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Abstract

This paper studies how banks’ balance sheets before the negative interest rate

policy (NIRP) shaped credit supply and loan pricing around the ECB’s first move

into negative territory in June 2014. We identify heterogeneous credit responses by

comparing the lending decisions of different banks lending to the same firm. We

find that banks with higher reliance on deposit funding prior to NIRP contract

credit supply and cut loan rates more over the subsequent months, consistent with

deposit rate rigidity and banks’ funding structure shaping the adjustment of both

credit supply and loan pricing when policy rates turn negative. In contrast, banks

with stronger liquidity positions expand credit more and cut loan rates less, suggest-

ing that securities holdings provide a buffer that supports lending under negative

policy rates. The effects on lending volumes are concentrated among ex-ante safer

firms, indicating that balance sheet constraints primarily operate through credit

reallocation towards borrowers with greater access to alternative funding sources.
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“negative [policy] rates were introduced for one specific reason: when interest

rates reached the zero lower bound, the expectations for the future rates in the

long term are only that the rates can go up. So with negative rates we were

successful in taking these expectations down.”

— Mario Draghi, former ECB President, 10 March 2016

1 Introduction

The decade following the global financial crisis was characterised by persistently low in-

flation and subdued growth in many advanced economies. In the euro area, the European

Central Bank (ECB) implemented a broad set of unconventional monetary policy mea-

sures, including negative policy rates. The experience with negative rates showed that

the lower bound is not zero, as cash storage, insurance and handling costs, as well as op-

erational frictions, imply an effective lower bound (ELB) below zero, whose precise level

depends on institutional arrangements and expectations about the duration of negative

rates (McAndrews, 2015; Witmer and Yang, 2015; Rogoff, 2017).

While negative interest rate policy (NIRP) was designed to ease financial conditions

when conventional measures were exhausted, it raised a fundamental concern: can mon-

etary policy continue to stimulate the economy once rates move below zero if banks are

unable (or unwilling) to pass negative rates through to depositors? A growing literature

shows that the answer hinges on frictions in deposit pricing and banks’ business models,

which can attenuate the bank lending channel precisely when policy aims to strengthen

it (Drechsler et al., 2017; Brandão-Marques et al., 2024; Eggertsson et al., 2024). A key

mechanism is the deposit channel of monetary policy. Deposits provide banks with a

stable funding base, but their remuneration is subject to strong downward rigidities, of-

ten described as a zero lower bound on deposit rates. This rigidity can arise even in the

absence of explicit legal prohibitions, as banks may refrain from charging negative rates

on retail deposits due to cash substitution risks, operational constraints, and concerns

about damaging customer relationships and funding stability (Bech and Malkhozov, 2016;

Eisenschmidt and Smets, 2019).

This paper studies whether, and through which balance sheet channels, the ECB’s

first move into negative policy rates in June 2014 affected banks’ credit supply and loan
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pricing. We also examine why these adjustments differed systematically across banks with

different liability structures and asset side liquidity buffers before the implementation of

negative policy rates. We use a unique Portuguese bank–firm–month panel and employ

an event-study design around the NIRP. We construct bank–firm credit growth variables,

including log changes in lending amounts and changes in loan rates over a three- and

six-month window around the ECB’s cut of the policy rate into negative territory in

June 2014, and relate these outcomes to bank balance sheet variables measured before

the event, in May 2014. Identification comes from within-firm, cross-bank comparisons,

including firm fixed effects to absorb borrower-specific components of credit demand,

assessing differences in how multiple banks lending to the same firm adjust credit and

loan rates in the event window.

Literature review. The literature emphasises several channels that may be strength-

ened by negative rates. First, cutting the deposit facility rate below zero in a con-

text of abundant reserves increases the cost of holding excess liquidity. Banks can

respond by granting more credit or by trying, with difficulty, to reduce deposit fund-

ing. This mechanism reinforces the risk-taking channel and the portfolio-rebalancing

effect (Demiralp et al., 2021).

Second, the fact that deposit rates are hard to move below zero can strengthen the

deposits channel, as market rates fall and deposit rates do not, deposits become

increasingly attractive to savers. Since deposits are typically viewed as a stable

source of funding, an increase in their share in banks’ liabilities can create room for

higher lending (Drechsler et al., 2017; Demiralp et al., 2021). On the other hand,

there is also evidence showing that when policy rates turn negative, banks with a

larger reliance on deposit funding may face a sharper compression in net interest

margins, potentially reducing their ability to supply credit (Heider et al., 2019;

Eggertsson et al., 2024). Using the ECB’s move into negative territory in June 2014,

Heider et al. (2019) document that banks more reliant on deposit funding exhibit

a relative retrenchment in credit supply consistent with liability side constraints

once deposit rates are bounded. Eggertsson et al. (2024) also show that the bank

lending channel can weaken at negative rates because deposit rate rigidity limits

pass-through and compresses bank profitability.
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Third, negative policy rates may improve the expectations channel. Bernoth and

Haas (2018) argue that introducing negative rates signals that policy will remain

accommodative for a prolonged period, strengthening forward guidance.

Taken together, these channels imply that the net effect of NIRP on bank intermedi-

ation can be ambiguous, as while risk-taking, portfolio rebalancing and expectations

can strengthen accommodation, liability side pass-through frictions can compress

bank profitability and weaken credit supply. The reversal rate framework supports

this idea, emphasising that beyond a certain point, further rate cuts become contrac-

tionary because the negative effect on bank intermediation outweighs the standard

expansionary channels (Abadi et al., 2023). Consistent with these competing forces,

the empirical evidence on bank profitability in low and negative rate environments

is mixed. On the one hand, very low short-term rates are associated with the com-

pression of net interest margins and weaker intermediation incentives (Genay and

Podjasek, 2014; Borio and Gambacorta, 2017; Borio et al., 2017; Claessens et al.,

2018), and the introduction of negative rates has been linked to declines in prof-

itability measures (Coleman and Stebunovs, 2019). On the other hand, literature

also stresses offsetting effects via loan demand and improved borrower fundamen-

tals, arguing that, controlling for macro/credit-risk expectations, the net effect on

euro area bank profitability can be close to zero (Jobst and Lin, 2016; Altavilla

et al., 2018).

Negative rates have been widely studied in the literature. For the euro area, neg-

ative rates contributed to a flattening of the yield curve (Bottero et al., 2022) and

also to a reduction in cross-country fragmentation (Bräuning and Wu, 2017). Con-

sistent with this, evidence suggests that NIRP transmitted relatively smoothly to

capital markets, while transmission through banks was less complete due to limited

pass-through to retail deposit rates, making bank-intermediated finance a key mar-

gin where monetary transmission can weaken (Bech and Malkhozov, 2016; Bräuning

and Wu, 2017; Eisenschmidt and Smets, 2019; Altavilla et al., 2022). Grisse and

Schumacher (2017) find for Switzerland that negative rates shifted markets’ percep-

tion of the lower bound downwards and reduced the asymmetry between the effects

of positive and negative short-term rate surprises, thereby helping the central bank

to exert better control over long-term yields. In line with the incomplete pass-
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through to retail deposits, a recurring finding is that corporate and other wholesale

deposit rates, as well as market funding costs, moved more readily into negative

territory than household deposit rates (Bech and Malkhozov, 2016; Eisenschmidt

and Smets, 2019; Basten and Mariathasan, 2023; Eggertsson et al., 2024). At the

same time, the evidence on credit quantities document relative credit retrenchment

among highly deposit-dependent banks (Heider et al., 2019; Eggertsson et al., 2024),

although there is also literature pointing to expansionary effects, often intertwined

with risk-taking responses and business model heterogeneity (Demiralp et al., 2021;

Bittner et al., 2022; Bottero et al., 2022).

Against this background, our results show that banks that were more deposit reliant

before June 2014 exhibit lower bank-firm credit growth in the subsequent months, consis-

tent with a contractionary deposit channel. Also, decomposing deposits shows that the

contractionary effect is driven largely by non-retail deposit categories. When policy rates

cross zero, banks’ assets and liabilities adjust asymmetrically. Loan yields and market

funding costs typically decline with the policy rate and the yield curve, but deposit remu-

neration exhibits strong downward rigidity and often remains bounded at (or near) zero.

This limited pass-through creates a gap between falling asset yields and relatively sticky

funding costs, compressing net interest margins. Lower margins weaken profitability and

internal capital generation and raise the implicit cost of balance sheet expansion, tighten-

ing banks’ intermediation capacity precisely when policy aims to stimulate lending. As a

result, banks that are more deposit reliant ex-ante are expected to retrench credit supply

in a way that reflects both competitive pressures and binding balance sheet constraints,

in line with Heider et al. (2019) and Eggertsson et al. (2024).

On the pricing margin, more deposit reliant banks cut loan rates more after NIRP.

