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Abstract

This paper focuses on the macroeconomic implications of credit-supply-side financial shocks,
particularly how disruptions in banks’ balance sheets propagate through the broader economy.
While much of the literature has emphasized credit-demand shocks, this study shifts the focus to
the supply side, where financial intermediaries face constraints that limit their lending capacity.
Extending the Gertler and Karadi (2011) framework, the chapter introduces a DSGE model with
two sectors, aiming to capture core mechanisms behind the Great Recession. A key contribution
is the analysis of how shocks originating in one sector, such as the housing sector, can transmit
to other sectors through the banking system, as banks reallocate or reduce credit in response
to changing risk and regulatory conditions. The model highlights how leverage heterogeneity and
intersectoral linkages via financial intermediaries can amplify the macroeconomic effects of financial
disruptions, offering insights into the sectoral dynamics observed during the Great Recession.

1 Introduction

In the period leading up to the Great Recession, credit was particularly abundant in the housing
sector, resulting in significantly higher leverage relative to other sectors. The deterioration of the
housing sector eroded banks’ net worth, thereby constraining the credit they could extend to other
sectors. Motivated by this observation, I extend the Gertler-Karadi model to a two-sector framework.
This allows for the analysis of how shocks originating in a highly leveraged sector, such as housing
sector, transmit to a less leveraged sector, and how disruptions in financial intermediation affect the
broader economy.

Figure 1: Financial frictions affecting credit demand
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The extended model retains the central mechanism of financial frictions, i.e. intermediaries face
constraints in raising external funds (instead of the non-financial firms). As such, the focus remains
on how financial shocks propagate through the intermediary sector, consistent with the mechanisms
that were prominent during the Great Recession.

The following sections describe the extended model, emphasizing the new assumptions and struc-
tural features. After calibrating the model, I perform quantitative experiments to investigate the
model’s dynamic responses and policy implications.

2 Two-sector DSGE Model

In this section, I will introduce the two-sector model extended from Gertler and Karadi (2011). This is
a monetary DSGE model with nominal rigidities developed by CEE and SW. Financial frictions exist



Figure 2: Financial frictions affecting credit supply
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in the process of transferring funds from households to financial intermediaries, where in the event that
financial intermediaries divert funds from the project, there is a restriction on the ability of financial
intermediaries to lend funds to non-financial firms. Explicitly characterized financial intermediaries
are included in the model in order to study the channel of shock propagation from the credit-supply
side.

For tractability, I abstract from unconventional credit policies and instead focus on a setting with
two sectors, each producing a distinct type of capital good. These capital goods are used as inputs by
intermediate goods producers. Retail firms operate under monopolistic competition and use interme-
diate goods to produce final output. The central bank is assumed to follow a conventional monetary
policy rule, adjusting the nominal interest rate as its primary instrument.

In particular, T will study the capital quality shock, which is a simple way of introducing an
exogenous source of variation in the value of capital. A negative capital quality shock in one sector
generates deterioration of banks’ balance sheet, especially their net worth, and affects their access to
and cost of funding and their ability to make new loans to the other sector. The market price of capital
will be endogenous and the capital quality shock will serve as an exogenous trigger for the asset price
dynamics.

I also examine two types of financial shocks that influence credit supply: one that directly affects
banks’ leverage ratios, and another that captures changes in financial regulation, reflecting the extent
of risk control imposed on the banking system.

2.1 Households

There is a continuum of identical households of measure unity, consisting of bankers and workers, with
the fractions being constant over time, but an individual can switch between the two occupations.
The household preference is given by

max By y  f'In(Crri — hCipim1) — T f_tthliﬂ (1)
=0

where C} is consumption, L; is family labor supply and x; is the labor supply shock. This shock may
serve as a proxy for various labor market frictions that are relevant in real-world settings. 0 < 5 < 1
is the subjective discount factor. 0 < h < 1 is the habit persistence parameter, and ¢ > 0.

The household budget constraint is given by

Cy =WiLy + 1y + Ty + Ry By — Byy1 (2)

where By is the total quantity of short term debt the household acquires, W; is the real wage, II; is
the net payouts to the household from ownership of both non-financial and financial firms, and T} is
the lump sum taxes.

Then the household’s first order conditions for labor supply and consumption/saving are the fol-
lowing:

peWy = xoLf (3)

with
pt = (Cy — hCy_1) ™' — BRE(Cyyq — hCy) ™! (4)

and
EtﬁAt,t+1Rt+1 =1 (5)
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2.2 Financial intermediaries

Financial intermediaries lend funds obtained from households to non-financial firms from two sectors.
The balance sheet of a banker/intermediary j at the end of period ¢ is

Q1¢S1jt + Q25251 = Q1 Sy = Njy + By (7)

where @Q;; is the relative price of each claim for sector ¢, S;j;; is the quantity of financial claims on
non-financial firms in sector 4. Bj;11 is the deposits the intermediary obtains from households (debt),
and N is the net worth amount that a banker/intermediary j has at the end of period ¢ (equity
capital). The intermediary earns from the assets invested in sector ¢ with stochastic return R;x:y1 over
the period ¢t to t 4+ 1, and pays the household the non-contingent real gross return R;;1. Both R;k¢41
and R;;; will be determined endogenously.
Define
- Q1451 (8)
! QiS;t

as the share of banks’ asset in sector 1. Therefore, the banker’s equity capital evolves as the difference
between earnings on assets and interest payments on liabilities:

