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Abstract

Non-bank financial institutions (NBFIs) account for an increasingly large share of credit 
provision and play a central role in quantitative easing (QE). We develop a DSGE model 
with banks, NBFIs and a central bank interacting through wholesale deposits, bonds and 
reserve markets to study how monetary transmission changes as the size of NBFIs expands. 
We estimate the model on UK data to evaluate key parameters in the financial sector. 
We find that the transmission of conventional interest rate policy to output and inflation is 
essentially unaffected by the size of the NBFI sector. Conversely, the transmission of QE is 
strongly altered by the size of the NBFI sector and the source of its expansion. When the 
NBFI sector expands due to firm funding preferences, this amplifies QE. When it expands 
due to an increased cost of obtaining bank finance, transmission is largely unchanged. The 
results underscore that monetary policymakers retain rate control regardless of financial 
structure, but that the effectiveness of balance sheet policies depends on the composition 
and behaviour of the non-bank sector.
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1 Introduction

Non-bank financial institutions (NBFIs) have become the largest global financial intermediaries,

eclipsing traditional banks (FSB, 2025). Their growth has been rapid and wide ranging: since the

Global Financial Crisis, NBFIs recorded higher participation in government bond markets, tighter

funding links with banks and larger financing to non-financial firms (Figure 1). These dynamics

mirror the increasing role of debt securities in the financing structure of firms and the predominance

of sovereign bonds over private sector credit (Shin, 2025). In the meantime, traditional banking

has retreated. In the UK, only 40% of corporate debt takes the form of traditional bank lending

(Figure 1), compared with 60% in 2008. Globally, the banking sector owns 38% of total global

financial assets, down from 46% in 2008 (FSB, 2025). A new financing structure of the economy

has emerged, with NBFIs playing a prominent role (ECB, 2021).

This evolution of the financial landscape has introduced significant uncertainty into the trans-

mission of monetary policy (BIS, 2025b). The uncertainty stems from the lack of a workhorse

model: to date, only a nascent theoretical literature has attempted to model this new financing

structure and its monetary policy consequences. A fast-growing empirical literature has provided

more insights, but without reaching a consensus. Concerned over this knowledge gap, central banks

have called for more research on the topic (Bailey, 2025; Schnabel, 2021; Yellen, 2014).

This paper aims to fill the gap by developing a Dynamic Stochastic General Equilibrium (DSGE)

model featuring banks and NBFIs. In our model, banks face several frictions capturing the banking

environment in advanced economies after the Global Financial Crisis, namely macroprudential reg-

ulation and the abundant supply of central banks’ reserves (Gerali et al., 2010; Vissing-Jørgensen,

2023). NBFIs, reflecting their greater role over the past two decades, are modelled as entities trad-

ing across three asset classes seeking duration and liquidity benefits. In our framework as in reality,

NBFIs do not have access to central bank’s reserves (Adrian et al., 2010). However, they are the

central bank’s counterparty during the implementation of Quantitative Easing (QE), inspired by

Cui and Sterk (2021) and reflecting the experience of major central banks.1 Within the financial

1NBFIs were large counterparties to the Bank of England, Federal Reserve, and indirectly Eurosystem’s asset
purchase programmes. For more details see Avdjiev et al. (2019); Carpenter et al. (2015); Joyce et al. (2012);
Kaminska et al. (2025).
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block, banks and non-banks interact directly via wholesale deposits and reserve markets, and indi-

rectly through competition to acquire household savings and supply loans to firms. This structure

shapes the transmission of monetary policy, which hinges on three elements: i) the funding mix of

corporates between bank loans and bonds; ii) the NBFI’s duration and liquidity choices between

wholesale deposits and long term government and corporate bonds; and iii) banks’ liquidity benefits

of holding reserves. Amongst these, the NBFI’s portfolio choices driven by duration considerations

represent the most important channel for the transmission of monetary policy, especially QE.

Against this backdrop, we address the following question: how does monetary transmission

change when NBFIs play a larger role in the provision of credit to the economy?

Figure 1: UK Corporate Debt by Lender

Sources: Association of British Insurers, Bayes CRE Lending Report, Deloitte, Eikon from Refinitiv, Financing &
Leasing Association, firm public disclosures, Integer Advisors estimates, S&P Global Market Intelligence, London
Stock Exchange, ONS, Peer-to-Peer Finance Association, and Bank of England.

Our model structure is designed to be flexible and initially leaves open the effects of NBFIs

on the monetary transmission. This follows from the lack of consensus in the existing literature.

As demonstrated in Section 6 on robustness checks, our findings depend on the specific parameter

values. Thus, to bring empirical validity to the model, we estimate the key parameters on UK data

using standard Bayesian methods. By doing so, we are the first to estimate key financial market
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frictions, making an empirical contribution as well as a theoretical one.

We find that the transmission of conventional interest-rate policy to output and inflation is

essentially unaffected by the size of the NBFI sector.2 Differently from the policy rate, we find

that the transmission of QE is significantly altered by the size of the NBFI sector and the source

of its expansion. When the NBFI sector expands due to firm funding preferences, this amplifies

the effects of QE on output and inflation. When it expands due to an increased cost of obtaining

bank finance, QE transmission is largely unchanged. Further simulations show that QE is more

impactful when the wholesale deposits market linking NBFIs to banks is impaired (this might be

the case if, for example, NBFIs perceive a high risk of banking sector defaults). We also find that

there are diminishing marginal returns to QE, but it remains an effective policy tool even with a

significantly larger balance sheet.

Our paper makes several contributions. First, we develop a novel DSGE model with a com-

prehensive, state-of-the-art financial sector capturing the new financing structure of the economy.

This allows for an in-depth assessment of monetary policy, including QE. We estimate the model

and quantify the effect of NBFIs on monetary policy transmission. Second, we provide a novel

approach to modelling the heterogenous universe of NBFIs. Previous frameworks assume NBFIs

carry out either very specialised activities or provide an identical credit product to banks, only

subject to different regulation and market structure.3 These specifications struggle to encompass

the varied activities of NBFIs, limiting their applicability to monetary policy analysis. Differently,

we introduce an aggregate NBFI sector whose activity is driven entirely by duration and liquidity

benefits. By imposing NBFIs to oscillate between these two motives while intermediating three

different assets, we capture realistically a wide range of non-banks, from hedge funds to money

market funds, enhancing the validity of the model for monetary policy exercises.

Third, we introduce NBFIs as net lenders to banks. Relative to previous theoretical literature

(Gloria and Punzo, 2025), we are able to capture NBFIs’ funding linkages to banks through one

2This contrasts with macroprudential policy, where the risk of “leakage” from the banking to non-banking sectors
weakens the effectiveness of policy, as in Gebauer and Mazelis (2023).

3Examples of the former are: Liabilities Driven Investment (LDI) funds providing liabilities-hedging to pension
funds in Bandera and Stevens (2026) and securitisation in Fève et al. (2019). Examples of the latter are Gebauer
and Mazelis (2023); Gloria and Punzo (2025).
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of the most common instruments, NBFIs’ wholesale deposits (BIS, 2025a).4 Importantly, the rate

on these deposits is different from other short rates in standard New Keynesian models (e.g. retail

deposits) because it is highly sensitive to market conditions. As shown in the 2020 “Dash for

Cash”, it is the main vehicle to transmit liquidity shocks (Franceschi et al., 2023). Hence, building

in this funding relationship adds a crucial channel to the determination of short rates and to the

transmission of the policy rate. The inclusion of NBFIs funding also adds an important channel

to the transmission of QE, that empirical research has shown to work through NBFIs’ unsecured

deposits (Acharya and Rajan, 2024; Darst et al., 2025). While not perfectly correlated, Figure 2

shows in the United Kingdom QE programmes by the Bank of England (dashed lines) corresponded

with NBFIs’ short-term funding to banks exceeding banks’ short-term claims on NBFIs.

Figure 2: Non-Banks net short-term financing to Banks in the UK

Source: ONS, UK Economic Accounts. Dashed lines indicate QE announcements. Insurance and Pension: ESA
codes S.128 and S.129. Other NBFIs: all ESA codes S.124-S.127. The net value is calculated as Deposits with UK
MFIs (AF.22N1) and short-term debt securities issued by UK MFIs (AF.31N5) net of short-term loans owed to UK
MFIs (AF.41N1).

4Non-banks are net lenders to banks in the Euro Area and United Kingdom (BIS, 2025a) but net borrowers in
the United States (Acharya, Cetorelli, et al., 2024).
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Fourth, we propose a new modelling of the firms’ funding choice between bank and non-bank

financing. The NBFI literature assumes that only regulatory coverage breaks the otherwise perfect

substitutability between the two options (Gebauer and Mazelis, 2023). This gives rise to a funding

pecking order: firms turn to banks first and then, after having exhausted the credit permitted

by regulations, acquire NBFIs funding. We take a different perspective; we observe that large

corporates tend to rely on market finance while small and medium sized enterprises access funding

primarily through bank lending (Bank of England, 2021). We replicate this financing mix by

allowing the marginal firm to borrow either through the bond market or the banking sector but,

critically, this is subject to a low elasticity of substitution between the two options. This approach

leads to a more realistic rate pass-through, again benefitting the model’s application to monetary

policy analysis.

The remainder of the paper is organised as follows. After presenting a review of the relevant

literature in Section 2, Section 3 explains the main features of the model, focusing on the rich

financial sector. Section 4 shows the estimation and calibration of the model. Section 5 simulates

an interest rate shock and a QE shock to assess the transmission through banks and non-banks.

Critically, we evaluate the consequences of a larger NBFI sector in the transmission of monetary

policy. Counterfactuals with larger reserves and a wholesale market shutdown provide more insights

on transmission channels and non-linearities. Section 6 checks that our results are robust to a range

of parameter values. Finally, Section 7 concludes.

2 Related literature

Our paper is part of a nascent body of macro-finance research studying the growth of NBFIs - and

the corresponding new financial landscape - in a general equilibrium framework. While most of this

literature assesses the rise of NBFIs from a financial stability perspective (Dempsey, 2025; Fève

et al., 2019), we take a fundamentally different stance: we study the role of a larger NBFI sector

in the transmission of monetary policy.

There is a thin theoretical literature studying the role of NBFIs in the transmission of monetary

policy. An important contribution comes from Gebauer and Mazelis (2023), who develop a DSGE

model featuring banks and non-banks with different regulatory coverage and market structure to
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assess the effects of tighter capital requirements. Following a contractionary monetary policy shock,

they observe a decline in bank lending that is partly counteracted by higher NBFIs’ credit supply.

This is confirmed by Xiao (2019): in his structural model of bank competition, NBFIs weaken

contractionary monetary policy due to their superior ability to attract deposits. The opposite

result is found by Gloria and Punzo (2025): in their DSGE model NBFIs amplify the contractionary

effects of monetary policy through the asset price channel.

We depart from these contributions along several dimensions. First, we model NBFIs reflecting

the heterogeneity of the sector. Previous theoretical literature on financial crises modelled NBFIs

as entities engaging in securitisation (Meeks et al., 2017) or providing liability-hedging to the

pension sector (Bandera and Stevens, 2026). These very specialised entities fail to represent the

varied business models of current NBFIs. Gebauer and Mazelis (2023); Salgado-Moreno (2023)

and Gloria and Punzo (2025) provide more general frameworks in which non-banks supply a credit

product like banks, only subject to different regulation and market structure. We develop their

set-up further, moving away from regulatory constraints. To capture the heterogeneity in the NBFI

sector we allow non-banks to hold three different assets - wholesale deposits and long-term corporate

and government bonds – motivated by duration and liquidity benefits.

Second, we introduce NBFIs funding to banks. Most of the existing DSGE models with NBFIs

have prevented any funding interlinkages between NBFIs and banks (Dempsey, 2025; Gebauer and

Mazelis, 2023). This is not consistent with the banks’ significant exposure to NBFIs (BIS, 2025a).

Other papers have allowed only very specific funding relationships; for instance, Liability Driven

Investment funds obtaining banks’ repo loans (Bandera and Stevens, 2026). However, focusing on

such specific relationships does not account for the large number of activities connecting banks

and NBFIs (BIS, 2025a). Allowing NBFIs to fund banks brings us closer to Kumhof and Salgado-

Moreno (2024), who model a money market fund holding wholesale deposits. However, in their

approach only banks interact with the real economy, while in our framework both banks and NBFIs

provide finance to firms and collect deposits from households.

Third, we model NBFIs as counterparties to the central bank during Quantitative Easing pro-

grammes. Our model of QE is inspired by Kumhof and Salgado-Moreno (2024) and Cui and Sterk
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(2021). The central bank implements QE by purchasing government bonds directly from NBFIs,

who receive newly created wholesale deposits. Commercial banks intermediate this transaction by

expanding their balance sheet and creating these new wholesale deposits, in exchange for newly

created central bank reserves. This rationalises the empirical findings on QE mechanics across

several jurisdictions (Carpenter et al., 2015; Darst et al., 2025; Fisher, 2010; Goldstein et al.,

2018; Joyce et al., 2012; Kaminska et al., 2025; Saito and Hogen, 2014). This framework sets us

apart from previous DSGE models of QE, in which typically the central bank purchases bonds from

banks (Sims and Wu, 2021) or households (Alpanda and Kabaca, 2020). In terms of transmission

mechanism, QE in our model operates through a portfolio balance channel (Harrison, 2017) and a

liquidity channel (Del Negro et al., 2017; Gertler and Karadi, 2011; Gertler and Kiyotaki, 2010).

However, the distinctive role of NBFIs in the transmission mechanism allows us to innovate on the

existing literature.

Finally, our treatment of the firm’s funding mix places our paper within a long literature

studying the imperfect substitutability between corporate bonds and loans and the implications

of this for monetary policy. Bernanke and Blinder (1988) were the first to study this, from the

perspective of bank’s credit supply and using this imperfect substitutability to develop the popular

"IS-LM-CC" framework. Recent papers have taken the firms’ perspective and showed that interest

rate policy (QE) is weakened (strengthened) when corporate bonds represent a larger share of firms

financing (Alder et al., 2023; Holm-Hadulla and Thurwachter, 2021). Our model rationalises these

empirical results.

3 Model

We develop a novel medium-scale DSGE model with a sophisticated financial sector at its core

accurately reflecting financial interlinkages in advanced economies. Figure 3 below illustrates the

interlinkages between the different financial actors in the model, while Figure 4 depicts stylized

T-accounts of their balance sheets. Banks are monopolistically competitive and provide loans to

both households and firms at a markup following Gerali et al. (2010). They issue retail deposits to

households and wholesale deposits to NBFIs, both at a markdown. They additionally hold reserves

from the central bank and face related “reserve scarcity costs” as in Kumhof and Salgado-Moreno
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(2024). This cost motivates banks to hold reserves even when the policy rate is below their marginal

funding cost.