This repricing is broad-based across deposit segments. More deposit reliant banks cut

loan spreads (and thus loan rates) more after the implementation of negative policy rates

if they respond by loosening lending terms and reaching for yield. A risk-taking channel

of monetary policy predicts that prolonged accommodation can affect the perception and

pricing of risk and may induce banks to take more risk and soften lending standards

(Maddaloni and Peydró, 2011; Jiménez et al., 2014). Consistent with this mechanism,

banks more exposed to negative rates, typically those relying more on deposit funding,
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offer looser lending terms and charge lower loan spreads after a rate cut in negative

territory, with stronger effects for riskier borrowers (Schelling and Towbin, 2022).

In turn, banks’ exposure to NIRP operates not only through the liability side but also

through an asset side liquidity channel. We find that banks with a higher liquidity position

expand lending more and reduce loan rates less, indicating that the liquidity position,

measured by securities over total assets, captures the size of the liquid portfolio that can

be reallocated when safe yields compress and incentives to rebalance portfolios strengthen.

Consistent with a portfolio-rebalancing mechanism, evidence from the implementation

of negative policy rates by the ECB shows that more affected banks shift out of low

yield liquid holdings and expand corporate lending (Bottero et al., 2022). Our findings

are also in line with evidence that banks with stronger liquidity buffers exhibit a more

muted pass-through of shocks into lending spreads, as in stressful episodes, borrowers of

less liquid banks face larger increases in spreads, while more liquid banks adjust prices

less aggressively (Gambacorta and Mistrulli, 2014). Additionally, surveys of the NIRP

literature emphasise that negative rates can affect banks’ lending and securities portfolios

through balance sheet “initial conditions”, including holdings of liquid assets (Heider

et al., 2021).

Finally, the heterogeneity results reveal a contrast across borrowers. While quantity

adjustments are concentrated among safer firms (loan growth is more sensitive to banks’

liquidity position and deposit reliance for low-risk borrowers and for larger, more prof-

itable, and more productive firms), price adjustments are stronger for riskier firms, with

the deposit funding effect on loan rates roughly twice as large for high-risk firms as for

low-risk firms.

These findings contribute to the NIRP literature in two ways. First, they are consis-

tent with existing evidence that negative policy rates transmit to the economy through

banks’ liabilities and the (in)ability to pass negative rates onto depositors (Bech and

Malkhozov, 2016; Heider et al., 2019; Eisenschmidt and Smets, 2019; Brandão-Marques

et al., 2024; Eggertsson et al., 2024). Second, they highlight that deposit composition

is not merely a background characteristic, but is relevant for the strength of loan rate

pass-through under NIRP, since retail deposit rates are more tightly bounded while non-

retail deposits reprice more readily, shaping banks’ marginal funding costs and cross-bank

differences in pricing and credit supply adjustments (Demiralp et al., 2021; Heider et al.,

6



2021; Altavilla et al., 2022).

We extend the work of Bottero et al. (2022), who study how NIRP affects banks with

higher ex-ante liquid assets and net interbank positions. We add a new dimension, by

focusing our analysis on deposit funding as the main heterogeneity dimension because it

maps directly into the mechanism emphasised in the NIRP literature: once policy rates

turn negative, downward rigidity in deposit remuneration implies that banks’ ability to

transmit policy depends critically on their reliance on deposits. The discussion in Bottero

et al. (2022) highlights the importance of banks’ balance sheet exposure to NIRP through

liquidity and net interbank positions and the associated portfolio reallocation incentives.

Our work complements Bottero et al. (2022) by showing that deposit funding is key in

explaining credit supply around the NIRP threshold, as banks with higher deposits-to-

loans ratio before the implementation of negative interest rates show a decline in lending

in the months after June 2014. These findings are consistent with deposit rate floors

limiting pass-through and compressing margins when policy rates turn negative.

The remainder of the paper is organised as follows. Section 2 presents the data and

outlines the empirical strategy. Section 3 reports the baseline results on loan growth

and explores heterogeneity by firm balance sheet characteristics. Section 4 extends the

analysis for loan rates. Section 5 presents several robustness checks. Section 6 concludes.

2 Data and Methodology

2.1 Data

We construct a unique bank–firm–month dataset by merging five complementary data

sources. Table A.1 reports the origin of each variable used in the analysis. We use loan-

level information from the Portuguese Credit Register (CRC), which covers all credit

exposures above 50 euros granted by Portuguese credit institutions. Because the CRC

does not report interest rates over our sample period, we use the Individual MFI Interest

Rates (IMIR) database on new credit operations to measure both the monthly amounts

of new loans and the interest rates charged on newly originated credit.

We enrich the dataset with balance sheet information for both banks and firms. Bank

characteristics are obtained from the Individual Balance Sheet Items (IBSI) database,

while firm characteristics come from the Central Balance Sheet database, which contains
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detailed accounting and financial information for firms operating in Portugal. This broad

coverage of borrowing firms is important to capture shifts in banks’ loan portfolios within

and across firms around the policy event. Bank- and firm-level variables are winsorised at

the 1% and 5% levels, respectively. We also use the In-house Credit Assessment System

(ICAS) database from Banco de Portugal to add the rating level at firm-level. A firm’s

credit rating ranges between class 1 and class 20, and the higher the class, the riskier the

firm.

Table 1 reports descriptive statistics for the main variables, measured in May 2014

(pre-NIRP). All bank- and firm-level covariates used in the regressions are measured

in May 2014 and then merged to the bank–firm panel. The loan amount and loan rate

growth outcomes are constructed from the CRC and IMIR data in the three-month period

before and after the introduction of NIRP, as described in Section 2.2.

The final dataset is a bank–firm–month panel and includes 60 banks and 258 092

firms (corresponding to 429 806 bank–firm relationships). While balance sheet covariates

are fixed at May 2014, the dependent variables are constructed from a 3-and 6-month

windows around June 2014.

2.2 Empirical strategy

We exploit cross-sectional heterogeneity in banks’ pre-NIRP balance sheet structures to

study how negative policy rates affect credit supply and loan pricing at the bank–firm

level, following the spirit of Bottero et al. (2022). We implement a two-period (pre

vs. post) event-study around the ECB’s introduction of negative policy rates in June

2014. Specifically, we collapse the monthly bank–firm panel into a symmetric window of

3 months around June 2014 and exclude June 2014 from the analysis to avoid mixing

pre- and post-policy observations given that the announcement occurred mid-month. We

replicate the analysis for the 6-month window around June 2014, excluding June 2014.

We focus on three pre-NIRP balance sheet measures because negative rates affect

banks primarily through (i) the opportunity cost of holding liquidity and the scope for

portfolio rebalancing and (ii) liability side pass-through constraints due to deposit rate

rigidity.1 First, the liquidity position, measured as total securities over total assets,

1In Portugal, deposit rate rigidity was particularly strong because Banco de Portugal’s regulatory

framework (Notice No. 6/2009) states that the remuneration rate on bank deposits cannot, under any

8



captures the size of the securities buffer that can be reallocated when reserve remuneration

turns negative and incentives to rebalance portfolios strengthen under NIRP. Second, the

interbank position, measured as the difference between interbank loans and interbank

deposits, divided by total assets, captures banks’ net exposure to interbank money market

conditions, which tend to capture the policy stance closely in the NIRP regime with

abundant reserves. Third, deposit funding, measured as deposits over loans, captures

reliance on deposit-based funding precisely where pass-through is most rigid under NIRP:

when retail deposit rates are effectively floored at (or near) zero, more deposit-dependent

banks face higher relative funding costs and margin pressure. Taken together, these

variables capture heterogeneity in banks’ ex-ante exposure to negative rates along key

asset side and liability side margins highlighted.

Let Lbft denote the outstanding stock of credit of bank b to firm f in month t, measured

from the CRC. For each bank–firm pair (b, f), we compute the average outstanding credit

within each window. The pre-window spans March–May 2014 and the post-window spans

July–September 2014. For the 6-month window analysis, the pre-window spans December

2013–May 2014 and the post-window spans July–December 2014. We define loan growth

(dLoanbf ) as the log change in the average stock between the post- and pre-windows. We

estimate:

dLoanbf = β1 LiquidityPositionb + β2 InterbankPositionb

+ β3DepositsFundingb + γ′Zb + αf + εbf

(1)

where αf denotes firm fixed effects, which absorb firm-specific determinants of credit

demand and relationship intensity that are common across banks around the event, so

that identification comes from comparing banks with different pre-NIRP funding and

liquidity structures that lend to the same firm. We estimate (1) separately for 3-month

and 6-month windows.