Njty1 = Ript41Q1:S1jt + Rorer1Q2:S25: — Rep1Bji41
= (Rikt4+1 — Riv1)Q1451t + (Rake+1 — Rie1)Q2:S25 + R 1Nyt
= [(Rikt+1 — Rig1)Kje + (Raret1 — Re1)(1 — k54)]Q1Sjt + Rey1 Njy 9)

The banker’s objective is to maximize expected terminal wealth, given by

Vje = max By y (1= 0)0"8"A¢, 414 (Njes1+1)

i=0
= max F; Z(l - 9)9i5i+1At,t+1+i[(R1kt+1 - Rt+1)Q1t51jt + (Rth+1 - Rt+1)Q2tS2jt
i=0
+ Riy1Nji (10)

Then we introduce the following moral hazard/costly enforcement problem: at the beginning of the
period the banker can choose to divert the fraction \; of available funds from the project and instead
transfer them back to the household of which he or she is a member. The cost to the banker is that
the depositors can force the intermediary into bankruptcy and recover the remaining fraction 1 — A; of
assets. However, it is too expensive for the depositors to recover the fraction A; the funds the banker
diverted. The variable \; represents a financial shock that captures the degree of friction in the credit
market. As I will show later, this shock directly influences leverage ratios and, consequently, the credit
supply of financial intermediaries. Then we can get the following incentive constraint:

Vit = M (QreSjt + Q2:525¢) (11)

i.e. the lost by diverting a fraction of assets should be greater than the gain from doing so.
We can express Vj; as follows:

Vit = 114 QeS¢ + v2:Q2: 5251 + n: Nt (12)
with
vy = E{(1 = 0)BAs 141 (Rike+1 — Ris1) + BAL1410T1 4101041 } (13)
Vot = Et{(l - 9)5At,t+1(R2kt+1 - Rt+1) + 5At,t+19$2t,t+1l/2t+1} (14)
ne = E{(1—=0) + BAt 111020 41m041} (15)

where ;111 = Qit+15i1+1/QitSije is the gross growth rate in banks’ assets in sector i between ¢
and ¢t + 1, and 2z 411 = Nji41/Nj¢ is the gross growth rate of net worth. The variable v;; has the



interpretation of the expected discounted marginal gain to the banker of expanding assets (;:S;;: by
a unit, holding net worth IV;; constant, and 7, is the expected discounted value of having another unit
of Nj;, holding S, constant.

Then the incentive constraint becomes

v1:Q1eSjt + v2:Q2:S251 + M lNje > Me(Q1:S15¢ + Q2:52¢) (16)

When this constraint binds, we have

At — V1 At — Vgt

Njs = ————Q1S1jt + ———— Q252+
Mt Up
At — v Ay — v

== o Lhog o (1= #54)] Qe (17)
Assuming that ;; is homogeneous across all banks, which is x; = %, then by aggregation, we

have \ \
N, =[= ; Al e+ 2 ; 2 (1 — re)]QeSt (18)

t t

Define the weighted leverage ratio of the entire financial intermediaries as ¢, determined by the two
leverage ratios for both sectors and the portfolio weight k¢, so that

Q1651 + Q252 = QiSt = d Ny (19)

where e

Pt At — (V1eke + vor(1 — Ky)) (20)
Here, vi¢ky + vor(1 — k) represents the weighted average of the expected discounted marginal gain
to the banker of expanding each kind of asset. Thus, we can capture the heterogeneous leverage
ratios in two sectors, resulting from their different returns, and also feature the weighted average level
of leverage ratio. Before the crisis, because of the higher return in housing market, the expected
discounted marginal gain to the banker of expanding assets ()+S1;+ by one unit, vy, is higher, leading
to a relatively higher leverage ratio for this sector. This is like a positive feedback loop that the more
returns that housing sector could bring, the higher leverage ratio for this sector would be, and the
more funds the banks would provide for this sector. This positive feedback loop could also capture the
procyclicality of leverage ratio documented in Adrian, Colla, and Shin (2013).

We can express the evolution of the banker’s net worth as

Nip1 = {{(Rikt+1 — Reg1)be + (Roker1 — Req1)(1 — ke)] @ + Req1 } Ny (21)

And it follows that

Zip41 = Niep1 /Ny = [(Rigt+1 — Reg1) ke + (Roverr — Rig1)(1 — ke)] o + Rega (22)
K
Tit,t+1 = Q1t+151t+1/Q1t51t = 7::4’;1?;&1 Zt,t+1 (23)
tPt

(1 — Fe1) e
(1= Kt)
Now, considering that V; is the sum of the net worth of existing banker/intermediaries, N, and the
net worth of entering (or "new”) bankers, N,;. Since the fraction 6 of bankers at ¢ — 1 survive until ¢,

Ng; is given by

Lot t+1 = Q2t+152t+1/Q2tS2t = Rt t+1 (24)

Nep = 0{[(Rikt — Re)ki—1 + (Rage — Ri)(1 — Ke—1)]p—1 + Ry} N1 (25)

How much the household thinks that its new bankers need to start, depends on the scale of the assets
that the exiting bankers have been intermediating. Given that the exit probability is i.i.d., the total
assets of the final period of the exiting bankers at t is (1 — 0)Q+S;—1. Assume that each period the
household transfers the fraction w/(1 — ) of this value to its entering bankers. Thus, in aggregate,

Ny = wQiSe—1 (26)



and
Nt = Net + Nt
= 0{[(Rirt — Re)ke—1 + (Rane — Re)(1 — kp—1)]de—1 + ReJNp 1 + wQpSi 1
= 0{[(Rixt — Re)ki—1 + (Rart — Re)(1 — Kp—1)]dpe—1 + R} Ny
+ w(Q1S11-1 + Q2052-1) (27)