Figure 3: Financial Sector Overview

NBFIs are competitive, but face liquidity and duration management costs inspired by the “port-

folio balance” frictions of Alpanda and Kabaca (2020). They fund themselves exclusively by issuing

deposit-like shares to households and use them to acquire long-term corporate and government

bonds, and wholesale deposits held at banks. Long-term bonds are based on Woodford (2001) and

calibrated to correspond with a ten-year bond. In this tractable formulation long-term bonds take

the form of perpetuities with decaying coupon payments (see Appendix A.2 for more details on the

modelling of bonds). Bank deposits and government bonds both provide liquidity benefits, while

both government and corporate bonds carry duration costs. Capital investment by firms is funded

through a mixture of retained profits and corporate borrowing following Carlstrom et al. (2017).

Firms may borrow from either banks or NBFIs, but a CES cost function ensures they cannot sub-

stitute perfectly between the two types of financing. Conceptually, small firms borrow from banks,

large firms sell bonds to NBFIs, and a group of medium firms have limited capacity to do either.

The central bank sets the policy rate following a standard Taylor rule and runs QE. For this, the

central bank purchases government bonds held exclusively by NBFIs and commercial banks settle

the transaction by issuing more deposits backed by the newly created central bank reserves.
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Figure 4: Financial Sector stylized Balance Sheets

3.1 Households

A representative household maximises lifetime utility with respect to consumption Ct, labour supply

Lt and a portfolio allocation problem. Households receive wage wht from selling labour to unions,

and may save using either commercial bank deposits, dct or NBFI’s shares, dst . They may borrow

ℓhht in loans from the commercial bank. They pay a lump sum tax τt to the central government.

This is characterised by the following problem:

(1)max
{Ct,Lt,dct ,dst ,ℓhht }∞t =0

EHt
∞X
t =0

βt
 
t−1Y
s=0

ψc,s

!"
ln(Ct − bCt−1)− ψl,tχ

L1+ηt

1 + η

#

(2)s.t. Ct + dct + dst − ℓhht ≤ wht Lt + Ft +Ωhht − τt,
(3)Ft ≡ Π−1t

h
Rd,ct−1d

c
t−1 +Rd,st−1d

s
t−1 −R

ℓ,hh
t−1 ℓ

hh
t−1

i
−At,

(4)At ≡ 0.5κhhℓhht
�
ℓhht − ℓhht−1

�2
+ 0.5κnbfidst

�
dst − dst−1

�2
,

(5)and Ct ≤ νdt d
c
t ,

(6)dct =
�Z 1

0
(dct (j))

ξd−1
ξd dj

� ξd
ξd−1

,
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(7)ℓhht =

Z 1

0

�
ℓhht (j)

� ξℓt−1
ξℓ
t dj


ξℓt
ξℓ
t
−1

,

where β ∈ (0, 1) is a discount factor, b ∈ [0, 1) indicates internal habit formation, χ > 0 is a

scaling parameter used to normalise steady-state labour supply, and η is the inverse Frisch elasticity.

Households take the (gross, nominal) rate on bank deposits, Rd,ct , NBFI shares, R
d,s
t and bank loans

Rℓ,hht , as well as the (gross) inflation rate, Πt, as given. All profits are transferred to households in

a lump-sum manner though the term Ωhht .5

As in Gabaix (2020) household expectations of the future are not fully rational, and are denoted

EHt . This a realistic feature adopted to help the model align quantitatively with the data; details

are set out in Appendix A.1. In brief, the idea is that households believe shocks to be less persistent

than the true underlying process, and therefore react less on impact to persistent or anticipated

shocks than they would with a rational expectation. This is modelled by making the household

expectation of a variable EHt [Xt+j ] a weighted average of the true expectation Et[Xt+j ] and the

steady-state value X̄. This is a particularly valuable modelling device in our setting given that

many financial shocks (including QE) are highly persistent.

As in Kumhof and Salgado-Moreno (2024), households are willing to hold liquid bank deposits dct

at a low rate of return due to the presence of a deposit-in-advance constraint linking bank deposits

to consumption. This specific implementation is not critical to our results, what is important is

that households have a strong non-pecuniary motivation for holding bank deposits. Households are

therefore willing to hold both bank deposits and bank loans ℓhht , and ultimately to acquire bank

deposits via borrowing; they optimise over their gross financial position with respect to each asset

type rather than just their net position. The potential illiquidity of bank loans and NBFI shares,

and therefore the difficulty for households to change their exposure, is captured by an adjustment

cost At. Finally, as in Gerali et al. (2010), bank deposit holding is itself a CES aggregate of

individual bank deposits from each bank. This gives commercial banks monopolistic power and

therefore in equilibrium it ensures a spread between the policy rate and the deposit rate.

5Ωhht implicitly adjusts to clear Yt = Ct + It +Gt
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The first order conditions are (after defining Λt,t+1 ≡ βψc,t
µt+1
µt
):

µt(1 + µdt ) =
1

(Ct − bCt−1)
− βψc,tbEHt

� 1
(Ct+1 − bCt)

�
(8)

ψl,tχL
η
t = µtw

h
t (9)

1 = EHt
n
Λt,t+1Π−1t+1R

d,c
t

o
+ µdt ν

d
t (10)

1 = EHt
n
Λt,t+1Π−1t+1R

d,s
t +Ast

o
(11)

1 = EHt
n
Λt,t+1Π−1t+1R

ℓ,hh
t +Aℓt

o
(12)

where µt and µtµdt are the multipliers associated with the budget and deposit-in-advance con-

straints, respectively. Demand for the deposits and loans of a specific monopolistic bank can be

obtained as a cost-minimisation exercise. Appendix A.7 sets this out, and defines the partial

derivatives of the adjustment costs Aℓ and As.

3.2 Goods production

There are four types of firms interacting in the model: i) a capital producer turns unconsumed final

output into investment subject to an adjustment cost; ii) a representative wholesale firm transforms

capital and labour into wholesale output; iii) a continuum of monopolistic retail firms transforms

wholesale output into differentiated retail output and iv) a representative final goods firm buys retail

outputs and repackages them into a final good. The main difference from a standard framework as

in Sims and Wu (2021) is the modelling of the representative wholesale firm, which must borrow

from both banks and NBFIs.

The retail and final goods layers are present simply to generate a monopolistic friction and

nominal price rigidity and are set up in standard fashion, details can be found in Appendices A.5

and A.6. Similarly, details of the capital producer are located in Appendix A.4.

As with households, non-financial firms do not have perfectly rational expectations of the future;

we denote firm expectations by EFt . This primarily affects capital producers (through the expected

return on investment) and retail firms (through anticipated future inflation). Details are set out in

Appendix A.1.
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We turn now to the representative wholesale firm, which produces homogenous wholesale output

following a Cobb-Douglas production function:

Ym,t = At(utKt)αL1−αd,t (13)

Where Ym is output, Ld,t is the labour factor of production, At is a productivity variable that

follows an AR(1) process, Kt is the stock of firm’s capital that is multiplied by ut, the capital

utilisation. Ît is new capital purchased from the capital producer at a price pkt . Kt is accumulated

following the standard law of motion of physical capital, with time-varying depreciation rate δt (ut):

(14)Kt+1 = Ît + (1− δ(ut))Kt

(15)δ(ut) = δ0 + δ1(ut − 1) + δ2
2 (ut − 1)2

Following Carlstrom et al. (2017) and Sims and Wu (2021), we impose that the representative

wholesale firm borrows to fund investment. In other words, the firm uses a mixture Bt of loans and

bonds to buy the fixed fraction ψ ∈ [0,1] of new physical capital Î. This friction creates the “loan

in advance constraint” that is always binding, shown in equation (16). Innovating slightly from

Sims and Wu (2021), we allow the marginal fraction of investment financed through borrowing to

diverge from the total level of borrowing.

(16)ψt = Qtf
NEW
t + ℓNEWt

(17)ψt ≡ ψ′pkt Ît + ψ̄ + ϵψ,t

(18)fNEWt = ft − κfft−1Π−1t
(19)ℓf,NEWt = ℓft − κℓℓ

f
t−1Π

−1
t

(20)Bt =
"
ζ
1
ζ2
1,t

�
Qtf

NEW
t

� ζ2−1
ζ2 + (1− ζ1,t)

1
ζ2

�
ℓf,NEWt

� ζ2−1
ζ2

# ζ2
ζ2−1

(21)ℓft =

Z 1

0
ℓfj,t

ξℓt−1
ξℓ
t dj


ξℓt
ξℓ
t
−1

Bt is a CES aggregate of bond fNEWt and bank loan ℓf,NEWt , which gives wholesale firms

flexibility over whether they are financed by banks or NBFIs (equation (20)). This is intended to

represent behaviour by the marginal wholesale firm, which is capable of borrowing either through
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bond markets or the banking sector. Bonds are optimally a fraction ζ1 of total borrowing; if

Qtf
NEW
t < ζ1,tBt then firms are willing to pay a premium on bond debt (relative to bank loans)

and vice-versa if QtfNEWt > ζ1,tBt. The extent of this premium depends on the elasticity of

substitution ζ2. If ζ2 → ∞ then bank loans and bonds are perfect substitutes and there is never

a spread between bank loans and bonds; if ζ2 = 0 then they are completely separate markets and

wholesale firms will pay any spread to ensure QtfNEWt = ζ1,tBt.

Analogously to the household setup, the second layer of the CES in equation (21) specifies

that ℓft is itself a CES aggregate of individual bank loans ℓ
f
j,t from each bank j. This gives banks

monopolistic market power over firms as in Gerali et al. (2010) and Ulate (2021) since bank loans

are themselves not perfect substitutes. In equilibrium, this will ensure a spread between the policy

rate of interest on reserves and bank loans.

Finally, equations (18) and (19) state the repayment speed of corporate bonds and bank loans.

That is, a fraction κf of bonds mature and expire each period and similarly a fraction κℓ of bank

loans are repaid. Throughout the rest of the paper, we will set κf = κℓ and assert they are repaid

at the same pace. There is no reason this must be the case, but in the absence of a clear motivation

for doing so we assume the same evolution process to simplify analysis. This can be interpreted as

a long-term bank loan that pays a variable rate of interest.

Let NBt denote net borrowing for convenience and Rℓt be the average gross return paid on bank

loan liabilities. The wholesale firm net dividend each period can be expressed as follows, subject

to the standard law of motion for physical capital in equation (14):

max
ℓft ,ft,Ld,t,Ît

VF,t ≡
∞X
j=0

Λt,t+jDIVm,t (22)

s.t. DIVm,t = pm,tAt (utKt)α L1−αd,t − wtLd,t − pkt Ît +NBt (23)

NBt ≡ Bt + (ℓft − ℓ
f,NEW
t ) +Qt(ft − fNEWt )−Π−1t

h
(1 + κfQt) ft−1 +Rℓt−1ℓ

f
t−1

i
(24)

Rℓt ≡ ℓ−1t

Z 1

0
Rℓj,tℓ

f
j,tdj (25)

Kt+1 = Ît + (1− δ(ut))Kt (26)
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The first order conditions with respect to labour Ld,t, capital Kt+1, bonds ft−1 and loans ℓfj,t

are:

(27)wt = (1− α)pm,tAt(utKt)αL−αd,t
(28)(1 + ψ′M3,t)pkt = EFt Λt,t+1

h
αpm,t+1At+1u

α
t+1K

α−1
t+1 L

1−α
d,t+1 + (1− δ(ut+1))pkt+1(1 + ψ′M3,t+1)

i
(29)QtM3,t + Bft = EFt Λt+1Π−1t+1 (1 + κfQt+1 + κfQt+1M3,t+1)
(30)M3,t + Bℓt = EFt Λt+1Π−1t+1

�
Rℓj,t + κℓM3,t+1

�

Where wt is the real wage, pm,t is the price of wholesale output, pkt is the price of new capital,

M3,t is the shadow value of the investment constraint, and BXt is the partial derivative of Bt with

respect to Xt. All that remains is to resolve the partial derivatives and obtain loan demand as a

function of each bank’s interest rate. We obtain:

Bft = Qt

�
ζ1,tBt
Qtft

� 1
ζ2 (31)

Bℓt =
"
(1− ζ1,t)

Bt
ℓft

# 1
ζ2

(32)

Finally, the optimal composition of bank loans can be found in Appendix A.7.

3.3 Financial Sector

3.3.1 NBFIs

There is a fixed number of NBFIs. They hold long-term corporate and sovereign bonds, as well

as single-period wholesale deposits with banks. They fund themselves through shares issued to

households and internal equity. The representative NBFI maximisation problem is the following:

max
{ft,bt,ht,dst}

Vt = Λt,t+1
�
(1− σ)nst+1 + σVt+1

�
(33)

s.t. Qtft +QB,tbt + ht = dst + nst (34)

nst = σΠ−1t
h
RFt Qt−1ft−1 +RBt QB,t−1bt−1 +RHt−1ht−1 −R

d,s
t−1d

s
t−1

i
− LSCt −DECt

(35)

ht =
�Z 1

0
(ht (j))

ξh−1
ξh dj

� ξh
ξh−1 (36)
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Where ft are corporate bonds issued by a representative wholesale firm, bt are long-term bonds

issued by the fiscal authority, ht are wholesale deposits with banks, nst is net worth and dst are

shares issued to households. A fraction σ of NBFIs decay each period and return their net worth

to households. This setup gives NBFIs a slightly higher discount rate than households, and creates

inertia in their net worth. As with households and wholesale firms, NBFIs consider each monop-

olistic bank to offer an imperfectly substitutable wholesale deposit product, creating a markdown

on rates.

Importantly, the three assets owned by NBFIs are imperfect substitutes and provide to NBFIs

duration exposure through long term corporate and government bonds, as well as liquidity benefits

through government bonds and wholesale deposits. We capture these properties with the follow-

ing Liquidity Scarcity Cost, LSCt, and Duration Exposure Cost, DECt. We use two additional

parameters LSC and DEC, which are normalised to ensure costs are zero in steady state:

LSCt =
ν1,t
1 + ν2

 
dst

νB,tQB,tbt + ht

!1+ν2
− LSC (37)

DECt =
φ1,t
1 + φ2

 
dst

QB,tbt +Qtft

!1+φ2
−DEC. (38)

Conceptually, these costs build on the “portfolio balance” channel widely employed in papers

such as Harrison (2024) and Alpanda and Kabaca (2020), which are in turn motivated by the

“preferred habitat” modelling developed by Ray (2019) and Vayanos and Vila (2021) amongst

others. The specific functional form is adapted from Kumhof and Salgado-Moreno (2024), and is

used for consistency with the banking sector setup (Section 3.3.2). This captures the fact that

government bonds are substitutes for bank deposits (as they both provide liquidity) as well as for

corporate bonds (as they have the same duration).

Following central bank asset purchases, NBFIs therefore have a clear incentive to rebalance their

portfolios along two margins. First, the portfolio rebalancing effect driven by the duration links

government bonds closely with corporate bonds and hence investment. Since they are substitute

products with respect to duration, when NBFIs hold fewer government bonds they are incentivised
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to hold corporate bonds instead. The strength of this effect depends on the estimated parameters of

DECt. Second, liquidity considerations operate in the same way: government bonds and wholesale

deposits are substitutes with respect to liquidity, so NBFIs holding fewer government bonds are

incentivised to hold more wholesale deposits, with the strength of this effect depending on the

estimated parameters of LSCt.

