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= Monetary policy is known to be more effective in an
economy with adjustable-rate mortgages (ARMS)

= However, the choice of mortgage type (ARMs vs. FRMSs)
also responds to changes in monetary policy

* |n contrast to conventional wisdom, even the US
economy is not necessarily FRMs

= [t highlights the endogeneity in ARMs vs. FRMs often

ignored In macro models with mortgage
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* Households can optimally choose (or switch to) FRMSs In
response to an expansionary monetary policy shock

= Can be interpreted as an option value of switch, which is
absent in the case of a contractionary monetary policy
shock

»= Suggest a potential asymmetry between monetary
tightening and easing regarding the role of mortgage

market structure



What we do in the paper

= Consumption responds asymmetrically to contractionary
and expansionary monetary policy shocks across
different shares of ARMs in euro area

= While consumption in an ARM economy declines more in
response to monetary tightening, it does not increase
more after monetary easing

= Absence of stronger stimulating effect of monetary easing
IS also found in micro-level data

* Build a quantitative model to replicate the findings
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Introduction

= Known mechanism: Consumption in an economy where
most mortgages are ARMs responds more to the
monetary policy shock than in an economy with mostly

fixed-rate mortgages (FRMs).

FRM economy No change in AC=0
payments
Contractionary
MP shock
(interest rate 1)
ARM economy > Interest > AC<O0
payment?




Introduction

= New finding: Asymmetric consumption responses
v Contractionary MP shock - Consumption decreases
more as the share of ARMs increases.
v' Expansionary MP shock - No divergent responses in

consumption across the share of ARMSs.

FRM economy

Expansionary
MP shock
(interest rate))

No different
responses in C

ARM economy




Introduction

= Question: What is the underlying mechanism?

= Our answer: Refinancing is the key channel that drives
responses of consumption to the expansionary monetary
policy shock.

= Mechanism: Expansionary MP shock (i|)-> Refinance -
Mortgagors lock in mortgage interest rates at low levels

- Interest payment | in the long run - C1



Related literature

= Mortgage channel (ARMs vs. FRMs) of monetary transmission: Rubio
(2011), Calza et al. (2013), Garriga et al. (2017), Di Maggio et al. (2017),

= Macroeconomic impacts of the refinancing channel: Beraja et al. (2018),
Greenwald (2018), Alpanda and Zubairy (2019), Chen et al. (2020), Wong
(2021), Eichenbaum et al. (2022), Berger et al. (2021).

= Determinants for the share of ARMs: Campbell and
Cocco (2003), Coulibaly and Li (2009), Koijen et al. (2009), Moench et al.
(2010), Johnson and Li (2014), Badarinza et al. (2018), Andersen et al.
(2023), Albertazzi et al. (2024)

= Quantitative model structure: Chatterjee and Eyigungor (2015), Corbae
and Quintin (2015), Hatchondo et al. (2015), Gete and Zecchetto (2024)

= Cross-country heterogeneity and state/sign dependence of monetary
transmission: Angrist et al. (2018), Jorda et al. (2020), Corsetti et al. (2021),

Almgren et al. (2022), Choi et al. (2024)
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Empirical motivation: Macro evidence

= Sample: 18 EU countries; 2003Q1-20230Q2

Austria, Belgium, Cyprus, Estonia, Finland, France, Germany, Greece, Ireland, Italy,

Latvia, Lithuania, Luxembourg, Malta, Portugal, Slovakia, Slovenia, and Spain
= Consider the state-dependent LP model:

AYit+h

4
= I; z [HthARMl-,tet_j + ,Bﬁhet_j + yfhmacroi,t_j]
j=0

4 4
+(1-1) z [ejlj’hSARMl-,tet_ j + BMhec—j +vjmacro; j] + z WiVie—i
j=0 j=1

+ Linear and quadratic time trend + e; ¢4p
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Empirical motivation: Macro evidence

= Dependent variables: log differences in consumption
expenditure

= Monetary policy shock ¢; from Jarocinski and Karadi (2020):
high-frequency identification purging of CBI effect

= State variable I;: one if the contractionary shock, and zero
otherwise.