The most important assumption in this two-sector model is to restrict the banks from concentrating
their assets in one sector. This is achieved by controlling the banks’ risks by applying an upper bound
to their weighted average variance. More specifically, banks’ risks are determined by the heterogeneous
standard deviations o1 and o5 of the capital quality shock in each sector, and weighted by the portfolios
they hold represented by x;. The constraint can be given by

/-eta% +(1- /it)ag < 6752 (28)

where G; is the financial regulation shock which reflects the upper bound restricting the total risks
and characterizing the intense of regulation. This constraint reflects the common restrictions on the
weighted risks required by the Basel Accord. With this constraint, even with relatively high returns
in one sector, like housing sector, banks cannot invest all their funds in this single sector, because of
the higher volatility and the potential risks.

2.3 Intermediate goods firms

In the production and investment side of the economy, competitive non-financial firms produce inter-
mediate goods that are eventually sold to retail firms. In each period, the firm in sector ¢ finances
its capital acquisition, K;;41, by obtaining funds from intermediaries (without any frictions), where it
issues @;+5;; amount of value of the claims against this capital, so that

QuKit41 = QueSu (29)

Q2:Kar 1 = Q2052 (30)
Then, assuming the intermediate goods are produced using three inputs: Ki¢, Ko, and labor Ly:

(AeLy)t = (31)

Yy = w T UR w7 (GeK1) T+ (1= w) 7 (oK) 7 7
where following Miao and Wang (2014), I use o > 0 to represent the elasticity of substitution between
the two types of capital, and use w € (0, 1) as a share parameter. The functional form of the production
function has a constant elasticity of substitution between the two types of capital. A; is the labor-
augmenting TFP shock. &;; denotes the quality of capital in sector ¢ so that &;;K;; is the effective
quantity of capital at time ¢. U, is the utilization rate of the aggregate capital.

Let P,,; be the price of intermediate goods output. Assume further that the replacement price
of used capital is fixed at unity. The intermediate good producers behave competitively, and each of
them solves the following problem:

max P Yy — Wil — Rt Que—1 K1t — Rore Qa1 Koy
U, Ly, K14,K2¢

+ (Q1e — 6(Up))1e K1t + (Qar — 0(Uy)) e Kot (32)
The first order conditions with respect to Uy, Ly, K1+ and Ko give:

Y;
Pmtaﬁt = 0"(Up)(&1: K1t + £t Koy) (33)
t
Y;
Pmt(]- - a)*t =W (34)
L,

Given that the firm earns zero profits state by state, it simply pays out the ex post return to capital
to the intermediary. Accordingly, Rk is given by

AT S
; ot 1 o—1 + - (5 U
[we (€1 k1e) = + (1 —w)7 (&2 2) ] o t)}

Yt(f2tK2t)_%
o—1

(w7 (€1:K10) 55 + (1 — w) 7 (£20Ka) = |

flt
Qltfl

1
R = {Pmtaw”

Rape = {Pmtawi - + Q2 — 5(Ut)} Sat (36)

Qat—1



2.4 Capital producing firms

There are two sectors producing different types of capital. At the end of period ¢, competitive capital
producing firms buy capital from intermediate goods producing firms and then repair depreciated
capital and build new capital. They then sell both the new and re-furbished capital. The cost of
replacing worn out capital is unity, and the value of a unit of new capital is Q;;. Suppose that there
are flow adjustment costs associated with producing new capital. The discounted profits for each
capital producer are given by

= Iin‘r
max Et ;ﬁT_tAt,T {(Q’LT - 1>Izn7 - f (Iznr—l) IinT} (37)
with
Ling = Lip — 6(Uy) 65t K (38)

being the net capital created, and I; being the gross capital created. f(1) = f'(1) =0 and f”(1) > 0.
The first order condition for investment gives the asset price:

Iz'n Iz'n Iz’n Iin 2 Iin
Q=141 (2 ) 4 g p (22) - Bt (522) 7 (725) o)
wnt

Iintfl Iintfl Iintfl Iintfl

2.5 Retail firms

Final output Y; is a CES composite of a continuum of mass unity of differentiated retail firms, that
use intermediate output as the sole input. The final output composite is given by

1 e/(e—1)

v | [ i) (10)
0
where Yy, is output by retailer f.
From cost minimization by users of final output:
P\ °
Yiu=|— Y, 41
w= () (an)
1 1/(1-¢)
P, = [ / P}tfdf] (42)
0

introduce nominal rigidities following CEE. In particular, each period a firm is able to freely adjust its
price with probability 1 — v, In between these periods, the firm is able to index its price to the lagged
rate of inflation. Thus, the retailers’ pricing problem then is to choose the optimal reset price P} to
solve

> P*’]Ti
max Et Z "}/ZﬁZAt7t+i |:Pt - Pmt+i:| th-i—i (43)
i=0 s
The first order condition gives that
Py re¢
=B T (44)
where p = %7, and T'¢ and T} are defined as
a ™ € a
Y = pi Pt Ye + ByE; (%) i (45)
and .
s €=
b= piYi 4 BYE; ( t;l) IV (46)

It follows from (42) and calvo price setting that

1= [V <7T> - +(1- v)pi‘”] - (47)

Tt



If we define the price dispersion:
At == /(Pft/Pt)_Edf (48)

then it satisfies the following recursive condition:

