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Online Appendix A: Time-Varying Monitoring Cost

We set the monitoring cost to be time-invariant in the theory part. We find that the
adverse growth effects of the borrowing constraint disappear as the economy grows.
For the asymptotic irrelevance to growth, it is crucial to assume that the monitoring
cost is fixed at a certain level. This is because the monitoring cost p becomes relatively
smaller as the borrower’s net worth m; (the entrepreneurial profit) increases along
with the growing economy. Then, from the financial intermediaries’ perspective, the
borrower’s incentive to renege on his debt becomes negligible, endogensouly relaxing
the incentive compatibility IC.

However, if the monitoring cost also increases along with economic growth, the
asymptotic irrelevance would not hold for sure. This is because, if this were the case,
the monitoring cost would not be negligible for the financial intermediaries even in
the very long run unless the growth rate of the monitoring cost, g,,, is strictly smaller
than that of the borrower’s profit, gr,,. This means that the borrowing constraint
may adversely affect growth permanently in this case.

To demonstrate this point more clearly, the monitoring cost is redefined as the
cost depending on the wage per efficiency unit of labor w and the TFP level A:
e = p(wy, Ay). Then, it is likely that g, (w;, A;) > 0 since monitoring requires labor
service. Note that w remains constant in the stationary state (see Proposition 3),
and thus, the growth rate of the monitoring cost g, will be solely determined by
ta (wy, Ay) in the stationary state. Now, suppose that ps < 0, then the monitoring
cost will diminish over time, i.e., g, < 1, since the TFP level A is continually growing,
while w is fixed on the balanced growth path.! More generally, we can summarize

the negative growth effects with the time-varying monitoring cost as follows:

'One can interpret this case as an example where financial intermediation technology evolves rela-
tively faster than an entrepreneur’s defection technology. Refer to Laeven, Levine and Michalopoulos
(2015) for the race between the financial intermediation and defection technologies and its implica-
tions on growth.



Proposition 6 Growth Effect with Time-Varying Monitoring Cost: Sup-
pose that p = p (w, A) is continuously differentiable in A. Then, we have the following
results:

Case (1) pa(w,A) <0: The growth effects of the borrowing constraint are tempo-
rary.

Case (2) pa(w,A) >0: (i) If p(w,pA) = ¢"u(w, A) Yo > 1 with n € (0,1), then
the growth effects of the borrowing constraint are temporary.

(ii) If p(w,pA) = ou(w, A) Vo > 1, then the growth effects of the borrowing con-
straint are permanent.

(1) If p(w, pA) = ¢"pu(w, A) Yo > 1 with n > 1, then the economy stops growing

in the long run, i.e., gy — 1.

Case (1) of Proposition 6 indicates that the growth effects of the borrowing con-
straint are temporary if the monitoring cost never grows in the long run, i.e., g, < 1.
This is because the growth rate of the monitoring cost is smaller than the growth
rate of the borrower’s profit g.,; recall that g., is larger than one. The borrowing
constraint, however, can be still irrelevant to growth even when the monitoring cost
continually grows. More precisely, this is Case (2-1) where the monitoring cost grows
slower than the borrower’s profit, i.e., gr, > g, > 1, and hence, it becomes negligible
in the long run. In contrast, if it grows as fast as the entrepreneurial profit, i.e.,
9y = 9r,, the negative growth effects are permanent, meaning the growth rate in the
stationary state gets smaller as the borrowing constraint is more severe. This results,
which corresponds to Case (2-ii), is quite intuitive since the monitoring cost will not
be trivial any longer even in the long run when it grows as fast as the economy, result-
ing in the negative growth effects permanently. Finally, Case (2-iii) corresponds to
the case where the lending rate diverges indefinitely if the monitoring cost increases
at an even faster rate than the economy and, consequently, the borrower’s net worth.
As a result, no one will be willing to invest in R&D, which will ultimately halt the
growth of the economy. Based on the results, we offer the following example of the

time-varying monitoring cost and its growth implications:



Example: Linear Monitoring Costs

Suppose that the monitoring cost is linear in the efficiency unit of labor as follows:

e = Wily, (At)

where £, is the efficiency unit of labor required for monitoring, which is determined
by the current TFP level such that /,, : Ry, — R,. Assume that ¢, is twice

continuously differentiable. Then, from Proposition 6, we have the following results:

Case (1) ¢, (A;) < 0: The monitoring cost converges to zero, i.e., yu; — 0, and

therefore, the negative growth effects are temporary.

Case (2-i) ¢, (A;) > 0,0/ (A;) < 0: The gross growth rate of the monitoring cost
converges to unity, i.e., g, — 1, since A; increases to infinity. Hence, the

negative growth effects are temporary.

(2-ii) ¢, (A;) > 0,40 (A;) = 0: The gross growth rate of the monitoring cost
is the same as the growth rate of A;, rendering the negative growth effects

permanently.

(2-iii) 2, (A;) > 0,27 (A;) > 0: Growth stops in the long run.

Which Case is Empirically Plausible?

