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Abstract

Interest rates on savings products vary not only across banks, but also across the accounts of
individual banks. Building on a unique dataset covering the 2003-2014 period, our results
show that time deposit rates reflect more closely the economic environment than bank interest
rates on savings accounts do. At bank level, interest rates are significantly negatively related
to creditworthiness, especially since the onset of the global financial crisis. With regard to
account-specific features, we find that maturity-increasing conditions (i.e., withdrawal fees
for savings accounts and product maturity for time deposits) positively influence a product’s
interest rate.

Keywords: time deposits, savings accounts, interest rate setting, creditworthiness, liquidity,
account characteristics.
JEL classification: G21.

* We are grateful to Spaarinformatie for the savings and deposit interest rate data, Martien Lamers for useful
comments, and Jack Bekooij for excellent research assistance. In addition, we would like to thank participants of
the ‘Nederlandse Economendag’ (Dutch economic conference day) 2014 for their fruitful suggestions.



1. Introduction

This paper studies the determinants of interessrah both savings accounts and time deposit®in th
Netherlands during the period 2003-2GTAme deposits accounts have a fixed maturity, lysua
preventing early withdrawal of the deposited furidse interest rate conditions are communicated to
depositors in advance. By contrast, savings aceatan be accessed at all times, and generally come
with a floating interest rate. Bank customers cemtlhese accounts to deposit their funds and earn
interest. Levesque and McDougall (1996) documesttitie level of interest rate offered on a deposit
product is important for bank customers: compeditiates on savings accounts are positively related
to customer satisfaction. In addition, Colgate Hredige (2001) observe a negative impact of interest
rate levels on a customer’s decision to switchs Tpward sloping nature of the deposit supply curve
is illustrated by survey evidence for the Netheatgrshowing that the interest rate level was thia ma
reason for 77% of customers switching bank accobifitsis survey also revealed a bank’s
creditworthiness to be important for more than thiods of the respondents.

Banks represent the demand side of the marketefoosits. The downward sloping demand
curve is illustrated by the fact that banks prefezaper over more expensive funding sources (Myers
and Majluf, 1984; Pattipeilohy, 2013). Deposit dechand supply are affected by various factors,
which can relate to the market in geneeagj( the market rate), the bardk g, creditworthiness) and
the specific features of a bank accoung( the maturity). Ultimately, supply and demand fasti@ad
to different deposit rates across banks. As astithtion, Figure 1 depicts the highest, lowest, and
median interest rates offered on Dutch savingswgsaduring the 2003-2014 period. In most years,
the highest interest rate was approximately 1.5%tp@bove the median rate. During the height of
the financial crisis, the gap widened to no lessith.5%-points. Our study aims to gain a better
understanding of the difference in interest ratesime deposits and savings accounts between banks.
Our analysis focuses on a wide range of factonesgmting market-related, bank-related, and

account-related variables.

[INSERT FIGURE 1 ABOUT HERE]

Our paper builds on two streams of literatuue, market discipline and the pass-through of market
rates. Market discipline refers to the processhictvdebtholders, such as depositors, require highe
returns when the probability increases that theyrifosses in case of, for example, a bank defhuilt.
general, bank risk and the deposit rate are pesbjtielated €.g, Park and Peristiani, 1998;
Mondschean and Opiela, 1999; Martinez Peria andn8kler, 2001; Demirclic-Kunt and Huizinga,

2 In the Netherlands, the overwhelming majority @ifrent accounts are non-interest bearing accounts.
According to the DNB Household Survey 2014, 78%ufch individuals have one or more savings or digpos
accounts.

3 This survey was held by Friesland Bank. Its mabults have been published under the heading esl&rid
Bank Spaaronderzoek (“Friesland Bank Savings Stiyvey
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2004; Imai, 2006; Murata and Hori, 2006; Hori, #tad Murata, 2009; Beyhagéi al,, 2014), despite

the fact that deposit insurance weakens this oglg#.g, Mondschean and Opiela, 1999; Demirguc-
Kunt and Huizinga, 2004)Typically, the impact of creditworthiness on depostes during the

recent financial crisis is only studied by Beyhagihal. (2014)° They study Canadian banks and find
for this period that bank-specific risk factorsddbeir importance in explaining deposit rates Wwhic
they attribute to a greater market awareness oérgowent guarantees for potentially failing banks. |
must be noted that these results can not be gereat@b other countries per se, since Canada ‘bas n
history of government bailouts’ (Beyhagttial, 2014: 396) and did not experience a bank failure
during the 2007-2009 period. Stolz and Wedow (2@b@ument government support measures in the
US and EU countries and show that the financialsee most countries is less robust than in Capnada
possibly leading to greater concerns among depesiin 2008, depositors in the Netherlands were
confronted with the nationalization of both the @ah-Dutch Fortis bank and the Iceland-based
Landsbanki which operated in the Dutch market utldedcesave brand. In addition, ING received a
capital injection by the Dutch government in 20D8&B Bank failed in 2009 and SNS Reaal was
nationalized in 2013. The Dutch market can theeehs regarded as an interesting setting in which
depositors have been confronted with failing banks.

The extent to which deposit rates reflect econarartables (most importantly the market
rate) is discussed in the pass-through literateug, Kok Sgrensen and Werner, 2006, De Gragve
al., 2007; Gambacorta, 2008; Antao, 2009). Both Dee@at al. (2007) and Kok Sgrensen and
Werner (2006) make a distinction between short-tanich long-term savings products. We follow
them by separately studying savings accounts ameldieposits. As regards the latter, Johretal.
(2008) showed the existence of interest rate diffeals between time deposits. Generally, rates
increase with the maturity of the deposit. To dategvidence exists on the interest rate diffeaésti
on savings accounts.

Previous literature treated a bank’s savings adsoasone single entity, while banks in reality
offer savings accounts with different characterssti-or example, account can come with a minimum
balance, a withdrawal fee, or a bonus rate for rdiwg loyal customers. In addition, the
overwhelming majority of existing studies use irpplinterest ratese(g, a ratio between interest
payments and attracted deposits, both presentiashincial statements). Not only does this resthet
reported frequency of variables, it is most likielys precise, given that deposits with different
characteristics are often grouped together undeteading in the financial statements. By contrast,

we make use of a unique dataset which compriségidterest rates on all savings and time deposit

4 Demirglic-Kunt & Huizinga (2004) find that this typéinsurance leads to a perception among depssitat
deposits are safer, resulting in a lower requirgubdit rate. Mondschean and Opiela (1999) condurdie
Polish market that the relation between deposisrahd bank characteristics diminished after ttredaction of
deposit insurance. In contrast, Park & PeristiaBbg) illustrated for US thrifts that riskier irtstiions had to
pay a higher interest rate, despite the fact tietleposits were insured.

5 We acknowledge the paper by Berger and Turk-A£645), however they focused on deposit amoutiteira
than the deposit rate.



products offered by 58 different banks to retagdtomers in the Netherlands. Not only will this éne
the precision of the analysis, it also enableuohsider the impact of account-specific feature o
interest rates, including minimum balance requingsiewithdrawal fees, and bonus rates for
rewarding loyal customers. To our knowledge, wethedfirst to consider these account-specific
features.

We find that while the rate on time deposit produends to follow the market rate, the interest
rate on savings accounts is only loosely relatgtieéanarket rate. This outcome is in line with
findings by De Graevet al (2007) and Gambacorta (2008). The empirical tedat the market-
related variables show that the market rate, itatiity, and the inflation rate are positively agkéd to
interest rates on both time deposits and savingsuats, while the concentration index and economic
growth exhibit a negative relation. Our analysigedds that bank-related variables influence interes
rate levels for both products as well: the lowdaak’s creditworthiness, the higher the interest ita
offers. This holds for all three proxies, namelgdit spread (measured as credit default swap
spreads), capital ratio, and credit rating. Thetatariable is significant only when excluding kan
size from the analysis, which is a result of thersg relation between credit ratings and bank size
(e.g.,Estrellaet al, 2000). Other bank-specific variables exhibit edxesults. With regard to
account-related variables, the term of the degwsluct and any withdrawal fees feature for savings
accounts both positively influence the interest.rét required minimum balance positively affects th
rate on savings accounts, while its effect on til@posit rates is ambiguous. The bonus rate has a
positive effect on savings and deposit rates, vatainstically significant. Evidence on the other
account-specific features is also mixed.

The data period for savings accounts allows usétyae separately the pre-crisis period and the
crisis period. We find that creditworthiness indiara such as credit spread and capital ratio a@re no
significantly related to interest rates prior te trisis, in line with findings that deposit insoica
dampens the impact of bank risk on interest rates, (for example, Mondschean and Opiela, 1999;
Demirgiic-Kunt and Huizinga, 2004). However, durihg 2008-2014 sub period, savings account
rates started to depend positively on credit sgread negatively on a bank’s capital ratio, which i
both evidence of the fact that the level of bask hias become more relevant for the pricing of
savings products since the onset of the finandsilsc One explanation may be that private persons’
savings above 100.000 euros are not covered. Angghson for a relation could be restitution costs
(Murata and Hori, 2006) which consist for the Dubchrket most likely only of indirect costs such as
the waiting time for deposit redemption (as sugepkly Park and Peristiani, 1998). In additionsit i
possible that a significant part of the depositergnsufficiently aware of deposit insurance.

Our findings are relevant for academics as thidysis, to the best of our knowledge, the first
study which focuses simultaneously on market-spedfnk-specific and account-specific
determinants of the interest rates on savings ats@nd deposit products. The findings are also

relevant to practitioners as the study shows whyesbanks may offer higher rates than others.



Anecdotal evidence points to depositors taking depooducts with the highest interest rates. This
study shows that high-rate accounts are typicdfgred by banks with a lower creditworthiness,
especially during crisis periods. Our findings dams be used by practitioners in their deposit
allocation process.

This paper is laid out as follows. Section 2 préseariiterature review and develops our
hypotheses. Section 3 introduces our data and mhefibgy and Section 4 contains our empirical

results and robustness checks. Section 5 provigtesomclusion and discussion.

2. Determinants of the deposit rate

This study seeks to explain the interest rate oowa types of savings accounts and time deposits
offered by banks active in the Netherlands. Wartdisish between three different categories of
variables that might influence deposit rates: markkated variables, bank-related variables, and
account-related variables. Each category can héaihinto a number of specific determinants. This
section discusses these factors and subsequentiyldies our expectations regarding each potential
determinant. Given that most factors hold for ksakings accounts and time deposits, we usually
refer to the generic term ‘interest rates’ in stion. Where appropriate, we make a distinction

between demand and supply effects for each variable

2.1. Market-related variables

Banks operate in a wider economic environment, whiay also influence the interest rates offered
by banks. Most research acknowledges thabtaeket ratenfluences the deposit rate. Gambacorta
(2008) states that an increase in the money meaite@imakes investing in alternative risk-free
securities more attractive. The subsequent redutithe supply of deposits leads to an upward
pressure on deposit interest rates. In line withahgument, Martin-Oliveet al. (2008) show that
deposit interest rates follow the trend of intetbanerest rates. Accordingly, Jarrow and Van
Deventer (1998) theoretically argue that the depase is a function of the market rate. They dud t
the deposit rate is determined by the change imidndet rate compared with the previous period.
Finally, a positive relation between market rated deposit rates is also established by Beyhetghi
al. (2014). The pass-through literature makes a distin between the impact on time deposits and
savings accounts. Kok Sgrensen and Werner (200@)Jute that a long-run relationship could not be
detected for savings deposits, while time depaos#rest rates are efficiently adjusted. De Grast\ad
(2007) confirm this as they find that time depobkiwye higher estimates of long run interest rasspa
through. The market rate typically includes inflatiexpectations. When the market rate, and hence
the inflation component, is not completely followesdvings and deposit rates might additionally be

driven by inflation itself.