Ay=1—y)pi 4+~ (:TT ) A (49)
t

Aggregating (40) yields aggregate output as

1 1 o—1 1 o—1. ao_ o
Yi= KwailUta[w;(&tKlt)T + (1 —w)7 (baeKap) = 71 (ALy)! (50)
t

Then (33), (34), (35), and (36) become:

AY,
P (t] LA 8 (Up) (&1t Kt + E2: Kot) (51)
t
AY;
Poi(1—a)—=L =W, (52)

t

ALY (€ Ky) "7
o—1

[w? (E1:K1) 5 + (1 — w) 7 (€21 Kae) = |
Ath(é“thzt)‘

o—1

(w3 (£1:K1) 5 + (1 —w) 7 (barKae) = |

Ry = {Pmtawcl’ s T Que — 5(Ut)} St (53)
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2.6 Resource constraint and government policy

Output is divided between consumption and investment. The economy-wide resource constraint is
given by

1 Iop
YZZCt-i-Iu-FIQt-l-f(Ilm>11nt+f(j2t)12nt (55)
Int—1 2nt—1
where capital evolves according to
Kitp1 = &Kt + Iing (56)
K1 = &2 Koy + Iont (57)

Suppose that monetary policy is characterized by a simple Taylor rule with interest-rate smoothing::
=1 —p)[i + kxm + Ky log¥y —logYi_1)] + pis—1 (58)

where 4; is the nominal inflation rate, i is its steady-state level, and e,,; is an exogenous shock to
monetary policy. The smoothing parameter p lies between zero and unity.
The Fisher relation gives:

1+4 = Ry Fymya (59)
This completes the description of the model. A competitive equilibrium consists of stochastic processes
of 35 aggregate endogenous variables: {p;, Wi, Lt, Ct, Re, Nt &4,
Mty Vit, Vot, Kt, Zt—1,4, Roakt, Rokt, T1e—1,4, Tat—1,t, Q1t, Q2¢, S1t, Sot, Kut, Kot, Yy, Ur, Pty Iing,
Iont, 0§, T8, T Ay, myyit, Tig, Iog }, such that 35 equations: (3), (4), (5), (19), (20), (22), (23), (24),
(13), (14), (15), (27), (28), (29), (30), (50), (51), (52), (53), (54), (38) for i =1, 2, (39) for i =1, 2,
(44), (45), (46), (47), (49), (55), (56), (57), (58), (59) and

Q1451+ _ Rt
QueSue 1 -k

hold, with 6 exogenous variables {A¢, x¢, A, 57, E1t, €t }-

(60)



3 Detrend Transformation

Since the model has a unit root, the TFP shock A;, we have to appropriately transform the equilibrium
system into a stationary one. First, I define the following transformed variables:

Pt = pt- Ay, Wt Wt/Ata Ct Ct/At, it — n/Ah Nt Nt/Atv
Kit = it/At7 Y;i Y;/Aty int — Iznt/Aty it = Izt/At

The other variables are stationary and there is no need to scale them. The transformed equilibrium is
a system of 35 equations for 35 transformed variables: {p¢, Wy,

Lt>CtaRtaNtad)tynhl/ltal/%yﬁtyzt 1> Rkt Roge, -1, ¥20— 1,0, Ques Q2 Sty S, K, Koy,

Y,;, Ui, P, Ilm, Ignhpt ,I¢, I‘T, FAVIR o S I1t, Igt} The detrended system is listed in the Appendix B.

4 Calibration

The calibrated parameters are listed in Table 1, Table 2 and Table 3.

Table 1: Calibrated Parameters for Two-sector Model

Parameter =~ Values  Description

o} 0.33 Capital share in production
B8 0.99 Subjective discounting factor
5(1) 0.025 Steady-state depreciation rate
JA 1.0079  TFP growth rate
m 1.007725 Inflation rate
¥ 0.9608  Price adjustment probability
h 0.5153  Habit formation parameter
%) 0.263 Inverse Frisch elasticity of labor supply
A 0.2807  Fraction of capital that can be diverted
n 1.3549  Value of expanding net worth
%’/’((11)) 9.1131 Capacity utilization parameter
& 1 Mean value of capital quality shock in sector 1
& 1 Mean value of capital quality shock in sector 2
f(ga) 0.7420  Flow adjustment costs coefficient
f(ga) 1.4972  Flow adjustment costs coefficient
"(ga) 1.2389  Flow adjustment costs coefficient
% 0.7 Consumption GDP ratio
P 0.3214  Smoothing parameter of the Taylor rule
Ko 1.5807  Inflation coefficient of the Taylor rule
Ky 0.0820 Output gap coefficient of the Taylor rule
0 0.9855  survival rate of the bankers
vl 0.1 Value of expanding assets in capital 1
v2 0.1 Value of expanding assets in capital 2
Ry, 1.05 Return to capital 1
Ry, 1.02 Return to capital 2

Due to the log-linearization solution method, I do not need to parameterize the depreciation func-
tion 4(+). Only need to know the steady-state values of §(1), §'(1) and 6”(1). The values for parameters
{a,8,0(1),ga, 7} are calibrated from literature or by matching the US data. Then I estimate the values

51/ 1 _ _ _
for parameters {307 e h7 m, W(l))v 517 627 f(gA)a f/(gA)a f//(gA)v Ps By Ky, 0, V1,V2,PA5 Pxs Pé1s Péas Py T A, Oxs
O¢,,0¢,,0\, 0%, 03} using the Bayesian estimation. I assume the standard deviation of capital quality

shock in sector 1, o¢, is ten times as large as that in sector 2, o¢, to capture the high risk in sector
1. Higher volatility of the shocks results in higher risks in sector 1. Thus, T assume o7 = o7, and