Then, which one is the empirically plausible case in the real world? First, Case (2-iii)
seems not the one because the interest rate spread increases forever if it is true (see
the proof of Proposition 6) while, in the real world, the interest rate spread decreases
and then stabilizes over time (see Figure 2).

Similarly, Case (2-ii) seems not empirically plausible either. If it is true, the theory
predicts that the growth rate, the investment rate and the interest rate spread will
be constant over time, respectively, once r; is fixed; see the proofs of Proposition 4
and 6. This implies that the severity of the borrowing constraint is not endogenously

relaxed, contradicting the actual transition features depicted in Figure 2. As shown



in the figure, the averaged growth rate and investment rate increase along with a
decreasing trend of the interest rate spread, reflecting the endogenous relaxation
of the borrowing constraint. Therefore, this case does not support the asymptotic
irrelevance property, which contradicts the empirical finding in Section 4; recall that
0 turned out strictly positive, not zero.

Then, only Case (1) and Case (2-i) remain. Both cases are empirically plausible
since they are consistent with the essential features of transition dynamics in reality.
Therefore, we have assumed that the monitoring cost is fixed at a certain level over
time, a specific example of Case (1) for a more straightforward exposition of the main

idea without any change in the theoretical results.



Online Appendix B: Proofs

Proof of Lemma 1:

Let us suppress the time subscript for convenience. First, from the first-order condi-
tions for (ko, {o), one can notice that my > 0 for any given price vector, (r,w) € RZ .,
since A > 0. Then, ky > 0 and ¢, > 0, so that the non-negative constraints for (kq, ¢o)
are not binding. Also, the first-order conditions for (ko,¢) and (kq,¢;) imply that
ki1 = vko and ¢, = vy, and therefore, m; = ymy. Since 2’ (z) < 0, lim,_,,, z (2) = c©
and lim,,,, x (z) = 0, there is a unique interior solution, z* € (zr, zg), which solves
pm—7o = (py — 1) mo = p (1 + i) x (z*) for any given ¢ > 0 if, and only if, py—1 > 0,
or equivalently, py > 1. n

Proof of Lemma 2:
Let us suppress the time subscript for convenience. Since the objective function is
linear in the choice variables, the optimal lending rate 1 + ¢ should be minimized
while satisfying both PC and IC. Note that m — [1 + i (2)]x (2) > 7o Vz € [2%, zH]
and 7y > 0 since A > 0. This implies that 7 > 0. Also, 1 +i(z) > 14 r — ¢ should
be satisfied, so that 1 +i(2z) > 0 since 1 + 7 — § > 0. Then, we can replace PC and
IC with the following inequality:

P 1+7r—90 x(z)

Goppt TP ap e 2 =

[1+i(2)] (B.1)

It is easily shown that if inequality (B.1) is satisfied, there exists a 7 (z) satisfying
IC. More specifically, if the LHS is equal to the RHS, there exists a unique 7 (z) such
that IC holds with equality. Rearranging inequality (B.1) yields:

pmi— (1 —p)pl[l+i(2)] > m (14+r—9) (B.2)

Hence, we must assume that pm; — (1 —p)p > 0 as in Assumption 2 since both
the RHS of inequality (B.2) and 1 + i(z) are strictly positive. In reverse, once
1+i(z) > 1+4r — 06 is satisfied, Assumption 2 must be satisfied; recall that 7 > 0.
Then, to minimize (1 + 1), inequality (B.2) should hold with equality, resulting in
equation (1). Since inequality (B.2) holds with equality, /C" also holds with equality,
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yielding equation (2). Then, n > 0 Vz € [z1, zg] by Assumption 2. Finally, we must
check whether or not 1 > n Vz € [2*, zg]. First note that n(z) = [1 +i(2)|xz(z) /m
from equations (1) and (2). Since p{m — [l +i(2)]z(2)} > m Vz € [z*, zy] and

T >0,1>n Insum,ne€[0,1) Vz € 2%, zy| as desired. u

Proof of Proposition 1:
Note first that k;, = vko, and l1; = vlp;. Then, from the law of large numbers, we

have:

Ki= [ kg (2)dF (2) = [py {1 = F (51) } + F (1)] Fos

hz/@@ﬂF@zbwﬂ—F@LH+F@Lﬂ%t

Hence,

(rm=) = [ {1 - F ()} + F (o)) (i)’ (B3

Since Y; = [y (2)dF (2) = [py {1~ F (51)} + F (520)] AT (k§olo;®)"s equa-
tion (B.3) yields:

Vo= ([ (1= F ()} + F (50)] Aca) 7 (B L)
Finally, from the perfect competition in the factor markets, we have:
wp = v (1— a) ATk~
and observe that:

oY, * * —v —v arl-a\Y 57—
o= v (=) [y {1 F ()} + P ()] ALy (Ke L) 1)

= (1 —a) AR 0 = w,

where we use equation (B.3) for the second equality. Note also that 0Y;/0L; =

v (1l —a)Y;/L;. The same argument can be applied to the remaining part. g



Proof of Corollary 1:

Since 7 is decreasing in p (see (iii) of Proposition 2), the interest rate spread, A =

pmy/ [pm1 — (1 — p) p, is increasing in p. m

Proof of Proposition 2:
Without loss of generality, we let Ly = 1 for simplicity. Since r; is fixed at r in a

steady state, from equation (12), we have:
r=ow[A_1¢ (z9)] T k!

