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Innovation: Connecting the Dots

Model credit relationships as interdependent
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> theory: banks and firms joint optimization

> estimation: network econometrics
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... can trigger demand reallocation spillovers to ib
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Econometric Model:

» Like in Khwaja and Mian (AER, 2008)...

» but banks and firms optimize jointly.
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System of Simultaneous Equations

Isolated Credit Model (ICM) Credit Network Model (CNM)
Cia = BXia + 6 + Fa + €1, Cia = pCib + BXia + 0j + Va + €ia
Cib = Bxip + 0; + Fb + by Cib = [Cia + OCjp + BXip + 0i + Vb + €ib,
b = Bxip + 0; + T + €t Cjp = OCib + BXjp + 0 + Vb + €jp

Khwaja and Mian (2003)-

inspired.
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Where credit allocation acts through firms, p...

Cia = PCip + BXia + 0 + Ya + €ia, a
i

Cib = pCia + @Cjp + BXip + 0j + Vb + €ip, \

Gjp = ¢Cib + BXjp + 0j + Vb + €jp

Firm Credit Substitution Effect (FCS)

4/19



Introduction Econome tric Model Monte Carlo Application Concl
[e]e]e} [e]ele] lele} 00000 000000 [e]e]e}

...and through banks, ¢

Cia = PCip + BXia + 0 + Ya + €ia, i
Cib = PCia + OCjp + BXip + 0; + Vb + €ip, /
Gjp = OCib + BXjp + 0j + Vb + €jp

Bank Credit Reallocation Effect (BCR)

usion
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The Credit Network Model (CINM)

Generalization to many relationships of the theoretical model:

Cb=0a+¢ Y awpCp+p Y. bk + 0 + b+ XioB + €,
JeF\i keB\b

In matrix form, we have

C—a+dAsC+pArC+XB+A+T +e
= *WﬁAB(:+*pAFC:+nZﬂ‘+E.

*» Nests the commonly used models (p = ¢ = 0),
» Using the same information set (Ag, Af are known by construction).

Conclusion
[e]e]e}

(1)

» Link spatial autoregressive model (link-SAR, Rainone; 2020) with heterogeneous spillovers.
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Identification ;

Proposition 2.1

Identification is possible as long as not all firms borrow from all banks (intransitive
quadriads, exogeneity) and spillovers are different from zero (relevance).

Intransitive Transitive
b b
i J i J
k k

We call the solution Overlapping Portfolio IV (OPIV).
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Monte Carlo Simulation:

» |CM bias of treatment effects

» |CM bias of FEs

» CNM performance



Introduction Econometric Model Monte Carlo Application Conclusion
[e]e]e} 000000 [¢] le]e]e} 000000 [e]e]e}

ICM Bias depends on knowns (D X,> > A)...

H . p=0=-04
EStImated ICM - Link*Node=2 Link*Node=4 O Link*Node=6 O Link*Node=8 O Link*Node=10
Link*Node=2 Link‘Node=4 O Link"Node=6 O Link*Node=8 O Link*Node=10
1.600
C = a + X ﬁ + U 0.800
0.000 Q=
'§ -0.800
- c
Mean Bias from |CMs. gm0

-2.400
-3.200

Mean Bias from CNMs . o0 ~ P - P -

Share Treated

Formal intuition
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...and Unknowns (p, ¢)!

Estimated ICM: p=¢=-03
Link*Node=2 Link*Node=4 O Link*‘Node=6 O Link"Node=8 O Link*Node=10
Link*Node=2 Link*Node=4 O Link‘Node=6 O Link*Node=8 O Link*Node=10

C=a+X8+U o

0.280

0.000

Mean Bias from |ICMs.

-0.280

Mean Bias

-0.560
-0.840

-1.120

Mean Bias from CNMs . 400

0.1 0.25 0.5 0.75 0.9
Share Treated

Formal intuition
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FEs’ Estimates Are Highly Biased as Well

150

Estimated ICM:
C=a+Xp+A+T+U

We add FEs.

True FEs on x, estimates on y. -100 ° o?, .
-150 L
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

, ICM estimates, CNM estimates.
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Banks And Firms Amplify Shocks Based on Their Centrality

140 ¢
Estimated ICM:
120 o]
4
C=a+Xg+A+T+U 100 P
)
80 © %o

We add FEs.

Centrality = D/_,.(1 — #A) " Dpoge.