Table 2: Calibrated Parameters for Two-sector Model (continued)

Parameter =~ Values  Description

I?l 0.1 Investment to GDP ratio in sector 1
% 0.1 Investment to GDP ratio in sector 2
I;} 0.45 Capital to GDP ratio in sector 1

I){f 0.45 Capital to GDP ratio in sector 2

o? 0.0303  Volatility/risk in sector 1

o3 0.000303  Volatility/risk in sector 2

Table 3: Calibrated Parameters for shocks in Two-sector Model

Parameter Values Description
PA 0.9743  AR(1) coefficient for TFP shock

Py 0.9974 AR(1) coefficient for labor supply shock

pe 0.7316  AR(1) coefficient for capital quality shock in sector 1
Pe, 0.7316  AR(1) coefficient for capital quality shock in sector 2
P 0.95  AR(1) coefficient for financial regulation shock

P 0.9812 AR(1) coefficient for financial shock

oA 0.0027 Std. for TFP shock

Oy 0.0577  Std. for labor supply shock

o¢, 0.174  Std. for capital quality shock in sector 1

O¢, 0.0174  Std. for capital quality shock in sector 2

05 0.01 Std. for financial regulation shock

o 2.0432 Std. for financial shock

o3 = ng. These are the default values I set for baseline case. Later, I will carry out experiments

with different value combinations of {o¢,,0¢,,0%,03}. In each case, I maintain the assumption that
o2 = 0?1 and 02 = 052. Finally, I calibrate the parameters {171, 172, %, %, Rik, Ror} such that they
roughly match the magnitude in U.S. data. Since in U.S. data, the investment share is around 20%,
and the consumption share is around 70%, assuming there are only these two sectors in the economy,
I set 171 = % = 0.1, and % = 0.7. Similarly, I set I){} = ];2 = 0.45, since the capital/GDP ratio ranges
from 0.5 to 1.5. Higher risk means higher returns. Thus, with R estimated to be around 1.0186 in
last section, I set Rix = 1.05 and Rgx = 1.02.

Other than these parameters, I manually pick different values for o to control the elasticity of
substitution between the two types of capital, which represents the connection between these two
sectors, and choose different values for w to control the relative capital share of the two sectors utilized
in production. This can help me capture how different levels of connection between two sectors, and
how different relative capital shares in the production function would affect the shock transmission
mechanisms that I am particularly interested in. I also pick different values for o7 = ng and 03 = ng
to capture different combinations of the volatility of the two sectors. With experiments conducted
with different variance combinations, I would be able to study how they affect the shock propagation
from one sector to the other. In addition, the mean value of financial regulation parameter 52 should
be adjusted to accommodate different variance combinations. Another question I am interested in is
how the financial regulation shock characterized by the AR(1) process, with AR(1) coefficient ps and
standard error ¢y, would affect the economy.

These experiments are carried out in the following sections. In the baseline case, I assume these
parameters take the values as listed in the first column in table 6. I use the baseline parameter values
to analyze the effects of financial shock \; and financial regulation shock ;. Then I adjust the values
for other parameters to analyze the capital quality shock propagation. Parameter values for all the




other cases are also listed.

5 Quantitative Experiments

In this section, I first conduct experiments to examine the effects of a financial shock A; and a financial
regulation shock d; on the economy. These experiments capture how disruptions within the financial
system transmit to the broader economy. I then analyze how a capital quality shock originating in one
sector propagates through the financial system and spills over into the other sector.

Table 4: Parameter Values in Experiments

Parameter Baseline 1 2 3

o 0.1 0.1 3 0.1

w 0.5 0.5 0.5 0.5
o? 0.0303 1 0.0303 0.0303
o3 0.000303 0.0001 0.000303 0.000303
o 0.02 0.5 0.02 0.02
o¢, 0.174 1 0.174 0.174
O¢, 0.0174 0.01 0.0174 0.0174
ok 0.95 0.95 0.95 0.5
o5 0.01 0.01 0.01 0.1

5.1 Financial shock )\; and financial regulation shock a;

Intuitively, a positive financial shock, representing a greater ability for banks to divert assets to their
owners, tightens the lending constraint and reduces the leverage ratio. As a result, credit supply
contracts, potentially triggering an economic downturn.

When a negative financial regulation shock occurs, it affects the economy through two distinct
channels. First, tighter risk constraints force the bank to reduce its holdings of riskier assets, namely,
those in sector 1, and reallocate credit toward safer assets in sector 2. This reallocation channel
results in an increase in capital stock in sector 2. However, by holding fewer high-return assets, the
bank’s overall profitability declines, leading to a reduction in its net worth. This, in turn, tightens
the bank’s borrowing constraint and reduces total credit supply to the economy, including to sector
2. This constitutes the net worth channel, which has a contractionary effect on capital accumulation.
The overall impact on sector 2 depends on which channel dominates, and this is determined by the
underlying parameter values in the model.

The baseline case with ¢ = 0.1 and w = 0.5 implies a relatively low elasticity of substitution
between the two types of capital, while capital from both sectors contributes equally to production
due to the equal capital share.

Figure 3 displays the impulse responses of key macroeconomic and financial variables to a one-
standard-deviation financial shock A\;. The shock leads to a pronounced downturn in output (Yt), hours
worked (f/t), and capital stocks in both sectors (K’ 1 and th), indicating a broad-based contraction.
The decline in the leverage ratio and rise in the credit spread reflect a tightening in overall credit
conditions, as banks reduce lending in response to the shock.