Banks are exposed to reinvestment and refinanghkgsince they have to deal with deposit
supply by and loan demand from bank customers, wimigy be at different points in time. An
increase in theolatility of the market ratavill thus lead to higher reinvestment and refinagcisks.
Consequently banks have to operate with higheraatanargins to compensate for the increased
risks. Maudos and De Guevara (2004) empiricallyeols that such volatility positively influences the
net interest margin. The Ho and Saunders (1981 ehmédicts that this interest margin increase does
not prevent a rise in the deposit rate, given ithatassociated with an even larger increasean lo
rates. Finally, Gambacorta (2008) empirically sholmat market rate volatility is positively assoeiet
to the deposit rate. The expected sign of the imp&weolatility on the deposit rate is therefore
positive.

Changes in supply of and demand for deposits cants triggered bgconomic growth
Gambacorta (2008) states that a higher real incooneases the supply of deposits, which might, in
turn, trigger an interest rate decrease. Econonowtdy may also positively affect bank clients’
demand for loans. This might lead to an increagharioan rate and/or to an increase in the bank’'s
demand for deposits. However, also Park and Parisfl 998) found a negative relation between GDP
growth and deposit rates. We therefore decidedllow the literature by expecting a negative relati
between economic growth and interest rates.

Market concentratioms another possible determinant of interest rathere are two contrasting
hypotheses on how market concentration may infleeleposit rates. First, the market power
hypothesis states that a concentrated market steuaiill lead to less competitive conduct and
performance, resulting in higher prices and praittthe expense of lower consumer welfare (Shaffer,
1994). According to Tokle and Tokle (2000), thipbthesis means that a concentrated market
structure leads to lower deposit rates offeredgqmoditors. This negative relation is empirically
confirmed by Hutchinson (1995) and De Graevel (2007). Second, the efficiency hypothesis states
that concentration increases the overall efficiemicihe banking sector (Gromh al.,2007). In a more
concentrated market, banks may therefore price tiegiosits more competitively; and hence offer
higher rates on deposits. Although Martin-Oliegeral. (2008) found evidence for this hypothesis for
the Spanish market, the market power hypothesistitotes the dominant view. Accordingly, we
expect a negative relation between market poweiraackest rates.

The last market-related factor is the levehwdrket stressMarkets under pressure may be a proxy
for difficult access to wholesale funding by baaksl may therefore cause banks to offer higher
interest rates to attract deposit funding. Thissoeais of specific interest, since the financiais is
covered by our research period. Panel A of Talderimarizes the expected signs of the market-

related explanatory variables’ coefficients.

[INSERT TABLE 1 ABOUT HERE]



2.2. Bank-related variables

The interest margin literature has identified savbank-specific variables which may determine the
difference between the lending and the borrowing. /e build on that knowledge to formulate
expectations for the relation between bank-relatetbles and the deposit rate. We start with a
bank’screditworthinessKiser (2004) argues that well-capitalized bank \ess risky asset

portfolios may pay a lower risk premium for wholestunds than their riskier competitors. If
wholesale funds are used as substitutes for pibsits, the bank’s ability to obtain wholesaleds

at low cost reduces its demand for retail depo§isnbacorta (2008) confirms this finding by stating
that poorly capitalized banks are less likely t@abke to issue bonds and therefore try to incrdzse
amount of deposits by offering higher deposit ralRegk and Peristiani (1998) showed similar
findings. Coopermaat al.(1992) evaluate interest rates on certificatedepiosit in crisis times and
find that especially lowly capitalized banks railseir rates. For depositors, a decrease in a bank’s
creditworthiness increases the probability thay i not be able to collect deposits in excesshaf
deposit guarantee scheme coveg(€100.000 in the European Union). When a bank fidiimay

take up to 20 working days before deposits areidebBecause the likelihood of a loss of deposits (or
the opportunity costs faced during these 20 dayseases as the level of creditworthiness decreases
depositors would require compensation in termdggtidr interest rates. Hence, we expect a negative
impact of creditworthiness on the deposit rate.d&bank’s creditworthiness, we consider three
different proxies.

(i) The first measure is the credit spread as measyréuk spread on credit default swaps (CDS)
for the respective bank. A CDS contract is a typi@gurance contract in which the buyer receives
credit protection from the seller, in exchangegeriodic payments (also referred to as spreads).
Given the potential losses to the insurance sé€llBX$ spreads positively depend on the probabifity o
default. Ericssomt al. (2009) find evidence that CDS spreads are relat@iosyncratic risk, as they
empirically show that these spreads are positikghted to both financial leverage and firm-specifi
volatility.

(ii) As a second proxy we examine credit ratings isye8tandard & Poor’s (S&P) or, where
not available, by Moody’s Investors Service. S&Rathat a credit rating is the ‘current opinion of
the creditworthiness of an obligdrin determining a credit rating, financial variables well as
gualitative measures are taken into considerafarillustration of the importance of financial
variables is given by Moody’s: it justified a baskdlowngrade by stating that the ‘ratings incorpeorat

the severe solvency and liquidity risks that thekboface’® An example of the qualitative measure is

6 Until 2009, this period could be as long as thremths, which could be extended to nine monthsPseetive
2009/14/EC of the European Parliament and of then€ib

7 Standard & Poor’s (2006). Corporate Ratings Qater

8 0n 12 June 2012, Moody'’s issued a press releashigh they announced the downgrade of two Cypriot
banks. This statement concerned the Cyprus PoBalakt. See the following website for the full preslease:
http://www.moodys.com/research/Moodys-downgrades-@ypriot-banks--PR_248015
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the reputation of a financial institution, as a d@eputation may influence the future financial
performance and the capacity to meet financialgatilons.

(iii) The third indicator of creditworthiness is a bantépital ratio as measured by the BIS ratio.
This ratio is defined as the sum of Tier 1 and Pieapital divided by total risk-weighted assess, a
defined by the Basel Committee on Banking SupemisClaeys and Vander Vennet (2008) suggest
that holding capital above the regulatory minimsgnaicredible signal of the creditworthiness of the
bank. A larger capital base increases a bank'soigda absorb losses on its loan portfolio. That
means that the probability of default is expectedd lower for banks with higher ratios. Estreitaal.
(2000) find evidence of this notion as they shoat the capital ratio can be used as a predictor of
bank failures.

The impact of a bank’'sizeon interest rates may be related to both the sugpiythe demand
channel. The supply channel impact concerns tleebig to fail, TBTF’ argument. As large, troubled
banks may be rescued — with depositors anticipatirp rescue action — by the government, these
banks are regarded as safer, implying that depesii@ less reluctant to deposit funds in excediseof
level guaranteed by deposit insurance scheme. lbangkes can hence offer lower interest rates ta thei
depositors. Imai (2006) considers a deposit insigraaform in Japan where insurance became
limited. They found evidence for the TBTF effectagposit rates. Size is also relevant for deposit
demand. Large banks have greater access to aiterfiahding sources such as wholesale funds. As a
result the deposit demand for large banks is likellye lower. In addition, smaller banks incredmsért
deposit rates in order to be more competitive Véther banks (Ruthenberger and Elias, 1996).
Hannan and Prager (2006), Jacewitz and Pogach X28id Beyhaghet al. (2014) all find that large
banks offer lower deposit interest rates than theialler counterparts. Given demand and supply
rationales outlined above, we expect a negatiaiosl between size and the interest rate offered.

A bank’s nationality may be important to depositonere specifically, whether the bank has
domestic roots or whether it iS@eign bank Mondschean and Opala (1999) found for the Polish
market that that foreign banks offered lower interates, a finding they attributed to a highesttru
level of depositors in foreign banks. Given tha Butch banking landscape is characterized by large
global banks, trust in domestic banks is not a eanfor most depositors. In fact, the potential
regulation by a different banking supervisor mawitithe willingness to supply deposits. In addition
deposit supply may be limited as depositors maprbee to a home bias. Turning to the demand side
for deposits, a bank setting up branches in foraigrkets may do so because it cannot find sufficien
funding in its home market. The deposit demandhe$é banks is likely to be relatively high. As a
result, we expect that foreign banks have to affeigher interest rate to attract deposit funding.

Liquidity is defined as ‘the ability of a bank to fund ireses in assets and meet obligations as
they come due, without incurring unacceptable I§SES, 2008). De Graewet al (2007) find
liquidity to act as a buffer against market fludgtoas. Less liquid banks have less capacity tosissu

bonds and they therefore need to encourage dequgity by offering relatively high interest rates



(Gambacorta, 2008). If a bank has available liquicti excess of the level required by the banking
supervisor, the bank’s demand for deposits isyikelbe lowerj.e., we expect a negative effect of
liquidity on the level of interest rates offered.

De Graeveet al. (2007) hypothesize that moe#icientbanks have lower costs and therefore can
afford to offer above-average deposit rates. Témipirical results confirm that the deposit spread
(that is, deposit rate minus market rate) is pasligirelated to the efficiency factor. Focarelldan
Panetta (2003) and Gambacorta (2008) both showitiyaorelation between bank efficiency and
deposit interest rates.

A bank’sdeposit fundingtructure is the next determinant. The countryllesenparison of
Pattipeilohy (2013) shows that in countries wheaeks face a deposit funding gap banks offer
relatively high deposit rates. As banks preferdheapest source of funding over more expensive
sources, they will be more aggressive in acquiratgtively cheap savings over more expensive
market funding. We expect the same bank behavidhinndomestic markets: banks with a relatively
low deposit base will be more aggressive in atimgaieposit fundingi.e., by offering higher interest
rates. In addition, Demirgti¢c-Kunt and Huizinga (2D8ocument that the reliance on non-deposit
funding is positively associated with the levepefceived bank risk, which might in turn positively
influence the required return by depositors. In sany, Panel B of Table 1 depicts the expected

impact of bank characteristics on the deposit rate.

2.3. Account-related variables

Most of the existing studies regarding deposit diierences across banks use standardized accounts
across banks (see for example De Grat\at, 2007). This paper extends the knowledge of depos
pricing to account-specific features. Time depaditfer in terms ofmaturity. Depositors generally

have a preference for liquidity, which is why thgply of deposits is likely to decrease with the
maturity of the account. The demand for longer migtdeposits is likely to be higher, given that

banks prefer stable funding sources. We therefxpect the interest rate to increase with the maturi

of the time deposit. Johnsehal (2008) study the interest rate on certificatedeyjosit with differing
maturities and find support for this rationale.

Although savings accounts do not come with spetifiaturities, some of these accounts have
additional features aimed at either increasingeha for which money is deposited or increasing the
stability of the deposit base level. First, acceunty include avithdrawal fee meaning that a fee has
to be paid when money is withdrawn from the acco8uoth withdrawal fees are an incentive to
increase the term for which the funds are depagséted we expect depositors to be compensated for
these fees by higher interest rates. Second, sagicgpunts may award additional interest, a sedall
bonus ratesubject to the deposited amount not having deerkdsring a specified period. We expect
the bonus rate to be used to reward loyal cliearid,we therefore expect these accounts to offer

higher interest rates — including the bonus ratthissl account feature may beranimum savings



balance Given both the positive effects of this requiretf®r banks and the resulting reduction in
flexibility for clients, we expect such a measwéave a positive impact on interest rates. Intaudi
to savings accounts, some time deposits also hééetture.

Some bank accounts in our sample have two additfeatures for which it is interesting to
document how banks price them. Time deposit aceomaly offerascending interest rate&enerally
speaking, these products are characterized byriteseist rates in the first year, followed by incses
in the course of the remaining life of the depokitis feature could be associated with relativéijhh
average effective interest rates if banks expeatesdients to withdraw their money early anyway.
Alternatively, banks might be able to attract furglat a low cost if clients are impressed by the
prospect of a high interest rate during the firmaitcact year.

A final feature, both for time deposits and saviagsounts, is the possibility to receiméerest
payments monthly, quarterly or bi-annuaiihgtead of on an annual basis. If this servicegbli
appreciated by depositors, banks might be ablet¢oedse interest rates for these accounts. If panks
on the other hand, offer them as an additionalieerthe impact on the effective interest rate righ
eventually be positive. Panel C in Table 1 sumnearizur expectations for the coefficients of the

account-related variables.