Then, the capital per efficiency unit of labor in the steady state, k, is given by:

1
av 1—

F=(5) 77 A0 ()T (B.4)

r

From the entrepreneur’s profit maximization problem, we have the following funda-

mental equation that determines z* for any given (Ao, r):

— —v(l—a)

(P=8) 1= o (2) 7 Af= e - 0| = =0
(B.5)

The RHS is continuous at any z € [z, zy| while strictly decreasing from infinity

to zero; recall that z, (2, A) < 0, lim,,,, z(2,A) = oo and lim,,,, x (2, A) = 0.
Meanwhile, 9" (2*) < 0 and ¢ (2;) = py > 1 and ¥ (zy) = 1, implying that the
LHS is continuous at any z € [zr, zg] while strictly increasing in z*. Now, note that

2* > zp since lim,_,,, x (2, A) = co. Meanwhile, z* < zy if, and only if|

ﬁ % « —v(l—a)
py(L=0) (5) T AT T = prl, 2 (- p)a

The inequality is satisfied by the assumption that pm; — (1 — p) > 0 in any equilib-
rium to guarantee ¢ > r — 0. Hence, z* € (2, zy). Finally, the LHS shifts downward
when p increases, so that z* increases in p, so does ¥. Then, both k£ and y decrease
in p, respectively, from equations (B.4) and (8). Since Y = yL, Y is also decreasing
in . This means that § = Y/N is also decreasing in p. Finally, from equations (9)



and (10), m; (i = 1,2) is decreasing in u. m

Proof of Proposition 3:

We let ¢, = (A;/L;)" ™" for convenience. First, from equation (12), we have:
. av—1
Ty = Oé’UgOtk't

Hence, k; is given by:
1

ky = (“wt) o (B.6)

Tt

First note that ¢, = (Ag/Lo)' ™" = ¢ where ¢ is a constant due to the assumption
that gz, = ga: Vt > 0 for stationary growth. Then, g = 1 since g, = 1 in the

stationary state; see Definition 3. To show g, = 1, observe equation (11) to have:
wy = (1 — o) vek)”

which means that g,, = 1 in the long run since g, = 1, and this is consistent with the
definition of long-run growth steady state. Also, from equation (8), y = pk®’, and
therefore, g, = 1, proving (ii). To prove (iii), suppose that g.- = 1; we will verify this
later. Then, g4 = ¥ (2*) from equation (13), and hence, g, = v (z*). Now, recall
that Y; = y, Ly, implying that gy = g, = ¢ (2*). To prove (iv), note that:

To,t = (1 - U) Pt W (2:71)} ! Lk} = (1 - U) oLy kY

which is obtained from equation (9). Hence, g, = ¥ (2*) (i = 1,2) since 7 = ymo4
from equation (10). Now, we will check that g; = 1 in the long run. From equations

(1) and (2), we have:

(1+i)':mﬂémm—(l—p)u:¢(Z*)p7ﬁo—(1—p)u:¢<z*> 1
1+i1  pymopymy— (1 —p)p pymo— (1 =p)p

ga+iq) =

where the prime denotes variables in the following period. The last approximation
holds for large enough 7, and it must hold in the long-run if m; grows over time. We

will prove later that this is true in the long run by showing that ¢ (2*) > 1; recall that
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the growth rate of 7; is equal to ¢ (2*) (i = 1,2). Hence, asymptotically, 1 +i = 147
that implies g; = 1, and therefore, ga = 1 from equation (1). We should prove that

g~ = 1 too. From the entrepreneur’s problem, the skill threshold z* is given by:
(py =D mo=p(l+i)x(z", A)
which implies that:

(1+9) vz A4) () 4)

L+i a2 A) x( ¢ (20)A)

since A" = 9 (2*) A and g, = ¥ (2*) in the steady state. Since g; = 1 in the long run,

we have:

z (29 (27) A) =¥ (%) = (27, A)

Since x (z, A) is linear in A while strictly decreasing in z, 2™ should be equal to
z*, implying that g.- = 1 in the long run. Now, we will prove the uniqueness of
the balanced growth path. First note that 1 +¢ = (1 +r —¢) /p in the asymptotic
stationary state, which means that lim; .., A; = 1. The asymptotic threshold z*
is, therefore, determined by the following equation from the entrepreneur’s profit

maximization problem:
(py—Dmy=(1+r—208)z(z"A)

From equation (8), knowing that g.;, = ga; Vt, 1y = (1 —v) @Lk®. Then, from

equation (9), we have:

1—wv

(py — 1) (1 — v) (%) (?,_j) T L (4r—8)a (A

Finally, using the linearity of z (2, A) in A and g; = ga: = ¥ (2]), we have:

1—v

pr-0a-0 ()T ()T = - 0aeay B)

equation (B.7) is similar to equation (B.5) but different in that the monitoring cost



p is irrelevant to the determination of z*. Then, it immediately follows that z* > zp
since lim,_,,, = (2, A;) = oco. Also, z* is below its upper bound, i.e., z* < zy. This
is because the LHS of equation (B.7) is pm; — (1 — p) u where p = 0, while pm; —
(1 — p) u > 0 for guaranteeing i > r — 0. Hence, z* is uniquely pinned down, and it is
interior of [zr, zg]. That is, 2* € (21, z) V (Ao, Lo, ). Finally, it is straightforward
to show that ¢ (2*) > 1 since the p.d.f. of skill distribution, F”(-) satisfies F’(x) > 0

Vo € [ZL,ZH]. n

Proof of Corollary 2:

The asymptotic skill threshold z* is determined by equation (B.7). Note that z*
is independent of p since equation (B.7) does not include p. Note now that the
gross growth rate 1 (z]) is solely dependent on z;, the asymptotic growth rate is

independent of ;. m

Proof of Corollary 3:
On the transition phase, z; is determined by the following equation, which is analo-

gous to (B.5):

1—

(m S 1) [pv (1) (ﬂ) - ( - ) - Lin [ ()] % —(1—p)u

pY Tt4+1 Lty

=1+ 711 —0)w (2, Ar)

which is rewritten as follows:

pr‘)/ —_ 1 av 1(121) Al) 11770711 N
1—o) (22 o Li—(1— = (141 —0) (], A
= [m( o (2 (F) e aen) u] (14 s = 0) 2 (5, A)

since g4 = ¢ (2}), and g+ = gas. From Lemma 1, 2 is uniquely pinned down given

any vector of (A, Ly, 7,11). Then, one can notice that an increase in u shifts the LHS
downward, so that z; is increasing in x, implying that the gross growth rate in period

t, ¥ (z7), is decreasing in p. Meanwhile, we have the following equation from (B.6):

1

avp\ e
kpsr = < 90) (B.8)

Tt4+1
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which implies that k.4, is independent of p. Also, from equations (9) and (10), ;441
(1=0,1) is decreasing in z; and hence, decreasing in p as well; recall that z; is
increasing in p. This proves (iii). Therefore, A; is increasing in p by equation (1).
From Proposition 1, gy; = v (2}), so that gy, is decreasing in p. Hence, gy, is also

decreasing in p since it is monotone increasing in gy;. m

Proof of Proposition 4:
(i) The asymptotic convergence is trivial from the proof of Proposition 3. To prove
the decreasing property, one can use the fact from the proof of Corollary 3 that z; is

determined by the following equation for all ¢ > 0:

(B - () ()™ -] ==t

where we let r, be constant at r» Vi > 0. Then, we have:

v(z)w (Z;rh At) =z (2;1, At+1)

1 (py—1 AU\ 205 [+ o(l—a _vﬁ
=(1+r—9) 1( o ){py(l—v) (7) (Ltfl )Ab_l) —(1—p)u]

=R'X, [02 (Li)ffa)fltllf ) T (-p) u}
where R=1+4+r—0,Cy = (py—1)/(py) and Cy = py (1 — v). Hence, we obtain:
¢ () = 0 YRG0 (148 T - -
= {0 ()} RO () [02 (LA T — Ny (- p) u}

> R7'Cy {Cz (L:(I_Q)Az}iv) - (1-p) M}

=2 (Z: ) At)
where the second equality holds since gr; = gas+ = ¥ (2;). Then, we have:

z (25, A) > x (2, A) VE>0

11



which implies 2z, < zf Vi > 0.

(ii): This is straightforward from (i) of Proposition 4. The convergence holds by the
continuity of ¥ in z*.

(iii): Note that, given any constant r over time, gx; = 1 V¢ > 0 from equation (B.8).

Hence, let us denote k; by k Vit > 0. Then, we have:

K —(1-0) K,

&
Il

s ==

VR
—_
|
A’_‘
*
Ll
N—
N———
™

1 _* J kl—av
(2i-1)
A, v—1 _
1) (1 _ 1 *6) k,l—ozv = L4
-1 (27)

where we use Ly /L, = 1/ (z;"fl), and k; = k;,_; = k in the second equality.
The third equality holds since Y;/L; = (A;/L;)' ™" k" from Proposition 1 with the
assumption that g4 = g Vt > 0. Now, note that 1 — (1 —9) /¢ (zf_l) >0Vt>0

A\

I
TN TN
|
~~
4
L
N

[S—

|

<

e~
<

since v (zt*fl) > 1Vt > 0; from Lemma 1, 2 is an interior solution V¢ > 0, implying
that ¢ (z7) > 1Vt > 0 since f(z) > 0 Vz where F”(z) is the p.d.f. of the skill z. Also,
we know from part (i) of Proposition 4 that z; decreases over time, and therefore,
¥ (z]) > ¢ (2;_,), proving that ¢ (z;) increases V¢ > 0. The convergence is obvious
by the continuity of ¢ in z*; recall that ¢(z) is continuous at any z.

