1 — G
0111;7'9 = %a(—rl) — k1
T -1
1— (L)Tfp 1— —HlR_p
6211;2 _ 72a(—7°1> ~ ky
~ T L=

Proposition: Agents with higher ability will choose more education.

4.2 Imperfect credit market scenario
The life-time utility for non-college agent is given as:

0 1 (g

'UO(@) = 1 — 0 1 . Bgl_g
wherec, satisfies:
_ 1
1—- (1<gH")T P 1- (14r)f-r
0 g =70 1
1L 1- L
1+r 1+r

When agent can not commit to repay the loan, we assume if agentitieh the loan,
agent will be punished as autarkic feperiods. Therefore agent will reenter the credit
market at age + =. Therefore the solvency payoff for college agent is given as:

1— — _
vi(a) = -0 T1-[Bgt
l—0c 1-pgl—°

wherec, satisfies:

T ROk
co 7 =10 T — k1
1 - 1+r 1— T+r
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The default payoff for college agent is given as:

a7 l—0o -0 . 1—-o1T—p—7
Vld(a) _ 1 6 ('71@) + B—TF{ 0] 1 [Bg ] P

}

1-8 1—o0 l—oc 1—8g¢gl-°
wherec, satisfies:
Cp— 1
1—(—1ir)Tp " 1_(1+v")T”—w
g = "yla 1
1— = 1 —
1+7r 14+r

Similarly, the solvency payoff for advanced program agegivsn as:

e 1~ g

UQ(G’) = 1 — 0 1 _ ﬁgl—a
wherec, satisfies: )
1 — (9 \T—p 1 — ——
00—1( = :72(1—(1“1) — — ky
_ 2 1 - =
1+r 1+r

The default payoff for advanced programme agent is given as:

1 67‘(’ (,yza)l—a B C(l)*U 1— [ﬁgl—U]T—p—ﬂ'
Vd _ T
=Ty, P g
wherec, satisfies: X
- ()™ L oy
g =20 1
1-— 1 —
1+7r 14+7r

Denotes] andaj to be the solution of the following equations:

Denoted) anddl to be the cutoff ability level for attending college and advanced pro-
gramme respectively when agents can commit to repay the loanneDgfanda} as
follows:

o = max{a}, af}

a5 = max{a}, a3}
Thereforea] anda; will be the cutoff ability level for attending college and advanced
programme respectively when agent can not commit to repay the loa

Proposition: a3 > «f if and only if the following conditions hold:
al < as

Finally, the market clearing condition can be rewritten as:

aj as 1 aj
Oa a L a 2(a a) = adF(a
A CUMU+L CUWU+LC(MW)[A”mWU+

* *
1 2

as 1
/ yadF(a) +/ voadF(a)](R — P)

* *
1 2
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whereC'(a) denotes life-time consumption level of agerwho chooses educatian
For non-college agents:

1—glr
C%a) = cp———
(@)= e~ 9)
wherec, satisfies:
_ 1
¢ - () L~ s
0 g - 1
=7 1 -7
For college agents:
1—gtp
Cl(a) =
(a) = co T
wherec, satisfies:
1 — (= T-p 1-— %
co—l(Hrg) = 71@—(1+T1)R -
T -1
For advanced programme agents:
1—gTp
C?%(a) = co J
1 —
wherec, satisfies:
1— (+L)T-p 1 — s
co - 1+7‘g = Y90 ( 1) . kQ
T Ter -1

4.3 Parameters

We now discuss the parameter values used for the quantitative snalile assume
ability is distributed on the intervad, 1] with distribution function given as:

F(a) =a"

In the baseline modedky will be assigned to be 1, which implies ability obeys uniform
distribution. o will be subjected to sensitive analysis in later chapter. Werset2,
which implies an IES of 0.55 is chosen to be 0.9.

Given all the baseline parameters, the three endogenouslearaii,, k, andr. In
the following | assume all the conditions that guarantee high abilignawill choose
more education are satisfied here. Given all the endogenoiabhes solved below, |

then all those conditions are indeed satisfied.