= Share of ARMs (SARM): The ratio of outstanding residential
ARM balances to the total balances of residential mortgages
(HFCS, wave 1-4)

= Control variables: GDP growth rates and inflation rates

12



Empirical motivation: Macro evidence

= Interaction terms 6}, and 6y, with h € {1, 2, ..., 12}

» Cl: 68% (shaded area) and 90% (dashed line)
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Empirical motivation: Micro evidence
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Empirical motivation: Micro evidence

= Use the wave 2-4 panel HFCS.
v" No consumption expenditure information in the 1st wave.
v Unbalanced country-household-level panel: six countries in
w2-3; nine countries in w3-4
= Empirical model:
Ay; i+ = Br(Mortgage structure); j Iy + AX; jc + It + 1 + €; ¢
v i: Household, j: Country, t: Wave {2, 3, 4}
v y: Logarithm of (1) consumption expenditure on consumer
goods and services and (2) the total value of vehicles
v X: Control variables (household income, house value,

mortgage balances)
15



Empirical motivation: Micro evidence

= Test: Do borrowers with ARMs increase consumption more
after lower policy interest rates?

= Define the variable Mortgage structure in two ways:

1 if theshare of ARM; ;1 = 0.5}

(Mortgage structure); j; = {0 if the share of ARM; ;¢4 < 0.5

ARM balances; j 1
Total household debt; ;;_4

(Mortgage structure); j; =

16



Empirical motivation: Micro evidence

Aln(C) Aln(Car value)
I{ARM}I{W ave3} -0.027 0.079
(0.025) (0.070)
I{ARM}I{W ave4} 0.035 0.104
(0.024) (0.064)
(ARM — to — debt)I{Wave3} -0.018 0.058
(0.027) (0.073)
(ARM — to — debt)I{Wave4} 0.037 0.060
(0.024) (0.065)

No obs. (per imputation) 5,680 5,680 4,861 4,816
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Micro evidence of the refinancing channel

= Question: What is the channel for transmitting expansionary
monetary policy to consumption expenditure?
= Our answer: Refinancing

= Define the variable Mortgage structure as follows:

(Mortgage structure); j ¢

1 if refinancing betweenwavet—1and t
0 no refinancing

18



Micro evidence of the refinancing channel

Aln(C) Aln(Car value)
eI e mor\fcvéage mor\icvéage mo\:ft/gc;ge mo\pfc/goage
I{Refi}I{Wave3} 0.096** 0.114*** 0.174* 0.237**
(0.038) (0.040) (0.100) (0.099)
I{Refi}[{Wave4} -0.007 0.006 0.027 0.125

(0.028) (0.031) (0.076)  (0.079)
No obs. (per imputation) 5,680 17,228 4,861 13,676
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Model environment

= Market participants: households, mortgage lenders, and the
(owner-occupied housing) construction sector

= Household utility

rln(c) + In(why) if s =0 (renter)
u(ce heyse) = - if sy =1 (homeowner)

In(c) + In (h) h € {hg, h;} where h; > hg

\
where w Is a parameter that matches the homeownership rate.

= Households can own at most one house.

20



Model environment

= Idiosyncratic income process: In(e;;) = z;; + v,

v z; . Persistent component; AR(1) process

v’ v;.: Transitory component ~ i.i.d. N(0, 0. )process
= (Base) Interestrate: r + b

v r: Exogenously given risk-free rate

v' b: Idiosyncratic interest rate shock ~ i.i.d. N(0, f)
= Appreciation and depreciation shock: 6% and §~

v Homeowner’s house size exogenously changes.

v hg — hywith the prob of 6%

v h; — hg with the prob of 6~

21



Model environment

= Unit house price p is endogenously determined.
v The house value is ph.

v Owner-occupied house demand = supply

= The unit rent price is exogenously given by z.

v The rent price is zh;.

22



Model environment

Long-term mortgage contract

Take out mortgages m with a (unit bond) price of q.
(total outstanding mortgages = gm)

= Mortgage type k: FRM vs. ARM

Mortgage Interest rate stream
v" FRMSs: it+1 — it+2 = =T + bt + HFRM
v ARMS: it+S = Tt+s + bt+S + HARM for s > 1

Mortgage balances geometrically decrease:
{m,nm,n*m,n3m, ...}
v 1 : An amortization scheme or mortgage term.

v Periodic payment = interest + principal payments.
23



Model environment

» Refinance
v Refinance costs (&) incur.
v Eligible to adjust debt balances (m'), the house size (h'), and
mortgage types (k' € {ARM, FRM}).

v Repay original debt (m); borrow again with the new contract;