(iv): Note first that:

X Xy X1 Yi
= > — = = = > =
Pt+1 Yia Y, Pt ax X, Y, gy

From Proposition 1 with the result from the proof of (iii) of Proposition 4 such that

gkt = 1Vt > 0 under a constant interest rate r, one can show that: gy; = 1 (2])

Vt > 0. Meanwhile, we also have:

X S w5 A dF (2) () [o @ (2, A dF (2)

Ixt = = i = = > (2) = gve
Xeo [ (2, A dF (2) i (2, A dF (2) t
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where the third equality comes from the linearity of z (z, A), and the last inequality
comes from z;,, < z; from the part (i). Hence, p;11 > p, Vt. The convergence holds
by the continuity of p at any z.

(v): From equation (13) and ga; = gr; = ¥ (2;_,), we have:

Al

Yy = I,

Notice first from the proof of (iii) of Proposition 4 that k is time-invariant when r
is time-invariant. Hence, y; is also time-invariant. Also, from Proposition 1, w; =
v(l—a)Y;/L; = v (1l — )y, implying that w; is also time-invariant. Then, the
saving, which can be defined by the saving function, s; = s (ry41, wy), is time-invariant

too. Knowing it all, from equation (5), we obtain:

B/ s(k) s(k) _ B
0= =k+p——F—— <k+pu1— =y
YT T ) T T e T Y

where p; = X;/Y;. We know from (ii) and (iv) of Proposition 4 that both p; and
P (zf_l) are increasing over time, converging to their respective asymptotic values.
Hence, 6, = Btf /Y, is increasing V¢ > 0. The convergence is trivial by the continuity.

Proof of Proposition 5:

One can solve for the threshold z; by the following equation:

(py = D Ee [moga1] = (1 + reqn — 6) @ (27, Ar) B [Agg] (B.9)
= Coa) 1w
where 7 (s'™) = v (1 — ) (Tfi) (Lo (z)] T A and mo (s771) = v~y (s)

from equations (9), (10) and (12). Then, equation (B.9) is rewritten as follows:

<m - 1) & [Atl:av}
‘ [

s =1+r—0)x(z,A) (B.10)

A;lfiav
py(1-v) <rff1 ) AT —(1—p)u

13



First, from equation (B.10), the equilibrium threshold z; is uniquely pinned down as
an interior point on [zy, zy] since the LHS of equation (B.10) is strictly positive and
independent of z. Meanwhile, the RHS of equation (B.10) is strictly decreasing in z
from infinity to zero. Note also that 7,41 is strictly concave in flt, and therefore, the
LHS of equation (B.9) is strictly decreasing in mean-preserving spread of the random
shock s. Now, suppose that there is no borrowing constraint, i.e., x = 0, and hence,
A¢y1 = 1. Then, the RHS of equation (B.9) is equal to (1 + rry — 0) z (27, A¢). In this
situation, z; increases along with mean-preserving spread, and therefore, the mean
growth rate v (z;) decreases with mean-preserving spreaB. Hence, the mean growth
rate of ¥} also decreases as the volatility increases; recall that gy, ., is strongly mono-
tonic in ¥ (2;) by Corollary 3. In other words, growth decreases by higher volatility
even without the borrowing constraint. Next, to prove the amplification effect, note

_ PTL,t4+1 . . s :
that the wedge, Ay = P (e 18 strictly convex and decreasing in 7y 411, while

PT1,t4+1

— = g strictly convex in A;.
pre+1—(1=p)p

1441 1S strictly concave in flt. This implies that
Hence, the RHS of equation (B.9) increases with mean-preserving spread. Hence, z;

increases more compared to the case without the borrowing constraint. g

Proof of Proposition 6:

Case 1) The case that pus (w, A) = 0 is equivalent with the baseline case that the
monitoring cost is fixed over time, i.e., g,; = 1 V¢. This is because wage w; is con-
stant in the stationary state. Hence, the growth effects disappear asymptotically in
this case. Also, pa (w, A) < 0 implies that p decreases in each period in the steady
state since ¢ (¢*) > 1 implies that A continuously increases. Hence, g, < 1, and
1 converges to its lower bound, 0; recall that p is assumed to be greater than zero.
Hence, the economy asymptotically boils down to the standard growth model without
the borrowing constraint, so that the growth effects disappear in the long run.
Case 2) (i) In this case, it is trivial to show that g,; € (1, gx,,) ¥t > 0. We now
let &4 = gr4/gue > 1Vt > 0. Then, VM > 0, 3T > 0 such that m;/p1 >
M ¥Vt > T since one can choose any T > 0 satisfying that e’ > Myuy/m 0
where ¢ < min{ey, &9, --er,1}. Then, by picking an arbitrary large M such that

pir1/me = 1/M ~ 0, we have the following result for large enough ¢ > T satisfying

14



that #t—&-l/ﬂ_l,t ~ (:

pmy pmi — (1 —p)pu .
9(1+i):—1 1= ) =9 (27)

p—(A-pp/m (") 1
pmipm — (L—p)p/

pry/m— (L —p)p//m

which implies g; = 1 asymptotically. Then, we can prove g, = 1 by using the
same method applied to the proof of Proposition 3. Finally, jt1/m1 41 =~ 0 for any
t > T since pq1/me ~ 0Vt > T and 7441 > m ;. Hence, the determination of the
asymptotic threshold z* is irrelevant to the monitoring cost.