The income level among agents is plot below.
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Table 1: Baseline Model Parameters

Parameter Value To match

Chosen parameters

o 2

I6; 0.9

T 10 U.S Legal Environment

« 1

M1 1

P 25 U.S Demographics

R 65

T 80

Calibrated parameters

a, 0.6 fraction of non-college agents is 0.6

as 0.8 faction of advanced programme agents is 0.2

Yo 0.175 the median no-college agents annual income
to median college agents annual income is 4

g 2.33 the median advanced programme agents annual income

to median college agents annual income is 3

Table 2: Endogenous Variable
Parameter Value

ky 1.42
ko 4.42
r 0.066
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4.4 Perfect credit market results

In this section, we look at the perfect credit market results dgping the same tuition
level solved from last section and all the baseline parametersemiiim the same as
well. We are interested to see, if credit market is perfect, whatndividual education
choice will be. The results are given below:

Table 3: Perfect Credit market results
Parameter Value

aq 0.36
as 0.36
r 0.11

The results suggest that when credit market is perfect, mord agilechoose type 2
education, fewer agent will not receive education and no onegwiibr type 1 education.
Overall the average education attainment level increasethdfarore, we compute the
gini coefficient for agent’s present value of life-time income withinhbscenarios where
credit market is perfect or not. The results are listed as follows:

Table 4: Gini Coefficient Comparison

Perfect credit Imperfect credit
Gini 0.36 0.45

It can be found out that when credit market is perfect, the ginifmient decrease
about20% as opposed to the situation where agents can not commit to repayatte |
Therefore a potential policy suggestion that can be drawn frasrettercise is to reduce
the extent of credit market imperfection will be helpful in term otdEsing income
inequality.

4.5 Counterfactual Exercise

In this section, we will do some counterfactual exercise suctxtending the punish-
ment periods for default; designing some taxation scheme; wé wastudy the policy

implication which can help reduce the income inequality and erdhéire average edu-
cation level among agents.

The first exercise we perform is to manipulate the vatugvhich is essentially the
length of punishment periods in the event of default. The reseksn to be consistent
with the intuition: a higher value of, which implies a more severe punishment will dis-
courage agent from defaulting, and thus this could potentially inertrgescredit limit

17



level for each agent, hence more agent will not be borrowingtcained and more agent
will get to make their optimal education choice.

Table 5: Effects ofr
aq (05} T
Baseline 0.6 0.8 0.066
T=28 0.62 0.82 0.058
T=12 059 0.79 0.0716

The second exercise we intend to implement some taxation schenrg agents.
The goal is to check what could be the potentially taxation policy that nmiglptreduce
income inequality and enhance the average education attainmehirléghe economy.
Explicitly, we suppose tax rate on agents with at least certain etlegreed > a») are
same, and on agents who have never been to college are samg); Denoter; to be
the tax rate on agents with at least certain college degreeaf), andr is the tax rate
on agents who have never been to college.

Variable Imperfect

ay as R gini T0
71=0 0.477 0.783 2.456 0.36
71=01 0590 0.904 2381 0.323 -0.125
71 =0.2 0.705 0.969 2.3483 0.273 -0.1114
71=-0.1 0537 0867 2398 0.34 0.268

Conclusion

[To be added]
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Appendix

Proof to Proposition 1:
Denotei*(a, R) to be the solution of the following problem:

max e(i,a)(1 + %) — k(3)

Theni*(a, R) satisfies the following equation:
e1(i,a)(14+ =) — K (i) =0
Take derivative with respect togives:

0i*(a,R)  enz(i,a)(1+ %)

da k() — e (1 + 23

Therefore, given assumption 1, we can shéow{a, R)/da > 0.

Proof to Lemma 1:
Take the derivative of*(a, R) with respect tar gives:
di*(a, R) e1(i, a)%

oR B ell(i, a) — k”(i)

In combination with assumption 1, we can sh@a(a, R)/OR < 0.