3. Data and methodology

3.1. Data

We use two unique datasets comprising daily inteeges offered on all retail deposit accounts &y 5
different banks on the Dutch market. The firstamtsists of savings accounts in the January 2003-
September 2014 period, and the second set comjmigesst rates on time deposits in the June 2008-
September 2014 period. These interest rate quatesolected byspaarinformati€ The dataset is

not affected by survivorship bias, as all discamtiesh banks are included in the sample. The dataset
contains information on the account-specific candg that are applicable to savings accounts and
time deposits. The data is complemented by maidiet @nd bank-related data from the ECB,
Standard & Poor’s, Moody's Investors Service antbB@eam, and with supervisory information
from the Dutch central banBé Nederlandsche BarkDNB). Our final dataset combines market
data, bank-specific data, and account-specific. @dbow we describe each of these three categories
of independent variables, preceded by an explamafithe dependent variables. Appendix@atains

details on data sources.

9 This company can be regarded as an independerttiokj party, since they are in no way connecteat to
restricted by a financial institution. The dailgtlof deposit rates is available at http://www. sipdiar matie.nl.
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3.1.1. Dependent variables

The dataset consists of daily interest rates falifierent accounts. Given that data on the exaiary
variables are available at a monthly frequencyus&monthly interest rate data in our analyses. For
this purpose we choose the interest rate on eaduaton the last day of every month. To describe
the data on time deposit interest rates, we dithddime deposits in four maturity categories, and
averaged the interest rates on all time deposith&following maturity categories: (i) 1 yearless,

(ii) 5 years or less but more than 1 year, (iii)yg@rs or less but more than 5 years, and (iv) tiane
10 years? The first four lines of Table 2 present summaayistics for these accounts. For both time

deposits and savings accounts, the rates bankedifanges from 0.05% to 6%.

[INSERT TABLE 2 ABOUT HERE]

A closer inspection of the rate differences actose deposits reveals that the rates increasethath
maturity of the deposit. Figure 2 depicts the ageriaterest rate developments for each maturity
category of time deposits over the 2008-2014 pegiradi for the savings accounts during the 2003-
2014 period. This figure also depicts the shontaterarket rate, which is explained in the next
subsection. Although interest rates on time dep@sitl savings accounts are related to the market
rate, Figure 2 clearly shows that, relative to d&prates, the response of interest rates on saving
accounts to changes in the market rate is lesoprmed. This pattern is consistent with findings in
the pass-through literature (Kok Sgrensen and We2066; and De Grae al.,, 2007).

[INSERT FIGURE 2 ABOUT HERE]

3.1.2. Market-related independent variables

We use six variables to capture the market-reltetrs: market rate, inflation, interest rate
volatility, market concentration, economic growdind stock market stress. To adhere to the
measurement of the dependent variable, we use remiativalues unless mentioned otherwise. As
market rate, we use different Euribor rates. Gitvenmaturity differences between savings accounts
and time deposits, we follow different approacteesrisure a proper fit between the market rate and
the characteristics of the respective account. Béiekts may use savings accounts for the short to
medium term. As a relevant market rate, we theeefompute the average of the one-day, three-
month, six-month and one-year Euribor intereststai@ne deposits are generally used by depositors
with a longer savings horizon. To arrive at the lkeirate, we match the maturity of the time deposit
with a corresponding maturity of the ECB AAA Goverent Paper yield curve. With regard to our
descriptive statistics in Table 2, we computedatherage for the available values of the yield curve
for the four different maturity groups. In totalewsed 37 points of the yield curve. Monthly rates

were available for maturities of 3 to 24 monthdf-gaarly rates were available for 2- to 5-year

10 Qur empirical analyses include the actual matddtyeach account in months.

11



maturities, and annual rates for 5- to 30-year ntgta. Similar to the time deposit rates, the reérk
rate increases with maturity.

Inflation is measured as the year-on-year percentagnge in the Dutch consumer price index.
Inflation ranges from 0.19% to 3.16%. Next, Tabldigpblays the volatility of the market rate. For
time deposits, we choose the volatility of the p®ion the ECB AAA-yield curve which correspond
with the maturity of the account. For savings actsuwe compute the average value of the 10-day
standard deviation of the three-month, six-montth ame-year Euribor rates. In Table 2, five différen
volatilities are presented which correspond tdfitre different types of accounts which we compose
for the purpose of this data descriptiae.(four deposit account categories and the savingsuat).
Market concentration is proxied by the HHI on tlepdsits of Dutch households. The mean HHI is
around 0.23 for both datasets. We also use econgnoweth, measured as the year-on-year growth
rate of Dutch GDP. As this variable is availablesoguarterly basis only, we obtain monthly
observations through linear extrapolation of thartgrly data. The last market-related variable used
the CBOE SPX implied stock market volatility ind@tso known as VIX) as a measure for market

stress. The maximum end-of-month value amount&da.

3.1.3. Bank-related independent variables
We use nine bank-related variables. As a firstrd@teant we discuss bank size as measured by a
bank’s total assets. Table 2 presents the siz#lionis of euros. Our regressions include the radtur
logarithm of this size proxy. Banks’ total assatsi®d from just €6 million to over €1,000 billion.
We use three different proxy variables for the itvearthiness of banks. The first proxy is the
credit spread of banks, measured as the five-yraorsCDS spread (source: CMA/Reuters). The
average CDS spread was 214 basis points in thediépesit dataset versus 124 basis points in the
savings account dataset. This difference refléaddct that the global financial crisis played a
relatively large role in the time deposit datasethee data period only started in 2008. The second
proxy for creditworthiness is the stand-alone drpdhfile (SACP) as published by S&P. Where S&P
ratings were not available, we took the baselieditmssessment (BCA) from Moody’sSimilar to
Cantor and Packer (1997), we transform the ratitga numerical value ranging from 1 (=d) to 22

(=aaa)*? Relative to CDS spreads, ratings do not often ghafihat is why the explanatory variation

11 Most studies incorporating credit ratings use H@gn credit ratings. However, these ratings aflaénced by
the possibility that a bank receives support frotemal parties such as the government to preveefault.
Given the importance of large banks to the funatigrof the financial system, these banks are tylgicalled
systemically important banks and can, hence, coarsupport from external parties. This notion leeived
empirical support by Estrellet al (2002), who observe that ratings are positivelyelated to the size of a
bank. In addition, Bongiret al (2004) show that after controlling for bank sizeedit ratings do not have
substantial forecasting power regarding bank distréo account for this effect, we use stand-atwedit
profiles as published by rating agencies. Thesegsexclude the possibility of external suppord aan hence
be perceived as an assessment of the bank’s stamelaeditworthiness. Using long-term issuer gaidoes
not qualitatively change our results.

12 Standard & Poor’s uses lower-case ratings tondjstsh the SACP from regular credit ratings.
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in this variable is mainly limited to differencasriatings across banks. The average SACP for both
datasets is around the bbb/bbb+ level. The BlSaagitio {.e., the sum of Tier 1 and Tier 2 capital
divided by total risk-weighted assets) as repobigtdanks to DNB is included as the third proxy for
creditworthiness. This variable is not consistenigasured over the entire sample period, as the BIS
capital ratio definition changed with the introdoct of Basel 1l. The new definition was designed to
improve the extent to which risk components faceténks were taken into account. On average, in
our sample, the BIS capital ratio stands at ardisd.

For liquidity, we use two different measures. Tingt fproxy is the liquidity surplus divided by
total assets, as reported to DNB on a monthly basis surplus amounted to 11.73 and 13.93 on
average for the time deposit dataset and the ss@ogpunt dataset, respectively. The second peoxy i
different for the two datasets. The time depodiasit includes a long (> 1 year) liquidity mismatch
variable, measured as the ratio of the availalrlg lmuidity over required long liquidity. The sags
account dataset includes a short (< 1 year) liguidismatch variable, defined as the ratio of al#d#
short liquidity over required short liquidity. Theng and short liquidity mismatch variables come ou
at 1.91 and 1.82 on average, respectively. Thi alab stems from the liquidity report that DNB
receives from banks.

We use the cost-to-asset ratio as a proxy forizieffcy!® The average cost-to-asset ratio is 0.004
for both datasets. Deposit funding quantifies tkterg to which a bank is funded by deposits. T#is i
measured as the ratio of a bank’s deposits maa®eircredit institutions to the sum total of dep®sit
and bonds (liquidity debt certificates) issued hgttbank. The average ratio ranges from 0.64 6 0.6
in both datasets. The last bank-specific variabpeesents a dummy measuring a bank’s roats,
domestic or foreign. A bank is considered a fordagnk (dummy is 1) when its head office is located
outside the Netherlands. The mean values for tmsndy are 0.30 and 0.25 for the time deposit

dataset and savings account dataset, respectively.

3.1.4. Account-related independent variables

The account-related variables were gathered frendétaset provided [§paarinformatienhich

includes supplementary information on the condgiohthe various accounts. The time deposit
dataset contains the maturity of the account inthenThe maximum recorded maturity is 240 months
(i.e., 20 years). Both the time deposit dataset andati@gs account dataset include accounts which
require a minimum balance of savings. Both the naahthe maximum values are higher for time
deposits than for savings accounts. Furthermgpayment frequency variable is constructed and
coded ‘11/12’ if the account pays interest rates omonthly basis instead of on an annual basi$2*9/

if the account offers the option of quarterly payteand ‘6/12’ if the account offers the option to

receive interest rates on a 6-month basis. Onlyithe deposit dataset contains accounts with an

13 Costs are understood to be the sum total of adtration costs and other operating expenses.
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ascending interest rate feature. An ascendingasteate dummy is coded ‘1’ if the account has an
ascending interest rate condition. The savingsuatdagataset includes two additional account
features. First, some accounts came with a bortegeyable by the bank when, for example, the
account balance does not decrease in a given eailgodrter. Second, the savings dataset contains

accounts with withdrawal fees payable by the acttmider if funds are withdrawn.

3.2. Stationarity versus non-stationarity of thedmlosariables

In order to specify the relationship between th@laxatory variables and the deposit and savings
interest rates, we need to know whether theseblagare stationary or not. Stationary variables
enable us to specify the level of a relationsHipatiables are non-stationary but co-integratledyt
should preferably be analyzed using an error cbaeenodel (ECM), making it possible to
disentangle the long-run co-movement of the vaemldlom the short-run adjustment towards the
equilibrium. As a first step, we investigate thét woot properties of the variables. We start vifia
variables which are identical for all banks andoaicts and where the Augmented Dickey Fuller
(ADF) test is appropriate: inflation, concentrati@eonomic growth and stock market stress (for both
time deposits and savings accounts), as well asmé#nket rate and its volatility, for the savingtera
model* Table 3 presents the results of the ADF test fier and two lags. We assume non-stationarity
in the market rate, inflation and concentrationcsithe unit root hypothesis cannot be rejected. We
reject the hypothesis for volatility (indicatingabnarity), while the evidence for the other vhlés is

mixed.

[INSERT TABLE 3 ABOUT HERE]

For the variables with a panel structutre.(the variables exhibiting different values acroasks or
accounts as well as over time, we apply two tygessis based on two different null hypotheses.
First, we apply Hadri’s (2000) test, which is a @arersion of the KPSS test (Kwiatkowsial.,
1992), testing the null hypothesis of stationarity:

Y=a, + iui,r T &, (1)
=1

The time serie¥i; are broken down into a random walk compongnt, and a stationary component
&y The test statistiz. is based on the ratio of the variane&g ¢°.. The null hypothesis of the test
assumes that this ratio is zero, implying thatitherest rate does not contain a random walk
component. By contrast, rejection of the null hyyasis indicates the presence of unit root behaviour
in the variable under investigation. Both panelesetest statistics are asymptotically normal. &dco
as a cross-check, and because the power of the tdadis relatively low (Hlouskova and Wagner,
2006), we use the IPS test (ghal, 2003) which is a panel version of the ADF tesuait roots.