Centrality x, ICM estimates y.
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We Document Empirically:

» The economic relevance of spillovers

» A large ICM bias for treatment and fixed effects both

» The behavior of spillovers over the business cycle
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Setting and Data

We apply the tool to Jiménez et al's “Hazardous Times for Monetary Policy™:
— Measure less capitalized banks' risk-taking before the GFC.

Dataset:
» 2002 - 2022 all loans > 30 k euro.
» 150k firms; 500/400 banks; 3 rel per firm; 1,000 per bank, on avg each year.

» Qutcome: Log changes in credit granted.
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Specification

Isolated Credit Model

lusion

Alog (grantedg,) = [BAOvernight Rate, = I(Risk)g_1 * In(Capital)pr—1 + ...

Of + Yo + pControlsg: + £t

Credit Network Model;: N.L. = Network Lag

Alog (grantedy,) = [BAOvernight Rate, * I(Risk)g_1 = In(Capital)pe—1 + ...

®N.L.Alog (grantedy,) + pN.L.A log (grantedg,) + ...

0 + Yor + pControlsg: + £t
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Large Treatment Bias, Large Firm Spillovers

Reallocation extent

Dep. Var.: Alog (grantedg,,) Mean Dep.: 0.03 SD /n(Bank Eq./Asset): 0.2836

ICM CNM Second Stage ~24%
+20%
Spillovers @ +20%
Years Coeff. SE Coeff. SE Coeff. SE e
2002-2008 f3 0.007 0.002 0.021 0.0008 qZJ* 0.0054 0.0001
p -0.6031 0.0044
N 2,188,359 2,188,359
'@ +11 basis points
First Stage Fsy :@
Bank Firm 3.
69,216 769 r20% @
5000
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Fixed Effects are Highly Biased

Mean Absolute Bias:
Bank = 2.3; Firm = 1.3
Median Absolute Bias:
Bank = 0.6; Firm = 0.5

579 banks, 123 sign flips!

ICM FE
]

Bank

Firm

ICMFE

2
CNM FE

* (CNM FE estimate, ICM FE estimate)

1513118 7 5 3 1 1 3 5 7 8111315
CNM FE

— — — - 45Degree Lines
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Firms’ Credit Substitutability Strong Procyclical Patterns

Treat: DG IV

Comovement of Same Bank Relationships
Comovement of Same Firm Relationships

2002 2005 2008 2011 2014 2017 2020 2002 2005 2008 2011 2014 2017 2020
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What We Are Learning.
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Addressing Interdependence in Credit Markets is Important

v

Network nature of credit markets matters.

v

CR Interdependence — large and complex bias.

» Econometric method to estimate unbiased effects and analyze substitution.

v

— When firms can substitute, very large bias is possible.

» — Strong procyclical pattern for firm-credit substitution emerges.
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THANKS!

stefano.pietrosanti@bancaditalia.it
edoardo.rainone@bancaditalia.it
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Support Material.
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a’s supply expands, credit from a to i grows by SAx;,

Aci, = pAciy + BAXj, + €ia; Aciy = pAci, + eip
lib

ré(cip)

rd(C,'b)
Cib
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i reallocates = OLS will be biased...

Aci, = ,()AC,'b + ,BAX;Q + eia; Acip = pAC,'a + €ip

rip

rs(c,-a)
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...and FEs may be dangerous...

Aci; — Acip = BAX;; + pAcy, — pAc,

rip
I'S(C,'a)
ré(cip)
|
|
l
|
R \3 r(cia) rd(cip)
'p'Ac,-a Cia Cib
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Notice that no demand bias was there!

Aci; — Acip = BAX;; + pAcy, — pAc,

lia rip
I'S(C,'a)
ré(cip)
|
|
l
|
? ré(cia) r(ci)
>—>
pAci, Cia Cib
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Khwaja and Mian (2008) with Full Portfolio Opt.