Case 2) (ii) In this case, it is straightforward that g, = g, V¢t > 0. Hence, the
equation that determines z* becomes different from equation (B.7), and it is given

by:

1—v

py—1 av\1oar (A e
[m(l () (22) T - a-pm

py

=(14+r—90)z(z",A,)

where 2* is decreasing in the initial monitoring cost py. Hence, the initial monitoring
cost reduces the long-term growth rate ¢ (z*) in the steady state.

Case 2) (iii) In this case, g, > gr,, = ¥ (2;) > 1. Hence, 1 + i grows faster than
71 over time while letting that Assumption 2 is still satisfied. Then, the equilibrium
threshold z; € (zp, zg) must decrease over time, converging to its minimum value, zy,.
This, in turn, implies that the growth rate of the economy converges to ¢ (z1) = 1,

meaning no-growth in the stationary state. m
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Online Appendix C: The Closed Economy

Switching to recursive notation where primes denote next period variables, we can
rewrite the equation that determines the threshold of the entrepreneurial ability z*
as follows:

plm — (1 +i) (")) =m
Since m = ymg and 1 +¢ = (1 4+ r — 0) A/p, the equation is rewritten as follows:

py—1
Py

{pymo — (1 =p)ut =1 +r"—0)z ()

where we use A = pymy/ [pymo — (1 — p) ). From equations (8) and (11), we can

define 7, and 7’ as follows: 7y = w (2*, k'); ' = r (z*,k"). Then, we have:

e L pym (k) — (L= p) ) = {1+ 7 (=" ) — 6} 2 (=)

From (8), it is obvious that 7, > 0 and my > 0. This implies that v needs to be
sufficiently large since the condition that pym (2, k') — (1 — p) p > 0 should be satisfied
at any equilibrium, or equivalently, ¢ > r 4+ 0 for any given z* and k" > 0. Hence,
suppose that v is sufficiently large, so that pr (z,k) — (1 — p) u = 0 for k ~ 0. Then,
one can easily verify that, for any &/ > k ~ 0, z* € [z, zy| is uniquely determined
since the RHS is decreasing in z* from infinity to zero (note that r, < 0), while
the LHS is increasing in z* under the assumption, pr (2*, k') — (1 — p) ¢ > 0 in any
equilibrium. Hence, we can define z* = z (k; i), which is straightforward that z; < 0
and z, > 0.

To pin down the capital investment in equilibrium, we can rewrite the capital

market clearing condition, given by equation (5), by letting Btf = 0. Then, we have:

X (2 (K )

k/
* L

= S(Z (k§U)7Z(k/;#)vkvk/)

where we use w = w (z (k; p) , k) from equation (10), ' = r (z (k'; u) , k') from equa-
tion (11) and s = s(w,r’). The LHS is the demand for funds and the RHS is the

supply of funds. Now, let us confine our attention on a steady state. Then, the
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capital market clearing condition is rewritten as follows:

X (2 (ks p))

k+ I

=5 (z(k;p), k)

Note first that dX (z (k;p)) /dk > 0 since z; < 0 and x, < 0. Now let us specify the

R&D investment cost function z(z, A) as follows:

x(z,A)zQA( L1 )

zZ— ZJ, ZH — 2L,

where ¢ > 0 measures the efficiency in the R&D investment. It is straightforward
that the cost function satisfies all of the assumptions on = (z, A): z,(z, A) < 0,
lim, ., z(2,A) = oo, lim,,,, x(2,A) = 0 and x4 (2, A) > 0. With this cost func-
tion, one can show that limy_ dX (z (k; 1)) /dk = 0,2 and d2X (z (k; ) / (dk)* > 0.

Similarly, ds (z (k;p), k) /dk > 0 with the log utility function u (¢) = Inc since,
with the log utility function, s (z (k;p), k) = QU (z (k; 1)) k*” where @ is a positive

5

constant.* Then, it is easy to check that limy_,ods/dk = c0.> Hence, a sufficient

2From the entrepreneur’s problem, we have:

dz _ ri (2 (k) k) x (2 (k) — pry (2 (k) , k)

dk pry (2 (k). k) = [r: (2 (k) k)2 (2 (k) + {1+ r (2 (k) , k) — 6} dw (2 (k)) /dz (k)]
. Clkavizic (Z (k)) — CQkavil
- Cokov—1 — [Cskav—lx (Z (k)) + Cykov + C5]

where C; (i =1,2,---,5) is a constant. Then,

dX _dXd:  Cok™la(z(k) = Cik o (2 ()]
dk ~ dz dk — Cokev=T — [Cskev=1z (z (k) + Cuke + Cs]

since dX (z) /dz = —x (2). Hence, given any z (k), if = (z (k)) satisfies that z (2
then limy_,0 dX (2 (k)) /dk = 0. This condition is easily satisfied. Since z (z, A)
1/ (zmg — 1)} where ¢ > 0 and A > 0, the condition requires:

(k) >k VEk € [0,¢],
=CA{1/(z — z1)—

2 (k) Vk € [0, €]

LS k/A+1/(zg — z1)
Note that, for any k ~ 0, 1/[k/A+1/(zg — z1)] = zu — 2z, = max{z (k) — zp.} > z (k) — 2z, as
desired.