14 Note that market rate and volatility in the timepdsit rate depend on the term of the account.
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The autoregressive parameter is estimated for leack separately, which allows for a large degree of
heterogeneity. The null hypothesis asserts a aottfor all banks or accountse(, Ho: pi = 0), while

the alternative hypotheskd: allowspi < 0 for some banks or accounts. Rejection of tiie n

hypothesis indicates stationarity. The test statfst,a0f the IPS test is constructed by cross-section-
averaging the individudtstatistics fop;.

Table 4 presents the results for all potential paagables in our models: the dependent variables,
the bank-specific variables and the market rateisnglatility in the time deposit model. The Hadr
test accepts the hypothesis of a unit root fovaliables but, as said, the power of this teshus |
Particularly for the time deposit rate model, tR& ltest’'s power may be low as well, as the time
dimension is relatively limited (Hlouskova and Wagn2006). With regard to the explanatory
variables, we find mixed evidence as the hypothasgsunit root is sometimes accepted and
sometimes rejected. In addition, the results ateoosistent across different sample periods. The

account-related conditions are constant by definitind are, hence, stationary.

[INSERT TABLE 4 ABOUT HERE]

Given the mixed results with respect to statiogasitnon-stationarity of our model variables, we

specify our models both in levels and in error eation form.

3.3. Methodology

We use a panel dataset which allows us to studsnteege effects across individual observations of
time deposits and savings accounts, as well asndgreffects across the entire samples. Startinly wit
models in levels, the basic time deposi) (nodel following from the theory in Section 2 adata

availability in Section 3.1 reads as:

tdi = a + B My + B2 infley + Bg VOk1 + R4 HHItq + B AGDPuy + 36 VIXea + Jitaa + )5 Clica + J61Sta
+)a llmigy + g cakie + )6 diis + pofli + 01 mh + 02 fp + 3 arj + da ma + uig 3

In this equationi refers to bankg,to time deposit accounts, antb months. The first group of
explanatory variables are the macroeconomic vasaithi3 coefficients for thenarket ratergr),
inflation (infl), market rate volatility\ol), concentrationHHI), economic growthAGDP), and stock
market stressv(X), all defined in Section 3.1. These variables oy over time. The second group
of explanatory variables are the bank-specificaldas, withy coefficients for total assett],
creditworthinessdf), liquidity surplus [s), long liquidity mismatchl{m), cost-to-asset ratiadr),

deposit fundingdf) and foreign bankfl). Except for the latter variable, all bank-spexifariables
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vary over time. Creditworthiness is representeeitiyer the credit spread, credit rating or capital
ratio. The last group of explanatory variablestheeaccount-specific variables, wiltoefficients for
minimum balancen(b), frequency of payment$p], ascending ratesi) and maturityha). These
variables do not vary over time, since a changeoount characteristics resulted in the recognition
a new account. The error term is denoted.dyote that all the macroeconomic and bank-specific
explanatory variables have been lagged by one mastthese determinants usually become available
only with a certain delay.

The basic savings accounsg)(model is similar to Eqg. (3), with some exceptioas the variables
withdrawal feeswf) and bonus raté() are now included, while the variables ascendatg and
maturity are not applicable to these accountsdtitien, we replace the long liquidity mismatdim(

with the short liquidity mismatctsiim):

sai = a + B Miy + Bpinfles + 33 vOka + B4 HHIt1 + Bs AGDPe1 + RBe VIXer + Jitan + )5 Cliga +
WIS+ Jasimes +)g canes + )6 dser + ot + 61 mig + 62 Ty + 03 wi + da brj + U 4)

Our first estimation approach is based on a fixéetes (FE) model?® This approach adds dummy
variables for each bank to pick up time-invariamitbed variables that may bias the observed
relationships. We opt for dummy variables for ebahk rather than for each account, as in the latter
case all account-specific variables in Eqgs. (3) @)davould disappear, since they are constant over
time by definition. A disadvantage of FE is thatdkedifferences in bank-specific variables across
banks are disregarded. Our second estimation apipisdeasible GLS (FGLS; Wooldridge, 2003, p.
404), which aims to overcome the problems of ceesgional heteroskedasticity.g. bank-specific
observations with different variances) and withmtserial correlationd.g, covariation between
observations of the same account over time). FGLéBtwo-step GLS approach where the unknown
variance-covariance matrix in the second roundgtisnated using first-round OLS residuals. We
specify a heteroskedastic error structure withoogszsectional correlation, and, within panels, we
assume both AR(1) autocorrelation and a common A&{éfficient to all bank panels. A comparison
of the FE and FGLS results may reveal how robusestimates are.

Following De Graevet al.(2007) and Gambacorta (2008) we also considerran @rrection
model (ECM). As a first step, we use a co-integratest to verify whether long-term relationships a
in Egs. (3) and (4) are established or not. Fopamel data set, we apply the panel co-integraéisis
of Pedroni (1999, 2004). Account-specific variataad the foreign bank indicator are constant over
time and are thus excluded hefle long-run coefficients for markef$,and banksy, in Egs. (3) and

(4) may be different across banks, so we H@vend i (k=1, 2, ..., 6), with subindicasWe use the

15 An alternative method is the random effects (Rffineation, which assumes bank-specific characiesist
arising from random causes resulting in bank-spee#riances. The Hausman (1978) test rejects REhat FE
should be used.

16



group mean panel version of the Pedroni test. THehgpothesis of this test assumes a unit rodhén
residuals of the co-integration regression, whinplies absence of co-integration. The alternative
hypothesis assumes a root less than one, but altowifferent roots across banksWe use three
different types of test statistics: an ADF typettisssimilar to the ADF statistic used in univagatnit
root tests, a nonparametric Phillips-Perron (1988) version, and a version based directly on the
autoregressive coefficienp-fest).

Application of these three Pedroni tests to Egsaf8l (4) reveals that most test statistics do not
reject the null hypothesis of absence of co-intigneor, in short, co-integration has not been
acceptedt’ However, the test may suffer from power limitaiagiven the relatively short data period.
Furthermore, we do not expect that interest ratagally follow a true random walk, but are rather
bounded between 0 and, say, 10%, the latter depgodi the inflation rate. The expectation for a
non-random walk also applies to explanatory vaesiguch as GDP growth, inflation, market rate
volatility, stress index, credit spread, capitaicand rating, etc. Based on these considerattbey,
are expected to be co-integrated.

Despite the weak empirical underpinning, we follde/Graevet al. (2007) and Gambacorta
(2008) and estimate an ECM model, which is relef@ntobustness purposes as well. We specify the
ECM model both for Egs. (3) and (4). For brevityake, the ECM model for Eqg. (3) only is displayed

below:

Atdi = a+ B* 4 mia + B2* A inflg + 33* 4 vok1 + 3% 4 HHI1 + 35* A AGDR. + R6* A VIXe1 + Y+ 4

taes + )p* A Clivy + )5 A ISe1 + 5 A llmie + )% A canr + )6* A dfics —e(l3 M + (% infleg + 33 voka

+ 34 HHlt.1 + 35 AGDPy + B VIXer + Jitaea + )6 Clica + J51Se1 + Jallmies + )6 cakia + )6 dfica + pifhy

+ o1 mh+ o2 fp + dz arj + o2 ma - tdj)1 + Ui (5)

4. Empirical results

This section starts with a discussion of the timpasits model using three different estimation
techniques: fixed effects, feasible GLS and — exbastness test — an error correction model.
Subsequently, we discuss the outcomes for savicrgauats. As regards both models, we consider
three different measures for creditworthiness, (credit spread, credit rating and the capital yatio
separate regressions. For the 2008-2014 time depoedel, the number of observations for the three
proxies for creditworthiness ranges from close tbhdusand to almost 18 thousand, while for the

2003-2014 savings accounts estimates, the numhdyseivations varies from close to 10 thousand to

16|n the panel versions of the tests the alterndtiymthesis assumes a root, which is less thanbomés
identical across the banks. Hence, the group mesions allow for stronger heterogeneity. We fooushe
test's group mean version.

17 The results of these tests are available on redues the authors.
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almost 17 thousand. The savings sample periochgelp but the number of savings accounts is lower,
while a number of accounts did not exist duringehgre period.

A number of bank-specific variables are proxiesuioknown phenomena, such as liquidity and
efficiency, which means that we are likely to ermt®u measurement problems. That is why we start
with all the macroeconomic and account-specifi¢aldes and test the three creditworthiness
variables one by one before considering the fubgded model with all bank-specific variables.
Further, we investigate in turns the effect of adahg one or two of the highly correlated variatdss
a sensitivity analysis.

Tables B.1 and B.2 in Appendix B provide correlasidoetween the model variables. These tables
show a number of high correlation coefficients ftipaftarly among bank-specific variables in the time
deposit sample. The highest correlations existwdmnbank sizeand (i)credit rating(0.76), (ii)
liquidity surplus(0.62), (iii) liquidity mismatch(0.56), and (iv) theost-to-asset ratig0.62) Such
high correlation coefficients may impair the estiima results, while exclusion of one or more
relevant explanatory variables may result in oroisdiias. All reported models pass the VIF test for
multicollinearity {.e., all individual VIF values are below 3.9), indigagithat multicollinearity does

not distort our estimations. As a result, we in€ltide correlated variables in our models.

4.1. Results for the time deposit model

4.1.1. Fixed-effectsstimates for time deposits

Using the time deposit dataset, we start with tBeftimates of Eq. (3). Many banks may have
specific characteristics not captured by our mo8lelfar as these features are constant over theg, t
may be picked up by the bank-specific fixed effeklsnce, the advantage of this FE panel model is
that the estimation results are less impaired byKkspecific) omitted variables and therefore padevi
more consistent estimates than, for instance, Obafatly, the FE parameters are highly significant
according to the F-test (see lower panel of Tapl@S the signs of the coefficients are identical
across the four specifications for almost all vales in Table 5, we discuss all outcomes colleltive
The market-related variables perform as expectedl fiour model specifications. The market rate,
inflation, market rate volatility, and stress eadnsistently have a positive and highly significant
impact on the interest rate of time deposits. Theket rate coefficient ranges from 0.56 to 0.63, so
although the time deposit rate follows the riskefrearket rate, it does not do so to the full extent
Banks may deviate from the market rate, as thegt eattract funding and offer an add-on to cover
the credit risk to providers of bank finance. Tvésiable has by far the largest economic imp&ghe
inflation coefficient ranges from 0.11 to 0.17. Fbiompensation for inflation — or rather inflation

expectations — comes on top of the compensatiea@rincluded in the market rate.

18 Economic impact is defined as a variable’s stahdawiation (as in Table 2) times its coefficieas (n Table
5).
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[INSERT TABLE 5 ABOUT HERE]

Market rate volatility is another important detemamnt: volatility leads to statistically significant
higher interest rates on time deposits. Market entration shows the expected result with a negative
and highly significant coefficient. A higher levafl concentration in the market lowers the interat
on time deposits, possibly reflecting less comjuetit® The significant negative coefficient for GDP
growth indicates that a higher level of GDP groleidds to more supply of savings, in turn leading to
a lower interest rate. The estimates for the sitoakket stress variable VIX show a significantly
positive impact in all model specifications. Thgher the stress level, the higher the interestaate
time deposits. In times of stress, banks appesedoch for retail funding through the provision of
higher deposit rates on time deposits. Note thahatroeconomic variables have highly significant
coefficients, with the same sign across all fowcHcations, even where the composition of the
respective sample varies considerably, for exanipleyumber of observations.