Bank b picks rip jb(Cip, Cjp) to maximize profit:
Tb(Cibs Gio) = (rib — wF (i, Xi, Gib, Vi) ) Civ + (rip — wF (Cibs Xjb, Cibs Vj) ) i

f(Civ, Xib, i, Vip) = Cib — EXip + OCjip — Vi,

— Firm i picks c;,(e;, cip), cin(€i, Cia) to maximize profit:
7i(Ciay Cib) = R(Ciay Cib) (Cia + Cib) — 2oy p Cik Fikk (Cikcs Cjk)

R(cia; civ) = (& — a(Cia + i)
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Banks and Firms Joint Maximization

The f function captures the cost imposed on the bank by the fraction of each loan which cannot be funded with costless debt.
Cib, Cjp are the quantity of credit supplied to firms i and j;

Xip is some observable relationship’s characteristic that changes the marginal cost of lending to firm i for bank b by —¢ dollars;
Vjp is an unobservable random component.

cjp enters the function capturing the supply-side of interdependence in lending decisions due to opportunity costs. Everything
else equal, if bank b already lends one more dollar to firm j, this rises the cost of lending to i by 6 dollars. We specify the cost
function as linear, w is thus a parameter that captures the baseline cost to the bank of one more dollar of commitment.

We choose this specification to match as closely as possible the original by KM.

The assumption of a common w parameter across banks implies that banks face the same capital market.
e; is the productivity of firm f's use of funds,

« tracks the quadratic decrease in returns to scale,

rec is the loan’s cost derived above.

3/11



0000000 @000000000000000

Bank Problem

Bank b: max (r,-b —w(cip — Exip — Ocjp — I/,'b))C,'b + (rjb —w(cjp — Exjp — Ocip — ij))cjb
ibs Cjb

Bank a: max (ria — w(Cia — £Xia — Via) ) Cia
1a

FOC deliver:
rip = wejp — w ({xip + vip — O¢jp)
Ujp
rip = wejp — w (§xp + Vjip — OCip)
ujp
liag = WCjg — W (gxia + Via)
—_—

Uja
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Firm problem

Firm i max (e,- —afcy + c,-b))(c,-a + cip) — ZK:a,b Cikw(Cik — Uik)
iay Cib

Firm j: max (ej - acjb)Cjb = Gpw(Cip — Ujp)
Cjb

FOC deliver:

e — 2aci; — 2acip — 2weiy + w(€Xia + via) = 0

e — 2acjp — 20¢iy — 2weip + w(Exip + Vip — Ox) = 0
e — 20 — 2wjp + w(€xjp + Vjp — Oxjp) = 0

Which simplifies to:

Cia = —555Cib + 2((11“,) & + 507y (§Xia + Via)

Cib = —355Cia + g(alﬂ,) & + 5070y (§Xib + Vib — 0Gp)
b = sty &t arars) (€ + Vip — Oci)
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System of Simultaneous Equations

And delivers the following structural demand system:
Cia = PCip T+ Bxig + 5j + €jp

Sib = PCia + bCjp + Bxjp + 8; + €

Sjp = $cip + Bxjp + 5j + €jpy

Calling:
= — g
4 atw
¢ = — Ow
(atw)
B = 5o

%ij =

€ia,ib,jb = )
we can derive the following reduced form system:
p(1+p—¢2)8;+pp9; . (1= 6%)xia+pdXjp+ Pxit . (1—¢2)eja+pdep+oe

Cia = 1—2—02 1—¢2—p2 1—¢2—p2
_ (1+p)8i+99; PXjgt PXjp+xip - pejatPepteip
Gib = T1_g2_,2 1—¢2—p2 1—62—p2
L $0tpi+ =P . Bp¢x;a+(1—pz>x,-b+¢x,-b . dpeiyt(1—p2)ejp+ e,
jb 1—¢2—p2 1—¢2—p2 1—¢2—p2
Bac

000000000 e0000000000000
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OLS is Biased and FEs do not Help

Cia = BXia + 0i + €ja,
Cib = BXip + 0; + €ip, (4)
Cjp = ,BXJb + (51‘ + €jp-

Proposition 5.1

The estimator of 3 for the system of equations in (4), the shift in banks’ supply curve, is biased
and the bias can be expressed as

IS

,6 _ COV(C,'a—E,',X,'a—)-(,')
FE var(Xjs—X;) (5)
6(1 _ p) + p(l . p) cov(Cip,Xia) pcov(é,-,x,»a) . d)cov(cjb,x;a).

var(xia) var(xia) var(xis)

Proposition 5.2
Bre # Bno re is possible even in the absence of demand bias (cov(xia, 0;) = 0).
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FEs may be Biased as Well

Proposition 5.3

Firm fixed effects’ estimates contain supply shock spillovers and bank fixed effects’ estimates

contain demand shock spillovers. As such, they cannot be regarded as pure measures of each firm
or bank demand and supply shocks, respectively.