It is a priori ambiguous in our model whether long-duration assets provide costs or benefits for

NBFIs, and this depends on the estimated coefficients in DECt. This reflects that NBFIs in our

models encompass different types of institutions that in reality experience heterogenous levels of

liquidity benefits and duration exposure. For example, duration might generally be a negative for

hedge funds with short-term liabilities, but a potential benefit for pension funds with long-term

liabilities. For the liquidity channel there is no such ambiguity: conditional on pecuniary return,

liquid assets are weakly preferable to illiquid ones for all institutions.

ν1,t, φ1,t and νB,t are modelled as AR(1) shock processes with steady state values ν1, νB and

φ1. These parameters will control the steady-state value of liquidity and duration to NBFIs, and

hence determine steady-state spreads on the different assets. The parameters ν2 and φ2 will in turn

determine how much this value changes along with portfolio composition; values ν2 = φ2 = −1

would imply spreads do not react to portfolio composition while values ν2 = φ2 →∞ would imply

liquidity and duration costs are extremely strong and force the NBFI to keep its portfolio in a very

strict ratio.

Let ϕt ≡ dVt/dnt denote the value of net worth (shadow value of budget constraint). Denote

by LSCXt and DECXt the partial derivatives of LSC and DEC with respect to Xt. First order

conditions are therefore:

(39)ϕt
�
1 + LSCBt +DECBt

�
= EtΛt,t+1Ωt+1Π−1t+1RBt+1

(40)ϕt
�
1 +DECFt

�
= EtΛt,t+1Ωt+1Π−1t+1RFt+1

(41)ϕt
�
1 + LSCHt

�
= EtΛt,t+1Ωt+1Π−1t+1RHt+1

(42)ϕt
�
1− LSCDt −DECDt

�
= EtΛt,t+1Ωt+1Π−1t+1R

d,s
t .

Where Ωt ≡ 1− σ + σϕt. Partial derivatives of the liquidity and duration costs are straightfor-

ward, and defined in Appendix A.8.
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3.3.2 Banks

Banks hold central bank reserves, mt, loans to both households, ℓhht , and wholesale firms, ℓ
f
t and

they fund themselves through retail deposits from households dct and wholesale deposits from NBFIs

ht. Moreover, banks take the price of reserves and wholesale deposits as given, but impose markups

over loans and markdowns over deposits as they are assumed to have market power as in Gerali

et al. (2010). Banks are indifferent between extending new loans to household or wholesale firms,

which are assumed to be adjustable-rate, long-term loans. This means that banks take into account

the firms loan’s law of motion given by equation (19).

Leverage Friction. We introduce several frictions associated with the post-GFC banking en-

vironment in most advanced economies. That is, we introduce key frictions that capture both

the macroprudential regulation and the abundant supply of central bank reserves. First, following

Gerali et al. (2010) we assume banks face Ξt costs when deviating from their target leverage ratio,

vb. This friction captures, in a reduced-form way, the supplemental leverage ratio introduced under

Basel III.

Reserve Scarcity Cost. Second, we introduce banks’ Reserve Scarcity Cost, RSCt, following

Kumhof and Salgado-Moreno (2024). Each bank faces a reserve scarcity cost that is increasing in

the ratio of both household deposits dct and wholesale deposits ht, to reserves mt. This specification

captures the liquidity benefits of reserves for banks, such as reductions in transaction costs when

faced with deposits outflows. Note that the functional form of our RSCt is the inverse of the

“reserves convenience yield function” in Vissing-Jørgensen (2023), and analogous to the NBFI

liquidity costs specified earlier.

Within the RSC, we capture one of the Basel Committee’s key reforms: the “Net Stable Funding

Ratio” (BIS, 2014). For this, we innovate on Kumhof and Salgado-Moreno (2024) and introduce a

distinction between household deposits and wholesale deposits with the parameter αD. We restrict

αD to be less than one since household deposits are less volatile than wholesale deposits and

consequently do not require the same degree of liquidity management; setting αD = 0 nests the

setup in Kumhof and Salgado-Moreno (2024).
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Operating Costs. Finally, we include bank operating costs ς as a share of bank’s net worth,

nct , as in Ulate (2021). We also follow Ulate (2021) by imposing an exogenous dividend policy on

the bank, which is a tractable method of capturing “dividend adjustment costs.” Conceptually,

the bank cannot immediately respond to sudden losses by raising new equity. Combined with the

capital-to-assets target, this ensures that banks reduce lending after making a loss. We implement

this (similar to Ulate) by defining profits (before operating costs ςnct−1) Pj,t. We then assume that

dividends DIVj,t ≡ (1− ϱ)Pj,t are a constant fraction of this net profit. In practice, ς and ϱ are

not independent of each other; for any given cost fraction ς there is a defined value for dividends ϱ

which ensures the existence of a stable steady state. We obtain two equations:

Pj,t = Π−1t
�
Rℓj,t−1ℓ

f
j,t−1 +Rℓ,hhj,t−1ℓ

hh
j,t−1 +Rmt−1mj,t−1

−Rd,cj,t−1d
d,c
j,t−1 −R

h
j,t−1hj,t−1

�
− Ξj,t−1 −RSCj,t−1 (43)

ncj,t = ϱPj,t + (1− ς)ncj,t−1 (44)

The zero lower bound on bank deposit rate, Rd,cj,t , is also implemented as an occasionally binding

constraint at this stage. The optimization problem of bank j is therefore:

max�
Rℓj,t,R

d,c
j,t ,mj,t,hj,t

	V c
j,t = (1− ϱ)Pj,t + Et

n
Λt,t+1V c

j,t+1

o
(45)

s.t. mj,t + ℓj,t + ℓhhj,t = dcj,t + hj,t + ncj,t (46)

ncj,t = ϱPj,t + (1− ς)ncj,t−1 (47)

Pj,t = Π−1t
�
Rℓj,t−1ℓ

f
j,t−1 +Rℓ,hhj,t−1ℓ

hh
j,t−1 +Rmt−1mj,t−1

−Rd,cj,t−1d
d,c
j,t−1 −R

h
j,t−1hj,t−1

�
− Ξj,t−1 −RSCj,t−1 (48)

Rd,cj,t ≥ 1 (49)
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with

Ξj,t ≡
κc

2

 ncj,t

ℓfj,t + ℓhhj,t
− vb

2 (50)

RSCj,t ≡
ð1,t
1 + ð2

 
αDd

c
j,t + hj,t

mj,t

!1+ð2
(51)

First order conditions are derived in full and discussed in Appendix A.10. Here we simply

present the solutions to the optimisation problem, with an auxiliary variable ϑj,t which is closely

connected to the value of the balance sheet constraint/shadow value of net worth. Denote by

RSCXt and ΞXt the partial derivatives of RSC and leverage cost function, Ξt, with respect to Xt.

In symmetric equilibrium and dropping index j, the equilibrium conditions for the interest rates

on reserves, wholesale deposits, loans to households and to wholesale firms are, respectively:

Rmt = Et
n
Πt+1

�
Λ−1t,t+1ϑt +RSCmt

�o
(52)

Rht = Et

(
Πt+1

�
Λ−1t,t+1ϑt −RSCht

� ξht
ξht − 1

!)
(53)

Rℓ,hht = Et

(
Πt+1

�
Λ−1t,t+1ϑt + Ξℓt

� ξℓ,hht

ξℓ,hht − 1

!)
(54)

Rℓt = Et

(
Πt+1

�
Λ−1t,t+1ϑt + Ξℓt

� ξℓt
ξℓt − 1

!)
(55)

Finally, the interest rate on deposits depends on the presence of the zero lower bound:

Rd,ct = max
(
Et

"
Πt+1

�
Λ−1t,t+1ϑt −RSCdt

� ξdt
ξdt − 1

!#
, 1
)

(56)
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3.4 Central Bank

3.4.1 Interest Rate Policy

The central bank sets the short-term (gross, nominal) policy rate Rmt according to the following

Taylor rule:

Rtrt = (1− ρr)R̄m + ρrR
tr
t−1 + (1− ρr)[ϕπ(ΠAt ) + ϕy ln(Yt/Ȳ )] + ϵr,t (57)

ΠAt ≡
0X

j=−3
(Πt−j − Π̄) (58)

Rmt = max
n
Rtrt , PELB

o
(59)

with R̄m, Ȳ and Π̄ being steady state values of the policy rate, output, and the inflation target.

ΠAt denotes year-on-year inflation. In standard times, i.e. away from the lower bound, the central

bank sets the interest rate on reserves Rmt equal to the Taylor rule Rtrt . When the Taylor rate falls

below the effective lower bound PELB, the central bank instead sets the rate on reserves equal to

this lower bound.

3.4.2 Balance-sheet Policies

The central bank issues a single liability, reserves. They hold government bonds bcb,t as their only

asset, which we assume follows an autoregressive process. Balance sheet policy is implemented as

in Sims and Wu (2021), with shock term ϵQEt capturing QE. The central bank has no net worth,

returning any book value, TCBt , to the treasury and receiving treasury support to cover any book

losses. We assume for simplicity that these transfers take place contemporaneously with the book

profit or loss; in reality these payments may be delayed. Denoting by X̄ the steady state level of

X, we have central bank balance-sheet policies described by:

mt = QB,tbcb,t (60)

bcb,tQ
B
t = (1− ρb)b̄cbQ̄B + ρbbcb,t−1QB,t−1 + ϵQE (61)

TCBt = Π−1
�
(1 + κbQB,t)bcb,t−1 −Rmt−1mt−1

�
(62)
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3.4.3 Discussion: Transmission of Monetary Policy

Interest Rate Policy How do changes in the policy interest rate transmit to the real economy?

Taking a rate cut as an example, banks pass on the cut almost perfectly6 to NBFIs through the

wholesale deposits rate and to firms and households through loan rates. This first-stage transmission

impacts NBFIs directly as they receive a lower rate on their wholesale deposits and indirectly as

they lower their rates on household savings and corporate bonds to compete with banks.7 The

pass-through to households is affected by their loan adjustment costs while the rate transmission

to corporate bonds is impaired by frictions faced by firms (unable to arbitrage between bonds and

loans) and NBFIs (mostly Duration Exposure Cost).

From here, the transmission is standard for a New Keynesian model. Households and firms

respond to lower borrowing costs by borrowing more, consuming more, and investing more. Firms

respond to this increase in demand by raising prices, fuelling inflation.

There is an additional layer to the monetary transmission, giving centre stage to NBFIs and

wholesale deposits. In our model non-banks are critical for the transmission of monetary policy

because they are the only holders of long-term assets.8 This has important consequences: following

the policy rate cut, the valuation of both corporate and government bonds rises, allowing NBFIs

to record a windfall gain on their asset side and pay higher dividends, attracting more household

savings. The higher household savings, however, trigger both the Liquidity and Duration Exposure

Costs. To avoid the former, NBFIs increase their wholesale deposits, that banks balance on the

asset side with more loans to firms and households. To avoid the latter, NBFIs increase their

holdings of long duration assets, pushing down yields of corporate and government bonds. Taken

together, the larger loan supply from banks and the lower yields on bonds fuel investment and

support aggregate demand.

6The transmission is not one-to-one, primarily due to the markups on loans and deposits. Deposit rates are also
slightly affected by frictions on the banks side (Reserve Scarcity Cost).

7The extent of this pass-through will depend on the degree of competitive pressure between banks and NBFIs
in each market, and the strength of the direct link between banks and non-banks through the wholesale deposits
market.

8Banks issue long-term loans to firms, but since these are variable-rate they are not subject to the same revaluation
effects as fixed-rate products.
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Quantitative Easing Note that our model captures an economy characterized by an abundant

supply of reserves, in line with the UK experience after 2009. Under this environment, the monetary

authority is able to set interest rate policy independently of the size of its balance sheet, and

consequently, it can conduct asset policies as an additional tool to target macroeconomic (as in

Sims and Wu, 2021) or financial conditions (as in Kumhof and Salgado-Moreno, 2024).

We model Quantitative Easing as central bank purchases of government bonds from NBFIs

financed by the creation of reserves held by commercial banks. This mirrors asset purchases in

practice, with major central banks buying assets from non-banks (Joyce et al., 2012). However,

central banks are unable to credit NBFIs directly since NBFIs definitionally do not have access to

the central bank balance sheet. Instead, the central bank creates reserves for the banking sector

in exchange for non-banks being credited with wholesale deposits. Hence, deposits are a critical

component of QE transmission (see e.g. Acharya and Rajan, 2024 and Darst et al., 2025). We

replicate these dynamics and the key role of wholesale deposits.

In our model, following a QE shock, wholesale deposits increase. This is driven by two channels.

First, on the NBFI side, the loss of liquid assets (government bonds) raises NBFI Liquidity Scarcity

Costs, acting as a drag on NBFIs profits. To avoid this, NBFIs replace the lost government bonds

with the alternative source of liquidity, wholesale deposits. Second, on the banks side, they have

acquired reserves that must be balanced with increased funding. In addition, the larger reserves

lower the banks’ Reserve Scarcity Costs, reducing the marginal cost to the bank of each wholesale

deposit. Ultimately, banks are more willing to issue loans at lower rates.9

The QE shock also lowers the yields on corporate bonds. By selling government bonds to the

central banks, NBFIs lose long duration assets, reducing their Duration Exposure Costs. As a

result, NBFIs are willing to take on more of the alternative long duration asset, corporate bonds,

lowering their yields. Taken together, the larger loan supply from banks and NBFIs portfolio

rebalancing towards corporate bonds fuel investment and support aggregate demand.

We note that in our model QE transmits to the real economy also through consumption. This

9In the model the increase in wholesale deposits is less persistent than QE. This is because households ultimately
arbitrage away the spread with loan rate by adjusting their allocation of NBFIs shares and bank loans (while in the
short term this is restricted by the loan adjustment cost they face).
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is because NBFIs, recording a lower average return on their assets, offer a lower return on their

liabilities, attracting less households savings. Hence, households save less and increase consumption

as per standard intertemporal consumption channel (Harrison, 2024).

4 Model Calibration and Estimation

We use Bayesian methods to estimate 54 parameters, including key frictions in the financial sector.

We employ the Dynare toolkit (Adjemian et al., 2024) to conduct a linear estimation with UK

quarterly data between 1997Q2 and 2025Q3. Smets and Wouters (2007) is a classic example of

a DSGE model estimated using this method, while Fernández-Villaverde and Guerrón-Quintana

(2021) provide an excellent recent review of Bayesian estimation as applied to DSGE models and

discuss the methods, strengths and limitations of this approach. In the rest of this Section, we set

out our data and prior distributions for parameters.

4.1 Data

We use 19 time series of macroeconomic and financial variables, featuring data on banks and NBFIs

balance sheets as well as on firms’ funding sources. We use UK data from 1997Q2-2025Q3, choosing

as our start date the first quarter after central bank independence. All data are shown in Table 1

below, along with their source. Some data have reduced availability, and these series are marked

where appropriate.