3d2X ) (dk)? = —[zrk (k; w))2{z (2) + 2/ (2)}. Hence, d>X/ (dk)® > 0 if, and only if, —z' (z) >
x (z), which always holds with the cost function, x () = CA{1/(z —2z1) = 1/ (zm — 21) }-

4Q is equal to (1 — 8) (1 —a)v (A/L)' ™" > 0.

bs' (k) = Q [ (k) k™ + awy (k) k* '] where F”(2) is the p.d.f. of the skill/ability z. Since
P (k)=—(y—1)f(2)z >0V k >0 (recall that F' (2) > 0V z € [z1,2z1]), limg_o ¢’ (k) k*¥ =
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condition for the uniqueness of k* > k ~ 0 is that d2s (z (k; ), k) / (dk)* < 0, which
is, unfortunately, not trivial to verify. However, if the c.d.f. of the skill, given by
F (z), is assumed to be highly concave, so that the p.d.f. F’(z) is decreasing in z
fast, i.e., F” (z) < 0, it is likely to have d2s (z (k; ), k) / (dk)* < 0, and then, k* is
uniquely determined.®
Suppose now that k* is uniquely pinned down for analytical simplicity. Then, we

have:

e 2 (0) {62 4 5. (27 ) }

dp 1— {sz (2%, k*) zi (k*) + sg (2%, k*) — %}

where s, (2%, k*) < 0 with the log utility function, so that the numerator is negative.
Hence, dk*/dp > 0 if, and only if, the denominator is negative. Since X' (z*) <
0, the denominator is negative when ds (k*) /dk = s, (2%, k*) 2z, (k*) + sp (2%, k*) >
0 is sufficiently large. One possible case is that k* is sufficiently small, so that
the marginal product of capital is sufficiently large; recall that we have assumed
d?s (2 (k; ) , k) / (dk)* < 0 for the uniqueness of k*.

This implies that an increase in the monitoring cost may result in a huge increase
in the supply of funds (the domestic saving) so does the capital stock k. The equilib-
rium threshold z*, then, decreases due to the fact that zj (k; ) < 0, and this leads
to an increase in the output. Therefore, the negative scale effect of the borrowing

constraint presented in Proposition 1 is ambiguous a prior: in the closed economy.

€ > 0. Hence, limy_,0 s (k) = Q€ + Qlimy_,0 avyy (k) k21 = co.

Note that s” (k) = Q [¢" (k) k* + 2avy’ (k) k= — av (1 — aw) ¢ (k) k**~2] where ¢/ (k) =
—(py—1DF' (2)zx > 0and " (k) = — (py— 1) [F" (2) 2 + F' (2) zgx], the sign of which is not
determined a priori. However, if F” (z) <« 0, then it is likely to have ¥ (k) < 0 so is s” (k).
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Online Appendix D: The Exogenous Borrowing Constraint

We examine the exogenous borrowing constraint, which has been widely employed
in the prior research, in order to underscore its drawbacks in comparison to the
endogenous borrowing constraint. The significance of employing the endogenous
borrowing constraint in growth analysis will be elucidated through this comparison.
Prevalent in the prior research, the exogenous borrowing constraint is described as
follows:

by < Aay

where a and b denote asset and debt, respectively, and \ is exogenously given.”

Within our conceptual framework, each potential borrower (an entrepreneur) com-
mences life devoid of any assets, and therefore, a;, = 0 for all t > 0. We, thus, assume
that an entrepreneurs born in period ¢ is endowed one unit of labor as a worker. He,
then, earns labor income in the first period of his life. The efficiency unit of labor
supplied by entrepreneurs is denoted by Lf. Recall that we have assumed gr+ = ga+
for the stationary growth. Similarly, we assume that gre:(= gr:) = gas. Then,
Jat = gre: since the total population of entrepreneurs born in period ¢ is given by
unity V¢ > 0.

For simplicity, we assume that the asset a; is illiquid in period ¢, and hence,
cannot be invested in R&D in period t. Then, the exogenous borrowing constraint is

rewritten as follows:

x(z,A) < Ay

and one can easily prove that the skill threshold under this exogenous borrowing
constraint, say %, is uniquely determined for all ¢ > 0.8

Then, the exogenous borrowing constraint does not affect the economy as long as

"The exogenous borrowing constraint can be interpreted as a collateral constraint. Suppose
that a financial intermediary can seize a borrower’s asset a if the borrower renege on his debt b.
Suppose also that a borrower can abscond with a fraction of 1/A of the loan b. Then the financial
intermediary must lend asset only to the extent that no borrower can defect: b/ < a.

8The determination of the threshold 2; is the same as in the case with the endogenous borrowing
constraint, except that the borrowing limit is exogenously given by Aa; and the gross lending rate
1+ 4 is equal to the fair insurance rate (1 + 7, — ¢) /p. To see this more clearly, set © = 0 in the
financial market clearing condition given by equation (3).
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the following condition holds:

x (2" A) < Ay

where z* represents the asymptotic level of z;, or alternatively, the skill threshold
necessary for achieving the first-best optimum. The more intriguing scenario arises
when the exogenous borrowing constraint is binding, i.e., z (z*, A;) > Aay, leading to
2, > 2*, indicating the impossibility of attaining the first-best allocation.”