All bank-level covariates are measured in May 2014 (pre-NIRP). The vector Zb of

bank controls includes the natural logarithm of total assets, the capital over assets ratio,

and the ratio of non-performing loans to assets. Standard errors are two-way clustered

at the bank and firm levels, to allow for within-bank and within-firm correlation in the

residuals.

circumstances, be negative, effectively imposing a zero floor on deposit rates.
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We focus on deposit funding as the main heterogeneity dimension because it maps

directly into the mechanism emphasised in the NIRP literature: when policy rates turn

negative, downward rigidity in deposit remuneration implies that banks’ ability to trans-

mit policy depends critically on their reliance on deposit funding. Our measure of in-

terbank position is less directly comparable to Bottero et al. (2022). In our setting it is

constructed from wholesale loans and deposits more broadly, rather than from short-term

interbank positions, and therefore may conflate funding dependence, market access, and

liquidity management. Thus, the interbank position and deposit funding (deposits over

loans) capture closely related dimensions of banks’ funding structure, so including both

simultaneously would partial out overlapping variation and complicate interpretation of

the coefficients. For these reasons, we centred the baseline analysis on deposit funding

(and liquidity position), and treat the interbank position as an auxiliary specification.

Additionally, to identify which types of deposits drive heterogeneity, we replace the ag-

gregate deposit reliance (DepositsFundingb) with a set of sector-specific deposit funding

ratios, each scaled by total loans: retail deposits, deposits from non-financial corporations

(NFC), interbank deposits, central bank deposits, deposits from non-monetary financial

institutions (non-banks), and public administration deposits. We estimate:

dLoanbf =
∑

s∈{R, NFC, IB, CB, NMFI, PA}

βsDepositsFundingsb + βL LiquidityPositionb

+ γ′Zb + αf + εbf

(2)

We estimate analogous specifications of equations 1 and 2, where the dependent vari-

able is the change in average loan rates (dLoanratebf ) pre- and post-NIRP.

Additionally, to assess whether the effects differ across types of firms, we re-estimate

equation (1) separately for subsamples defined by pre-determined firm characteristics

(e.g., risk, size, profitability, productivity and leverage ratio). This sample-split approach

allows the sensitivity of credit supply and pricing to banks’ funding/liquidity structures

to vary across firm types while preserving the within-firm identification through αf .
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3 Results on lending

3.1 Baseline results

Table 2 reports the results for loan growth and shows that the main dimension of hetero-

geneity in banks’ response to the introduction of NIRP operates through deposit funding.

In particular, for two banks lending to the same firm, the bank with a higher deposits-

to-loans ratio before June 2014 exhibits significantly lower loan growth in the post-NIRP

period (columns (3) and (4)). In column (4), a one standard-deviation increase in deposit

funding is associated with a decrease in loan growth of 2.9% of one standard deviation.

This pattern is consistent with a contractionary funding channel under negative rates:

banks that rely more heavily on deposit funding appear to adjust credit supply more neg-

atively when policy rates turn negative (Heider et al., 2019; Eggertsson et al., 2024). By

contrast, the liquidity position is positive but not statistically significant in the baseline

specifications (columns (1) and (4)). The interbank position is positive, indicating that

banks with a stronger interbank position expand lending more relative to others when

rates become negative, such that a one standard-deviation increase in interbank position

is associated with an increase in loan growth of 1.6% of one standard deviation.

When we decompose deposits by counterparty in column (5), the aggregate effect is

revealed to be driven almost entirely by non-retail deposits, as higher reliance on deposits

from NFC, non-banks, central bank and other banks is systematically associated with

significantly weaker loan growth, with the strongest effect coming from NFC deposits.

In contrast, retail deposits are not robustly related to loan growth, whereas government

deposit funding is associated with significantly stronger lending. Overall, we show that

banks’ lending response around NIRP depends not only on how deposit-funded they are,

but also on which deposit segments they rely on.

Once the full deposit breakdown is included, the coefficient on liquidity becomes large

and highly significant, suggesting that securities holdings are associated with stronger

credit expansion, such that a one standard-deviation increase in liquidity position is

associated with an increase in loan growth of 4.3% of one standard deviation.

Table A.2 replicates this analysis for the 6-month window around NIRP in June 2014.

The results on loan amounts are qualitatively very close to the baseline 3-month win-

dow, but the patterns become clearer and economically larger, consistent with a more
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gradual adjustment of credit quantities after June 2014. The coefficient on deposit fund-

ing remains negative and becomes more pronounced, such that a one standard-deviation

increase in deposit funding is associated with a decrease in loan growth of 3.8% of one

standard deviation, indicating a stronger contraction in lending for banks more reliant on

deposits when extending the horizon around the event. At the same time, the liquidity

position becomes more robustly positive, already statistically significant in column (4)

and increasing further when controlling for the full deposit breakdown in column (5),

such that a one standard-deviation increase in liquidity position is associated with an

increase in loan growth of 5.4% of one standard deviation, reinforcing the interpretation

that securities buffers support credit supply under NIRP. The interbank position also

turns more sizeable in the longer window, such that a one standard-deviation increase

in interbank position is associated with an increase in loan growth of 3.5% of one stan-

dard deviation. Finally, disaggregating deposit funding confirms that the contractionary

effect is again driven primarily by non-retail funding segments (NFC, interbank, central

bank, and other non-bank deposits are all negatively associated with loan growth), while

government deposits remain positively associated with credit expansion. Relative to the

baseline, retail deposits also appear more supportive of lending in the 6-month window.

Our evidence on deposit funding aligns with the literature highlighting a deposit rate

floor under NIRP: banks are reluctant to pass negative policy rates on to depositors, which

limits pass-through to funding costs and can make negative rates less accommodative for

deposit-intensive banks. In particular, Heider et al. (2019) show that the ECB’s move

into negative territory led banks with more deposits to lend less, consistent with liability

side constraints once deposit rates are bounded.

3.2 Heterogeneous effects

3.2.1 Firms’ risk

In this section, we study the heterogeneous effects of the NIRP on bank credit supply

focusing on firms’ risk. While overall the results show that banks with higher deposit

funding pre-NIRP reduce their lending in the post-NIRP period, it is possible that not

all firms were equally affected.

In Table 3 we examine the effect on loan amounts for different levels of firms’ ex-ante
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risk. To do so, we divide the sample into two subgroups, based on firms’ rating. Using

information from Banco de Portugal’s internal credit risk model, we define high-risk firms

as those with an average rating above the median (classes 17-20). Firms with an average

rating below or equal to the median (classes 1-16) are considered low-risk firms. In all

specifications we consider only firms with multiple banking relationships, controlling for

firm fixed effects.

The results show that the deposit funding channel is concentrated among low-risk

firms: banks that were more deposit reliant before June 2014 reduce lending significantly

more to low-risk borrowers in the post-NIRP period. Liquidity also matters primarily for

low-risk firms, as a stronger liquidity position is associated with higher loan growth for

low-risk borrowers. Taken together, these patterns suggest that balance sheet constraints

under NIRP operate mainly through adjustments in credit to safer firms, where borrowing

relationships are more competitive and firms have stronger outside options.

3.2.2 Firms’ characteristics

Table 4 examines four additional dimensions of firm heterogeneity: size, profitability,

productivity and leverage.

In columns (1) and (2), we consider the effects on loan growth of large and small firms.

Firms with an average total assets amount higher than the median (around 370 thousand

euros) are considered large firms, and firms with an average total assets amount lower

than or equal to the median are considered small firms. The results show that the positive

association between banks’ liquidity position and loan growth holds for larger firms. Also,

regarding deposit funding, our results show that banks that were more deposit reliant

before June 2014 decrease lending primarily to larger borrowers, whereas credit supply

to smaller firms does not respond differentially to banks’ deposit reliance.

Columns (3) and (4) show the effects considering the profitability ratio. Firms with an

average profitability ratio, measured by the EBITDA (i.e. earnings before interest, taxes,

depreciation, and amortisation) over total assets, higher than the median (around 5.1%)

are considered high profitability firms, and firms with an average profitability ratio lower

than or equal to the median are considered as low profitability firms. The results show

that the decline in loan amounts by banks that were more deposit reliant before June 2014

were mostly to high profitability firms. This pattern indicates that the contractionary
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deposit channel under NIRP is stronger for more profitable borrowers, consistent with the

idea that lending adjustments in response to funding constraints operate mainly through

the allocation of credit to safer firms. In contrast, a higher liquidity position is associated

with an increase in lending for low profitability firms.

In columns (5) and (6) we analyse one additional dimension of firm heterogeneity:

firms’ productivity. We divide the firms according to their productivity level. Firms with

a productivity ratio, measured by the gross value added over employees ratio, higher than

the median (around 14 thousand euros) are considered high productivity firms, and firms

with an average productivity ratio lower than or equal to the median are considered low

productivity firm. The results show that the contractionary deposit channel is concen-

trated among high productivity firms. Banks with higher deposit funding cut lending

more to high productivity firms, while more liquid banks tend to increase loan amounts

more to less productive firms.