Following Braun et al. (2025) and Albuquerque et al. (2025), we additionally treat all data in

the period 2020-21 as ‘missing’. This is a reasonable alternative to maximise available data without

requiring the complex implementation of Covid-specific shocks, which are not well represented by

traditional structural shocks (Albuquerque et al., 2025).

When applying a stationary DSGE model to real-world data, it must be adjusted and de-

trended where appropriate to account for trend growth. For most volume series such as GDP and

consumption, we follow the common practice of taking logs, first differencing and de-meaning the

resulting sequence. This strips out trend growth across our sample period and ensures variables

are stationary. We prefer this procedure to the alternative method of de-trending the data using

a filter method such as a one-sided HP (Wolf et al., 2020) or Hamilton (Hamilton, 2018) filters as

23



Table 1: Data Series Used for Estimating the Model

Data Source Availability Adjustment
GDP ONS (ABMI) Log-diff, de-meaned
Consumption ONS (ABJR+HAYO) Log-diff, de-meaned
Investment ONS (NPQT) Log-diff, de-meaned
Labour ONS (YBUS) Log-diff, de-meaned
Wages ONS (KAB9) 2000Q1- Log-diff, de-meaned
Bank Loans (firms) Bank of England Log-diff, de-meaned
Bank Loans (households) Bank of England Log-diff, de-meaned
NBFI Corp. Bonds Bank of England Log-diff, de-meaned
Bank Deposits ONS UKEA Log-diff, de-meaned
NBFI Shares ONS UKEA Log-diff, de-meaned
Wholesale Deposits ONS UKEA Log-diff, de-meaned
APF Bonds (QE) Bank of England Share of GDP
CPI ONS (D7BT) Log-Diff
Bank Rate Bank of England Differenced
Corp. Bond Yields Bloomberg 2000Q1- Differenced
Gov. Bond Yields FRED Differenced
Bank Deposit Rate Bank of England 1998Q3- Differenced
Loan Rate (firms) Bank of England 2004Q1- Differenced
Loan Rate (households) Bank of England 2004Q1- Differenced

Note: Data available 1997Q2 to 2025Q3 unless otherwise specified. Several items are aggregated from the
ONS UK Economic Accounts (UKEA): bank deposits (sector S.14, item AF.22N1), NBFI shares (sector
S.14, items AF.29 and AF.52N1) and wholesale deposits (sectors S.124-129, items AF.22N1 and AF.31N5).
Corporate bond yields are the ICE BofA BBB Sterling Corporate Non-Financial Index (UC40). UK gov-
ernment bond yields from FRED (IRLTLT01GBQ156N). Bank deposits, firm and household loan rates and
APF bonds from the Bank of England Database (CFMHSCV, CFMBI58, CFMBI64, LPMVYDG).

these methods are more complex, entail more data loss from removing lagged values, and experience

difficulties reconciling the different frequencies of financial and economic cycles.

For most rate measures, we instead take simple first-differences without logging or de-meaning.

This amounts to asserting that interest rates and yields are trend-stationary and will eventually

return to their steady-state level. This ensures we do not over-correct the data for the long period

spent at the zero lower bound that dominates the latter half of the sample, and impose an unrealistic

downward trend.

The two exceptions to this process are inflation and the central bank balance sheet. Inflation

is expressed in levels rather than first differences. This amounts to an assumption that long-term
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inflation is known to be exactly 2% both in the model and in the data. Similarly, the government

bonds held by the central bank Asset Purchase Facility (APF) are expressed as a percentage of

GDP and fixed at zero before 2009. The implicit assumption is that all assets during Quantitative

Easing (QE) programs will eventually be unwound and either sold back to the market or simply

not replaced when they mature. In other words, we are asserting that the steady-state volume of

QE is zero.

The choice of most data series is self-explanatory, but a few require some justification. For

the loan rates offered to households and firms, we use the ‘effective rate paid on secured-lending

to households, variable rate only’. We focus on the secured lending rate as the most relevant rate

since the overwhelming majority of bank lending to households is secured (against property), and

use variable rate lending since loan rates in the model are variable rate. Similarly for firms, we use

the ‘effective rate paid on other loans to private non-financial corporations, variable rate only’ as

again all loans in our model are variable rate.

For corporate bonds, we use the spread between government bonds and UK investment-grade

corporate bonds. We take the spread on investment grade bonds as representative, but results are

broadly robust to using alternative measures.

A full visualisation of the transformed data can be seen in Figure A.3 in Appendix D.3.
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Table 2: Standard and Calibrated Parameters

(A) Parameters

Parameter Definition Value Source
α Capital share 0.35 Standard
β Discount factor 0.971/4 Standard
δ0 Depreciation rate 0.0225 Standard
Πs Gross inflation (q) 1.005 Standard
εp Inverse Markup (Goods) 11 Standard
εw Inverse Markup (Wages) 11 Standard
gy Govt spending share 0.202 Mean 1997-2025
η Inverse Frisch elasticity 0.5 Standard
σ NBFI Survival 0.95 Sims and Wu (2021)
ψ̄ Firm debt (fixed) 0.012 Calibrated
bgy Gov. Debt/GDP 0.85 Mean 2010-20251
ϕπ Taylor rule inflation 1.5 Standard
ϕy Taylor rule output 0.5 Standard
fracb SS CB reserves/GDP 0.52 Median 2006-2025
κb Gov. Bond duration 1− 40−1 10-year
κf Corp. Bond duration 1− 40−1 10-year
κℓ Loan decay κf Assumed
ϱ Bank Profit Retention 0.8889 Calibrated
δ1 Capital Utilization 0.0299 u = 1 in SS
χ Labor disutility 0.9748 L = 1 in SS
vb Gerali cost ratio 0.15 Zero Gerali costs in SS
ζ1 Firm CES share 0.3999 Calibrated
ν1 NBFI Liquidity 1.0534 Calibrated
φ1 NBFI Duration -0.0567 Calibrated
ξ1 Inverse Markup (Wholesale) -10107 Calibrated
ξ2h Inverse Markup (Household loans) 606.2 Calibrated
ξ2f Inverse Markup (Firm loans) 199.3 Calibrated
ξ3 Inverse Markup (Deposits) -1468 Calibrated
ð1 Reserve convenience 0.0001 Calibrated
X NBFI startup equity 0.0113 Calibrated
νd Deposit velocity 0.2956 Calibrated

4.2 Calibration

All model parameters not included in the estimation are listed in Table 2. Many of our model

parameters are standard, while otherwise are calibrated to specific targets.

1ONS series HF6X.
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A few parameters and calibration targets are worth discussing as they are more involved. We

set the steady state government debt/quarterly GDP ratio at 3.4 (85% of annual GDP), in line

with the average since 2010. We use 2010 as our baseline given the significant structural shifts

in fiscal policy and the introduction of the Office for Budget Responsibility; a full-sample average

would produce an implausibly low value for public sector debt.

We assume for simplicity that firms repay bank debt at the same pace as corporate bond

debt, i.e. at 10% per year. This avoids creating a needless asymmetry between the two types

of corporate borrowing and simplifies analysis. Choosing a shorter duration for bank debt would

increase steady-state new borrowing from banks without affecting the steady-state stock; this would

not meaningfully shift model dynamics but would result in a smaller calibrated value for ζ1.

Table 2: Standard and Calibrated Parameters (continued)

(B) Calibration Targets

Calibration Target Value Source
Corp. bond spread (RF −RB) 1.34% Mean 1997-20251
Gov. bond spread (RB −Rm) 0.69% Mean 1997-2025, estimation data
Loan spread (RF −Rm) 2.06% Mean 2004-2025, estimation data
Loan spread (RH −Rm) 1.87% Mean 2004-2025, estimation data
Firm debt/quarterly GDP 1.751 Mean 1997-2025, estimation data
Bank deposit markdown 25 bps UK effective lower bound 2016-20
NBFI market share 0.4 2008 market share, estimation data
FI leverage 4 Sims and Wu (2021)
Bank Leverage 6.5 Average 1997-2024, internal data
Bank loans households/firms 2.10 Mean 1997-2025, estimation data
Wholesale deposits/quarterly GDP 1.3 Mean 1997-2025, estimation data
Wholesale deposit spread −2bps SONIA median 2006-20252
Wholesale deposit markdown −4bps SONIA median 2010-2019

4.3 Estimation Results

Table 3 shows the prior and posterior distributions of all structural parameters; shock variances and

persistences are reported in Appendix D.4. Most values are standard and require little explanation.

Where parameters are naturally bounded over (0,∞) we use gamma distributions, where they are

1UK Investment grade corporate bond spread, Bank of America series URNF OAS.
2SONIA begins in 2006. See Appendix D.2.
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bounded over (0, 1) we instead use beta distributions. The elasticity parameter φ2 could in principle

be positive or negative depending on whether duration assets are a cost or a benefit for NBFIs; we

therefore assume that φ2 follows a normal distribution centred on zero. For symmetry, we apply

the same normal distribution to the liquidity elasticity ν2, although in practice we would expect

this to be above −1 to ensure convexity. The elasticity of reserve scarcity ð2 follows a gamma

distribution downshifted by one, such that it is bounded on (−1,∞).

Table 3: Prior and Posterior Distributions

Par. Description Prior Mean Post. Mean 90% HPD Interval Prior Pstdev
ζ2 Firm CES 20.0000 1.8062 [0.0037, 3.9563] Γ 19.0000
ν2 NBFI Liquidity 0.0000 5.4957 [1.4113, 9.9060] N 20.0000
φ2 NBFI Duration 0.0000 -57.9602 [-74.0139, -42.3972] N 20.0000
κhh Loan Adj. (HH) 0.00200 0.00695 [0.00500, 0.00888] Γ 0.00190
κnbfi NBFI Share Adj. 0.0020000 0.0000335 [0.0000000, 0.0000753] Γ 0.0019000
κc Bank Leverage 10.0000 0.1863 [0.0174, 0.3307] Γ 10.0000
αD Deposit RSC 1.0000 0.5253 [0.0000, 1.2580] Γ 0.9000
ð2 Reserve Scarcity 10.0000 -0.0308 [-0.9081, 0.8883] Γ 10.0000
ψ′ Loan-In-Advance 0.5000 0.2939 [0.1252, 0.4671] β 0.2000
bh Habit Persistence 0.5000 0.9388 [0.9140, 0.9650] β 0.2000
κI Investment Adj. 10.0000 4.2432 [2.0766, 6.3333] Γ 8.0000
γp Price Indexation 0.2000 0.0649 [0.0000, 0.1372] β 0.1500
γw Wage Indexation 0.2000 0.3478 [0.1016, 0.5846] β 0.1500
ϕp Price Stickiness 0.8500 0.7212 [0.6743, 0.7684] β 0.0500
ϕw Wage Stickiness 0.8500 0.7907 [0.7529, 0.8275] β 0.0500
δ2 Capital Utilisation 0.0100 0.0104 [0.0072, 0.0136] Γ 0.0020
mH Myopia (HH) 0.1500 0.0370 [0.0174, 0.0563] Γ 0.1200
mF Myopia (Firm) 0.1500 0.2283 [0.1614, 0.2951] Γ 0.1200

We discuss in depth only the financial parameters, since other results are broadly in line with

those found by other papers such as Smets and Wouters (2007) and Albuquerque et al. (2025).

The most notable results are for the portfolio frictions. On the firm side, an elasticity parameter

ζ2 = 1.81 suggests that firms are fairly inelastic over their funding mix, but not completely rigid

either. They wish to keep their funding ratio close to their preferred mix ζ1,t, but are willing to

deviate if they are offered a sufficiently attractive rate of return from either NBFIs or banks. On

the NBFI side, an estimated value ν2 = 5.5 suggests that NBFIs do not have a close-to-constant

marginal value from liquid assets, and the ‘liquidity premium’ does respond to changes in the NBFI

portfolio structure. Similarly, a value φ2 = −57.96 on the duration side suggests that the ‘duration
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premium’ does react substantially to changes in the NBFI portfolio. Hence the NBFI prefers to

keep its portfolio in a very strict ratio. The portfolio balance duration channel, generated by this

friction, is the most powerful component of the QE transmission.

On the banking side, the reserve scarcity parameter is estimated at ð2 = −0.03; this is consistent

with banks having a close-to-constant marginal benefit from holding reserves.10 This value implies

that household deposits are a stable funding source for banks compared with flightier NBFI deposits,

but still create some liquidity management concerns for commercial banks.

Overall, our results broadly support the idea that both financial and non financial corporates are

far from perfectly flexible over their asset and financing options. Firms do not regard bank loans and

corporate bonds as perfect substitutes, and nor do NBFIs consider bank deposits and corporate

bonds to be equivalent assets. However, our results also reject the alternative simplification of

perfectly segmented markets. As we shall see, both firms and NBFIs are able and willing to shift

their portfolio structure in response to policy, but only for a sufficiently attractive spread.

It is also worth touching on the loan adjustment cost κhh, which we estimate to be fairly small.

This suggests that households are relatively free to adjust their borrowing from banks. However,

it is not zero and will play a role in our results below by smoothing the path of household credit

after a shock. This is not the case for the NBFI saving friction κnbfi, which is essentially zero and

suggests households can almost frictionlessly adjust their savings and investments in NBFIs. We

also estimate the Gerali et al. (2010) leverage friction κc to be somewhat smaller than other papers

such as Gebauer and Mazelis (2023). This likely reflects our inclusion of additional bank frictions

such as the reserve scarcity costs, and consequently this leverage friction does not play a large role

in our results.

The myopia parameters mH = 0.04 and mF = 0.23 bracket the values calibrated by Gabaix

(2020) (0.15 and 0.2 respectively): we estimate less myopia for households and slightly more for

firms. As Gabaix notes, it is in practice difficult to disentangle myopia from other intertemporal

frictions such as investment adjustment costs and habit persistence; without myopia we would

10This is higher than the calibrated value of −0.96 in Kumhof and Salgado-Moreno (2024). This partly reflects
a different institutional setting in the UK compared with their US data, and partly due to our estimated value
αD = 0.53 for household deposits (whereas they assume it to be zero).
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estimate larger values for the investment adjustment cost parameter in particular.

Finally, the novel borrowing constraint parameter ψ′ is estimated at 0.29. This implies that

each unit of marginal investment is financed 29% through new borrowing, and 71% through equity

or retained profit. This is much smaller than in Carlstrom et al. (2017) where it is implicitly set to

1, and also smaller than Sims and Wu (2021) who calibrate it at 0.8 based on total US borrowing

(including household borrowing). Since we model household debt separately to firm debt, it is

natural that firm borrowing will be smaller in our setting. The estimated value of 0.29 makes it

clear that this is true at the margin as well as in total.

5 Analysis: Monetary Policy Through the Shadows

In this section, we use our estimated model to analyse the transmission of monetary policy through

the banking and non-banking sectors. Throughout this section, we simulate the response to mon-

etary policy with both smaller and larger NBFI market shares. In the baseline (green solid line),

NBFI corporate credit share is set at 40%, reflecting UK firms’ funding mix in 2008. We run two

alternative scenarios in which NBFI corporate credit share is increased.