Sizl(lqu—p (5+1 (;2) 2(5

(6)
= 2 ;jp) S5 + 1(1¢zp )251'

>
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Overlapping Portfolio Instrumental Variables €3

TIVE = E(AFC) = E[(Ar(I — pAr — ¢Ag) ' (a + Zp))]

0

Z PAF + 0AR) (a + XB + A +T)]

= E[(Ar J: PAFAg + - )(a+ XB+ A +T)]
(7)
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Endogeneity

The simultaneity of equations in model (2) creates an intrinsic endogeneity problem if

E[(AFC)'e]l = E[(Ar(I — ¢AF — pAg) (o + Zpu+€))'e] # 0,
E[(AsC)'e] = E[(As(l — pAF — pAg) (o + Zpu + €))'e] # 0.

The last inequalities hold if
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2SLS Estimator

First order approximations of TIVg and T/Vjg are respectively:

EIVE = AFX, (8)
EIVE = AgX. (9)

The 2SLS estimator is consequently
fas1s = (W PQW)~H(W'PoC), (10)

where Z = [ArC,AgC,Z], Pg = QQQ)'Q, @ = [EIVF, EIVg, X] and O 12515 = [dasts,
pasts, flasts]
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Treatment Effect Bias Expression

pr = X' AKX

Biss §- 6= (XX XU = 57 (8 oot S o)
k odd k even
Low >} X — more - feedback loops.
Higher >} X — increase the importance of other + loops.

Higher > > A — amplifies all the effects.
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Treatment Effect Bias Indeterminate Sign

Simplifications: Assume ¢ = p, ignore FE, X binary.
C = pAC + X3 + €, we estimate C = X[ + U.

U= gA(l— gAY UXB+ ]+ 6= XU=B S ¢FX ARX
k=1

number of k-distant treated edges X'A¥KX = py
ifp<0=

Bias : f— = (X'X)"1X'U = B(X'X) 1 < > o+ Y ¢kPk>

k odd k even
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Endogenous Treatment

Assume € = X + V, with V L X, e.
XU=S+X(M+1X+V)
= S 4+ WX'X + . XMX,
—— <~ ——
spillovers  endogeneity = combination
Xe=1X'X+1X'MX.

D = Bjcpy — Benm # 0 does not imply that ¢ # 0, but it does imply that S # 0.
Intuition: Net Vs are still uncorrelated with the error term, i.e. E[¢AX] = 0.
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Endogenous Networks

Dyadic network formation model with bank and firm and rel unobs.
giv = 1(d(hi, hp, hip) = uip),
aibjb = Givngjp = 1(d(hi, hp, hip) = uip)(d(hj, hp, hjp) = ujp).

Controlling for hj,, the network A and €;, become mean independent
E(e|A, hin) = E(ei|hin) =: k(hip).

Outcome equation that controls for his nonparametrically,

Ch=0a+¢ Z aib,jbCjp + P Z ajp,ikCik + 0i + Vb + xipS + k(hip) + Ujp,
JeF\i keB\b

~

where up 1= €5 — k(hp).

0000000000000 00000e0000
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Heterogeneous Spillovers
Suppose there are H and L type banks

C = (p"AR + ptAE + " ARE + )M AT C + pARC + Zp + €. (15)

where

AL* AHL*
Af = [ F F ]
A,L__H* Ag*
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Monte Carlo Setting

» DGP: C = (I — ¢Ag — pAr) Y(BX + A+ T +e).
» X: random binary; FEs and € ~ N(0, 1); reps = 500

» Circular Network:

> Node i linked to opposite nodes till i + j, j < z;.

> z; ~ U(0,m), m = density parameter.

» N =2,000; ¢ =p=04; 6=-2;, m=2(2)10.
» Share treated = .1,.25,.5,.75,.9.
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Comovement of Same Bank Relationships

Risk as Drawn Granted

2002 2005 2008 2011

2014 2017 2020

Comovement of Same Firm Relationships

0000000000000 00000000e0

2002 2005 2008 2011

2014 2017 2020
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Risk as Drawn Granted, Altavilla et al. MP Shocks

Comovement of Same Bank Relationships
Comovement of Same Firm Relationships

2002 2005 2008 2011 2014 2017 2020 2002 2005 2008 2011 2014 2017 2020 ,
11 11
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