Similar to the argument used in Section 3, one can easily show that the growth
rates of GDP and TFP are the same under the exogenous borrowing constraint, and
the growth rate is equal to ¢ (2), where the threshold 2 increases as A decreases. Thus,
the severity of the borrowing constraint is measured by 1/A, which is exogenously

given at a constant level V¢ > 0.
Limitations of the Exogenous Borrowing Constraint

First note that we cannot define and describe the interest rate spread with the ex-
ogenous borrowing constraint, since 1 + i, = (1 + 7, — J) /p by the financial market
clearing condition; see equation (3), letting y = 0.

It is also clear that the amplifying effect (the indirect growth effect) of the bor-
rowing constraint is not captured. This is because the tightness of the borrowing
constraint, as measured by 1/A, does not change whether aggregate uncertainty rises
or falls.

Third, note that 2,1 = 2; if the growth rate of a; is equal to the growth rate of
x (2, Ay). For comparison, assume that z (2, A) is linear in A as in the baseline case.
Then the growth rate of R&D costs becomes equal to g4, which is also equal to the
growth rate of the entrepreneurial asset a;. Thus, under the exogenous borrowing
constraint, 2; is time-invariant given any constant interest rate . This in turn implies
that the negative growth effect is permanent since the skill threshold Z; is time-
invariant even if the economy grows continuously.

The persistence of the growth effect is reminiscent of the well-known conclusion

from the previous literature on growth with the exogenous borrowing constraint,

9This is because any entrepreneur with z € [2*, 2;) cannot invest in R&D even when the invest-
ment is profitable.
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where the tightness of the borrowing constraint (1/)) is arbitrarily given and fixed
at a certain level. This is inconsistent with the empirical evidence supporting the
asymptotic irrelevance of the borrowing constraint provided in Section 4.

Also, under the exogenous borrowing constraint, convergence is instantaneous,
and therefore, the speed of convergence is irrelevant to the financial factor. In fact,
the investment rate is fixed over time, which is inconsistent with the actual transition
dynamics in the real world, as illustrated in Figure 2. Similarly, under the exogenous
borrowing constraint, the maximum loan-to-value (LTV) ratio or the LTV ratio for
a borrowing constrained individual is arbitrarily set and fixed, which seems clearly
unrealistic. In contrast, the maximal LTV ratio, say A} = z (2}, A¢) /as, is endoge-
nously determined under the endogenous borrowing constraint. Recall that the skill
threshold z; increases with the monitoring cost. Then, the maximal LTV ratio A}
is monotone decreasing in j since A; is monotone decreasing in z;.1° Consequently,
1/X¥, which is endogenously determined in equilibrium, can be interpreted as the
implied tightness of the borrowing constraint.

Note also that the implied tightness 1/A] is time-varying along with various eco-
nomic circumstances, while the economy converges to the stationary growth steady
state. In particular, A} increases during the transition phase, converging to its asymp-
totic level, i.e., A\f 1 A*.'' Since the borrowing constraint is binding tightly at the
beginning of economic development, the maximal LTV ratio, A}, is low, but it in-
creases over time as the economy grows. Hence, less able entrepreneurs can finance
funds for productivity-enhancing investments along with the endogenous relaxation
of the borrowing constraint, and this causes an increasing trend of the investment

rate consistent with what we observe from data.'?

0This is simply because dx;/dz < 0.
N This is easily verifiable:

N @ (Z;+1aAt+1) ag X (Zt*+1aAt) V(zf) @ (Zt*+1aAt)

= = ‘ = >1
A x(zf, Ay) a1 x (25, As) Y (2f) x (25, At)

where the inequality comes from 2/ > 27, (see (i) of Proposition 4). The convergence holds by the
continuity of A} in z;. Obviously, this is consistent with the endogenous relaxation, represented by
lim; oo Ay = —logp > 0 (see Figure 1).

121t is worth noting that the increasing investment rate is obtainable under the exogenous bor-
rowing constraint. For example, if an entrepreneur is allowed to self-finance through his own saving,
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Aggregate LTV Ratio

We now think of aggregate LTV ratio, say A;, which is defined by:

_ [ w(2)dF(2)

A= X XY Y

[ adF (2) T Y, a - pta_o'

where p; is the R&D expenditure rate in period ¢ as defined in Proposition 4. In the
economy with the exogenous borrowing constraint, the aggregate LTV ratio is fixed
over time, i.e., A; = A, as long as the interest rate r is constant. This is because the
threshold Z; does not change. However, under the endogenous borrowing constraint,
the aggregate LTV ratio, say A}, increases and converges to its steady state value A*

as p; increases and converges to its steady state value; see part (iv) of Proposition 4.

he will be eventually able to conduct a profitable R&D project by accumulating necessary funds.
This results in the realistic trend of the investment rate, which is increasing along with economic
development; see Buera and Shin (2013) for details.
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