Moving to the bank-specific variables, we inclugal assets (log)’ throughout, as it proves to be
an important determinant. Contrary to expectatigeg;oefficient is positive and significant in &lur
model specifications. This outcome can be attridbtvethe FE estimation procedure, which ignores
size differences across banks in estimating theehmalameters and only considers bank-specific size
changesThe latter are relatively small over the sho®@@@014 period where a number of banks
declined in size. In the next paragraph, where nesgnt FGLS estimates, the bank size coefficients
become positive, in line with our presumption. Rey interest is in the creditworthiness indicators,
applied in turns; see the first three columns dfl&®. The credit spread coefficient is signifi¢ant
positive, as expected: a higher CDS spread si¢maksr creditworthiness, which means that a bank
needs to offer a higher interest rate on its savaggounts to attract funding. In terms of economic
impact, this variable comes in second: a one stdrilviation increase in CDS adds 0.12% to the
deposit rate, while the difference between maxinauneh minimum CDS adds 0.97%. The next
creditworthiness variable, credit rating, is negatias expected, but does not have a significant
coefficient. Rating changes over time are smatlamparison to rating differences across banks. As
FE estimates ignore cross-bank differences in asitng the model parameters, only these changes
over time can provide information about this caméint; these changes are apparently too littléHer
coefficient to become significant. The third creditthiness variable is the BIS capital ratio. imeli
with expectations, the coefficient of the capitia is significantly negative: a better capitatizand
hence more creditworthy, bank can afford to offevdr time deposit rates. Of course, it is difficilt
individually compare the four specifications, as samples are different. When combining all three
proxies in one regression, the coefficient of thedit spread remains the most significant one, with

z-value of more than 23 versus the other two measwith z-values of around 7, all with the signs

19We are aware that, in general, the concentratidax is a poor indicator of competition.§, Claessens and
Laeven, 2004; Bikkeet al.,2007), but a better alternative is not available.
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presented in Table®.

For the fourth model specification with bank-spiecifariables, we include the dominant credit
spread as indicator of creditworthiness. We useliguadity proxies: liquidity surplus, defined dset
monthly reported liquidity surplus as a percentaigmtal assets (as reported to DNB), and long
liquidity mismatch, defined as the ratio of avai&to required long liquidity. As expected, both
variables show significant negative coefficiente the last column of Table 5. The coefficientaf o
measure for inefficiency, the cost-to-asset rasidighly significant: cost-inefficient banks appéa
offer lower time deposit interest rates, in lingwiheory. The coefficient of deposit funding is
significantly positive: banks which rely to a rél&ly large extent on deposit funding tend to offer
higher interest rates on time deposits. This igremnto our expectations which assumed that the
necessity for banks with extended deposit fundingggressively price deposits would be relatively
low. The variable foreign bank is excluded fromsiineegression results, as it is absorbed by thie ban
specific fixed effects, due to the fact that, im sample, a bank’s nationality did not change dvee.

Finally, we consider the account-related variabhe) maturity being the most important factor.
Its coefficient is significantly positive throughtoThe coefficients of minimum balance have negativ
values while we expected that higher interest nat® needed to compensate for these requirements.
Minimum balance hurdles appear not to be a sepoatsiem for the more rational and wealthier time
deposit accountholders. For the coefficients ofhparyt frequency and ascending interest rates we do
not havea priori expectations. The payment frequency coefficiengsglk signs across the model
specifications. These dummy variables have non-zaites for a few accounts only (see Table 2),
which may cause a lack of robustness of their toefits. The coefficient of the ascending interest
rates is positive and significant for all modefgjicating relatively high interest rates on these
accounts. Comparing the explanatory power of theetigroups of variables, we find that market
variables dominate (see the F-test on macroeconeaniables reported in the lower section of Table
5), while the bank-specific and account-specificatdes had intermediate or minor explanatory
positions in turns, dependent on the model spetifin. The test on FEs shows that the joint efbéct

FE is highly significant.

4.1.2. FGLS estimates for time deposits

A disadvantage of the within estimation of FE iattthis approach ignores information across banks
on the average levels of the variables over timasible GLS estimation is in that sense more
efficient and takes information across banks irtwoant, at the same time correcting for possible
heteroskedasticity and autocorrelation. FGLS igHat reason a good alternative, providing addion
insight. Table 6 depicts our results. The macroenon effects only change to a limited extent now

that our estimates are based on FGLS instead &tgercific fixed effects. This observation is indi

20 Not reported, but available on request from théarns.
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with our expectation that market-related varialaleshardly correlated with bank-specific fixed
effects. We observe several minor changes. The F@GdrRet rate coefficients are lower, in a range of
0.44-0.46 versus the 0.52-0.60 range in the Fimasitn. In addition, the impact of inflation, matke
rate volatility, GDP growth and stress is somewbater, with concentration now having a higher

coefficient.

[INSERT TABLE 6]

As regards bank-specific variables, the FGLS coieffits of total assets are negative and highly
significant now that average size differences achamks are taken into account: larger banks peovid
lower interest rates, as expected. Two creditwoeds measures, credit spread and capital ratio,
remain highly significant with the ‘right’ sign, bthe coefficient of credit rating now becomes
significantly positive, where a negative relatioasaexpected. Despite the fact that we use the-stand
alone credit profile instead of the long-term issaing, our rating variable is still highly colaged

to the natural logarithm of total assdts.( a correlation coefficient of 0.76). In line witii (2006),
we re-estimate the model without the bank sizealsdei The coefficient of the credit rating now
becomes significantly negative as expedfethat result includes the effect of the omittedalaie

‘bank size’ on the deposit rate and cannot bebaitted to the credit rating alone. From an empirical
point of view, the credit spread and the capitibrare preferable as creditworthiness indicat@rov
the credit rating. The liquidity surplus measun@ais significantly negative in line with theoretic
expectations, while the long liquidity mismatchiaate becomes significantly positive. Our measure
for inefficiency, the cost-to-asset ratio, showsreignificant coefficient. Deposit funding is
significantly negative, in line with theory. Foraigwnership plausibly raises interest rates: blsg
known or new on the market requires provision afistically significantly higher interest rates.erh
credit spread sample includes only one foreign paich is why we leave out this variable in
Columns 1 and 4. Not all bank-specific variablegeneoefficients with the expected sign. This may
be due either to high correlations, as observedahm to possible measurement errors.

Finally, we consider the account-specific variabldse coefficient of maturity remains highly
significantly positive. The minimum balance coeffiat is negative, as before. The coefficients of
payment frequency are barely significant or notigicant at all. The ascending rate coefficient now
becomes negative and significant in 3 out of tmeodlels. FGLS includes an AR(1) term for the time
series of each bank, with a coefficient fluctuatmgund 0.8 indicating the presence of bank-specifi

factors, which are picked up by the fixed effedtialales in the previous estimation approach.

4.1.3. Error correction model estimates for timpadsits

As a robustness test, we also apply the ECM of®q.The ECM distinguishes between short-run and

21 Estimation results are available from the authigen request.
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long-run effects and is tailored for non-stationprgcesses. The coefficient of the deposit ratectst
the impact of the error correction term: each mptité actual deposit rate moves towards the long
term ‘rating’ model value with a statistically higtsignificant adjustment rate of 6.2%, see thst fir
panel of Table # The adjustment rates are slightly higher for thgital ratio (7.3%) and the bank-
specific model based on the credit spread (8.3%).

For each model we use short-run as well as longzoefficients. The first are estimated directly,
while the latter are the product of the equilibriaoefficient (presented in the ‘EC-term’ columnian
the adjustment rate (0.0621); this product is preskin the ‘Long-term’ column. For the bank-
specific model with CDS spread, all market-relatadables, most bank-specific variables and the
account-specific variable maturity have a coeffitigign in line with our expectations (third pamel
Table 7). The size measure ‘total assets (log)ahpasitive effect, where a negative coefficienswa
expected, similarly to Table 5. Generally, the ldagn estimates are similar to the coefficientthim
previous Tables 5 and 6 with FE and FGLS estim&tasexample, the market rate coefficient is 0.40
versus 0.63 and 0.44, respectively. Most markettedl variables in the other two models (Rating
model and Capital model) have similar coefficiemigh inflation being an exception. The
creditworthiness proxies credit spread and capatéd are significant with a sign as expected, &hil
for rating this holds true only for the short-rdiine sign of maturity switches, while the other éhre
account-specific variables do not have a signiticaefficienti. All in all, the long-tern effects are

fairly comparable to those from earlier estimations

[INSERT TABLE 7 ABOUT HERE]

Turning to the short-run effect, we observe thahynaarket-related variables also have the expected
sign. For instance, the short-run market rate effaeges from 0.15 to 0.21. This is also true &bing,

but the short-run CDS and capital ratio are nati§icant.

4.1.4. Conclusions regarding the time deposit nedel

Comparing the FE and FGLS estimates, we find masjetific and the account-specific ‘maturity’
coefficients to be relatively insensitive to thérmestion procedure used, but this does not hold for
bank-specific coefficients. Bank-specific fixedeafts absorb bank features which remain relatively
constant over time such as bank size and ratinggeling on the method, we observe less robust
sign outcomes for bank size, credit rating, ligighismatch, cost-to-asset ratio, and deposit fugpdi
As a consequence, we need to be extra cautious udieg these results. Where FE ignores ‘level’
information across banks, the FGLS bank size aoeffts may be more informative, but then we need
to be careful because of possible omitted variblae. Fortunately, most results are similar across

both estimation approaches. We conclude that magk&ibles behave exactly in line with theory,

22 Due to the absence of clear empirical supportferECM (see Section 3.3), the t-statistics mayrireliable.
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while most bank-specific variables also behavexpeeed, particularly the creditworthiness measures
credit spread and the capital ratio, and foreignerghip; other factors show varying signs.

The ECM estimates are in line with those of theglomn models, even though the empirical
underpinning of this specification is limited. Thwdel adds to the earlier results that (i) sigaifit
direct {.e., short-run) effects exist and (ii) the continueglatinent to the long-run equilibrium is

rather slow.

4.2. Results for the savings account models

As regards savings accounts, the estimates o#qsi{ng FE and FGLS are presented in Tables 8
and 9, respectively. The overall outcome is thatltehaviour of savings interest rates appears to be
less consistent with economic theory than thaineé tdeposit rates. This is evident from the estatiat
coefficients, but also from the goodness-of-fit meas (R). This finding is consistent with evidence
found in the pass-through literatueed, Kok Sgrensen and Werner, 2006; De Grast\ad., 2007).
Savings accountholders prefer the continuous optianthdraw, for which no non-bank market
alternatives are available, while time deposit actioolders are expected to have a more professional
and rational attitude and to invest higher amoumtéch implies that they are most likely to compare

account conditions to market alternatives to adagxtent.

4.2.1. Fixed-effect estimates for savings accounts

The market-related variables perform as expectedl model specifications. The market rate,
inflation, and volatility each have a consisteqbsitive and highly significant impact on the sagn
interest rates. The market rate coefficient rarigea 0.23 to 0.26, which is relatively low compared
with the values of around 0.6 in the time depositied. This might be attributed to the stickiness of
savings rates. Still, the market rate is the végiabth the largest economic impact. Competition
between bank savings accounts and financial maikétsited, as the latter do not offer comparable
charge-free, small-scale and risk-free investmeodycts with a withdrawal option as bank savings
accounts have. The inflation coefficient rangesf@03 to 0.09, again much lower than in the time
deposit model. The volatility in the market rates laastatistically significant positive impact on
savings rates. The coefficient of market conceiatnat significantly negative, as expected, and
roughly double the size of the coefficient for tideposit estimations. The significant negative
coefficient for GDP is somewhat higher than for tinee deposit model, while the impact of market

stress is less pronounced than in the deposit model

[INSERT TABLE 8 ABOUT HERE]

Moving to the bank-specific variables, we find thia FE estimates of the ‘total assets (log)’
coefficient has alternating signs. These FE esémgnore level information of size differences

across banks in estimating model parameters, negliloe theoretical too-big-to-fail effects, even fo

23



such an extended sample period. The coefficientwatreditworthiness indicators, credit spread and
capital ratio, have the expected sign and arefgignt, but with lower values than in the time dsipo
model? The third creditworthiness variable — credit rgtinshows a significant positive effect where
a negative sign is expected, a finding which weragtribute to FE estimates ignoring level
information of ratings across barksVe conclude that the credit spread and the caitial can

again be used to predict the interest rate, wheetsmgys cannot. The liquidity surplus and deposit
funding have significant coefficients with the egpeal sign, while the short liquidity mismatch and
the cost-to-asset ratio have counterintuitive signs

Finally, looking at the account-related variables,observe that they all have positive
coefficients, where significant. The positive anghly significant coefficients of withdrawal fee, a
new variable not occurring in the time deposit moidefully in line with expectations. Apparently,
compensation is needed for a withdrawal fee irféhm of a higher interest rate. Minimum balances
exhibit the expected positive coefficient: depasitoeed to be compensated for meeting the minimum
balance requirements. Higher interest rates acepalil on accounts with bonus rates and, in two
specifications, for more frequent interest paymehitese account features, which are aimed at
increasing bank funding stability at the expensdeagfositors’ flexibility, come at a cost for banks
offering these accounts.