Interestingly, despite the contraction in credit supply, bank net worth (Nt) increases in the short
run due to the widening spread, which improves the return on remaining assets. This highlights two
opposing forces influencing banks’ ability to supply credit: on one hand, the rising spread boosts
profitability and raises net worth; on the other hand, the tighter leverage constraint reduces banks’
capacity to lend. In this case, the decline in leverage dominates the rise in net worth, resulting in an
overall reduction in credit supply and a contraction in economic activity.

Figure 4 presents the impulse responses of the same key macro-financial variables to a one-standard-
deviation financial regulation shock (7). A negative shock to financial regulation tightens the bank’s
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Figure 3: Impulse responses to a one-standard-deviation financial shock (\;) with o = 0.1 and w = 0.5

risk-taking constraint, forcing the bank to reduce its exposure to riskier assets, specifically, those in
sector 1. Consequently, the bank cuts its holdings of sector 1 capital and reduces its overall leverage.

Although this shock initially encourages a reallocation of credit toward safer assets in sector 2, the
total credit supply contracts due to a decline in bank net worth. As a result, capital stock in sector 2
also falls. This outcome indicates that the second channel, a contraction in total credit due to declining
net worth, dominates the first channel of credit reallocation. The result is a broad-based decline in
output, employment, and capital accumulation across both sectors.

Figure 5 illustrates the impulse responses to a one-standard-deviation financial regulation shock
(6+) under an alternative calibration: the elasticity of substitution between capital types is increased
to 0 = 3, and the capital share of sector 1 is reduced to w = 0.1. Under these conditions, the dynamics
of the economy respond quite differently compared to the baseline case.

A negative financial regulation shock, which tightens the bank’s risk constraint, still leads to a
reduction in credit to the riskier sector 1. However, because of the higher elasticity of substitution,
capital from sector 2 becomes a more effective substitute. As a result, the bank reallocates credit
toward sector 2, which experiences a noticeable increase in capital accumulation. This substitution
leads to an expansion in sector 2 that more than offsets the contraction in sector 1, allowing the
economy to avoid an overall downturn.

Consequently, output, labor, and total capital exhibit much milder declines, or even slight ex-
pansions, compared to the baseline. The results indicate that in this setting, the credit reallocation
channel dominates the net worth channel, with sector 2 absorbing the redirected credit and driving a
modest recovery. This underscores the importance of production structure and substitution elasticity
in shaping the transmission of financial regulation shocks.

Figure 6 shows the impulse responses to a one-standard-deviation financial regulation shock when
the shock is less persistent (p; = 0.5). In this case, the tightening of the bank’s risk constraint is
more short-lived. As a result, banks temporarily reduce their exposure to sector 1 and reallocate funds
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Figure 4: Impulse responses to a one-standard-deviation financial regulation shock (7;) with ¢ = 0.1
and w = 0.5

toward sector 2, leading to a modest increase in sector 2’s capital stock.

However, because the shock is less persistent, the overall adjustment in leverage and net worth is
limited, and the reallocation effect is relatively short-lived. The improvement in sector 2 is not sus-
tained, and the total credit supply contracts only briefly. This indicates that when financial regulation
shocks are transitory, the credit reallocation channel (from sector 1 to sector 2) is still active but less
pronounced, and the reduction in total credit supply becomes the more dominant force over time. The
modest and temporary nature of the changes in macro variables such as output, labor, and capital
further reflects the muted transmission of short-lived regulatory shocks.

Compared to the more persistent case in Figure 4, where the regulatory constraint persists and
imposes a sustained drag on both sectors, the short-lived nature of the shock in Figure 6 limits its
long-run impact. In Figure 4, the reduction in total credit supply dominates, leading to a broader
downturn across sectors. In contrast, Figure 6 reflects a muted transmission: the credit reallocation
channel initially provides support to sector 2, and the total credit contraction is less severe and quickly
reversed.

This comparison underscores the importance of shock persistence in determining the dominant
transmission channel. When regulation tightens temporarily, its effects on leverage, spreads, and
credit allocation are more contained, and the macroeconomic response is correspondingly modest.

5.2 Capital quality shocks &y,

This section investigates how adverse developments in sector 1, such as a capital quality shock, transmit
to the rest of the economy. Specifically, it explores the mechanisms through which sector-specific
disruptions affect sector 2 and aggregate outcomes, including output, capital allocation, and credit
conditions.

12
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Figure 5: Impulse responses to a one-standard-deviation financial regulation shock (6;) with o = 3
and w = 0.5

Figure 7 illustrates the impulse responses to a one-standard-deviation negative capital quality shock
originating in sector 1 under the baseline calibration (¢ = 0.1, w = 0.5). As expected, the deterioration
in sector 1 significantly weakens the bank’s balance sheet by reducing the value of its asset holdings.
The decline in bank net worth leads to a contraction in credit supply, which in turn affects sector 2
by limiting its access to funding. Consequently, capital accumulation in sector 2 falls, even though it
is not directly hit by the shock.

Interestingly, the risk-free interest rate rises following the shock, which raises the cost of borrowing.
This induces an increase in labor supply, reflected in the rise in hours worked, as households substitute
away from capital. The temporary boost in labor input contributes to an initial increase in output
before the broader credit contraction drags the economy downward. Overall, the figure highlights how
a sector-specific shock can spill over to the rest of the economy through financial intermediation and
general equilibrium effects.