Finally, in columns (7) and (8) we analyse firms’ leverage. We divide the firms ac-

cording to their leverage level. Firms with a leverage ratio, measured by debt over total

assets ratio, higher than the median (around 12%) are considered high leverage firms, and

firms with an average leverage ratio lower than or equal to the median are considered low

leverage firms. The results show that more liquid banks tend to increase lending more to

both groups of firms, although the effect is stronger for more indebted firms. The deposit

funding constraint is also more visible for more indebted borrowers.

4 Results on loan rates

4.1 Baseline results

Table 5 examines how pre-NIRP balance sheet structure relates to loan rates. At the

aggregate level, banks with a higher deposits-to-loans ratio cut loan rates more in the

post-NIRP period (columns (3)–(4)). In column (4), a one standard-deviation increase

in deposit funding is associated with a decrease in loan rates of 34% of one standard

deviation. In contrast, a stronger liquidity position is associated with an smaller decrease

in loan rates, suggesting that banks with a higher securities-to-assets ratio reduce loan

rates less relative to other banks. In columns (4) and (5), a one standard-deviation

increase in the liquidity position is associated with a loan rate change that is 38% of
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one standard deviation higher. The interbank position is not robustly associated with

loan price adjustment. In column (5), we show that when decomposing deposit funding,

most deposit categories are negatively and significantly associated with loan rate changes,

including retail, NFC, interbank, central bank, and other non-bank deposits, implying

that banks with greater exposure to these deposit types cut lending rates more following

NIRP.

In the 6-month window around June 2014 (Table A.3), the loan rate results are weaker

and less systematic than in the baseline 3-month window, suggesting that most pricing

adjustments happened relatively quickly after the NIRP announcement. In particular,

deposit funding loses explanatory power, as its coefficient becomes small and statistically

not significant, in contrast with the baseline where the deposit funding channel showed

a clearer association with loan rate changes. The interbank position is also not robustly

associated with loan rate adjustment over six months. By comparison, liquidity becomes

more informative once the full funding breakdown is included, indicating that more liquid

banks reduce loan rates less over the longer horizon, such that a one standard-deviation

increase in liquidity position is associated with a loan rate change that is 21% of one stan-

dard deviation higher, consistent with liquidity acting as a buffer that reduces the need

for aggressive repricing as balance sheets adjust. The composition results further point

to a deposit mix mechanism rather than a broad-based deposits effect, since retail de-

posits are associated with larger rate cuts, whereas NFC deposits and interbank deposits

are associated with smaller cuts, and central bank/non-bank deposits and government

deposits are not significant.

4.2 Heterogeneous effects

4.2.1 Firms’ risk

Regarding loan rates, Table 6 shows that the pricing response to NIRP is significant

for both risk groups, but it is stronger for high-risk firms. In particular, more deposit

reliant banks cut loan rates more after June 2014, as the magnitude of the coefficient is

almost twice as large for high-risk firms as for low-risk firms. Liquidity position is also

positive in both groups, implying that more liquid banks reduce loan rates less, with a

more pronounced effect for high-risk firms.
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Taken together, these results suggest a clear contrast across margins, as quantity

adjustments following NIRP are more concentrated among safer firms, whereas price

adjustments are stronger for riskier firms.

4.2.2 Firms’ characteristics

Table 7 indicates that heterogeneity in loan rate adjustments is broad-based across firm

characteristics. The liquidity position loads positively in all specifications, while deposit

funding is negative and significant throughout, pointing to a systematic pricing channel

under NIRP: more liquid banks reduce rates less, whereas more deposit reliant banks cut

rates more.

In terms of magnitudes, the deposit funding effect is generally stronger for less prof-

itable firms, although it also tends to be stronger for larger, high productivity and less

indebted firms. At the same time, the liquidity position coefficient is also larger for less

profitable firms and tends to be higher for larger, high productivity and low leveraged

firms. Overall, these results reinforce the idea that pricing adjustments following NIRP

were seen across firm types and the patterns are not uniform across all characteristics.

5 Robustness checks

5.1 Alternative pre-NIRP reference date

As a robustness check on the timing used to measure the pre-NIRP balance sheet vari-

ables, we repeat the analysis by fixing all bank heterogeneity variables using information

as of the end of the previous quarter (March 2014), rather than the month immediately

preceding the announcement. This approach strengthens the predetermined nature of the

regressors and mitigates concerns that balance sheet variables could incorporate early ad-

justments ahead of the June 2014 policy decision. Reassuringly, Tables A.4 and A.5 show

that the key patterns are preserved. Banks with higher deposit funding in March 2014

still exhibit a significantly stronger contraction in credit supply and decline in loan rates

following the introduction of negative rates. The role of liquidity position also remains

qualitatively similar for both amounts and rates. Our results on the 6-month window also

hold using March 2014 as reference date, as shown in Tables A.6 and A.7. Taken together,

these results indicate that our conclusions are robust to alternative, fully predetermined
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measurement of bank balance sheet characteristics.

5.2 Alternative deposits measure

As a robustness check to our baseline measure of deposit funding (deposits over loans).

We re-estimate the baseline specifications using deposits over assets (and its breakdown

by deposit type), keeping the same empirical design. As shown in Tables A.8 and A.9,

the results remain qualitatively unchanged. We find that a higher deposit share in the

balance sheet before the implementation of negative policy rates is associated with a

stronger post-NIRP contraction in loan growth and with larger declines in loan rates.

Decomposing deposits further indicates that, for quantities, the negative effect on banks

with higher share of deposits is also primarily driven by non-retail components, notably

NFC and non-bank deposits, while for rates the decline is broad-based across deposit

types.

These conclusions are also robust to widening the event window to 6 months around

June 2014. As shown in Table A.10, banks with higher deposits over assets ratio still

exhibit a larger contraction in loan growth, and the granular breakdown continues to

point to non-retail deposits as the main drivers of the quantity response. For loan rates,

Table A.11 shows that the longer window delivers similar results for the main variables

but the heterogeneity across deposit segments differs somewhat, as banks more reliant

on retail deposits cut loan rates more, whereas banks with a larger NFC deposit share

display a smaller rate decline. Overall, our baseline results on banks’ deposit funding

before NIRP do not hinge on scaling deposits by loans, and are robust to the alternative

normalisation by assets.

5.3 Other monetary policy announcements

To assess whether our baseline heterogeneity results simply reflect a generic response to

monetary easing, we re-estimate the same firm fixed effects specifications around other

ECB policy events: a DFR cut in positive territory (July 2012), an MRO cut in posi-

tive territory (November 2013), the start of the APP (January 2015), and a later DFR

cut in negative territory (March 2016). Table A.12 shows the results on loan growth.

Panel A uses a 3-month window around the date of the event and Panel B a 6-month

17



window. First, around conventional rate cuts in positive territory (July 2012 and Novem-

ber 2013), the coefficients on liquidity position and deposit funding are not significant

(with, at most, a weakly negative deposit funding coefficient in November 2013). Second,

around unconventional easing episodes (APP in January 2015 and the March 2016 DFR

cut), the liquidity position becomes positive and statistically significant in both windows,

indicating that banks with larger securities holdings also expand lending relatively more

during these episodes.

Across these alternative events the deposit funding coefficient is only negative and

significant in March 2016. Taken together, these placebo checks suggest that the con-

tractionary deposit funding effect we document around the first move into negative rates

(June 2014) is not a generic feature of monetary easing, but is specific to the negative

rate environment and the associated deposit rate rigidity.

Table A.13 re-estimates the same specification around the other ECB policy events,

measuring the impact on loan rates. Panel A uses a 3-month window around the event

and Panel B a 6-month window.

First, the liquidity position is negatively related to loan rate changes in July 2012

(significant in both windows) and, more weakly, in November 2013 (marginally significant

only in the 6-month window). This suggests that banks with larger securities holdings

tend to cut loan rates more around standard rate cut episodes.

Second, deposit funding does not display a systematic pattern across events or win-

dows. In the 3-month window it is marginally significant in July 2012 and strongly

positive in the 3-month window around the APP (January 2015), but it is not significant

around the other relevant events, while in the 6-month window, deposit funding is not

statistically significant for any of the events. Overall, unlike our baseline results, pricing

heterogeneity can occasionally show up around other easing episodes, but it is not robust

across windows and does not emerge consistently across monetary policy events.

6 Conclusions

This paper studies how banks’ balance sheet characteristics before the implementation of

negative policy rates influence the transmission of the ECB’s move into negative policy

rates to firms through the credit market. A first set of results establishes that liquidity
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and funding structure are related to how banks adjust credit supply and loan pricing

around NIRP, but the two margins behave differently. On quantities, we show that while a

stronger liquidity position is generally associated with higher loan growth, deposit funding

is more consistently associated with weaker loan growth, suggesting that banks relying

more heavily on deposit funding reduce lending around the event. For more deposit

reliant banks, this implies a sharper compression of net interest margins, weaker internal

capital generation, and a higher implicit cost of expanding the balance sheet, leading

them to restrict lending quantities. Disaggregating funding sources further indicates that

quantity patterns are not driven by a single deposit segment and are more sensitive to

some types of deposits. For instance, the contractionary effect is concentrated in deposits

from NFC and monetary and financial institutions.