LTV limit.
!
c+ + (1+ -ooom
1+r+0>b L@ .
— Refi Remaining
saving cost mort bal

14
e [—A=xs)- ph  + (1+xg) - ph
N—— —~ N—— ———’ —
Transaction 0Old house Transaction New house
cost —sell price cost —buy price

_ !
= a + e + (A=§&) - q0m
~——————— ———

Current  Income  Mortgagetype New mort

fin asset specific cost balance 24



Households’ problems

Stay in a rental | Choice variables: consumption
house & saving

Stay in a

rental house \

Choice variables:
consumption, saving,
house size, mortgage
(w/ LTV limit), and
mortgage type

Buy an owner-
occupied house

25



Households’ problems

Repay

Refinance

Sell the house _
Penalty: lose

homes, cannot

Repay Default own home, roll
over the unpaid
loan balance

Refinance » Adjust loan terms
Buy a house :
’ Stay in a rental Recoverm-g.
Sell the house good credit: (1)
/ house Fully repay
/ loans (2) Prob y

Default ——— Buy a house of recover?ng a
\I good credit

record
Bad credit record

26



Mortgage lenders’ problem

= Mortgage market is competitive; Lenders are risk neutral; No
Information asymmetry.
= Recourse mortgage: Standard in Europe
Household defaults.
-> Lenders foreclose the house and garnish the fraction k
of the defaulter’s income and financial assets.
- Next period, the defaulter partly repays the remaining
balance — the fraction k of income and financial assets.
- Roll over and recover losses again - ...
* The loan price g is endogenously determined reflecting

default risk.

27



Construction sector’s problems

= Residential investment function: Ir; = Y, p¥2
v 1, : Scaling parameter; 1, : Housing supply elasticity
= Owner-occupied housing market clearing condition:
H' = (1 —=6)H + Hystocks — H-stocks *+ Iri
v' H : Aggregate housing stock

V' Hystocks = Released house stock = [, hd¥ +

hd¥ + [, |AR|dW + [

Depreciation shock

|Ah|dW¥

fDefault efi & Ah<O

v' H_gocns = Absorbed house stock = fBuy hd¥ +

|AR|dY + [

Appreciation shock

fRefi & Ah>0 |Ah|dW

28



Calibration

Match the German economy.

1 period = 1 quarter

Most parameters mainly come from previous literature and

micro-level data (HFCS, Wave 1-3).

Seven free parameters are endogenously determined.
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Model fit

Data Benchmark

Targeted Statistics

Homeownership rate 42.2% 42.4%
Share of ARMs 16% 17%
Financial-asset-to-quarterly-income ratio 2.76 2.76
House-value-to-quarterly-income ratio 19.2 18.7
House-value-to-quarterly-rent ratio 86.4 86.4
Net-wealth-to-quarterly-income ratio 9.8 9.3
o et morgegers)
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Model fit

Data Benchmark

Non-targeted Statistics

Loan-to-value (LTV) ratio 39% 27%
Payment-to-income (PTI) ratio 12% 12%
Mortgage foreclosure rate 0% 0%
Share of poor HtM households 12.9% 8.4%
Share of wealthy HtM households 11.4% 5.6%
e oo moncegers
(House value | ARM mortgagors)/ 100 100
(House value | FRM mortgagors)

PTI ratio for FRM mortgagors 0.12 0.13
PTI ratio for ARM mortgagors 0.13 0.09
Average MPC 0.10

31



Model fit

N LTV ratio (Model) N LTV ratio (Data)
° (I) : ’; 1?5 ° (I) .I | 1I5
LTV (Model) LTV (Data)
PTI ratio (Model) PTI ratio (Data)
° ; ; ; I ; : P

PTI (Model) PTI (Data)



Transition analysis: Road map

Contractionary MP

(r1)

Expansionary MP
(ri)

Benchmark

ARM economy
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Transition analysis: Risk-free rate path

Quarterly risk-free rate

0.80%
0.75%
0.70%
0.65%
0.60%
0.55%
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Asymmetric consumption responses to MP shocks

0.8%
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Model-generated consumption responses: Micro analysis

= Generate the balanced panel data between time 0 and 1 (pre-
and post-shock period).
= Empirical model: Ay; . = B(Mortgage structure); + AX;; + e; ¢
v Control variable: log income, log house value, and log

mortgage balances

I Contractionary shock Expansionary shock
-0.015*** -0.008***
I{ARM}
(0.001) (0.001)
_ 0.014*** 0.036***
l{Refi}

(0.001) (0.001)
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Transition analysis: Road map