In this savings sample, the F-tests on macroecandrank-specific and account-specific
variables have much lower values than in the tieodit sample, even though the number of
observations is much higher. Market-related effdorginate the model, with account-specific effects
next in line in terms of importance. Also the goes of fit (R) is lower. This confirms that saving

rates appear to behave much less according toritheo

4.2.2. FGLS effects estimates for savings accounts

Table 9 presents the FGLS estimation results oféivengs model of Eq. (4). All statistically
significant FGLS coefficients of the market-relatediables have identical signs to those in Table 6
for the time deposit model (hence, all theoreticabirrect), but their values are all substantikdlyer

in absolute terms. Market stress appears redundzarte the model includes the credit spread. Since
level information has now been included, the seeable ‘total assets (log)’ has again its expected
sign across all four specifications. As regardsabefficients of the creditworthiness indicators&€D
and capital ratio, we observe that all signs arexpected, but the variables exhibit lower valusd a

significance levels (but still at 1%). First, thestto-asset ratio coefficient has a significargaiive

23 After leaving out stock market stress from our eledthe coefficient of the credit spread andigsificance
remain the same as before, which means that thelation between VIX and CDS does not distort the
estimates.

24 After leaving out the size variable (not showne)gthe rating indeed obtains a highly significemefficient
with the expected negative sign (z-value: 4.5)c@ifrse, apart from the assumed added value ofthmyy
rating then also picks up the impact of the (tremitted bank’s size.
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value, in line with our presumption, indicating tin@ore cost-efficient banks can offer higher insére
rates on savings. Earlier estimates had not shbisrekpected negative sign. In addition, banks in
need of liquidity offer higher savings rates. Tiegative sign of the funding coefficient is plausibl
The coefficients, signs, and significance levelshefaccount-specific variables largely resembbse¢h
of the FE estimates. An exception is bonus rateevtiee coefficient sign varies and the significance

level is low.

[INSERT TABLE 9 ABOUT HERE]

The high value of the AR coefficient estimate (B®96) points again to the stickiness of the omitte
variables. This confirms that FE estimation, whiitks up those omitted variables, is in this case
preferable over the FGLS approach, even thouglegstimation results are generally identical in terms
of signs. Contrary to the earlier time depositreates of Tables 5 to 7, the explanatory power ®f th

market variables of the savings model is limitéds &ccount variables dominate here.

4.2.3. Error correction model estimates for saviagsounts

The estimated error correction model of saving®aets does not function properly, as the coefficien
of the error term is hardly significant (for theptal ratio model) or not significant at all. Alsie
long-run coefficients (in case of the capital ratiodel) and short-run coefficients are not in kwith
expectationse.g, a negative coefficient for the market rate. Remnore, they show erratic variations
across the (four) model specifications, differeotf all earlier estimations. It appears that banks’
saving rates are very sticky and hardly or notstéyi to the expected, theoretical model. As atesul

we have chosen not to present the outcomes ofdggropriate model specification.

4.3. Savings accounts model and the credit crisis

An interesting question is whether the settinghtdriest rates on savings accounts changed after the
outburst of the credit crisis. We use the beginmhg008 as the starting point for the financial
crisis? To investigate whether, for instance, creditwaréiss or size (‘too big to fail’) has become
more important, or whether market influences becsimmnger, we split the savings account dataset
into a pre-crisis (2003-2007) and a post-crisi©9g0014) period. As our time deposit sample only
covers the (post) crisis period, we cannot use ancpproach for these data. Possible differences
between the pre- and post-crisis savings modeltralpyto interpret the (post-crisis) time deposit
results. For brevity, we present the FE estimaiég dut note that the undisclosed FGLS resultd lea
to quite similar conclusions. Tables 10 and 11gmeBE savings modelktimates for the pre- and

post-crisis periods, respectively.

25 There is no official starting date of the finandigsis. One event which could mark the startt ofas the
support of Bear Stearns for two failing hedge fuimddune 2007. Another event is the bankruptcyeasfrhan
Brothers in September 2008. We use a rough midtpbithese events.
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[INSERT TABLE 10 ABOUT HERE]

The coefficients of the market rate are much laeget statistically much more significant after the
crises (at around 0.40) than before 2008 (rangimg 0.15 to 0.20). Apparently, banks had to operate
more in line with market conditions to maintain atttact deposits after 2008, which resulted irt-pos
crisis savings interest rates far above the masitet(2.4% versus 1.4%), while they were below the
market rate during the pre-crisis period (2.6% we12.8%)° The post-crisis impact of market rates

on savings rates at 0.40 is also closer to the ¢cinpfamarket rates on time deposit rates (aroufid,0.

as presented in Table 5). Furthermore, we finchgiep post-crisis relationships for market rate
volatility, GDP and market stress, but less a pomeed impact of inflation and concentration with
different signs in the two subperiods. Finally, fomdness-of-fit (Rwithin) of the crisis models are
around 0.40, whereas these values were aroundddLB0pre-crisis. This is another indication that

savings interest rates started to respond moieete¢onomic reality as of the onset of the crisis.

[INSERT TABLE 11 ABOUT HERE]

An important question is whether the impact of txedrthiness changed between the pre- and post-
crisis periods. For the credit spread and the t@tpital ratio, this is indeed the case: thesealtes
were insignificant before the crises, indicatingttim those days (the lack of) creditworthinessrdit
have any systematic effect on the interest ratdeviliese measures were highly significant after th
crisis (see the first and the two last columnsabl&s 10 and 11). Credit rating itself does notfiam
well in FE models, as discussed in Sections 4.14ahdRemarkably, coefficients of the account-
specific variables are much smaller and statidyidess significant after the crisis, indicatinglaft in
attention from account characteristics to credithioess. The F-tests underline all these obsemnstio
macroeconomic and bank-specific variables play eermoportant role after the crisis than before,
while the opposite is true for account-specifidatles.

All'in all, the results indicate that the 2008 ikad a serious impact on the setting of interest
rates on savings accounts. Banks needed to réeimdeposit funding and offered interest ratescivhi
were more in line with market conditions than ptmthe crisis. After the crisis, banks with lower

creditworthiness had to offer higher interest rabesetain and attract a stable deposit base.
5. Conclusion
This paper investigates the determinants of inteeges on savings accounts and time deposits. &/her

previous research mostly considered interest t@ages, our study aims to explain the varying

interest rate levels across banks and across ascoubanks. These differences may be significast,

26 Tables containing descriptions of the sub sam{agsn Table 2) are available upon request fromatiibors.
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highlighted, for example, by a difference of 2.5gamtage points between the highest interest paying
account rate and the median paying account in 2008.

Our analyses are based on three different estimgithniques: fixed effects, feasible GLS, and
error corrections. For both time deposits and ggvaccounts, we distinguish between three different
groups of determinants: market-, bank- and accoelated factors. We find that interest rates are
strongly dependent on market factors, as market naarket rate volatility, inflation rate and lewél
market stress all significantly positively influenthe interest rate, with economic growth and
concentration index both negatively affecting rafesthese effects are generally consistent across
estimations approaches and varying specificatiwes;onsider them to be fairly robust. The
coefficients for savings account interest rategyareerally lower, indicating that savings accounts
rates are stickier,e., less responsive to these determinants.

While the general trend in interest rates may hpta@xed by market factors, interest rate
differences across banks depends on bank-relatemt$aFeasible GLS estimates, which take size
differences across banks into account, revealanger banks offer lower interest rates. This may b
explained by their access to substitute fundingpo+big-to-fail benefits. In addition, we find
creditworthiness to be an important determinanirftarest rates. We use three different proxies for
creditworthiness, of which the credit spread meagwn CDS contracts and the BIS capital ratio
consistently indicate a trade-off between risk setdrn. The expected credit ratings effect (higher
ratings enable banks to offer lower interest ratespserved only when bank size is excluded from
our analyses. We conclude that credit ratings dadd explanatory power when bank size is taken
into account, despite our use of stand-alone cpeditles rather than long-term issuer ratings. The
majority of our models show that banks relying &ygon deposits offer lower interest rates. This ca
be explained by the fact that their deposit demautittely to be lower. In line with this finding, ev
observe that a liquidity surplus is also relatetbtoer interest rates on savings accounts and time
deposits. The results for liquidity mismatch andlbefficiency are ambiguous.

Banks offer different types of accounts to theiems. In general, we find maturity-increasing
features to have an upward effect on interest .ratas holds for the strict maturity features as
implemented for time deposits, but also for sdietures such as withdrawal fees and bonus rates
across savings accounts. Remarkably, imposing s account balance is negatively associated
with rates for time deposits, but positively witlvs1gs account rates. The features of an ascending
rate over the term of the deposit, and a highepuieacy of interest payments exhibit mixed evidence,
which is plausible given that we use effective iesé rates.

The savings account dataset allows us to sepasmatalyze the pre-crisis period and the (post-)
crisis years. Interestingly, creditworthiness pthgemuch larger role during the period from 20Ghth
in the 2003-2007 period. In fact, prior to the istiereditworthiness and interest rates seemeé to b
completely unrelated. This is a clear manifestatiba decrease in, or absence of, awareness of cred

risks prior to the crisis. Note that this effectexges even where private person savings up to @00.0
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euros are covered by the Dutch Depositie Guard&theme (DGS). Apparently, not all savers are
fully aware of the DGS or they behave irrationaltyaddition, some depositors have higher savings
or are not covereca(g, professional depositors, clubs, foundations). §dengs account rates
followed the market rate more closely after theisr{more similar to the time deposit rate behayjou
while the impact of various other market factoralso stronger, illustrating both a greater awasgsne
of market conditions among depositors and thaktiea greater need to attract savings for bartks. T

importance of account-specific features decreasedglthe crisis.
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Figure 1. Theinterest rate on savings accountsin the Netherlands, 2003-2014
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Figure 2. Theinterest rates on time deposits and savings accounts, together with the market rate
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Table 1. The hypothesized determinants of interest rates on savings accounts and time deposits

Pandl A. Market-related deter minants

Panel B. Bank-specific determinants

Market rate Positive Creditworthiness Negative
Inflation Positive Bank size Negative
Market rate volatility Positive Foreign bank Pomt
Economic growth Negative Liquidity surplus Negativ
Concentration Negative Liquidity mismatch Negative
Stock market stress Positive Inefficiency Negative
Deposit funding Negative
Pane C. Account-specific deter minants
Time deposits Savings account
Maturity Positive Withdrawal fee Positive
Minimum balance Positive Minimum balance Positive
Ascending rate Undetermined Bonus rate Positive

Payment frequency Undetermined

Payment frequency Undetermined
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Table 3. Augmented Dickey-Fuller unit root tests of model variables

Time deposit rate model (2008-2014) Savingsrate model (2003-2014)

One lag Two lags One lag Two lags

Z(t) p-value  Z(t) p-value Z(t) p-value  Z(t) p-value
Market rate -1.111 0.7106  -1.388 0.5882
Inflation -2.027 0.2748  -2.004 0.2847  -2.781 0.0610-2.737 0.0679
Market rate volatility -4.160 0.0008* -4.332 o2
Concentration -2.178 0.2141 -2.165 0.2190 -2.555 0.1026 -2.549 104D

Economic growth  -3.301 0.0148* -3.148 0.0232* -2.973 0.0375* -2.7230.0702
Stock market stress -2.644 0.0842 -2.053 0.2637 -3.429 0.0100* -2.800 0.0583

Note * indicates that the unit root hypothesis is cégé at the 5% level of significance.