Regarding loan rates, we find that deposit funding is closely associated to stronger loan

rate reductions under NIRP, as banks more exposed to deposits exhibit a more negative

loan rate change, i.e. they cut loan rates more in the months following the introduction

of negative policy rates relative to other banks. This pattern can also be linked to the

profitability channel, as when deposit rate rigidity limits liability side adjustments, banks

may compete more aggressively on loan pricing to mitigate the contraction in volumes.

This relationship is not confined to specific deposits, as once we decompose deposits into

categories, we find that most deposit types are significantly associated with loan rate

adjustments.

At the same time, a higher liquidity position is associated with smaller reductions

in lending rates. We find that more liquid banks decline their loan rates less around

the NIRP event window. This result suggests that abundant liquid assets influences

the incentives to compete on price when policy rates turn negative. If liquid securi-

ties buffers provide an alternative adjustment margin, banks may face less pressure to

compress margins via loan repricing, weakening the pass-through to lending rates. In

particular, securities buffers may weaken the pressure to compress margins or to rebal-

ance aggressively towards loan pricing, thereby dampening pass-through from the policy

rate to lending rates. These findings imply that NIRP transmission depends not only on

banks’ exposure to deposit funding, but also on how liquid their assets are at the time of

the shock.

On a second step, we conduct a heterogeneity analysis, in order to clarify where
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cross-sectional differences matter most. We show that in general credit growth is more

sensitive to deposit funding and banks’ liquidity position for safer firms. Regarding loan

rates, deposit funding is associated with larger rate cuts, and liquidity is consistently

associated with smaller cuts. However, magnitudes are often larger for high-risk firms.

This indicates that the negative policy rates primarily reshaped credit conditions through

the terms of lending rather than through broad reallocation in volumes.

All in all, our evidence suggests that the post-June 2014 contraction in credit supply

among more deposit reliant banks operates through a liability side pass-through con-

straint. When policy rates move below zero, market rates and loan yields decline, but

banks face strong downward rigidity in the remuneration of deposits, so the funding cost

of a large share of their liabilities does not fall proportionally. For banks that rely more

heavily on deposits ex-ante, this implies a sharper compression of net interest margins,

weakening profitability and internal capital generation and thereby increasing the shadow

cost of balance sheet expansion precisely when policy intends to stimulate lending. Faced

with this adverse profitability shock, banks adjust on the asset side by restricting credit

supply and by granting larger rate reductions to safer borrowers. Overall, the results are

consistent with the mechanism highlighted in the NIRP literature: once the policy stance

crosses zero, deposit rate floors can attenuate transmission by making banks’ ability to

intermediate increasingly dependent on their funding structure, so that ex-ante deposit

dependence becomes a key predictor of heterogeneous lending responses.

20



References

Abadi, J., M. K. Brunnermeier, and Y. Koby (2023). The reversal interest rate. American

Economic Review 113 (8), 2084–2120.

Altavilla, C., M. Boucinha, and J.-L. Peydró (2018, October). Monetary policy and bank
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7 Tables and figures

24



Table 1: Descriptive statistics

N Mean Std. dev. Q1 Q2 Q3

Loan growth (%) 374 898 -7.4 57.8 -13.2 -0.6 0.0

Loan rate growth (b.p.) 36 720 -0.003 3.772 -0.432 -0.032 0.000

Liquidity position (%) 429 806 25.7 11.0 21.1 25.0 33.0

Interbank position (%) 415 357 -4.6 28.7 0.7 1.8 3.3

Deposit funding (%) 429 806 97.7 25.7 80.9 86.7 106.8

Retail deposit funding (%) 429 806 31.9 16.8 23.8 32.5 48.5

NFC deposit funding (%) 429 806 5.1 3.6 2.9 5.3 6.8

Interbank deposit funding (%) 429 806 26.2 38.5 8.4 11.3 26.3

Central bank deposit funding (%) 429 806 14.8 7.7 10.0 17.0 21.5

Non-banks deposit funding (%) 429 806 17.0 14.0 6.1 13.4 25.1

Public adm. deposit funding (%) 429 806 2.7 2.1 0.7 3.1 4.5

Total assets (million €) 429 806 50 931 38 038 17 317 44 736 97 581

Capital over assets (%) 429 806 11.5 7.6 8.0 10.6 11.4

Non-performing loans over assets (%) 429 806 3.6 2.1 2.1 3.5 4.7

Notes: The table shows the descriptive statistics in May 2014. The loan amount and loan rate growth

outcomes refer to the three-month period before and after the introduction of NIRP. Loan growth is

defined as the log difference in the average loan stock between the post- and pre-window. Loan rate

growth is defined as the change in the average loan rate between the post- and pre-window. Liquidity

position refers to the securities over assets ratio. Interbank position is the interbank loans minus interbank

deposits over assets. Deposit funding is the deposits over loans ratio. Q1 and Q3 refer to the first and

third quartiles, and Q2 refers to the median.
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Table 2: NIRP effects on loan growth: baseline regressions

(1) (2) (3) (4) (5)

Liquidity position 0.094 0.117 0.227∗∗∗

(0.086) (0.079) (0.060)

Interbank position 0.031∗∗

(0.015)

Deposit funding -0.056∗∗∗ -0.065∗∗∗

(0.021) (0.018)

Retail deposits 0.064

(0.046)

NFC deposits -0.599∗∗∗

(0.124)

Interbank deposits -0.059∗∗∗

(0.010)

Central bank deposits -0.130∗∗

(0.056)

Non-banks deposits -0.217∗∗∗

(0.037)

Government deposits 1.051∗∗∗

(0.291)

Observations 227,479 213,908 227,479 227,479 227,479

Bank controls Yes Yes Yes Yes Yes

Firm FE Yes Yes Yes Yes Yes

R2 0.376 0.379 0.376 0.376 0.378

Notes: The table presents OLS estimates of equations 1 and 2. The dependent variable is loan growth

at the bank–firm–month level, calculated as the log-difference between the post- and pre-NIRP period.

This period ranges between 3 months before and 3 months after the introduction of negative policy

rates in June 2014, excluding June 2014 from the sample. Bank controls include total assets, capital

over assets, and non-performing loans over assets. All variables are measured as of May 2014. All

specifications include firm fixed effects. All standard errors (in parentheses) are double clustered by

firm and bank. *,**, *** indicate significance at the 0.10, 0.05 and 0.01 levels, respectively.
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Table 3: NIRP heterogeneous effects on loan growth: firm’s risk

Firm risk

High Low

(1) (2)

Liquidity position 0.116 0.224∗

(0.074) (0.129)

Deposit funding -0.008 -0.069∗∗

(0.024) (0.033)

Observations 67,404 97,308

Bank controls Yes Yes

Firm FE Yes Yes

R2 0.379 0.380

Notes: The table presents OLS estimates of equations 1 and 2. The dependent variable is loan growth

at the bank–firm–month level, calculated as the log-difference between the post- and pre-NIRP period.

This period ranges between 3 months before and 3 months after the introduction of negative policy rates

in June 2014, excluding June 2014 from the sample. High-risk firms are the firms with an average rating

above the median (classes 17-20) and low-risk firms below or equal to the median (classes 1-16). Bank

controls include total assets, capital over assets, and non-performing loans over assets. All variables are

measured as of May 2014. All specifications include firm fixed effects. All standard errors (in parentheses)

are double clustered by firm and bank. *,**, *** indicate significance at the 0.10, 0.05 and 0.01 levels,

respectively.
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Table 4: NIRP heterogeneous effects on loan growth: firms’ characteristics

Size Profitability Productivity Leverage

Large Small High Low High Low High Low

(1) (2) (3) (4) (5) (6) (7) (8)

Liquidity position 0.245∗ 0.101 0.200 0.183∗∗ 0.073 0.218∗ 0.216∗ 0.164∗

(0.124) (0.082) (0.123) (0.091) (0.066) (0.122) (0.122) (0.090)

Deposit funding -0.076∗∗ 0.017 -0.066∗∗ -0.021 -0.074∗∗∗ -0.046 -0.051∗ -0.041

(0.033) (0.023) (0.032) (0.027) (0.022) (0.032) (0.030) (0.030)

Observations 103,461 56,225 85,746 73,940 158,000 69,479 95,329 64,357

Bank controls Yes Yes Yes Yes Yes Yes Yes Yes

Firm FE Yes Yes Yes Yes Yes Yes Yes Yes

R2 0.349 0.451 0.365 0.392 0.389 0.356 0.341 0.408

Notes: The table presents OLS estimates of equations 1 and 2. The dependent variable is loan growth

at the bank–firm–month level, calculated as the log-difference between the post- and pre-NIRP period.