Proof to Lemma 2:
Given CRRA utility form, the saving functios( R, e(i, a) — k(¢), Ae(4, a)) has the follow-
ing form:

(BR)Z  e(i,a)
R+ (BR)s R+ (BR)<

Given lemma 1 and assumption 2, it suffices to show that savingi@umis increasing
in R.

s(R,e(i,a) — k(i), \(1)e(i,a)) = [e(i,a) — k(3)]

Proof to Proposition 2:
From lemma 2, we know the saving function is increasingzjrmoreover, it can be
shown that:

RE/(i) "B _

R2

d(k(i*(a, R))/R)/OR =
From lemma 1, it can be shown that:

0i*(a, R)
OR

Therefore the lending function is decreasing in R, and thus th#éilegum is unique.

<0
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Proof to Proposition 3:
The incentive of not defaulting is to smooth consumption betweigldle and old age,
therefore intuitively, the less the ratio of old age income to middje income, the more
likely agent will choose not to default. The ratio of old age incomeidle age income
is given as:

Ae(i, a)

e(i,a) — k(i)

The ratio is decreasing in term @for eachi, hence it suffices to show If agent of ability
a does not default at educationthen agents with higher ability agents will not default
either.
Proof to Lemma 3:
The saving function can be expressed as follows:

(BR)% Ae(i,a)

O Ry R om)?

It can be shown that whefBR)> < A, thens(R, e(i,a) — k(i), Xe(i, a)) is negative, and
thus agent is a borrower in the middle age.

Proof to Lemma 4:
For log cased = 1), solvingbb(i, a, R) from
In(e(i,a)) + Bln(A(i)e(i,a)) = (1 + B) In(ci(a)) + BIn(BR)

wherec; (a) = t5(e(i, a) (1 + A0y — bb(i, a, R)) gives:

(i
R

—"

>
~—

A(@)  bb(i,a, R)
R e(i,a)

(G +8) =1+

=@

SincefR > (i), thus(%@)ﬁ > Aﬁ%,?, which can also be written as:

(NS i) A(9)
(G +8) - > S
Therefore this proves:
- bb(i,a, R) - A(4)
e(i,a) BR
Hence agents will always save in the middle age.
Wheno > 1, solvebb(i, a, R) from

AN+ R 67] = e(i,a) O [1 + BAL]

e(i,a)(14%)—bb(i,a,R
T

- ) gives:
14807

wherec; (a) =
400, R) = eli,a) (1 + ) — eli,)(1 + GAI=)7F (14 R'557)75
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It can be shown that:
L bb(i,a, R) A

e(i,a) (BR)>

Above is equivalent to showing:

AL A
R (BR)~

(L+ BN (1 4+ R f7)77 >
which is also equivalent to showing:
(1+ BN T7 (1 + R5°57) 7T (BR)7 > A

Above inequality holds whefBR)> > A. This completes the proof.

Proof to lemma 5:
Following lemma 4, it is straightforward to see that, «, R) is linear ine(i, a).

Proof to Proposition 6:
Under imperfect credit market, agent’s optimization problem bexom

max{U;}

st Rb(i,a, R) > k(i)

where  U; = maxu(cr) + fu(cz)
c1,6

c1+ca/R=e(i,a)(l+ %) — k(4)

Follow similar proof as proposition 1, and it can establish thepro
Denotei®(a) to be the solution of the following problem:

e(i,a) x cons = k(1)

where )
cons = (L+ 7) — (1 + BALT9)TE (14 R B7)75
sincebb(i, a) = cons * e(i, a), andl — bbe(éfj) > = ;)L , therefore it can be shown that:

cons < 1

Therefore given assumption 2, it can be shown that:

di°(a)  ea(i,a) 50
= %0 -
dCL cogzzs B el(z’ CL)

Proof to Proposition 7:
When interest rate is too low, every agent has incentive to teéand thus in equilibrium
the credit limit is set to be zero for each agent, and thus lendiagris, which means
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Autarky is the only equilibrium. Whe® > )/, follow similar proof as proposition 2,
the other equilibrium can be guaranteed.
It can be shown that:

0i°(a, R) _ K(i), —k(i) . Ocons
T(el(%a) TR ) = R2 —e(i,a) OR
Moreover, it can be shown that:
Ocons -0
OR
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