In the first alternative scenario (orange dashed line), this is implemented by increasing by 50%

the firm-side preference for corporate bonds ζ1,t, which ensures firms prefer more bonds in their

optimal funding mix. This ‘firm-side’ NBFI expansion could be interpreted as a reduced cost to

firms of issuing bonds, or an increase in firm concentration with a lower share of SMEs and a greater

share of large firms.

In the second alternative scenario (purple dashed line), NBFI corporate credit share is increased

by raising by 50% the mark-up on bank’s loan rate −1/ξℓt . This makes bond finance more attractive

relative to bank loans, and hence firms substitute away from banks and towards relatively cheaper

NBFIs. We model this as an increase in bank markups for simplicity, but this is intended to capture

a broader array of ‘bank-side’ increases to loan rates (including macroprudential changes).

We begin by discussing traditional interest rate policy in Section 5.1, and then move on to

central bank balance sheet expansion (QE) in Section 5.2. The alternative scenarios with larger

reserves and a disrupted wholesale deposits market are simulated in Section 5.3. All simulations are

conducted to a first-order approximation of the model, using Dynare 6.3 (Adjemian et al., 2024).
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5.1 Traditional Interest Rate Policy

Figures 5 and 6 below show the response to a 25 bps Bank Rate cut, implemented using the interest

rate shock ϵR. This is set slightly above 25 bps, as there is less than one-for-one pass-through from

the shock to the policy rate given the normal operation of the Taylor rule. A full set of impulse

responses can be seen Appendix E, Figure A.4.

Figure 5 shows the transmission of this rate shock through the financial sector. While the pass-

through to household loan, firm loan and deposit rates is close to perfect, the change in policy rate

is not reflected one-for-one in other interest rates due to the varied financial frictions in the model.

Corporate bonds in particular move by only 15bps given that NBFIs are only indirectly exposed

to the change in policy rate.

Figure 5: Lower Interest Rates: Transmission

Response to an interest rate shock ϵR1 = −0.26. All rate variables are expressed in annualised percentage
points, other variables are a percentage of steady-state. Variables depicting rates are in nominal terms.
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The rate offered by banks to NBFIs on their wholesale deposits follows almost exactly the path

of the policy rate: banks pass on the cut in rates almost precisely to NBFIs. This is a crucial

component of smooth transmission, as it helps ensure NBFIs pass the rate cut onwards to firm

through the bond market.

Implication Our estimated setup is sufficiently low-friction that interest rates continue to pass

through smoothly, even with a larger NBFI sector.

The resulting impact on macroeconomic aggregates is shown in the top row of Figure 6 below.

In the baseline scenario, the policy rate cut increases output by about 0.03% (peak) and inflation

by 0.08% (on impact). As in standard New Keynesian models, this is driven primarily by increased

investment and secondarily by increased consumption. Households and firms respond to lower

borrowing costs by borrowing more, consuming more, and investing more. Firms respond to this

increase in demand by raising prices, and inflation rises both on impact and persistently.

The crucial takeaway from Figure 6 is that the NBFI share has no meaningful effect on output

or inflation, with almost exactly the same increase in each of our scenarios. Ultimately, this arises

because interest rates move in much the same direction and by much the same amount in each

scenario, as shown in Figure 5. There is essentially no difference in the path for household loan

rates, which is the primary consideration for household decision making, and the differences in firm

lending rates are sufficiently small that the differences in investment behaviour are also small.

The second row of Figure 6 shows changes to deposit and lending volumes, both between

households and the financial sector and within the financial sector. The crucial feature of the

model that explains these results is the fact that NBFIs are the only actors in the model holding

long-term assets.11 Following the cut to the policy rate, the valuation of both corporate and

government bonds rises sharply to reflect the lower discount rate. The repricing arrives as windfall

gain to the asset side of the NBFI balance sheet, and NBFI shares increase.

11Banks issue long-term loans to firms, but since these are variable-rate they are not subject to the same revaluation
effects as fixed-rate products.
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Figure 6: Lower Interest Rate: Macroeconomy

Response to an interest rate shock ϵR1 = −0.26. All rate variables are expressed in annualised percentage
points, other variables are a percentage of steady-state. Variables depicting rates are in nominal terms.

More strikingly, Figure 6 shows a distinctive feature of our model: a substantial increase in

both household and NBFI wholesale deposits at banks. The increase in bank lending mechanically

increases deposits (Jakab and Kumhof, 2015; 2018; McLeay et al., 2014). However, in equilibrium

households are not obliged to hold on to these newly created deposits. In our estimated model,

most of the additional deposits are therefore ultimately held by the NBFI sector, and in exchange

household NBFI shares increase. This arises because the marginal value of liquidity to NBFIs

exceeds the marginal value of liquidity to households. Households deposit demand is pinned by

equation (5), and any deposits beyond this minimum provide zero marginal liquidity.

Implication This exercise demonstrates that monetary policymakers retain strong rate control

regardless of the share of credit supplied by NBFIs.

33



5.2 Quantitative Easing

Figures 7 and 8 below show the IRFs to a QE shock worth £100 billion (3.6% of GDP). Since

typically central banks deploy Quantitative Easing only when there is no scope to lower interest

rates, we simulate the effect of QE at the Effective Lower Bound (ELB) on interest rates. We

assume that the ELB binds for eight quarters and is subsequently slack.12 A full set of impulse

responses are plotted in Appendix E, Figure A.5.

Figure 7 shows that QE transmits to the economy in three ways: a portfolio balance liquidity

channel, a portfolio balance duration channel, and a reserve creation channel. The two portfolio

balance channels are in the spirit of Alpanda and Kabaca (2020) and Harrison (2024), but in our

model this takes place distinctively through separate ‘liquidity’ and ‘duration’ components.

Considering liquidity first, with fewer liquid government bonds in their portfolio, NBFIs ex-

perience an increase in (marginal) liquidity costs. They are therefore willing to hold additional

wholesale deposits at commercial banks, since this is the only other liquid asset available. In our

estimated model ν2 = 5.5, making NBFIs “sticky for liquidity”: they prefer to maintain their

portfolio in a strict ratio.

The duration channel is the most important component of QE transmission. With fewer long-

duration government bonds in their portfolio, NBFIs experience a reduction in their (marginal)

duration costs. They are therefore more willing to hold long-duration corporate bonds; corporate

bond returns fall (Figure 7) and volumes increase (Figure 8).

Thirdly, by creating reserves the central bank generates a reserve creation channel in the banking

system, similar to Kumhof and Salgado-Moreno (2024). Banks have more liquid reserves and in

principle are willing to increase the rates they offer to households and NBFIs on their deposits. This

is initially dominated by the sharp increase in wholesale deposits. This large increase in unstable

short-term liabilities increases the banking sector’s demand for reserves. This is the complement to

NBFIs increased demand for liquid wholesale deposits, and jointly determines that the wholesale

rate falls rather than rises following QE. This is consistent with the reserve creation channel being

12For the purposes of implementation, we use a sequence of anticipated interest rate shocks to keep the policy rate
fixed for the duration of the lower bound.
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relatively weak in our model.

Figure 7: QE at the Lower Bound: Transmission

Response to a QE shock ϵb1 = 1. The effective lower bound binds for eight quarters. All rate variables
are expressed in annualised percentage points, other variables are a percentage of steady-state. Variables
depicting rates are in nominal terms.

Figure 8 below shows the consequences. In the baseline scenario (green line) QE increases

peak output by 0.15% and peak inflation by 0.45%, with transmission through both household

consumption and firm investment. On the household side, with reduced returns on both government

and corporate bonds, the return on NBFI shares falls. Households respond to this as they would

to an interest rate cut, reducing their net saving and increasing their consumption. Similarly, on

the firm side, the reduced yield on corporate bonds lowers the cost of corporate borrowing; firms

respond by increasing investment.
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Figure 8: QE at the Lower Bound: Macroeconomy

Response to a QE shock ϵb1 = 1. The effective lower bound binds for eight quarters. All rate variables
are expressed in annualised percentage points, other variables are a percentage of steady-state. Variables
depicting rates are in nominal terms.

Unlike for bank rate, the size of the NBFI sector and the source of its expansion matter for QE

transmission. We find that in our scenario with a larger, firm-driven NBFI sector the effect of QE

on output is 15.4% larger than in the baseline, while the impact on inflation is 10.3% higher. By

contrast, when the growth in the NBFI sector is driven by a plausibly higher cost of bank finance,

the effects of QE on output and inflation are essentially left untouched relative to baseline.13 In

other words, a firm-driven expansion of the NBFI sector strengthens the transmission of QE to

output and inflation, while a bank-driven expansion leaves it largely unchanged. This difference is

modest, but large enough to be economically relevant when designing asset purchase programmes.

13In this case, output falls marginally by 1% relative to baseline. To significantly weaken the transmission of QE
the loan mark-up should be set implausibly high.
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What drives these opposing results? In principle, a larger NBFI sector should amplify QE as we

see in the firm-driven scenario. A larger NBFI sector by definition holds more corporate bonds, and

therefore more long-duration assets. The marginal cost of duration is therefore higher, and NBFIs

are more sensitive to further changes to their long-term bond holdings. We see this in Figure 7,

with corporate bond returns falling marginally more in the firm-driven scenario than in baseline.

Since corporate bond yields fall by more, both investment and consumption respond more.

In the bank-driven scenario, this is offset by the rise in bank lending costs. A higher loan mark-

up increases the marginal cost of investment, because each additional unit of investment requires

borrowing from commercial banks at a punitively high rate. This is therefore why in Figure 8 the

investment response to QE in the bank-driven scenario is weaker than in the firm-driven scenario.

Implication This exercise demonstrates that the transmission of QE is substantially affected by

NBFIs, and the source of their credit expansion.

5.3 Reserves and Wholesale Deposits

We now consider how two alternative structural changes - a wholesale deposits market shutdown

and a higher level of steady-state reserves - impact the transmission of QE.14 The results of both

exercises are displayed in Figure 9, which shows the IRFs to a QE shock worth £100 billion exactly

as in Figure 7.

Firstly, we explore the effect of the wholesale deposits market in our model by preventing non-

banks from holding additional wholesale deposits. The specifics of implementation are discussed

in Appendix C, but in essence an arbitrarily large adjustment cost is applied to wholesale deposits

such that the NBFI always chooses to hold the steady-state level. Conceptually, wholesale deposits

must always increase in the immediate aftermath of QE - this is mechanically how the central bank

pays NBFIs for the acquired asset. This scenario is therefore modelling a situation similar to Cui

and Sterk (2021) in which NBFIs are completely unwilling to hold (additional) wholesale deposits,

and immediately spend them to either acquire new assets or to return funds to households. This

might be the case if, for example, NBFIs perceive a high risk of banking sector defaults, or if

14For a policy rate shock, GDP and inflation results are similar to Section 5.1. The response of household loans
and wholesale deposits is much weaker in both cases.
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liquidity demand by NBFIs is satiated.

Figure 9: Alternative Configurations

Response to an QE shock ϵb1 = 1. All rate variables are expressed in annualised percentage points, other
variables are a percentage of steady-state. Variables depicting rates are in nominal terms.

This significantly changes the effects of QE, as shown by the orange dashed line in Figure 9.

In the baseline wholesale deposits increase sharply (green line); conversely, when the wholesale

deposits market is shut down, NBFIs reallocate these deposits towards corporate bonds and firms

substitute strongly from bank loans into corporate bonds. Both firm’s loans and corporate bonds

increase, supporting higher investment. With higher liquidity management costs, the effective

return on NBFI shares is lower. Households reduce their NBFI shares, using this to repay bank

loans and to increase consumption. Overall, the impact and peak effects on output are higher than

in the baseline.

Secondly, we explore the effect of conducting QE with a higher level of steady-state reserves,

38



increasing the steady-state level of reserves from 12% of annual GDP to 25%. 15 We find that this

does weaken QE, but it clearly remains effective. This softening of impact runs through both the

banking and NBFI sectors. On the banking side, with a larger steady state level of reserves, the

‘reserve creation’ channel is weaker as the marginal reserve is less valuable to commercial banks.

On the NBFI side, with a lower steady state level of government bonds the marginal duration

channel is weaker; term premia respond less to a further change in government bond holdings and

hence corporate bond yields fall by less.

Implication This demonstrates that the wholesale deposits market matters for QE, and trans-

mission is significantly stronger and faster if NBFIs are forced to spend these deposits on impact.

There are diminishing marginal returns to central bank asset purchases.

6 Robustness Checks

To check that our results are robust to a range of parameter values, Table 4 shows our headline

results for bank rate and QE repeated across a range of values for our key parameters. This shows

the effect of increasing NBFI market share via firm preference (firm-side, ζ1) on the transmission

of bank rate and QE, for both output and inflation.

Our qualitative finding that an increase in NBFI share has very little effect on bank rate

transmission, and modest but economically relevant effect on QE transmission, holds up across a

range of parameters. The firm elasticity ζ2 and deposit parameter αD have a negligible effect on

our headline results. The myopia parameters mH and mF have some impact on the QE results,

and in particular lower firm myopia makes QE transmission more sensitive to the NBFI share.

The Taylor rule persistence parameter ρr is important for the bank rate result. If monetary

policy is less persistent then the NBFI share has a greater impact on bank rate transmission, though

the effect remains small for reasonable values of ρr. The reason for this is that when monetary

policy is less persistent, it has less effect on long-term bond yields. It follows naturally that when

monetary policy has less impact on long-term bond yields, and long-term bonds are a larger share

of financial markets, monetary policy is less effective. A similar story applies to the bond duration

15This is close to the peak reached by the Bank of England Asset Purchase Facility in 2021-22.

39



parameter κf .16 When bonds are more persistent, monetary policy has less effect on bond yields,

and is therefore more sensitive to the share of long-term bonds.

Table 4: Robustness Analysis: Change in Peak Policy Transmission with Higher NBFI Share

Bank Rate QE at ELB

Scenario ∆Y peak (%) ∆Πpeak (%) ∆Y peak (%) ∆Πpeak (%)

Baseline 1.80 -0.51 15.38 10.25
ζ2 = 0.2 1.88 -0.50 15.54 10.36
ζ2 = 20 1.28 -0.68 13.89 9.38
ρr = 0.7 -2.53 -3.05 14.62 10.05
ν2 = 3 1.18 0.28 6.73 6.74
ν2 = 10 1.29 -0.97 15.45 9.66
φ2 = −10 2.38 -0.98 1.05 6.73
φ2 = −80 1.97 -0.26 16.33 10.19
mF = 0.05 0.42 0.09 22.52 17.79
mH = 0.1 2.02 -0.57 15.10 7.60
mH = mF = 0 0.09 -0.17 13.68 15.03
κI = 8 1.68 -0.54 14.77 9.94
κhh = 0.1 3.66 -0.21 3.56 12.70
κhh = 5 2.32 1.36 11.48 4.28
κnbfi = 0.2 1.72 0.12 20.14 7.95
αD = 0 1.80 -0.51 15.66 10.27
κf = κℓ = 0.99 0.13 -1.49 26.77 24.30
ρr = 0.7, κhh = 5 -4.40 -1.99 10.37 3.59
κf = κℓ = 0.99, ρr = 0.7, κhh = 5 -9.28 -3.68 14.10 7.50

Note: Each cell reports the percentage change in peak response when NBFI share increases via ζ1 × 1.5.
∆Y peak and ∆Πpeak denote the percentage change in peak output and inflation responses, respectively. Bank
Rate refers to a conventional monetary policy shock; QE at ELB refers to quantitative easing implemented
at the effective lower bound.