This period ranges between 3 months before and 3 months after the introduction of negative policy

rates in June 2014, excluding June 2014 from the sample. Large firms are firms with an average total

assets amount higher than the median (around 370 thousand euros) and small firms with an average

total assets amount lower than or equal to the median. High profitability firms are those with an

average profitability ratio higher than the median (around 5.1%) and low profitability firms are those

with an average profitability ratio lower than or equal to the median. High productivity firms are those

with an average GVA over employees ratio higher than the median (around 14 thousand euros), and

low productivity firms are those with an average GVA over employees ratio lower than or equal to the

median. High leveraged firms are those with an average debt over total assets ratio higher than the

median (around 12%), and low leveraged firms are those with an average debt over total assets ratio

lower than or equal to the median. Bank controls include total assets, capital over assets, and non-

performing loans over assets. All variables are measured as of May 2014. All specifications include firm

fixed effects. All standard errors (in parentheses) are double clustered by firm and bank. *,**, ***

indicate significance at the 0.10, 0.05 and 0.01 levels, respectively.
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Table 5: NIRP effects on loan rates: baseline regressions

(1) (2) (3) (4) (5)

Liquidity position 0.119∗ 0.129∗∗ 0.131∗∗∗

(0.059) (0.042) (0.016)

Interbank position 0.008

(0.010)

Deposit funding -0.044∗ -0.050∗∗

(0.024) (0.019)

Retail deposits -0.086∗∗∗

(0.021)

NFC deposits -0.420∗∗∗

(0.062)

Interbank deposits -0.053∗∗

(0.020)

Central bank deposits -0.109∗∗∗

(0.025)

Non-banks deposits -0.177∗∗∗

(0.033)

Government deposits -0.079

(0.057)

Observations 11,610 11,610 11,610 11,610 11,610

Bank controls Yes Yes Yes Yes Yes

Firm FE Yes Yes Yes Yes Yes

R2 0.433 0.425 0.430 0.440 0.452

Notes: The table presents OLS estimates of equations 1 and 2. The dependent variable is loan rate

change at the bank–firm–month level, calculated as the difference between the average loan rates post-

and pre-NIRP period. This period ranges between 3 months before and 3 months after the introduction

of negative policy rates in June 2014, excluding June 2014 from the sample. Bank controls include total

assets, capital over assets, and non-performing loans over assets. All variables are measured as of May

2014. All specifications include firm fixed effects. All standard errors (in parentheses) are double

clustered by firm and bank. *,**, *** indicate significance at the 0.10, 0.05 and 0.01 levels, respectively.
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Table 6: NIRP heterogeneous effects on loan rates: firm’s risk

Firm risk

High Low

(1) (2)

Liquidity position 0.166∗∗∗ 0.125∗∗

(0.052) (0.041)

Deposit funding -0.078∗∗∗ -0.041∗∗

(0.025) (0.017)

Observations 4,456 6,690

Bank controls Yes Yes

Firm FE Yes Yes

R2 0.458 0.429

Notes: The table presents OLS estimates of equations 1 and 2. The dependent variable is the loan rate

change at the bank–firm–month level, calculated as the difference between the average loan rates post-

and pre-NIRP period. This period ranges between 3 months before and 3 months after the introduction

of negative policy rates in June 2014, excluding June 2014 from the sample. High-risk firms are the

firms with an average rating above the median (classes 17-20) and low-risk firms below or equal to the

median (classes 1-16). Bank controls include total assets, capital over assets, and non-performing loans

over assets. All variables are measured as of May 2014. All specifications include firm fixed effects. All

standard errors (in parentheses) are double clustered by firm and bank. *,**, *** indicate significance

at the 0.10, 0.05 and 0.01 levels, respectively.
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Table 7: NIRP heterogeneous effects on loan rates: firms’ characteristics

Size Profitability Productivity Leverage

Large Small High Low High Low High Low

(1) (2) (3) (4) (5) (6) (7) (8)

Liquidity position 0.124∗∗ 0.169∗ 0.112∗∗∗ 0.146∗∗ 0.158∗∗∗ 0.098∗ 0.100∗∗ 0.162∗∗

(0.041) (0.092) (0.035) (0.058) (0.038) (0.051) (0.038) (0.052)

Deposit funding -0.048∗∗ -0.067 -0.043∗∗ -0.061∗∗ -0.059∗∗ -0.042∗ -0.040∗∗ -0.059∗∗

(0.018) (0.038) (0.015) (0.027) (0.020) (0.020) (0.016) (0.024)

Observations 10,189 1,172 6,915 4,446 5,937 5,673 6,781 4,580

Bank controls Yes Yes Yes Yes Yes Yes Yes Yes

Firm FE Yes Yes Yes Yes Yes Yes Yes Yes

R2 0.421 0.533 0.419 0.452 0.456 0.423 0.423 0.453

Notes: The table presents OLS estimates of equations 1 and 2. The dependent variable is the loan rate

change at the bank–firm–month level, calculated as the difference between the average loan rate post-

and pre-NIRP period. This period ranges between 3 months before and 3 months after the introduction

of negative policy rates in June 2014, excluding June 2014 from the sample. Large firms are firms with

an average total assets amount higher than the median (around 370 thousand euros) and small firms

with an average total assets amount lower than or equal to the median. High profitability firms are

those with an average profitability ratio higher than the median (around 5.1%) and low profitability

firms are those with an average profitability ratio lower than or equal to the median. High productivity

firms are those with an average GVA over employees ratio higher than the median (around 14 thousand

euros), and low productivity firms are those with an average GVA over employees ratio lower than or

equal to the median. High leveraged firms are those with an average debt over total assets ratio higher

than the median (around 12%), and low leveraged firms are those with an average debt over total assets

ratio lower than or equal to the median. Bank controls include total assets, capital over assets, and

non-performing loans over assets. All variables are measured as of May 2014. All specifications include

firm fixed effects. All standard errors (in parentheses) are double clustered by firm and bank. *,**, ***

indicate significance at the 0.10, 0.05 and 0.01 levels, respectively.
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A Appendix: additional tables
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Table A.1: Statistics sources

Variable Sources

Dependent Variables

Loan growth (%) Portuguese Credit Register

Loan rate growth (b.p.) Individual MFI Interest Rates (IMIR)

Banks

Total assets (million €) Individual Balance Sheet Items (IBSI)

Capital over assets (%) Individual Balance Sheet Items (IBSI)

Non-performing loans over assets (%) Individual Balance Sheet Items (IBSI)

Firms

Total assets (million €) Central Balance Sheet

EBITDA over assets (%) Central Balance Sheet

GVA over employees (%) Central Balance Sheet

Debt over total assets (%) Central Balance Sheet

Credit rating (1–20) In-house Credit Assessment System (ICAS)
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Table A.2: NIRP effects on loan growth: baseline regression with 6-month window

(1) (2) (3) (4) (5)

Liquidity position 0.206 0.236∗ 0.282∗∗∗

(0.139) (0.128) (0.084)

Interbank position 0.071∗∗∗

(0.026)

Deposit funding -0.067∗∗ -0.085∗∗∗

(0.033) (0.028)

Retail deposits 0.221∗∗∗

(0.057)

NFC deposits -0.678∗∗∗

(0.149)

Interbank deposits -0.070∗∗∗

(0.015)

Central bank deposits -0.146∗∗

(0.058)

Non-banks deposits -0.247∗∗∗

(0.046)

Government deposits 1.791∗∗∗

(0.376)

Observations 230,170 216,501 230,170 230,170 230,170

Bank controls Yes Yes Yes Yes Yes

Firm FE Yes Yes Yes Yes Yes

R2 0.383 0.385 0.382 0.383 0.388

Notes: The table presents OLS estimates of equations 1 and 2. The dependent variable is loan growth at

the bank–firm–month level, calculated as the log-difference between the post- and pre-NIRP period. This

period ranges between 6 months before and 6 months after the introduction of negative policy rates in

June 2014, excluding June 2014 from the sample. Bank controls include total assets, capital over assets,

and non-performing loans over assets. All variables are measured as of May 2014. All specifications

include firm fixed effects. All standard errors (in parentheses) are double clustered by firm and bank.