Contractionary MP

(r1)

Expansionary MP
(ri)

Benchmark

B

ARM economy

D
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Benchmark vs. ARM-only economies

Consumption to contractionary shock

0.1%
0.0%
-0.1%

-0.2%

-0.3%

-0.4%

-0.5%

-0=BM --2:ARM
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Transition analysis: Road map

Contractionary MP

(r1)

Expansionary MP
(ri)

Benchmark

A

ARM economy

C
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Benchmark vs. ARM-only economies

Consumption to expansionary shock

0.7%
0.6%
0.5%
0.4%
0.3%
0.2%
0.1% )
0.0% preveeepes”
01% 0 1Q 2Q 3Q 4Q 6Q 7Q
-0.2%

-0=BM --/::ARM
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Transition analysis: Road map

Contractionary MP | Expansionary MP

(r 1) (rl)
y
Benchmark A . B, B
B’: refi costs?

ARM economy ‘ E D

41



Transition analysis: Refinance cost path

Refinance cost

0.06

0.05 A

0.04 S T

0.03 T

0.02 '

001 o
0

Q
Q
Q
Q
[
[P
[

0 1Q 2Q 3Q 4Q 5Q 6Q 7Q
-0=BM -*ARefj cost 1 (x5)

Unexpected changes in the refi cost;

Understand the future cost path.
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Benchmark vs. costly refinancing economies

Consumption

0.7%
0.6%
0.5%
0.4%
0.3%
0.2%
0.1%
0.0%
-0.1%
-0.2%

CJARM  =0=-BM  -ABM+refi cost 1 (x5)
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Transition analysis: Road map

Contractionary MP

(r1)

Expansionary MP
(ri)

Benchmark

A

B, B’

B’: refi costs?

ARM economy

C

No refinance




Transition analysis: Refinance cost path

Refinance cost

o0 | H H | | H | |
0.05 A
0.04 S T
0.03 T
0.02 '
001 o

0

Q
Q
Q
Q
[
[P
[

0 1Q 2Q 3Q 4Q 5Q 6Q 7Q
=0=BM -2-Refj cost 1 (x5) ™ No refi

Unexpected changes in the refi cost;

Understand the future cost path.
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Benchmark vs. no refinance

Consumption
0.7%

0.6%
0.5%
0.4%
0.3%
0.2%
0.1%
0.0%
-0.1%
-0.2%

—JARM -0=-BM “A“BM_l_reﬁ cost T (XS) = No refi
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Concluding remarks

= While a high share of ARMs may imply potential
amplification effects of consumption in response to
expansionary monetary policy shocks, the actual
magnitude of these effects cannot be guaranteed.

» Refinancing emerges as a more significant transmission

channel, especially for expansionary shocks.

47
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Share of ARMs (Flow data; ECB)

ARMSs: Mortgages whose interest rates are adjustable and change at

least once per year.
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Empirical motivation: Macro evidence

* The state-dependent LP model:

AYit+n

4
= 1I; Z [HthARMi,tet_j + ,Bﬁhet_j + yfhmacroi,t_j]
j=0

4 4
+(1-1) Z [QJNhSARMi,tet_ j + Bhecj + v macro; j] + 2 WiVit—
Jj=0 j=1

+ Linear and quadratic time trend + Country and time FE + e; ¢4,
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Empirical motivation: Macro evidence

= SARM: The share of newly issued ARMs to total new loans for

house purchases (ECB; use the trend component)

Contractionary shock Expansionary shock
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Empirical motivation: Macro evidence

= SARM: The indicator function of one if the stock ratio = 50%, and

zero otherwise.

Contractionary shock Expansionary shock

Low share of ARMs Low share of ARMs |

High share of ARMs High share of ARMs
R 5 5 5 P 5 5 5 "

52



+BE

Vry (a,e,b) = max u(c,h',1)
c>0,a'>0,n"e{hs,h; },
m' >0, k'e{FRM,ARM}

(Ih’:hg; (1 — (5+) + Ih":h,f_é_) VH (Q’, BI, bf, hs, m’, kf, Z’)
—|_ (I}l’:)’lsé‘—'_ + I)’Z’:hf_ (1 T ‘5_)) VH (af’ eff b!f th mff kff Zf)

S.t.

a)’

1+r+bJr
=a+e+ (1—=C)g(a, e b, 0, m' K, i)m

(14 xB) ph’