Figure 8 presents the impulse responses to a one-standard-deviation capital quality shock in sector
1 under an alternative calibration with asymmetric volatility: o? = 1 and o3 = 0.0001. The results
differ markedly from the baseline case. In this scenario, the deterioration in sector 1 leads not to
a contraction, but to an expansion in sector 2’s capital stock and a substantial boom in aggregate
output.

This counterintuitive result arises because the bank shifts its portfolio toward the more stable sector
2. The extremely low volatility in sector 2 makes it an attractive destination for capital reallocation,
especially when the risk associated with sector 1 spikes. Moreover, the bank’s net worth is not signifi-
cantly impaired by the shock in sector 1, due to a sharp increase in the spread, which boosts returns
on existing holdings in that sector.

As a result, the credit reallocation channel dominates: the banking system effectively insulates
the stable sector from the turmoil in the volatile one. This experiment highlights an important in-
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Figure 6: Impulse responses to a one-standard-deviation financial regulation shock with p; = 0.5

sight—when sector 2 is highly stable, the financial system may redirect funds toward it in times of
stress, enabling it to expand even amid sector-specific deterioration elsewhere.

6 Conclusion

This paper extends the Gertler-Karadi DSGE framework to a two-sector model in order to analyze
the transmission of financial shocks through the credit supply channel. Motivated by the observed
vulnerabilities in the housing sector during the Great Recession, the model incorporates heterogeneity
in sectoral leverage and allows for capital quality shocks, financial frictions in banking, and regulatory
constraints on risk-taking. This richer structure captures key features of how disruptions in one sector
can spill over into others through the financial system.

Through a series of calibrated quantitative experiments, the analysis highlights the critical role
of banks’ balance sheet health and portfolio composition in amplifying or dampening the effects of
financial shocks. In particular, the results show that financial shocks—modeled as increases in the
incentive to divert funds—tighten borrowing constraints, reduce leverage, and contract credit supply,
leading to downturns across both sectors. Similarly, negative financial regulation shocks restrict banks’
risk exposure and shift credit away from riskier sectors, with differing consequences depending on
sectoral risk-return profiles and the elasticity of substitution in production.

Importantly, the model identifies two distinct propagation channels: a credit reallocation channel,
in which banks shift funds between sectors based on risk, and a net worth channel, where shocks
to intermediary balance sheets contract aggregate lending. The dominance of one channel over the
other depends on model parameters such as sectoral volatility, capital share, and regulation intensity.
This explains why similar shocks can yield vastly different macroeconomic outcomes depending on the
underlying sectoral structure and financial environment.

From a policy perspective, these findings underscore the importance of explicitly modeling the
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financial intermediary sector when analyzing macro-financial linkages. They also highlight the poten-
tial for financial regulation to have unintended sectoral consequences, depending on how tightly risk
is constrained. Future research could extend this framework to include richer household heterogene-
ity, endogenous default, or interactions with unconventional monetary policies to better understand

optimal financial regulation in complex economies.
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. Firm in sector 1 financing its capital acquisition,
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The transformed system presented in last section has a non-stochastic steady state. Assume that the
function 0(+) is such that the steady-state capacity utilization rate is equal to 1. By the steady-state
version of (88), we obtain p* = 1. It then follows from (89) that A = 1. Combining (85), (86) and
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Let & = (x; — x)/x denote the log deviation from steady state for any variable .
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By standard

linearization of New Keynesian model, we know the deviation of price dispersion A, is of second-order.
Thus we ignore the law of motion for the price dispersion. Moreover, the New Keynesian block can

be summarized by the New-Keynesian Phillips curve.

Hence, we can further eliminate py, f‘“ and

f‘b Then, the log—hnearlzed model can be summarized by a system of 31 equations for 31 variables:
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Pt gA—,Bh[ Ga—h " gA—h( -1 = gau)]
ph ga - h - -
E;|— Cii1 + + C 127
Ga—ph al §A—h( t+1 + gAtt1) Ga—h 1] (127)
3. Risk-free rate,
Ei(pes1 + Revr — Gae1) = pe (128)
4. Total intermediary demand for assets,
Ny + ¢ = £(Que + Sue) + (1 — £)(Qar + Sar) (129)
5. Leverage ratio,
(A =v)(he — Qgt) = /\j\t — k1D — (1 — K)vaboy + (Vg — V1) KRy (130)

6. Gross growth rate of net worth,

(R — R)¢ + R)2i_1+ = kR Rups + (1 — K)pRaop Rowe + (1 — ¢)RR;
+(Rux — Roy)pkii_1 + (R — R)pgs—1 (131)

7. Gross growth rate in assets in sector 1,

Tyg—1, + Re—1 + br_1 = Rt + b + Zt-1 (132)

8. Gross growth rate in assets in sector 2,

R + ét + 21 (133)

R R - K
Tot—1,t — 1= Ri—1+ ¢r—1 = 1

9. Expected discounted marginal gain to the banker of expanding assets in sector 1 by a unit,
holding net worth constant

(ga — BOz) Ry 4

D = Ey{pry1 — pr — Jars1 + Tht+1

gA(le — R)
(ga — Bz)R - B0x )
R+ —— + 134
Ga(Ruy —R) 1T g, (Pre1 + F1ue41)} (134)

10. Expected discounted marginal gain to the banker of expanding assets in sector 2 by a unit,
holding net worth constant