*,**, *** indicate significance at the 0.10, 0.05 and 0.01 levels, respectively.
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Table A.3: NIRP effects on loan rates: baseline regression with 6-month window

(1) (2) (3) (4) (5)

Liquidity position 0.034 0.031 0.073∗∗

(0.027) (0.024) (0.034)

Interbank position -0.003

(0.006)

Deposit funding 0.011 0.009

(0.012) (0.010)

Retail deposits -0.052∗∗∗

(0.014)

NFC deposits 0.104∗∗

(0.050)

Interbank deposits 0.014∗

(0.008)

Central bank deposits -0.021

(0.034)

Non-banks deposits -0.012

(0.016)

Government deposits 0.275

(0.167)

Observations 252,627 238,522 252,627 252,627 252,627

Bank controls Yes Yes Yes Yes Yes

Firm FE Yes Yes Yes Yes Yes

R2 0.350 0.353 0.350 0.350 0.355

Notes: The table presents OLS estimates of equations 1 and 2. The dependent variable is loan rate

change at the bank–firm–month level, calculated as the difference between the average loan rates post-

and pre-NIRP period. This period ranges between 6 months before and 6 months after the introduction

of negative policy rates in June 2014, excluding June 2014 from the sample. Bank controls include total

assets, capital over assets, and non-performing loans over assets. All variables are measured as of May

2014. All specifications include firm fixed effects. All standard errors (in parentheses) are double

clustered by firm and bank. *,**, *** indicate significance at the 0.10, 0.05 and 0.01 levels, respectively.
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Table A.4: NIRP effects on loan growth: baseline regression with balance sheet variables

as of March 2014

(1) (2) (3) (4) (5)

Liquidity position 0.081 0.110 0.274∗∗∗

(0.081) (0.075) (0.068)

Interbank position 0.029

(0.026)

Deposit funding -0.045∗∗ -0.057∗∗∗

(0.021) (0.018)

Retail deposits 0.043

(0.046)

NFC deposits -0.303∗∗

(0.145)

Interbank deposits -0.048∗∗∗

(0.011)

Central bank deposits -0.125∗∗

(0.056)

Non-banks deposits -0.200∗∗∗

(0.039)

Government deposits 0.446

(0.282)

Observations 222,162 202,612 222,162 222,162 222,162

Bank controls Yes Yes Yes Yes Yes

Firm FE Yes Yes Yes Yes Yes

R2 0.379 0.383 0.379 0.380 0.381

Notes: The table presents OLS estimates of equations 1 and 2. The dependent variable is loan

growth at the bank–firm–month level, calculated as the log-difference between the post- and pre-

NIRP period. This period ranges between 3 months before and 3 months after the introduction of

negative policy rates in June 2014, excluding June 2014 from the sample. Bank controls include

total assets, capital over assets, and non-performing loans over assets. All variables are measured

as of March 2014. All specifications include firm fixed effects. All standard errors (in parentheses)

are double clustered by firm and bank. *,**, *** indicate significance at the 0.10, 0.05 and 0.01

levels, respectively.
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Table A.5: NIRP effects on loan rates: baseline regression with balance sheet variables

as of March 2014

(1) (2) (3) (4) (5)

Liquidity position 0.137∗ 0.167∗∗∗ 0.162∗∗∗

(0.064) (0.049) (0.017)

Interbank position 0.004

(0.008)

Deposit funding -0.031 -0.047∗∗

(0.019) (0.017)

Retail deposits -0.106∗∗∗

(0.012)

NFC deposits -0.395∗∗∗

(0.049)

Interbank deposits -0.068∗∗∗

(0.010)

Central bank deposits -0.107∗∗∗

(0.015)

Non-banks deposits -0.153∗∗∗

(0.020)

Government deposits -0.157∗∗∗

(0.018)

Observations 11,271 11,271 11,271 11,271 11,271

Bank controls Yes Yes Yes Yes Yes

Firm FE Yes Yes Yes Yes Yes

R2 0.429 0.420 0.423 0.436 0.450

Notes: The table presents OLS estimates of equations 1 and 2. The dependent variable is loan rate

change at the bank–firm–month level, calculated as the difference between the average loan rates

post- and pre-NIRP period. This period ranges between 3 months before and 3 months after the

introduction of negative policy rates in June 2014, excluding June 2014 from the sample. Bank

controls include total assets, capital over assets, and non-performing loans over assets. All variables

are measured as of March 2014. All specifications include firm fixed effects. All standard errors (in

parentheses) are double clustered by firm and bank. *,**, *** indicate significance at the 0.10, 0.05

and 0.01 levels, respectively.
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Table A.6: NIRP effects on loan growth: baseline regressions with 6-month window and

balance sheet variables as of March 2014

(1) (2) (3) (4) (5)

Liquidity position 0.189 0.229∗ 0.375∗∗∗

(0.134) (0.126) (0.100)

Interbank position 0.085∗∗

(0.041)

Deposit funding -0.052 -0.077∗∗∗

(0.033) (0.028)

Retail deposits 0.186∗∗∗

(0.060)

NFC deposits -0.268

(0.164)

Interbank deposits -0.059∗∗∗

(0.017)

Central bank deposits -0.151∗∗

(0.058)

Non-banks deposits -0.246∗∗∗

(0.059)

Government deposits 0.934∗∗∗

(0.344)

Observations 225,011 205,301 225,011 225,011 225,011

Bank controls Yes Yes Yes Yes Yes

Firm FE Yes Yes Yes Yes Yes

R2 0.385 0.388 0.384 0.385 0.389

Notes: The table presents OLS estimates of equations 1 and 2. The dependent variable is loan growth

at the bank–firm–month level, calculated as the log-difference between the post- and pre-NIRP period.

This period ranges between 6 months before and 6 months after the introduction of negative policy

rates in June 2014, excluding June 2014 from the sample. Bank controls include total assets, capital

over assets, and non-performing loans over assets. All variables are measured as of March 2014. All

specifications include firm fixed effects. All standard errors (in parentheses) are double clustered by

firm and bank. *,**, *** indicate significance at the 0.10, 0.05 and 0.01 levels, respectively.

38



Table A.7: NIRP effects on loan rates: baseline regressions with 6-month window and

balance sheet variables as of March 2014

(1) (2) (3) (4) (5)

Liquidity position 0.024 0.020 0.095∗∗

(0.028) (0.024) (0.036)

Interbank position -0.004

(0.007)

Deposit funding 0.009 0.007

(0.013) (0.011)

Retail deposits -0.055∗∗∗

(0.011)

NFC deposits 0.045

(0.055)

Interbank deposits 0.009

(0.010)

Central bank deposits -0.071∗∗

(0.035)

Non-banks deposits -0.010

(0.014)

Government deposits 0.392∗∗∗

(0.107)

Observations 246,616 226,302 246,616 246,616 246,616

Bank controls Yes Yes Yes Yes Yes

Firm FE Yes Yes Yes Yes Yes

R2 0.352 0.358 0.352 0.352 0.358

Notes: The table presents OLS estimates of equations 1 and 2. The dependent variable is loan rate

change at the bank–firm–month level, calculated as the difference between the average loan rates post-

and pre-NIRP period. This period ranges between 6 months before and 6 months after the introduction

of negative policy rates in June 2014, excluding June 2014 from the sample. Bank controls include total

assets, capital over assets, and non-performing loans over assets. All variables are measured as of

March 2014. All specifications include firm fixed effects. All standard errors (in parentheses) are double

clustered by firm and bank. *,**, *** indicate significance at the 0.10, 0.05 and 0.01 levels, respectively.
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Table A.8: NIRP effects on loan growth: baseline regressions with deposits over assets

(1) (2) (3) (4) (5)

Liquidity position 0.094 0.021 0.099

(0.086) (0.097) (0.064)

Interbank position 0.031∗∗

(0.015)

Deposits over assets -0.071∗∗∗ -0.065∗∗∗

(0.024) (0.023)

Retail deposits over assets 0.114

(0.098)

NFC deposits over assets -0.754∗∗∗

(0.232)

Interbank deposits over assets -0.077∗∗∗

(0.018)

Central bank deposits over assets -0.294

(0.231)

Non-banks deposits over assets -0.329∗∗∗

(0.075)

Government deposits over assets 1.415∗∗

(0.545)

Observations 227,479 213,908 227,479 227,479 227,479

Bank controls Yes Yes Yes Yes Yes

Firm FE Yes Yes Yes Yes Yes

R2 0.376 0.379 0.376 0.376 0.378

Notes: The table presents OLS estimates of equations 1 and 2. The dependent variable is loan growth

at the bank–firm–month level, calculated as the log-difference between the post- and pre-NIRP period.