C+

q(a’,e, b, ,m' k' i)ym" < uph'

i:i,:Y—Fb—N—QFRMifk,:FRM_

i=1r+b+ 0 rpmandi =7 +b' +0rpif K = ARM




+BE

Vyp (a,e,b,h,m,k,i) = max u(ch,1)
c>0,a’>0

(impg (L —=07) + Lyep, 67 ) Vu (a', €',V hg, ym, k, i)
+ (L0 4 Lymp, (1 =067)) Vg (a', €', b hp, ym, k, 1)

S.t.
a’ +nﬂ1—n+ﬂ
1+r+0> 1+1i
i’ =iifk = FRM

c+ =a+e

i’ = Y,—N—Z’)I—N—QARM if k = ARM

54



VHR (a, e,b, h,m) = max u (C, h’,l)
c>0,a'>0,h"€{hg,hy },
m'>0, k'e{FRM,ARM}

(Ih":}ls (1 — (5+) + Ihr:mé_) VH (Q’, BI, b’, hs, m’, k’, Zf)

+pBE
+ (Ih’:hg(s—'_ + I}If:hf_ (1 o 5_)) VH (a!f eff b!f th m!f kl; Z!)
S.t.
a’ ,
T + (L4 &r) m + Iy (— (1= xs) ph+ (1 + xB) ph')

=a+e+ (1L—¢)g(a,eb,n,m' K, i)m
q(a,e b, i',m' K, i)ym" < uph’
=1 = Y—N—b—N—QPRMika = FRM

i=r+b+0srpmandi =7 +0 +0r0mif K = ARM
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Model fit

50% 40%
30%
20%
20%
1 n
0% 0% .
Low income Mid income High income Low income Mid income High income
mLTV (Model) OLTV (Data) B PTl| (Model) OPTI (Data)
100% 25%
80% 20%
60% 15%
40% 10% I
= i w
0% L ’_‘ 0% .
Low home Mid home High home Low home Mid home High home
equity equity equity equity equity equity

B LTV (Model) OLTV (Data) B PT| (Model) OPTI (Data) -



Transition analysis: Road map

Quarterly risk-free rate

0.80%

0.75%

0.70%

0.65%

0.60%

0.55%

0.50%

0.45%

6Q

Q
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Asymmetric consumption responses to MP shocks

House and unit house prices Mortgage balances
2.0% 30%
15% ¢ 259,
1 . O% :': o .{i‘h. . 2 O% :.- inte v, . :
05% O |1 & s
0.0% -~ 10%
6Q 8Q 10Q 12Q

-0.5% 59%,
-1.0% 0% L

CUnit house price (rf 1) cop 6Q 8Q 10Q 12Q

B Unit house price (rf})

-10%

=O=House price (rf1)
“**House price (rf | ) “O=rft -ieorfl



Asymmetric consumption responses to MP shocks

Responses of risk premium

0.5%

o
o
=

0.3%

0.2%

Bond price risk premium (1/q-r)
2
X

0.0%
0 10 2Q 3Q 4Q 5Q e6Q 7Q 8Q 9Q 104 110 120

amOmms (T o8 ps e rf,
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Endogenous responses in the share of ARMs

Responses of the share of ARMs in the data

Positive Negative
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Experiment ARM-only economy

= Counterfactual “ARM-only” economy

* In the benchmark, &4z IS Normalized to zero and épgyy IS
calibrated to match the SARM.

v &,.. Loan closing costs for the type-k mortgage.

* The cost of FRM &grp: Choose the minimum value to match
the zero share of FRMs under the steady state.

» Recalibrate the model by using the remaining five free
parameters to match target moments (except for ARM/FRM-

related moments).
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Responses of mortgage balances to MP

Contractionary shock Expansionary shock
20% 60%
A,.A. PN
10% N o 0% Ve =m0
N no o o
o . o)
0% . . & 20% /
0 o2 8Q 10Q 12Q 0% "
-10% n 0 2Q 4Q 6Q 8Q 10Q 12Q
-20%
A. .
-20% n
Ay -40%
(o) .A'. A‘
-30% N, -60% Deon
A '&..A”ﬁ--A..ﬁ..A..
A
-40% -80%

-O=Aggregate —-FRM -:A-ARM -O=Aggregate = -FRM -:A-ARM
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Benchmark vs. ARM-only economies
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Responses to expansionary shocks by refi costs
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Consumption responses by terms: 15 vs. 7.5 years
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Consumption responses by terms: 15 vs. 7.5 years
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