Table 4. Pand unit root tests of modd variables

Timedeposit rate model (2008-2014  Savingsrate model (2003-2014)

Hadri test IPS test (No- Hadri test IPS test (Non-
(Stationarity) stationarity) (Stationarity) stationarity)
Z p-value  Zpa  p-value 4 p-value Zpa p-value

Dependent variables
Time deposit rate 74.53 0.0000* -4.06 0.0000

Savings account 48.25 0.0000* -0.60 0.2755*
rate

Market-related variables

Market rate 178.74 0.0000* -30.11 0.0000

Market rate 88.70  0.0000* -20.11 0.0000

volatility

Bank-specific variables

Bank size 36.42 0.0000* 3.66 0.9999* 91.94 0.00062.50 0.0062
Credit spread 11.78 0.0000* -5.66  0.0000 48.97 @O0 -1.13 0.1294*
Credit rating 45.43 0.0000* -1.09 0.1387* 97.61 O0OmO* 4.86 1.0000*
Capital ratio 28.98 0.0000* -1.05 0.1473* 66.37 0@O* 1.93 0.9734*

Liquidity mismatch  38.19  0.0000* -5.61  0.0000 46.41 0.0000* -6.45 0mO
Liquidity surplus 17.50 0.0000* -1.50 0.0672* 63.39 0.0000* -5.39 0000
Inefficiency 18.52 0.0000* -11.85 0.0000 62.33 0QOY -6.40 0.0000
Deposit funding 39.95 0.0000* 4.24 1.0000* 34.03.0000* 5.34 1.0000*

Note * indicates that the unit root hypothesis is rgécted2Long liquidity surplus for the time deposit rate deband short
liquidity surplus for the savings rate model.
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Tableb. FE estimates for the effective time deposit interest rate model (2008-2014)

Indicators of creditworthiness

Bank-specific

Credit spread Credit rating Capital ratio characteristicstCDS

Coeff.  z-value Coeff. z-value Coeff. z-value Coeff z-value
Macroeconomic variable?
Market rate (+ 0.614f  99.77" 0.5710 114.8(" 0.565:¢ 119.7¢" 0.631: 95.6¢™
Inflation (+) 0.132:  20.91" 0.172¢ 34.7¢" 0.162¢ 33.27" 0.113: 16.8¢™
Market ratevolatility (+) 0.048¢  24.2¢"  0.059° 39.17" 0.059: 40.05™ 0.04¢C 2298
Concentratio (-) -0.06¢€0 -7.45"  -0.083¢ -11.8("  -0.069: -9.87"  -0.051: -5.68™
Economic growtk(-) -0.028. -12.17" -0.050¢ -27.2¢€"  -0.048: -26.21™  -0.032: -13.58™
Stock narket stres(+) 0.005¢ 9.9¢™  0.015¢ 36.9¢™ 0.015: 36.65™ 0.005¢ 10.47™
Bankspecific variable
Bank siz((-) 0.0077  20.92 0.004¢ 21.98™ 0.004: 19.7¢" 0.007¢ 17.97™
Credit sprea (+) 0.076¢  23.0C™ 0.075¢ 21.9¢™
Credit rating -) -0.000: -1.57
Capital ratio -) -0.022¢ -15.9¢"
Liquidity surplus -) -13.320: -7.87"
Long liquidity mismatch -) -0.001 -9.5¢™
Inefficiency (-) -0.329: -4.3€¢"
Deposit funding -) 0.003¢ 4.2¢™
Accoun-specific variable
Maturity (+) 0.0000 37.92" 0.000( 43.70" 0.000( 45.67" 0.000( 35.15"
Minimum balance/10,000 (- -0.001: -7.97" -0.001! -9.35"  -0.001: -7.51"  -0.001: -8.7¢"
Payment frequenc (?) -0.001¢ -4.4¢"  0.001¢ 6.05™ 0.001! 5.947  -0.001 -4.18"
Ascending rate (' 0.000¢ 4.48"  0.001 6.7¢" 0.001: 6.45™ 0.000¢ 4.27"
No. of observatior 8,97( 16,78} 17,72¢ 8.97(
No. of bank: 1¢ 34 3t 1€
F-test of FE p-value'® 319.¢ 257.¢ 388.¢ 239.:
F-test ormacroeconomi® 4,522.6 7,612.( 8,616.! 3,450.
F-test orbank-specific® 486.: 249.; 378.. 197.°
F-test onaccoun-specific® 380.¢ 505.¢ 539. 327.
R-sq withir 878 84.¢ 84.: 88.(
R-sq betwee 9.2 0.7 1.t 10.:
R-sq overa 34.t 12.( 16.5 34t

Notes:Expectations with respect to the sign of the doeffits are presented in brackets after the variabine. The super-
indices *, ** and *** denote significantly differgrfrom zero at the 95%, 99% and 99.9% confidencelde respectively.
aThe expected signs are presented in brackélsF-tests are significant at the 99.9% confidetevel.
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Table6. FGL Sestimatesfor the effective time deposit interest rate mode (2008-2014)

Indicator s of creditwor thiness

Bank-specific

Credit spread Credit rating Capital ratio characteristicstCDS

Coeff. z-value Coeff. z-value Coeff. z-value Coeff. z-value
Macroeconomic variablés
Market rate (+ 0.462: 70.19**  0.444: 86.93*** 0.4410 86.64*** 0.444° 68.88***
Inflation (+) 0.076¢ 13.75** 0.083: 18.87***  0.077¢ 17.85%** 0.075¢ 13.64***
Market ratevolatility (+) 0.009¢ 10.51*+*  0.011¢ 16.29***  0.011¢ 16.74%** 0.011: 11.73%**
Concentratio (-) -0.093. -13.53*** -0.084: -15.48** -0.086: -16.12*** -0.089:  -13.03***
Economic growt (-) -0.014¢ -4.22%*  -0.023: -8.71**  -0.019¢ -7.59%** -0.009¢ -2.96**
Stock narket stress (- 0.007¢ 20.59***  0.0100 36.18***  0.009¢ 35.63*** 0.0070 19.01***
Bankspecific variable
Bank siz((-) -0.0010 -10.63*** -0.001: -18.90*** -0.000¢ -15.54** -0.000¢ -9.78%**
Credit sprea (+) 0.035¢ 9.69*** 0.033¢ 9.64***
Credit rating -) 0.000: 4,99%**
Capital ratio -) -0.022¢  -13.47**
Liquidity surplus -) -5.578" -3.39%**
Long liquidity mismatch -) 0.000¢ 5.42%**
Inefficiency (-) 0.103¢ 1.6¢
Deposit funding -) -0.018¢  -23.87**
Foreignbank (+ 0.000: 1.3¢ 0.001: 5.71%**
Accoun-specific variable
Maturity (+) 0.000: 37.09**+* 0.000: 37.85***  0.000: 38.73*** 0.000:  40.84***
Minimum balance/10,000 ( -0.000¢ -3.26** 0.000( 0.6t 0.000( 2.94** -0.001¢ -6.59***
Payment frequenc (?) -0.002¢ -1.9t 0.000¢ 0.8z 0.0010 1.94 -0.002: -2.15*
Ascending rate (' -0.001: -3.05**  -0.000¢ -2.40* -0.0010 -2.84** 0.000: 0.4z
No. of observatior 8,44¢ 15,98¢ 16,97: 8,44¢
No. of account 20z 354 38: 20z
AR(1) coefficien® 0.83C 0.821 0.821 0.78¢
F-test ormacroeconomi® 6,712.¢ 10,881 10,733.: 6,741.¢
F-test orbank-specific® 320.¢ 717.% 797.¢ 1,220.¢
F-test oraccoun-specific® 1,422.¢ 1,469.! 1,569.¢ 1,694.¢

Notes See notes on Table 5. We specify a heteroskedastir structure without cross-sectional correlati
aThe expected signs are in bracke®ur FGLS approach specifies that, within each isatike series, there is AR(1)

autocorrelation and that the coefficient of the ARgrocess is common to all the bank parfefsl F-tests are significant at

the 99.9% confidence level.
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Table8. FE estimates for the effective savingsinterest rate model (2003-2014)

Indicator s of creditwor thiness

Bank-specific

Credit spread Credit rating Capital ratio characteristicstCDS

Coeff. z-value Coeff. z-value Coeff. z-value Coeff. z-value
Macroeconomic variablé
Market rate (+ 0.228¢ 21.11***  (0.255¢  30.70*** 0.24¢0  32.22%** 0.235¢ 19.68***
Inflation (+) 0.027¢ 2.15* 0.086¢ 9.38*** 0.078t¢ 9.03*** 0.066¢ 4.97***
Market ratevolatility (+) 0.029¢ 5.52**  0.040¢ 9.05*** 0.038: 8.98*** 0.027: 5.02%**
Concentratio (-) -0.150  -9.60*** -0.209¢ -18.21**  -0.228: -21.14%* -0.148¢ -8.82%*+*
Economic growt (-) -0.049¢  -9.33** -0.060: -14.16** -0.058. -14.31** -0.070: -11.43%**
Stock narket stress (- 0.0040 3.95%*  0.006¢ 8.49%** 0.008:!  10.88*** 0.002¢ 2.73*
Bankspecific variable
Bank siz((-) 0.000¢ 3.29**  -0.000¢ -4.70%*  -0.0007  -4.24*** 0.000¢ 2.51*
Credit sprea (+) 0.032¢ 3.80*** 0.061" 6.70%**
Credit ating ) 0.000¢ 5.95%**
Capital ratio(-) -0.023¢  -11.59%**
Liquidity surplus -) -7.296" -3.15**
Short liquidity mismatck(-) 0.002¢ 5.77%**
Inefficiency (-) 1.270° 13.04***
Deposit fundini (-) -0.011« -8.85%**
Accoun-specific variable
Withdrawal fee (+ 0.404: 16.89*** 0.3310  16.97*** 0.337.  17.37*** 0.397¢ 16.71%*
Minimum balanc/10,00((+)  0.000( 1.3t 0.000: 4.07%* 0.000: 3.81%** 0.000( 0.14
Bonus rate+) 0.066¢ 5.05***  0.065¢ 5.00%** 0.069¢ 5.34*** 0.075¢ 5.76%**
Payment frequenc (?) -0.000¢ -0.31 0.002¢ 3.56%** 0.002: 3.87*** -0.000: -0.12
No. of observatior 10,03¢ 15,77: 16,822 9,86¢
No. of bank: 2E 49 52 24
F-test of FE (j-values ® 39.4 33.t 457 46.1
F-test ormacroeconomi® 469.] 873.% 1,251.; 281.¢
F-test ornbank-specific® 15.7 24.¢€ 70.€ 43.1
F-test onaccoun-specific® 76.5 85.C 89.4 76.4
R-sq withir 27.2 34.¢ 36.1 28.4
R-sq betwee 4.8 33.¢ 15.7 5.2
R-sq overa 20.¢ 32.t 34.4 22.F

Note: See notes on Table 5.

aThe expected signs are in brack@t&ll F-tests are significant at the 99.9% confide fevel.
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Table9. FGL Sestimatesfor the effective savingsinterest rate model (2003-2014)