This period ranges between 3 months before and 3 months after the introduction of negative policy

rates in June 2014, excluding June 2014 from the sample. Bank controls include total assets, capital

over assets, and non-performing loans over assets. All variables are measured as of May 2014. All

specifications include firm fixed effects. All standard errors (in parentheses) are double clustered by

firm and bank. *,**, *** indicate significance at the 0.10, 0.05 and 0.01 levels, respectively.
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Table A.9: NIRP effects on loan rates: baseline regressions with deposits over assets

(1) (2) (3) (4) (5)

Liquidity position 0.119∗ 0.090∗∗ -0.005

(0.059) (0.037) (0.016)

Interbank position 0.008

(0.010)

Deposits over assets -0.073∗ -0.057∗∗

(0.034) (0.023)

Retail deposits over assets -0.222∗∗∗

(0.028)

NFC deposits over assets -0.532∗∗∗

(0.072)

Interbank deposits over assets -0.111∗∗∗

(0.023)

Central bank deposits over assets -0.567∗∗∗

(0.075)

Non-banks deposits over assets -0.255∗∗∗

(0.036)

Government deposits -0.318∗∗∗

(0.079)

Observations 11,610 11,610 11,610 11,610 11,610

Bank controls Yes Yes Yes Yes Yes

Firm FE Yes Yes Yes Yes Yes

R2 0.433 0.425 0.434 0.438 0.453

Notes: The table presents OLS estimates of equations 1 and 2. The dependent variable is loan rate

change at the bank–firm–month level, calculated as the difference between the average loan rates post-

and pre-NIRP period. This period ranges between 3 months before and 3 months after the introduction

of negative policy rates in June 2014, excluding June 2014 from the sample. Bank controls include total

assets, capital over assets, and non-performing loans over assets. All variables are measured as of May

2014. All specifications include firm fixed effects. All standard errors (in parentheses) are double

clustered by firm and bank. ∗ p<0.10, ∗∗ p<0.05, ∗∗∗ p<0.01.
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Table A.10: NIRP effects on loan growth: baseline regressions with deposits over assets

and with 6-month window

(1) (2) (3) (4) (5)

Liquidity position 0.206 0.112 0.186∗

(0.139) (0.158) (0.096)

Interbank position 0.071∗∗∗

(0.026)

Deposits over assets -0.117∗∗∗ -0.083∗∗

(0.038) (0.036)

Retail deposits over assets 0.398∗∗∗

(0.119)

NFC deposits over assets -0.956∗∗∗

(0.307)

Interbank deposits over assets -0.077∗∗∗

(0.024)

Central bank deposits over assets -0.114

(0.276)

Non-banks deposits over assets -0.424∗∗∗

(0.099)

Government deposits over assets 2.372∗∗∗

(0.778)

Observations 230,170 216,501 230,170 230,170 230,170

Bank controls Yes Yes Yes Yes Yes

Firm FE Yes Yes Yes Yes Yes

R2 0.383 0.385 0.383 0.383 0.388

Notes: The table presents OLS estimates of equations 1 and 2. The dependent variable is loan growth at

the bank–firm–month level, calculated as the log-difference between the post- and pre-NIRP period. This

period ranges between 6 months before and 6 months after the introduction of negative policy rates in

June 2014, excluding June 2014 from the sample. Bank controls include total assets, capital over assets,

and non-performing loans over assets. All variables are measured as of May 2014. All specifications

include firm fixed effects. All standard errors (in parentheses) are double clustered by firm and bank.

*,**, *** indicate significance at the 0.10, 0.05 and 0.01 levels, respectively.
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Table A.11: NIRP effects on loan rates: baseline regressions with deposits over assets

and with 6-month window

(1) (2) (3) (4) (5)

Liquidity position 0.034 0.053 0.098∗∗

(0.027) (0.043) (0.039)

Interbank position -0.003

(0.006)

Deposits over assets 0.001 0.017

(0.006) (0.017)

Retail deposits over assets -0.136∗∗∗

(0.028)

NFC deposits over assets 0.275∗∗∗

(0.095)

Interbank deposits over assets 0.011

(0.010)

Central bank deposits over assets -0.201∗∗∗

(0.074)

Non-banks deposits over assets -0.027

(0.031)

Government deposits over assets 0.190

(0.251)

Observations 252,627 238,522 252,627 252,627 252,627

Bank controls Yes Yes Yes Yes Yes

Firm FE Yes Yes Yes Yes Yes

R2 0.350 0.353 0.350 0.351 0.355

Notes: The table presents OLS estimates of equations 1 and 2. The dependent variable is loan rate

change at the bank–firm–month level, calculated as the difference between the average loan rates post-

and pre-NIRP period. This period ranges between 6 months before and 6 months after the introduction

of negative policy rates in June 2014, excluding June 2014 from the sample. Bank controls include total

assets, capital over assets, and non-performing loans over assets. All variables are measured as of May

2014. All specifications include firm fixed effects. All standard errors (in parentheses) are double

clustered by firm and bank. *,**, *** indicate significance at the 0.10, 0.05 and 0.01 levels, respectively.
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Table A.12: Balance sheet heterogeneity on loan growth around monetary policy events:

baseline regressions

(1) (2) (3) (4)

Panel A: ±3 months window around:

DFR cut in positive territory MRO cut in positive territory QE (APP) Other DFR cut in negative territory

July 2012 November 2013 January 2015 March 2016

Liquidity position -0.008 0.136 0.172∗∗ 0.148∗∗

(0.060) (0.083) (0.078) (0.060)

Deposit funding -0.006 -0.046∗ -0.032 -0.046∗∗∗

(0.027) (0.027) (0.027) (0.012)

Observations 246,118 230,362 224,416 186,990

R2 0.379 0.371 0.377 0.380

Panel B: ±6 months window around:

DFR cut in positive territory MRO cut in positive territory QE (APP) Other DFR cut in negative territory

July 2012 November 2013 January 2015 March 2016

Liquidity position 0.003 0.226 0.276∗∗ 0.243∗∗∗

(0.097) (0.135) (0.124) (0.084)

Deposit funding 0.022 -0.069 -0.055 -0.067∗∗∗

(0.028) (0.042) (0.042) (0.017)

Observations 249,356 233,188 226,797 189,189

R2 0.385 0.381 0.384 0.388

Notes: The table presents OLS estimates of equations 1 and 2. The dependent variable is loan growth

at the bank–firm–month level, calculated as the log-difference between the post- and pre-event period.

The length of the pre- and post-periods is 3 (Panel A) and 6 (Panel B) months, centred around: 1)

July 2012, the latest cut of the DFR in positive territory (column 1); 2) November 2013, the latest cut

of the MRO rate before NIRP (column 2); 3) January 2015, the announcement of QE (expanded asset

purchase programme) (column 3); and 4) March 2016, the other rate cut in negative territory (column

4). In each model, the month of the policy announcement is excluded from the sample. All variables

are measured as of June 2012 (column 1), October 2013 (column 2), December 2014 (column 3), and

February 2016 (column 4). Bank controls include total assets, capital over assets, and non-performing

loans over assets. All specifications include firm fixed effects. All standard errors (in parentheses) are

double clustered by firm and bank. *,**, *** indicate significance at the 0.10, 0.05 and 0.01 levels,

respectively.
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Table A.13: Balance sheet heterogeneity on loan rates around monetary policy events:

baseline regressions

(1) (2) (3) (4)

Panel A: ±3 months window around:

DFR cut in positive territory MRO cut in positive territory QE (APP) Other DFR cut in negative territory

July 2012 November 2013 January 2015 March 2016

Liquidity position -0.047∗∗∗ -0.051 -0.011 -0.011

(0.013) (0.038) (0.007) (0.009)

Deposit funding -0.012∗ 0.023 0.012∗∗ 0.001

(0.006) (0.023) (0.005) (0.003)

Observations 16,462 8,677 19,872 18,789

R2 0.452 0.419 0.437 0.402

Panel B: ±6 months window around:

DFR cut in positive territory MRO cut in positive territory QE (APP) Other DFR cut in negative territory

July 2012 November 2013 January 2015 March 2016

Liquidity position -0.092∗∗∗ -0.096∗ 0.007 -0.011

(0.025) (0.045) (0.010) (0.011)

Deposit funding 0.016 0.032 0.004 0.002

(0.010) (0.029) (0.006) (0.003)

Observations 18,361 14,334 28,046 26,799

R2 0.451 0.423 0.441 0.436

Notes: The table presents OLS estimates of equations 1 and 2. The dependent variable is loan rate

change at the bank–firm–month level, calculated as the difference between the average loan rates post-

and pre-event period. The length of the pre- and post-periods is 3 (Panel A) and 6 (Panel B) months,

centred around: 1) July 2012, the latest cut of the DFR in positive territory (column 1); 2) November

2013, the latest cut of the MRO rate before NIRP (column 2); 3) January 2015, the announcement of

QE (expanded asset purchase programme) (column 3); and 4) March 2016, the other rate cut in

negative territory (column 4). In each model, the month of the policy announcement is excluded from

the sample. All variables are measured as of June 2012 (column 1), October 2013 (column 2),

December 2014 (column 3), and February 2016 (column 4). Bank controls include total assets, capital

over assets, and non-performing loans over assets. All specifications include firm fixed effects. All

standard errors (in parentheses) are double clustered by firm and bank. *,**, *** indicate significance

at the 0.10, 0.05 and 0.01 levels, respectively.
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