Unsurprisingly, the NBFI duration and liquidity parameters φ2 and ν2 do matter for results. If

either of these is sufficiently small in magnitude, then the NBFI share has even less impact on both

bank rate and QE transmission. Conceptually what is happening here is that when φ2 (ν2) is close

to −1, the duration (liquidity) premium on bonds is essentially constant and does not respond to

QE; the ‘preferred habitat’ channels of QE therefore shrink and QE has less impact on the economy

via NBFIs17. Increasing the magnitude of φ2 or ν2 slightly increases the effect but by much less,
16We increase loan duration κℓ as well for symmetry, but since these are variable-rate loans the duration is much

less important.
17There remains a small effect via reserve creation and the banking side.
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suggesting there is a plateau in transmission strength.

The household adjustment cost parameters also matter, and in particular the loan adjustment

cost κhh. When this is set to be much larger than the estimated value of 0.007, the effect of QE is

less sensitive to the NBFI share. The effect of a larger NBFI share on bank rate is essentially the

same regardless of κhh. As shown above in Section 5.2, a reduction in bank lending is an important

part of the financial system adjusting to QE. With a larger adjustment cost, this reduction in bank

lending creates a marginal adjustment cost to lending and a marginal return to saving, raising the

‘effective rate’ received by households on saving. When this is very strong therefore, there is a

higher marginal return to saving for households and consequently a weaker inter-temporal response

of consumption.

Finally, we demonstrate that a combination of changes (bond duration, monetary policy per-

sistence and loan adjustment cost) delivers an outcome where monetary policy is meaningfully

impaired by the NBFI share; transmission of bank rate is 3.7-9.3% less effective with a larger NBFI

share. The purpose of this exercise is to demonstrate that our model is capable of finding that

NBFI’s weaken bank rate transmission; it simply finds that this is not supported in UK data.

Were the model to be applied in a different jurisdiction, such as one where NBFIs supply even

longer-duration fixed rate products, it might well support the hypothesis that NBFIs weaken the

transmission of conventional monetary policy.

7 Conclusions

How does a larger NBFI sector affect the transmission of conventional interest rate policy and

Quantitative Easing? To answer this question the paper develops a novel DSGE model and employs

Bayesian methods to estimate it on UK data.

We find that the transmission of conventional interest-rate policy to output and inflation is

essentially unaffected by the size of the NBFI sector. Conversely, the transmission of QE is strongly

altered by the size of the NBFI sector and the source of its expansion: a larger, firm-driven (bank-

driven) NBFI sector amplifies (leaves unchanged) QE. Quantitative simulations reveal that the

transmission of QE is more effective when the wholesale deposits market linking NBFIs to banks

is impaired. We also find that there are diminishing marginal returns to QE, but it remains an
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effective policy tool even with a significantly larger balance sheet.

While our model abstracts from certain frictions and crisis dynamics, it provides a tractable

framework for evaluating policy effectiveness in an evolving financial landscape. Our results focus

on the specific context of the UK where NBFIs experienced a striking growth over the past two

decades. However, these findings are also relevant to all advanced economies with increased NBFI

lending, including the United States and the Euro Area. To apply our model specifically to these

jurisdictions, two key changes must be applied: for the Euro Area, commercial banks must be

allowed to hold government bonds, as unlike in the UK, Euro Area banks provide significant finance

to fiscal authorities. For the US, NBFIs must be modelled as net borrowers from banks (currently

they are net lenders to banks). We leave these extensions for future research.
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APPENDIX
A Extended Equations

In this section we set out the rest of the background macroeconomic model.

A.1 Myopia

Following Gabaix (2020); Gust et al. (2022); Woodford (2019), we assume that households, firms

and trade unions are not perfectly rational and have imperfect expectations of the future (‘myopia’).

We assume that banks and non-bank financial institutions are professional forecasters and have

perfectly rational expectations. We assume that households have a different degree of myopia to

firms and trade unions; it is reasonable that an individual or a household will have a less accurate

forecast of the future than a professional organisation. This is supported by our estimated results

for myopia (Section 4).

We introduce myopia as it is a realistic feature strongly supported by the data (Gust et al., 2022)

which therefore helps to improve the quantitative accuracy of our results. This is particularly true

for examining the dynamic response to extremely persistent shocks, such as QE, since it ensures

that households and firms do not pay outsized attention to these shocks relative to more short-

lived ones. This is something which afflicts many papers that consider QE; for example Sims and

Wu (2021) assume that QE is unwound within just 5 quarters to prevent these policies having

implausibly large effects.

We adopt the behavioural formulation of Gabaix (2020), in which future expectations are a

blend of their true expectation and their steady-state value. This contrasts with the finite horizon

planning model of Woodford (2019), in which agents have perfectly rational expectations but only

for a limited timespan. Gust et al. (2022) find that the two versions have similar properties, with the

finite planning version performing somewhat better empirically but at the expense of tractability.

In brief, we simply define two expectations operators EHt (EFt ) for households (firms and trade

unions) respectively:

A.1



EHt [Xt+1] = (1−mH)Et [Xt+1] +mHX̄ (A.1)

EFt [Xt+1] = (1−mF )Et [Xt+1] +mF X̄ (A.2)

where X̄ is the steady-state value, and mH ,mF ∈ [0, 1) are parameters capturing the degree of

myopia of households and firms. The special case mX = 0 nests the perfectly rational expectations

case.

A.2 Bonds

Long-term government and corporate bonds are modelled using the tractable formulation of Wood-

ford (2001). In this setup, bonds take the form of perpetuities with coupon payments that decline

geometrically at a rate k. A one unit bond issue in period t at a price Qt obligates the issuer to a

coupon payment of one pound in t+1 , k pounds in t+2 , k2 pounds in t+3 , and so on. We set a

coupon decay rate of k = 1− 1/40 to imply a ten year duration for both corporate and government

bonds. This is a simplifying assumption. In reality, NBFIs would hold a complex mix of assets

with different durations to balance duration risk. The assumption of a single duration across assets

keeps our framework tractable while capturing the key properties of the NBFIs.

Adopting the formulation by Woodford (2001) has the crucial advantage that each type of

bonds can be represented using only two variables, a price (QB,t for government bonds or Qt for

corporate bonds) and a stock value (bt or ft). This contrasts with other methods of modelling

long-term bonds which require a separate price/stock variable for each vintage of the bond.

We omit the derivation of these bonds’ properties, referring readers to Woodford (2001), and

present only the relationship between price and return, where Rt is the nominal one-period holding

return on a long-term bond bought at t− 1 and sold at time t.

Rt = (1 + kQt) /Qt−1 (A.3)
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A.3 Labour Market

The labour market has two tiers: a labour packer and labour unions.

A.3.1 Labour packer

The labour packer buys union labour Ld,t(h) at Wt(h) and converts it into the labour ready for

production, Ld,t, using a CES technology with elasticity of substitution ϵwt > 1:

Ld,t =
�Z 1

0
Ld,t(h)

ϵwt −1
ϵw
t dh

� ϵwt
ϵw
t
−1

(A.4)

The maximisation problem of the labour packer is the following:

max
Ld,t(h)

Wt =
�Z 1

0
Ld,t(h)

ϵwt −1
ϵw
t dh

� ϵwt
ϵw
t
−1
−Wt(h)Ld,t(h) (A.5)

The FOC with respect to Ld,t(h) is the standard labour demand function:

Ld,t(h) =
�
Wt(h)
Wt

�−ϵwt
Ld,t (A.6)

The labour packer sells Ld,t to production firms at Wt, the aggregate wage, according to:

W
1−ϵwt
t =

Z 1

0
Wt(h)1−ϵ

w
t dh (A.7)

A.3.2 Labour Union

Labour unions — indexed by h and subject to Calvo wage rigidity — buy labour from households

at wht and sell it to the labour packer. The nominal profit of a labour union is:

DIVL,t(h) =Wt(h)Ld,t(h)− wht Lt(h) (A.8)

Assuming Lt(h) = Ld,t(h) and plugging in the demand function:

DIVL,t(h) =Wt(h)1−ϵ
w
t W

ϵwt
t Ld,t − whtWt(h)−ϵ

w
t W

ϵwt
t Ld,t (A.9)
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Labour unions are subject to Calvo wage rigidity: Each period there is a 1 − ϕw probability

(with ϕw ∈ [0,1]) that a union can update its nominal wage. At time t+ j, there is a ϕjw probability

that the wage chosen at time t is still valid. Wages that are not changed can be indexed to

lagged inflation at γw ∈ [0,1]. Hence, nominal wage at t + j for a non-updating union since t is:

Wt(h)
�
Pt+j−1
Pt−1

�γw
. The maximisation problem of a union that updates its wage at time t choosing

a new Wt(h) is:

max
Wt(h)

EFt
∞X
j=0

ϕjwΛt,t+j
��
Pt+j−1
Pt−1

�(1−ϵwt )γw
Wt(h)1−ϵ

w
t P

ϵwt −1
t+j w

ϵwt
t+jLd,t+j

−wht+j
�
Pt+j−1
Pt−1

�−ϵwt γw
Wt(h)−ϵ

w
t P

ϵwt
t+jw

ϵwt
t+jLd,t+j

� (A.10)

The FOC with respect to Wt(h) is:

(ϵwt − 1)Wt(h)−ϵ
w
t EFt

∞X
j=0

ϕjwΛt,t+j
�
Pt+j−1
Pt−1

�(1−ϵwt )γw
P
ϵwt −1
t+j w

ϵwt
t+jLd,t+j =

ϵwt Wt(h)−ϵ
w
t −1EFt

∞X
j=0

ϕjwΛt,t+jwht+j
�
Pt+j−1
Pt−1

�−ϵwt γw
P
ϵwt
t+jw

ϵwt
t+jLd,t+j

(A.11)

Since all the unions that can update will set the same wage W ∗
t :

W ∗
t =

ϵwt
ϵwt − 1

F1,t
F2,t

(A.12)

Where F1,t and F2,t are:

F1,t = wht P
ϵwt
t w

ϵwt
t Ld,t + ϕwΛt,t+1Π

−ϵwt γw
t F1,t+1 (A.13)

F2,t = P
ϵwt −1
t w

ϵwt
t Ld,t + ϕwΛt,t+1Π

(1−ϵwt )γw
t F2,t+1 (A.14)

Knowing that f1,t = F1,t/P
ϵwt
t , f2,t = F2,t/P

ϵwt −1
t and dividing by the aggregate price level Pt,

we obtain real w∗t = W ∗
t /Pt equal to:

w∗t =
ϵwt

ϵwt − 1
f1,t
f2,t

(A.15)
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With:

f1,t = wht w
ϵwt
t Ld,t + ϕwEFt Λt,t+1

�Πt+1
Πγwt

�ϵwt
f1,t+1 (A.16)

f2,t = w
ϵwt
t Ld,t + ϕwEFt Λt,t+1

�Πt+1
Πγwt

�ϵwt −1
f2,t+1 (A.17)

A.4 Capital producer

Unconsumed final output It is used by a capital producer to create new physical capital Ît:

Ît = It µ
I
t

"
1− κI

2

�
It
It−1

− 1
�2#

(A.18)

The new capital is sold to firm at P kt . The capital producer’s nominal profit is:

DIVk,t = P kt

"
1− κI

2

�
It
It−1

− 1
�2#

It µ
I
t − PtIt (A.19)

In real terms (pkt = P kt /Pt), profit becomes:

divk,t = pkt

"
1− κI

2

�
It
It−1

− 1
�2#

It µ
I
t − It (A.20)

The maximisation problem then is:

max
It
EFt

∞X
j=0

Λt,t+j
�
pkt+j

1− κI

2

 
It+j
It+j−1

− 1
!2 It+j µIt+j − It+j� (A.21)

And the FOC with respect to It is the following:

1 = pkt µ
I
t

 
1− κI

2

�
It
It−1

− 1
�2
− It
It−1

κI
�
It
It−1

− 1
�!

+ . . .

. . .+ EFt

(
κI pkt+1 βE Λt+1 µIt+1

�
It+1
It

− 1
� �

It+1
It

�2)
(A.22)
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A.5 Final Goods Firm

A final goods firm buys and combines retail outputs from retail firms — indexed by f — at Pt(f)

and sells it at Pt. For the production of Yt, the final goods firm uses a CES technology with

elasticity of substitution ϵpt > 1, creating:

Yt =
�Z 1

0
Yt(f)

ϵ
p
t
−1
ϵ
p
t df

� ϵ
p
t

ϵ
p
t
−1 (A.23)

The maximisation problem of the final goods firm is the following:

maxPt
�Z 1

0
Yt(f)

ϵ
p
t
−1
ϵ
p
t df

� ϵ
p
t

ϵ
p
t
−1 − Pt(f)Yt(f) (A.24)

The FOC with respect to Yt(f) is the below standard retail output demand function:

Yt(f) =
�
Pt(f)
Pt

�−ϵpt
Yt (A.25)

While the aggregate price (price of the final output good) Pt is:

P
1−ϵpt
t =

Z 1

0
Pt(f)1−ϵ

p
t df (A.26)

A.6 Retail firms

Retail firms buy at Pm,t and repackage wholesale output Ym,t and sell it to a final goods firm

(Ym,t(f) = Yt(f)) at Pt(f) .