I ndicator s of creditworthiness Bank-specific

Credit spread Credit rating Capital ratio characterigticstCDS

Coeff. z-value Coeff, z-value Coeff. z-value Coeff, z-value
Macroeconomic variablé
Market rate (+ 0.066¢ 16.17*** 0.099. 24.91** 0.10:0  26.53*** 0.060:  14.17***
Inflation (+) 0.016: 6.20%** 0.021: 8.58*** 0.021¢ 8.92%** 0.015¢ 5.94***
Market ratevolatility (+) 0.003¢ 5.85%** 0.003: 6.03*** 0.003¢ 6.34*** 0.003t 5.78r**
Concentratio (-) 0.000¢ 0.12 -0.008¢  -2.58* -0.013¢  -3.94%* -0.000¢  -0.1:
Economic growt (-) -0.025¢ -11.97*** -0.027¢ -13.58*** -0.028: -14.29** -0.021°  -9.79***
Stock market stress (+) 0.0001 0.6S 0.0006  4.27*+* 0.0007  4.40*** 0.0001 0.64
Bankspecific variable
Bank siz((-) -0.000:  -2.34* -0.000¢  -7.48** -0.000¢  -7.00%*** -0.000¢  -2.66**
Credit sprea (+) 0.005¢ 2.49* 0.005: 2.38*
Credit rating -) 0.000: 5.82%**
Capital ratic (-) -0.007:  -7.45%**
Liquidity surplus -) 2171 -2.13*
Short iquidity mismatch -) -0.0010  -5.50%**
Inefficiency (-) 0.044° 1.87
Deposit funding -) -0.0027  -4.10%**
Foreignbank (+ -0.000:  -0.2¢ 0.000¢ 0.84 0.001¢  2.62** -0.003¢  -2.10*
Accoun-specific variable
Withdrawal fee (+ 0.441: 6.32***  (0.450: 8.40*** 0.444°  8.57* 0.453¢ 6.93%**
Minimum balance/10,000 ( 0.000¢ 4.48***  0.000: 4.18%** 0.000:  4.17*+ 0.000¢ 4.93***
Bonus rate+) 0.032: 0.84 -0.002:  -0.07 0.000: 0.01 0.033¢ 0.91
Payment frequenc (?) -0.00¢  -1.1t 0.002: 1.3z 0.002¢ 1.5¢ -0.002¢t  -0.7%
No. of observatior 9,992 15,63¢ 16,69¢ 9,827
No. of account: 16E 23¢ 254 164
AR(1) coefficient 0.96¢ 0.96( 0.956 0.96¢
F-test ormacroeconomic 418.9 872.6 995.7 3245
F-tesi onbank-specific 12.t (0.0057 88.2 114.7 99.1
F-tes onaccoun-specific 61.C 89.2 92.7 72.2

Note: See notes on Table 6.

2 The expected signs are in brackets.
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Table 10. FE estimatesfor the effective savingsinterest rate model, pre-crisis (2003-2007)

Indicator s of creditworthiness Bank-specific
Credit spread Credit rating Capital ratic characteristicstCDS
Coeff. z-value Coeff. z-value Coeff. z-value Coeff. z-value
Macroeconomic variablé
Market rate (+ 0.194¢ 6.28** 0.150¢ 7.62** (0.151. 8.37** 0.194¢ 5.2¢"**
Inflation (+) 0.060¢  1.5C 0.002: 0.0¢ 0.009¢ 0.3€ 0.0517 1.2
Market ratevolatility (+) -0.009¢ -0.71 -0.006¢ -0.7C -0.006: -0.7z -0.00¢ -0.61
Concentratio (-) -0.243¢ -2.96** -0.366. -7.66*** -0.393! -9.05** -0.278. -3.12**
Economic growt (-) -0.069( -2.32*  -0.071: -3.88** -0.069( -4.12*** -0.058. -1.87
Stock narket stres (+) 0.002¢ 0.42 0.003: 0.84 0.004: 1.1Z 0.002: 0.3C
Bankspecific variable
Bank siz((-) -0.004: -2.86** 0.001: 2.42* 0.0017 3.36** -0.005( -2.34
Credit sprea (+) -0.369¢ -1.82 -0.396( -1.47
Credit rating -) 0.000( 0.0¢
Capital ratio -) -0.004: -0.71
Liquidity surplus -) 14.854¢ 1.4¢
Short liquidity mismatct-) -0.000: -0.11
Inefficiency (-) 0.256¢ 0.6C
Deposit funding -) -0.010: -2.4%
Accoun-specific variable
Withdrawal fee (+ 0.612¢ 14.80*** 0.580: 17.34** 0.581¢ 18.12*** (0.604f 14.52**
Minimum balance/10,000 ( 0.001! 6.39*** 0.001( 6.80** 0.001( 7.10*** 0.001 6.3C**
Bonus rate+) 0.3547 7.70** 0.321. 7.74** 0.319! 8.02** 0.350: 7.5€**
Payment frequenc (?) 0.009¢ 5.64** 0.004¢ 4.23*** 0.004¢ 4.33*** 0.009¢ 5.57**
Ascending rate (' 0.0047 1.7¢ 0.004: 1.7z 0.004: 1.71 0.004¢ 1.67
Constar 0.098t 5.94** (0.100¢ 8.92** (0.106'! 10.80*** 0.113t 5.40**
No. of observatior 341¢ 566¢ 627¢ 337¢
No. of bank: 17 37 42 17
F-test of FEP 32.9¢ 70.8( 88.4¢ 24.0i
F-test onmacroeconomi® 14.5¢ 89.8¢ 119.0¢ 9.81
F-test orbank-specific® 5.1C 3.33 (0.03¢ 7.14 3.3¢ (0.0091
F-test onaccoun-specific® 64.71 79.02 86.0: 62.0(
R-sq withir 11.2 14.1 15.6 109
R-sq betwee 06.5 13.C 1.2 7.1
R-sq overa 01.3 14 0.8 0.9

Note: See notes on Table 5.
aThe expected signs are in brack@tll F-tests are significant at the 99% confideteeel, except where the p-value is
presented in brackets.
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Table 11. FE estimatesfor the effective savingsinterest rate model, post crisis (2008-2014)

Indicator s of creditworthiness Bank-specific
Credit spread Credit rating Capital ratio characteristicstCDS
Coeff. z-value  Coeff. z-value Coeff. z-value Coeff. z-value
Macroeconomic variablé
Market rate (+ 0.369¢ 24.53*** 0.426:  32.50*** 0.434¢ 35.34** 0.346¢ 21.62***
Inflation (+) -0.094¢  -5.81*+* -0.058¢ -4.31*** -0.072¢ -5.54** -0.053: -3.08**
Market ratevolatility (+) 0.001¢  0.22 0.013¢ 2.63*  0.012¢ 2.52* 0.007: 1.22
Concentratio (-) 0.125° 5.71** (0.110: 5.79**  0.117. 6.27** 0.099' 4.37%*
Economic growt (-) -0.102: -17.57** -0.118! -23.45*** -0.120¢ -24.7*** -0.097¢ -14.88**
Stock narket stres (+) 0.007¢ 7.36** 0.011: 12.34** 0.011: 12.9*** 0.005' 5.08*+*
Bankspecific variable
Bank siz((-) 0.003: 7.44** (0.000: 0.4t 0.000: 0.47 0.003t 6.6
Credit sprea (+) 0.060: 6.54*+* 0.070¢ 7.2Ck*
Credit lating ) 0.000: 1.11
Capital ratio(-) -0.011: -4.67***
Liquidity surplus (-) 3.3310 1.03
Short liquidity mismatc(-) 0.000¢ 1.22
Inefficiency (-) 0.585: 4,65
Deposit fundini (-) -0.007( -4, 3Ck**
Accoun-specific variable
Withdrawal fee (+ 0.257: 9.30** 0.215¢ 9.33**  0.216¢ 9.44**  (0.253¢ 9.1€x+*
Minimum balanc/10,00((+) 0.000( 2.24*  0.000: 5.23**  0.000. 5.34** 0.000( 1.4z
Bonus rate+) 0.052¢  4.21** (0.056( 4.21%**  0.057. 4.29*** 0.052! 4.1€%
Payment frequenc (?) -0.002¢  -3.69** 0.001: 2.19* 0.001: 2.22* -0.002° -3.54kx*
Ascending rate (' 0.000: 0.07 -0.001: -1.1¢ -0.001¢ -1.2: -0.000: -0.07
Constar -0.031: -5.77** -0.014: -3.06**  -0.012¢ -2.81** -0.026( -4 ACrr*
No. of observatior 6622 1013¢ 1062¢ 649¢€
No. of banks 22 44 a7 21
F-test of FE 318.68 597.10 651.97 237.18
F-test ormacroeconom® 484.49 802.49 1210.24 254.18
F-test orbank-specific® 48.53 0.78 (0.45) 11.37 24.84
F-test oraccoun-specific® 24.36 27.72 28.57 22.93
R-sq withir 38.6 435 445 384
R-sq betwee 1.8 19.0 16.1 24.6
R-sq overall 11.8 39.0 40.9 14.8

Note: See notes on Table 5.

aThe expected sign are in brackétall F-tests are significant at the 99% confideteeel, except where thevalue has

been shown between brackets.
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APPENDIX A

TableA.1. Description and source of modd variables

Variable

Explanation

Source

Time deposit rate

Annual interest rate on time deposit, per ultimatho

Savings deposit rate Annual interest rate on savings accounts, per altimnth

Inflation
Market rate

Market rate volatility

Economic growth

Concentration

Stock market stress
Capital ratio

Credit rating
Credit spread
Liquidity surplus

Liquidity mismatch

Bank size
Inefficiency
Deposit funding
Foreign bank

Minimum balance
Payment frequency

Ascending rate

Change in Dutch CPI (%yoy), non-seasonally adjusted

For time deposits
ECB AAA-rated Euro area central Government bonds,

corresponding with deposit maturity

For savings accounts

Average of Euro overnight (Eonia), Euribor 3 months
Euribor 6 months, and Euribor 1 year

For time deposits

ECB yield AAA Government paper volatility, correspuiing

with deposit maturity

For savings accounts

Average of interest rate 3 months/ 6 months / t yea
volatility — (Average 10d-StDev in months))

Change in GDP volume (%yoy), seasonally adjusted
(monthly data are intrapolated from quarterly olsagons)
Market concentration, as measured by Hirschman-
Herfindahl Index (HHI) on household deposits

CBOE SPX Volatility Index

BIS ratio, defined as the sum of Tierl and Tiergiteh
divided by total risk-weighted assets (monthly dat
intrapolated from quarterly observations)

S&P Stand-Alone Credit Profile (aaa=22 to d=1),

supplemented with Moody’s Baseline Credit Asses$men

Credit default swap spread 5-years (Senior)
Liquidity surplus (monthly period) divided by Tota$sets

For time deposits
Long mismatch, computed as Share long assets (> 12

months) in total required liquidity divided by Skdong
liabilities (>12 months) in total available liquidi

For savings accounts

Short mismatch, Ditto <12 months

Natural logarithm of total assets (monthly data are
intrapolated from quarterly observations; in 10060¢

Operational inefficiency, measured with the cosas$set
ratio

Deposits of non-credit institutions divided by ghemn of
Total deposits + Liquidity debt certificates issued

Bank has a headquarter outside tHeeNahds, dummy
variable

Minimum required savings balance (divided by 10000)

Payment frequency is 1 for annual payments, 1/4 for
quarterly payments, and 1/12 for monthly payments
The rate which increases with passage of time

Spaarinformatie

Spaarinformatie

Datastream
Datastream

Datastream, own
calculation

Datastream

DNB — Monetary
statistics, own
calculation
Datastream

DNB — Supervisory
information

Standard & Poor's
and Moody's
Investors Serivce
Datastream

DNB — Supervisory
information

DNB — Supervisory
information

DNB — Supervisory
information

DNB — Supervisory
information

DNB — Supervisory
information

DNB — Supervisory
information
Spaarinformatie

Spaarinformatie

Spaarinformatie
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Maturity Maturity of time deposit in months Spaarinformatie

Withdrawal fee Withdrawal from account can come with fee to bel{ai Spaarinformatie
%)
Bonus rate Extra interest is paid out when, for example, tnérgs Spaarinformatie

balance has grown (in %)
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