(ga — BOx)Ray, -
AR = R) T2k
(ga — BOT)R B0x

- R — (D T 135
9a(Ror — R) t+1 + A (Dat41 + ZTope41) } (135)

Dot = Ee{prr1 — Pt — Jart1 +

11. Expected discounted value of having another unit of net worth, holding assets constant,

. POz SO . .
fe = gTEt(Pt+1 — Pt 4+ N1 + Zet41 — GArt1) (136)

12. Evolution of the banker’s net worth,
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KR 4 (Rix — Ra)k

(1 — E)ng

ga(Ne + gar) = 0o Ri( R A

+0(1 — Q)RR + 0¢(Ry, — R)py—1 + O((Ry. —
+ (g4 — 0((Rr, — R)¢ + R))(k(Q1e — S1e) +

13. Risk control,

Ry + R +

Ry

k(07 — 02)hy = 24/ ko? + (1 — K)o35y

14. Relative size of capital value,

A A A N 1
Q2t + Sat = Qe + S1t — 1=
15. Firm financing its capital acquisition in sector 1,

K11 = S1t — garm
16. Firm financing its capital acquisition in sector 2,
K2t+1 = 5'275 - gAt+1

17. Aggregate output,

1,7 7 a1-1 1 -1
Y;f = OéUt + aw (glK ) 1 (glt i K1t1) + ( w) 1 (€2K2)1 1 (gﬂ + KZt) + (1 - Oé)Lt
w7 (§1K1) 77 + (1 —w)7 (§$Ky) %
18. Utilization rate,
. " A §"(1) - &K, 9K
Pt + Vi — Uy = 0220, + =222 (bt K
t+Y; t= 5 U EF t Gl (€1 + K1t) EF, 1 Eks (€2t 2t)

19. Labor demand,

Pmt‘f'f/t Lt W,

20. The capital return in sector 1,

Q1R (Qri1 + Rupy — E1p) = (Ql—le
& &
%(51K1) B (élt + Ku) + (1 —w) (§2K2)

1 1
o o o
1 1 1
o o o

we (6 K1)177 4+ (1 —w)7 (§Ky)'~
21. The capital return in sector 2,
- R
QQ— 2% (Qat—1 + Rops — Exr) = (QQ— 2k
2 2

—7 (521: + f(2t) o

%(§1K1) 7 (€ + Kip) + (1 —w)7 (6 Ky)!
w= (EK1)'"7 + (1 —w)7 (2K2)'—

22. Market value of an effective unit of capital in sector 1,

o
1
o

(1+ f(ga) + (1 = B)gaf (§4)Q1c = (2541 (ga) + 531" (ga
EB[gaf (ga)(Prs1 — pr + Gart1 + 2f1nt+1 - 2j1nt) + §31f//(§A)(f1nt — D1 + Jat)]
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))(jlnt + gae

(1- ﬁ)(QQt -

1)+Q2'Q2t

Rot)

R)¢ + R)Ntfl
Sat))

— Q1+ 6(1))(Pos + Vi — *(flt + Ky)

(&t Koo 1)+Q1'Q1t—5/(1)Ut

— Q2+ 4(1))( mf+Yt**(52t+K2f)

- jlnt—l)*

—§'(1)U;

(137)

(138)

(139)

(140)

(141)

(142)

(143)

(144)

(145)

(146)

(147)



23. Market value of an effective unit of capital in sector 2,

(1+ f(ga) + (1= B)gaf' (9a))Qae = (2941 (9a) + GaS" (Ga)) Tant + Gar —
E:B[gaf (Ga)(pes1 — pr + Gacer + 2lontir — 20one) + 54" (Ga) Tant — Tont—1 + Gar)]

24. New-Keynesian Phillips curve,

I, = BE 41 + (1 — ) (1 — By)y Pt

25. Resource constraint,

v Ceo D DBy I L1y : A
=—Ci+ =1y, + = I + + It — = I 1 —
v v 2t Y(f(g 4)3a + f(Ga)) it f( A)ga(lini—1
IZn I2n _ - ~
% (f'(94)ga + f(3a))T2nt — ff (94)3a(Tni—1 — Gar)
26. Net capital created in sector 1,
I~1 - Iln g ~ ~ ~
?Ilt =5 Ilnt+§1 [ "(V)U; + 6(1) (K1t + &1¢)]
27. Net capital created in sector 2,
12 - IQn K / N k o
=1y = v ot + 52*[5 (DU 4 6(1)(Kas + Ea1)]

28. Evolution of capital in sector 1,

. X & : e I /K1 -
Kipp1 +garr1 = =———=Eu + Kip) + =———=Tint
&1+ I /Ky &1+ L /Ky
29. Evolution of capital in sector 2,
2 . & 2 . iZn/[N(Q A
Kopy1 + gargr = =———= (St + Kop) + =———=—=Ioms
Eo+ Ion /Ko &2+ Ion /Ko

30. Monetary policy,

i'%t:(lfp) /‘iwﬂ'ﬂt+/€y<ﬁffft—1+§m)}er'i'%t—l

31. Fisher relation,

1 _Z'_ iy = Ry + Byl
The log-linearized shock processes are listed below.
1. The TFP shock,
gat = padat—1 +€at
2. The labor supply shock,
Xt = PxXt—1 + Ext
3. The capital quality shock in sector 1,

éu = p§1£1t—1 + €yt
4. The capital quality shock in sector 2,

5215 = szézt—l + Eeat

5. The financial shock, . .

At = PaAi—1 + Ext
6. The financial regulation shock,

01 = ps0i—1 + €
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