The profit of a retail firm is:

DIVR,t(f) = Pt(f)Yt(f)− Pm,tYm,t(f) (A.27)

that becomes:

DIVR,t(f) = Pt(f)1−ϵ
p
tP

ϵpt
t Yt − Pm,tPt(f)−ϵ

p
tP

ϵpt
t Yt (A.28)
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Retail firms are subject to Calvo price rigidity: Each period there is a 1− ϕp probability (with

ϕp ∈ [0,1]) that a retail firm can update its price. At time t+ j, there is a ϕjp probability that the

price chosen at time t is still valid. Prices that are not changed can be indexed to lagged inflation

at γp ∈ [0,1]. Hence, a price at t+ j for a non-updating retail firm since t is: Pt(f)
�
Pt+j−1
Pt−1

�γp
. The

maximisation problem of a retail firm that updates its price at time t choosing a new Pt(f) is the

following:

max
Pt(f)

EFt
∞X
j=0

ϕjpΛt,t+j
�
Pt(f)1−ϵ

p
t

�
Pt+j−1
Pt−1

�(1−ϵpt )γp
P
ϵpt−1
t+j Yt+j − Pm,t+jPt(f)−ϵ

p
t

�
Pt+j−1
Pt−1

�−ϵpt γp
P
ϵpt−1
t+j Yt+j

�
(A.29)

The FOC with respect to Pt(f) is:

(ϵpt − 1)Pt(f)−ϵ
p
tEFt

∞X
j=0

ϕjpΛt,t+j
�
Pt+j−1
Pt−1

�(1−ϵpt )γp
P
ϵpt−1
t+j Yt+j =

ϵptPt(f)−ϵ
p
t−1EFt

∞X
j=0

ϕjpΛt,t+jPm,t+j
�
Pt+j−1
Pt−1

�−ϵpt γp
P
ϵpt
t+jYt+j

(A.30)

We denote two variables:

(A.31)X1,t =
∞X
j=0

(ϕpβ)j
µt+j
µt

Pm,t+j

�
Pt+j−1
Pt−1

�−ϵpt γp
P
ϵpt
t+jYt+j

(A.32)X2,t =
∞X
j=0

(ϕpβ)j
µt+j
µt

�
Pt+j−1
Pt−1

�(1−ϵpt )γp
P
ϵpt−1
t+j Yt+j

That written recursively are:

(A.33)X1,t = pm,tP
ϵpt
t Yt + ϕpΛt,t+1Π

−ϵpt γp
t X1,t+1

(A.34)X2,t = P
ϵpt−1
t Yt + ϕpΛt,t+1Π

1−ϵpt γp
t X2,t+1

All the retailers that can update their price, they will set the same, P ∗t . Hence, the first order

condition can be re-written as:

P ∗t =
ϵpt

ϵpt − 1
X1,t
X2,t

(A.35)
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Knowing that x1,t = X1,t/P
ϵpt
t , x2,t = X2,t/P

ϵpt−1
t , pm,t = Pm,t

Pt
and p∗t = P ∗t /Pt, we obtain:

(A.36)p∗t =
ϵpt

ϵpt − 1
x1,t
x2,t

(A.37)x1,t = pm,tYt + ϕpEFt Λt,t+j
�Πt+1
Πγpt

�ϵpt
x1,t+1

(A.38)x2,t = Yt + ϕpEFt Λt,t+j
�Πt+1
Πγpt

�ϵpt−1
x2,t+1

A.7 Markups and Adjustment Costs

A.7.1 Loan Markups and Deposit Markdowns

We resolve the optimal composition of bank loans and deposits as a cost-minimization exercise.

Markups and markdowns are determined by elasticity parameters ξXt which vary across all different

products offered by the banking sector and follow time-varying shock processes.

For the wholesale firm, the problem is:

min
ℓj,t

C =
Z 1

0

�
1 +Rℓj,t

�
ℓj,t

s.t. ℓt =

Z 1

0
ℓ

ξℓt−1
ξℓ
t

j,t dj


ξℓt
ξℓ
t
−1

Demand schedule for bank loans is therefore:

ℓj,t =
 
1 +Rℓj,t
1 +Rℓt

!−ξℓt
ℓt (A.39)

Similarly for households, we have:

(A.40)dcj,t =

Rd,cj,t
Rd,ct

−ξdt dct
(A.41)ℓhhj,t =

Rℓ,hhj,t

Rℓ,hht

−ξ
ℓ,hh
t

ℓhht .

And for NBFIs:
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hj,t =
 
Rhj,t
Rht

!−ξht
ht (A.42)

A.7.2 Household Adjustment Costs

We resolve the partial derivatives of the household adjustment cost term A⊔ as:

At ≡ A∞⊔ +A∈⊔, (A.43)

A1t ≡ 0.5κhhℓhht
�
ℓhht − ℓhht−1

�2
, (A.44)

A2t ≡ 0.5κnbfidst
�
dst − dst−1

�2
, (A.45)

Aℓt ≡ A1t /ℓhht + κhhℓ
hh
t

h
ℓhht − ℓhht−1 − Λt,t+1

�
ℓhht+1 − ℓhht

�i
(A.46)

Ast ≡ A2t /dst + κnbfid
s
t

�
dst − dst−1 − Λt,t+1

�
dst+1 − dst

��
(A.47)

A.8 NBFI Partial Derivatives

The partial derivatives of the loan and durations scarcity costs are:

(A.48)LSCDt = (1 + ν2)
LSCt
ν1,t

· 1
dt

(A.49)LSCHt = −(1 + ν2)
LSCt
ν1,t

· 1
νB,tQB,tbt + ht

(A.50)LSCBt = νB,tLSC
H
t

(A.51)DECDt = (1 + φ2)
DECt
φ1,t

· 1
dt

(A.52)DECBt = −(1 + φ2)
DECt
φ1,t

· 1
QB,tbt +Qtft

(A.53)DECFt = DECBt

A.9 Fiscal Authority

The government spends Gt and it raises revenues by collecting taxes from households τt, issuing

debt bGt and receiving transfers from the central bank TCBt :

Gt +Π−1t bGt−1 = τt + TCBt +QB,t(bGt − κbΠ−1t bGt−1) (A.54)
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Where κb ∈ [0,1] is the decay parameter for coupon payments. As in Sims and Wu (2021), we

assume there is a fixed quantity of outstanding real government bonds, e.g. bGt = b̄G, and nominal

government bonds grow with the price level, e.g BG,t = Ptb̄G. Real government bonds bGt and

government spending Gt follow an exogenous AR(1) process. Lump sum taxes τt adjust to always

keep the government budget constraint satisfied each period.

A.10 Banks

To restate the conditions in Section 3.3.2, the optimization problem of bank j is:

max�
Rℓj,t,R

d,c
j,t ,mj,t,hj,t

	V c
j,t = (1− ϱ)Pj,t + Et

n
Λt,t+1V c

j,t+1

o
(A.55)

s.t. mj,t + ℓj,t + ℓhhj,t = dcj,t + hj,t + ncj,t (A.56)

ncj,t = ϱPj,t + (1− ς)ncj,t−1 (A.57)

Pj,t = Π−1t
�
Rℓj,t−1ℓ

f
j,t−1 +Rℓ,hhj,t−1ℓ

hh
j,t−1 +Rmt−1mj,t−1 (A.58)

−Rd,cj,t−1d
d,c
j,t−1 −R

h
j,t−1hj,t−1

�
− Ξj,t−1 −RSCj,t−1 (A.59)

Rd,cj,t ≥ 1 (A.60)

with

Ξj,t ≡
κc

2

 ncj,t

ℓfj,t + ℓhhj,t
− vb

2 (A.61)

RSCj,t ≡
ð1,t
1 + ð2

 
αDd

c
j,t + hj,t

mj,t

!1+ð2
(A.62)

Note that as in Ulate (2021) there are three separate cases with respect to the zero lower bound.

In case (a) it does not bind. In case (b) it binds but the bank remains profitable and accepts nonzero

deposits. In case (c) it binds and is sufficiently severe that the bank makes negative profits, closing

down completely. This situation occurs when the interest rate on reserves is strongly negative. In

practice, it is this condition that defines a reversal rate for negative interest rate policy, bank value

V c
j,t ≥ 0 implicitly sets an “actual lower bound” (reversal rate) on bank rate. As in Ulate (2021)
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we discount case (c) by assuming that the policy rate of interest never goes low enough to trigger

bank closures, and focus on cases (a) and (b).

Before resolving, it is helpful to obtain the derivative of loan/deposit demand with respect to

their real interest rate, and similarly for the derivatives of capital costs. We have:

∂dcj,t

∂Rd,cj,t
= −ξd
Rd,ct

Rd,cj,t
Rd,ct

−ξd−1 dct (A.63)

∂ℓhhj,t

∂Rℓ,hhj,t

= −ξℓ,hht

Rℓ,hht

Rℓ,hhj,t

Rℓ,hht

−ξ
ℓ,hh
t −1

ℓhht (A.64)

∂ℓj,t

∂Rℓj,t
= −ξℓt

Rℓt

 
Rℓj,t
Rℓt

!−ξℓt−1
ℓt (A.65)

∂hj,t

∂Rhj,t
= −ξh

Rht

 
Rhj,t
Rht

!−ξh−1
ht (A.66)

Ξℓj,t ≡
∂Ξj,t
∂ℓj,t

= − κcnj,t�
ℓj,t + ℓhhj,t

�2
 

ncj,t
ℓj,t + ℓhhj,t

− vb
!

(A.67)

Ξmj,t ≡
∂Ξj,t
∂mj,t

= − κcnj,t�
ℓj,t + ℓhhj,t

�2
 

ncj,t
ℓj,t + ℓhhj,t t

− vb
!

(A.68)

RSCdj,t ≡
∂RSCj,t
∂dcj,t

= αD

 
ð1,t
mj,t

! 
αDd

c
t + ht
mj,t

!ð2
(A.69)

RSChj,t ≡
∂RSCj,t
∂hj,t

=
 
ð1,t
mj,t

! 
αDd

c
t + hct
mj,t

!ð2
(A.70)

RSCmj,t ≡
∂RSCj,t
∂mj,t

= −
 
ð1,t
mj,t

! 
αDd

c
t + hct
mj,t

!1+ð2
(A.71)

First order conditions are (with ϖj,t the value of the balance sheet constraint/shadow value of
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net worth, and defining an auxiliary variable ϑj,t ≡ ϖj,t/(1− ϱ+ ϱϖj,t+1) for ease of notation):

Rmt = Et
n
Πt+1

�
Λ−1t,t+1ϑt +RSCmt

�o
(A.72)

Rht = Et

(
Πt+1

�
Λ−1t,t+1ϑt −RSCht

� ξht
ξht − 1

!)
(A.73)

Rℓ,hht = Et

(
Πt+1

�
Λ−1t,t+1ϑt + Ξℓt

� ξℓ,hht

ξℓ,hht − 1

!)
(A.74)

Rℓt = Et

(
Πt+1

�
Λ−1t,t+1ϑt + Ξℓt

� ξℓt
ξℓt − 1

!)
(A.75)

where we have simplified the conditions by applying symmetric equilibrium and dropping index

j.

Deposits are slightly different due to the zero lower bound. We obtain the two cases as:

Rd,ct = Et

(
Πt+1

�
Λ−1t,t+1ϑt −RSCdt

� ξdt
ξdt − 1

!)
if Rd,ct > 1

Rd,ct = 1 else

It is worth pausing briefly to discuss the implications of this in steady state. Assume that vb

is calibrated such that in steady state Ξ = Ξm = Ξℓ = 0 and that the ZLB does not bind, and

set ð1 = 0, i.e., assuming reserves earn no convenience yield and hence RSC = RSCm = RSCd =

RSCh = 0. It follows that:

Rd,c = Et

( 
ξdt

ξdt − 1

!
Rm

)

Rℓ = Et

( 
ξℓt

ξℓt − 1

!
Rm

)

Rℓ,hh = Et

( 
ξℓ,hht

ξℓ,hht − 1

!
Rm

)

Rh = Et

( 
ξht

ξht − 1

!
Rm

)

This makes it clear that when ξdt , ξht < (−1) and ξℓt , ξ
ℓ,hh
t > 1, the deposit rate and wholesale

deposit rate are a markdown on the reserve rate of interest and loan rates are marked up. Away
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from steady state, markups/markdowns follow broadly the same pattern but may deviate somewhat

due to both the capital/asset target and the Zero Lower Bound (ZLB).

The “deposit ZLB” binds when the (net) deposit rate equals zero. However, the “Policy Effective

Lower Bound” (PELB) on the reserve rate is somewhat different than this, because the reserve rate

will not in general equal the deposit rate. Taking the deposit equation at the point where it just

binds and applying to the reserve equation, we find the PELB to bind when:

Rmt =
 
ξdt − 1
ξdt

!
+ Et

n
Πt+1

�
RSCdt +RSCmt

�o
(A.76)

Note that since ξd < (−1), RSCmt < 0, and RSCdt > 0, the location of the PELB with respect

to the ZLB is ambiguous. If |ξdt | is small, then the monopolistic markdown will dominate and

Rmt > Rd,ct at the ZLB. Similarly, deposits create a large marginal reserve scarcity cost (RSCdt )

that ensures deposits are priced well below reserves and Rmt > Rd,ct at the ZLB.

Conversely if the marginal value of an additional reserve RSCmt is large, the reserve scarcity

effect will dominate and Rmt < Rd,ct . Confusingly, the policy rate can continue to be reduced past

the PELB but will be less impactful as it does not transmit to deposit rates. This process continues

until we reach the “true lower bound” where bank profits become negative, beyond which a lower

policy rate is actively harmful to the economy.
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B Equilibrium Equations

Household’s equations:

Λt = βψc,t
µt
µt−1

(A.1)

µt(1 + µdt ) =
1

(Ct − bCt−1)
− βψc,tbEHt

� 1
(Ct+1 − bCt)

�
(A.2)

ψl,tχL
η
t = µtw

h
t (A.3)

1 = EHt
n
Λt,t+1Π−1t+1R

d,c
t

o
+ µdt ν

d
t (A.4)

1 = EHt
n
Λt,t+1Π−1t+1R

d,s
t +Ast

o
(A.5)

1 = EHt
n
Λt,t+1Π−1t+1R

ℓ,hh
t +Aℓt

o
(A.6)

Ct ≤ νdt d
c
t (A.7)

Labour union’s equations:

w∗t =
ϵwt

ϵwt − 1
f1,t
f2,t

(A.8)

f1,t = wht w
ϵwt
t Ld,t + ϕwEFt Λt,t+1

�Πt+1
Πγwt

�ϵwt
f1,t+1 (A.9)

f2,t = w
ϵwt
t Ld,t + ϕwEFt Λt,t+1

�Πt+1
Πγwt

�ϵwt −1
f2,t+1 (A.10)

Retail firm’s equations:

p∗t =
ϵpt

ϵpt − 1
x1,t
x2,t

(A.11)

x1,t = pm,tYt + ϕpEFt Λt,t+1
�Πt+1
Πγpt

�ϵpt
x1,t+1 (A.12)

x2,t = Yt + ϕpEFt Λt,t+1
�Πt+1
Πγpt

�ϵpt−1
x2,t+1 (A.13)
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Wholesale firm’s equations:

Ym,t = At(utKt)αL1−αd,t (A.14)

wt = (1− α)pm,tAt(utKt)αL−αd,t (A.15)

(1 + ψ′M3,t)pkt (δ1 + δ2(ut − 1)) = αpmAt(utKt)α−1L1−αd (A.16)

(1 + ψ′M3,t)pkt = EFt Λt,t+1[αpm,t+1At+1(ut+1Kt+1)α−1ut+1L1−αd,t+1 . . .

. . .+ (1− δ(ut+1))pkt+1(1 + ψ′M3,t+1)] (A.17)

fNEWt = ft − κfft−1Π−1t (A.18)

ℓNEWt = ℓt − κℓℓt−1Π−1t (A.19)

Bft = Qt

�
ζ1,tBt
Qtft

� 1
ζ2 (A.20)

Bℓt =
�
(1− ζ1,t)

Bt
ℓt

� 1
ζ2 (A.21)

QtM3,t + Bft = EFt Λt+1Π−1t+1 (1 + κfQt+1 + κfQt+1M3,t+1) (A.22)

M3,t + Bℓt = EFt Λt+1Π−1t+1
�
Rℓt + κlM3,t+1

�
(A.23)

Kt+1 = Ît + (1− δ0 − δ1(ut − 1)− δ2
2 (ut − 1)2)Kt (A.24)

ψ′pkt Ît + ψ̄ + (Qtft + ℓt)ϵψ,t = Qtf
NEW
t + ℓNEWt (A.25)

Capital producer’s equations:

Ît = It µ
I
t

 
1− κI

2

�
It
It−1

− 1
�2!

(A.26)

1 = pkt µ
I
t

 
1− κI

2

�
It
It−1

− 1
�2
− It
It−1

κI
�
It
It−1

− 1
�!

+ . . .

. . .+ EFt t

(
κI pkt+1 βE Λt+1 µIt+1

�
It+1
It

− 1
� �

It+1
It

�2)
(A.27)
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NBFI’s equations:

RFt = 1 + kfQt
Qt−1

(A.28)

RBt = 1 + kbQB,t
QB,t−1

(A.29)

nst = σΠ−1t
h
RFt Qt−1ft−1 +RBt QB,t−1bt−1 +RHt−1ht−1 −R

d,s
t−1d

s
t−1

i
(A.30)

Ωt = 1− σ + σϕt (A.31)

ϕt
�
1 + LSCBt +DECBt

�
= EtΛt,t+1Ωt+1Π−1t+1RBt+1 (A.32)

ϕt
�
1 +DECFt

�
= EtΛt,t+1Ωt+1Π−1t+1RFt+1 (A.33)

ϕt
�
1 + LSCHt

�
= EtΛt,t+1Ωt+1Π−1t+1RHt+1 (A.34)

ϕt
�
1− LSCDt −DECDt

�
= EtΛt,t+1Ωt+1Π−1t+1R

d,s
t (A.35)

Qtft +QB,tbt + ht = dst + nst (A.36)

Vt = EtΛt,t+1
�
(1− σ)nst+1 + σVt+1

�
(A.37)
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Commercial bank’s equations:

mj,t + ℓfj,t + ℓhhj,t = dcj,t + hj,t + ncj,t (A.38)

Pt = Π−1t
h
Rℓj,t−1ℓ

f
j,t−1 +Rℓ,hhj,t−1ℓ

hh
j,t−1 +Rmt−1mt−1 −Rd,ct−1d

d,c
t−1 −R

h
t−1ht−1

i
− Ξt−1 −RSCt−1

(A.39)

Ξj,t ≡
κc

2

 ncj,t

ℓfj,t + ℓhhj,t
− vb

2 (A.40)

RSCj,t ≡
ð1,t
1 + ð2

 
αDd

c
j,t + hj,t

mj,t

!1+ð2
(A.41)

nct = ϱPt + (1− ς)nct−1 (A.42)

Ξℓj,t ≡
∂Ξj,t
∂ℓj,t

= − κcnj,t�
ℓj,t + ℓhhj,t

�2
 

ncj,t
ℓj,t + ℓhhj,t

− vb
!

(A.43)

Rmt = Πt+1
�
Λ−1t,t+1ϑt +RSCmt

�
(A.44)

Rht = Πt+1
�
Λ−1t,t+1ϑt −RSCht

�� ξh
ξh − 1

�
(A.45)

Rℓt = Πt+1
�
Λ−1t,t+1ϑt + Ξℓt

� ξℓt
ξℓt − 1

!
(A.46)

Rℓ,hht = Πt+1
�
Λ−1t,t+1ϑt + Ξℓt

� ξℓ,hht

ξℓ,hht − 1

!
(A.47)

Rd,ct = max
(
Πt+1

�
Λ−1t,t+1ϑt −RSCdt

� ξdt
ξdt − 1

!
, 1
)

(A.48)

Fiscal authority’s equations:

Gt +Π−1t b̄G,t = Tt + Tcb,t +QB,t(bG,t − κbΠ−1t bG,t−1) (A.49)
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Central Bank’s equations:

mt = QB,tbcb,t (A.50)

TCBt = Π−1
�
(1 + κbQB,t)bcb,t−1 −Rmt−1mt−1

�
(A.51)

Rtrt = (1− ρr)R̄m + ρrR
tr
t−1 + (1− ρr)[ϕπ(ΠAt ) + ϕy ln(Yt/Ȳ )] + ϵr,t (A.52)

Rmt = max
n
Rtrt , PELB

o
(A.53)

Aggregate condition’s equations:

Ytv
p
t = Ym,t (A.54)

vpt = (1− ϕp)(p∗t )−ϵ
p
t + ϕp

� Πt
Πγpt−1

�ϵpt
vpt−1 (A.55)

1 = (1− ϕp)(p∗t )1−ϵ
p
t + ϕpΠ

γp(1−ϵpt )
t−1 Πϵ

p
t−1
t (A.56)

Lt = Ld,tv
w
t (A.57)

vwt = (1− ϕw)
�
w∗t
wt

�−ϵwt
+ ϕw

� Πt
Πγwt−1

�ϵwt � wt
wt−1

�ϵwt
vwt−1 (A.58)

w
1−ϵwt
t = (1− ϕw)(w∗t )1−ϵ

w
t + ϕwΠ

γw(1−ϵwt )
t−1 Πϵ

w
t −1
t−1 w

1−ϵwt
t−1 (A.59)

fm,t = ft (A.60)

bG,t = bt + bcb,t (A.61)

Yt = Ct +Gt + It (A.62)
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Exogenous processes’ equations:

ln ξℓt = (1− ρξℓ) ln ξℓ + ρξℓ ln ξℓt−1 + ϵℓ,t (A.63)

ln ξℓ,hht = (1− ρξℓ,hh) ln ξℓ,hh + ρξℓ,hh ln ξ
ℓ,hh
t−1 + ϵℓ,hh,t (A.64)

ln ξht = (1− ρξh) ln ξh + ρξh ln ξht−1 + ϵh,t (A.65)

ln ξdt = (1− ρξd) ln ξd + ρξd ln ξdt−1 + ϵd,t (A.66)

ln ζ1,t = (1− ρζ1) ln ζ1 + ρζ1 ln ζ1,t−1 + ϵζ,t (A.67)

ln ν1,t = (1− ρν1) ln ν1 + ρν1 ln ν1,t−1 + ϵν1,t (A.68)

ln νB,t = (1− ρνB ) ln νB + ρνB ln νB,t−1 + ϵνB ,t (A.69)

ln φ1,t = (1− ρφ1) ln φ1 + ρφ1 ln φ1,t−1 + ϵφ,t (A.70)

ln ð1,t = (1− ρð1) ln ð1 + ρð1 ln ð1,t−1 + ϵð,t (A.71)

ϵwt = (1− ρϵw)ϵw + ρϵwϵ
w
t−1 + ϵw,t (A.72)

ϵpt = (1− ρϵp)ϵp + ρϵpϵ
p
t−1 + ϵp,t (A.73)

ln At = ρA ln At−1 + ϵA,t (A.74)

ln µIt = ρµI ln µIt−1 + ϵµ,t (A.75)

ln ψc,t = ρψc ln ψc,t−1 + ϵψc,t (A.76)

ln ψl,t = ρψl ln ψl,t−1 + ϵψl,t (A.77)

ln νdt = (1− ρνd) ln νd + ρνd ln νdt−1 + ϵν,t (A.78)

ln Gt = (1− ρG) ln G+ ρG ln Gt−1 + ϵG,t (A.79)

ln bGt = (1− ρbG) ln bG + ρbG ln bGt−1 + ϵB,t (A.80)

bcb,tQ
B
t = (1− ρb)bcbQB + ρbbcb,t−1Q

B
t−1 + ϵQE (A.81)
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C NBFI’s wholesale deposits adjustment cost

To simulate wholesale market disruption, we introduce the below wholesale deposits adjustment

costs Ht in the NBFIs problem. The intuition is that by facing a large adjustment cost, NBFIs are

prevented from holding additional wholesale deposits and always choose to hold the steady-state

level.

Ht ≡ 0.5κhht (ht − ht−1)2 (A.82)

The first order condition with respect to the wholesale deposits market is the following:

ϕt
�
1 + LSCHt

�
= EtΛt,t+1Ωt+1Π−1t+1RHt+1 −Hht (A.83)

Where Hht is the partial derivative of the wholesale deposits adjustment costs with respect to

ht:

Hht ≡ Ht/ht + κhht [ht − ht−1 − Λt,t+1 (ht+1 − ht)] (A.84)
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D Data, Calibration and Estimation

D.1 Household Loans from Banks

We calculate the ratio of household loans to GDP as the mean value 1997-2025. For all our results,

we use bank loans to households net of time deposits. This is because the value we are interested

in is bank net financing of households, with respect to illiquid assets and liabilities (since we model

liquid deposits separately). However as shown in Figure A.1, this adjustment makes a comparatively

small difference. Bank loans to households are 232% of quarterly GDP; this falls to 204% once we

account for illiquid time deposits. The two series have much the same dynamics over time, and

results are robust to using the alternative measure. The main difference is that the net series has

grown slightly more across the time horizon, which is mostly stripped out of the estimation once

the series have been differenced and demeaned.

Note that the time deposit series was disaggregated into separate series for banks and building

societies before 2008.

Figure A.1: Household Loans to GDP

Loan and time deposit data from the Bank of England Database. Monetary Financial Institutions (MFI)
loans to households excluding overdrafts (LPMB3TB), and MFI loans to households net of household time
deposits held at MFIs (sum of series LWMB2F8 and LWMB2F7 before 2008, series LPMZ3TZ from 2008).
GDP data from the ONS, series ABMI.
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D.2 SONIA Spreads

Figure A.2 shows the Sterling Overnight Index Average (SONIA) spread to policy rate across

different time horizons. This shows the cost to commercial banks of obtaining short term funding,

and is thus a reasonable proxy of the interest paid to NBFIs on their bank deposits. It can be

seen readily that this drops sharply after the introduction of QE, and thereafter remains low and

broadly flat.

Figure A.2: SONIA Spreads

Spread between the Sterling Overnight Index Average (SONIA) and Bank of England policy rate, for full
sample (top) and selected subsamples (bottom). Dashed lines indicate median value for each sample.
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D.3 Observables

Figure A.3: Estimation Observables
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D.4 Parameters

Table A.1: Shock Persistence Parameters

Par. Description Prior Mean Post. Mean 90% HPD Interval Prior Pstdev
ρA Productivity 0.5000 0.7818 [0.7088, 0.8576] β 0.2000
ρr Monetary Policy 0.5000 0.9500 [0.9402, 0.9596] β 0.2000
ρm Investment 0.5000 0.5206 [0.3791, 0.6670] β 0.2000
ρl Labour Preference 0.5000 0.9890 [0.9807, 0.9979] β 0.2000
ρc Consumption Preference 0.5000 0.4910 [0.3746, 0.6094] β 0.2000
ρG Government Spending 0.5000 0.7547 [0.6498, 0.8632] β 0.2000
ρεw Wage Markup 0.5000 0.1641 [0.0495, 0.2712] β 0.2000
ρεp Price Markup 0.5000 0.6019 [0.4657, 0.7405] β 0.2000
ρζ1 Firm Bond Pref. 0.5000 0.4374 [0.2984, 0.5730] β 0.2000
ρξ1 MM Deposit Markup 0.5000 0.4884 [0.1554, 0.8141] β 0.2000
ρξ2 Loan Markup 0.5000 0.9482 [0.9113, 0.9876] β 0.2000
ρξ3 Deposit Markdown 0.5000 0.9690 [0.9457, 0.9937] β 0.2000
ρb QE 0.9800 0.9901 [0.9843, 0.9962] β 0.0100
ρν1 NBFI Liquidity 0.5000 0.4946 [0.1792, 0.7992] β 0.2000
ρνB NBFI Gov. Bond Liq. 0.5000 0.9750 [0.9544, 0.9961] β 0.2000
ρφ1 NBFI Duration 0.5000 0.5856 [0.2584, 0.8987] β 0.2000
ρνd Velocity 0.5000 0.9500 [0.9180, 0.9836] β 0.2000
ρð1 Reserve Scarcity 0.5000 0.9772 [0.9576, 0.9973] β 0.2000
ρB Government Debt 0.5000 0.9411 [0.9032, 0.9791] β 0.2000
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Table A.2: Shock Standard Deviations

Par. Description Prior Mean Post. Mean 90% HPD Interval Prior Pstdev
σA Productivity 0.0500 0.0069 [0.0060, 0.0078] Γ 0.0450
σl Labour Preference 0.0500 0.0447 [0.0270, 0.0624] Γ 0.0450
σc Consumption Preference 0.0500 0.0862 [0.0404, 0.1323] Γ 0.0450
σm Investment 0.0500 0.1288 [0.0674, 0.1893] Γ 0.0450
σG Government Spending 0.0500 0.0315 [0.0277, 0.0351] Γ 0.0450
σζ1 Firm Bond Pref. 0.0500 0.6395 [0.5745, 0.7030] Γ 0.0450
σξ1 MM Deposit Markup 0.0500 0.0676 [0.0001, 0.1391] Γ 0.0450
σξ2h HH Loan Markup 0.0500 0.0869 [0.0395, 0.1325] Γ 0.0450
σξ2f Firm Loan Markup 0.0500 0.0352 [0.0236, 0.0479] Γ 0.0450
σξ3 Deposit Markdown 0.0500 0.6528 [0.5653, 0.7431] Γ 0.0450
σν1 NBFI Liquidity 0.0500 0.0663 [0.0000, 0.1573] Γ 0.0450
σνB NBFI Gov. Bond Liq. 0.0500 0.1696 [0.0615, 0.2772] Γ 0.0450
σφ1 NBFI Duration 0.0500 0.0716 [0.0001, 0.1436] Γ 0.0450
σνd Velocity 0.0500 0.0084 [0.0074, 0.0094] Γ 0.0450
σB Government Debt 0.0500 0.0496 [0.0437, 0.0557] Γ 0.0450
σr Monetary Policy 0.0200 0.0083 [0.0073, 0.0093] Γ 0.0150
σψ Loan-In-Advance 0.0500 0.0202 [0.0177, 0.0226] Γ 0.0450
σnbfi NBFI Equity 1.0000 12.6372 [11.1988, 14.0661] Γ 0.9000
σbank Bank Equity 1.0000 0.1525 [0.1350, 0.1693] Γ 0.9000
σεw Wage Markup 1.0000 6.4251 [4.9682, 7.7452] Γ 0.9000
σεp Price Markup 1.0000 1.7811 [1.3669, 2.2043] Γ 0.9000
σð1 Reserve Scarcity 1.0000 5.0454 [4.0422, 6.0705] Γ 0.9000
σb QE 1.0000 1.2088 [1.0753, 1.3480] Γ 0.9000
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E Extended Results

E.1 Extended IRFs

Figure A.4: Lower Interest Rates in normal times

Response to an interest rate shock ϵR1 = −0.26. All rate variables are expressed in annualised percentage
points, other variables are a percentage of steady-state. Variables depicting rates are in nominal terms.
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Figure A.5: QE at the lower bound

Response to a QE shock ϵb1 = 1. The effective lower bound binds for eight quarters. All rate variables
are expressed in annualised percentage points, other variables are a percentage of steady-state. Variables
depicting rates are in nominal terms.
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