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ABSTRACT 

 
This paper introduces a major novelty: the empirical 

estimation of spot intraday yield curves based on tick-by-tick 

data on the Italian electronic interbank credit market (e-MID). 

To analyze the consequences of the recent financial crisis, we 

split the data into four periods, which include events before, 

during, and after the recent financial crisis starting in 2007. 

Our first result is that, from a practical point of view, the 

intraday yield curve can be modeled by standard models for 

yield curves providing advantages for intraday trading on 

intraday interbank credit markets. Moreover, the estimates 

show that the systematic dynamics in the intraday yield curves 

during the turmoil were highly noticeable, resulting in a 

significantly better goodness-of-fit. Based on this fact, we 

infer that investors in the interbank credit market base their 

investment decisions on the effects of the intraday dynamics 

of intraday interest rates more intensively during a financial 

crisis. Therefore, the systematic impact on the e-MID appears 

to be stronger and econometric modeling of the intraday 

interest rate curve becomes even more attractive during a 

turmoil. 
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1. Introduction 

The yield curve, which models the relationship between interest rates and various 

maturities and thus quantifies the interest rate movements based on the maturity of 

bonds or credits, has been analyzed, especially from a macroeconomic point of view, 

in many studies (e.g. Ang and Piazzesi, 2003; Diebold et al., 2003; Diebold et al., 

2005; Piazzesi, 2005; Diebold et al., 2006; Rudebusch and Wu, 2008; Afonso and 

Martins, 2012). Furthermore, several researchers have analyzed the effects of the 

recent financial crisis on interest rates, in particular on the yield curve (e.g. Guidolin 

and Tam, 2014). 

The model of Nelson and Siegel (1987) (hereafter NSM) presents a breakthrough in 

the parsimonious modeling of yield curves and is often used in both theory and 

practice due to its empirically proven goodness-of-fit and the implied conforming 

behavior of long-term yields (Niu and Zeng, 2012; Aljinović et al., 2012). The NSM 

has been empirically verified by different researchers (see e.g. Ganchev, 2009; 

Kladivko, 2010; Aljinović et al., 2012). In this line, the NSM is used by many 

researchers (see, e.g., Hladikova and Radova, 2012; Cassino et al., 2014; Meier, 

1999), individual investors as well as large banks and central banks, including those 

of Belgium, Finland and Italy (BIS, 2005).1 Furthermore, the model is used also by 

practitioners, for example, by fixed income portfolio managers, to strengthen their 

portfolios (Hodges and Parekh, 2006). 

Only a few studies focus on the estimation of the yield curve on different interbank 

credit markets. Due to the reliability of those markets and the short maturity of the 

interbank credits, there was no strong research focus on interbank credit markets until 

the outbreak of the financial crisis in 2007 (De Socio, 2013; Hatzopoulos and Iori, 

2012). Hurn et al. (1995) estimate the yield curve for the LIBOR of one, three, six and 

twelve months. Ametrano and Bianchetti (2009) estimate the yield curve for the 

EURIBOR of one, three, six and twelve months. Reppa (2008) estimates the yield 

curve using, among other rates, BUBOR (Budapest Interbank Offer Rate) rates for 

maturities of two weeks and from one to twelve months.2 

                                                           
1 For the economic interpretation of the yield curve see e.g. Estrella and Hardouvelis, 1991; Estrella 
and Mishkin,1999 and for the NSM e.g. Gürkaynak et al., 2007. 
2 These research works all apply different methods.  
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The question arises as to why banks participate in the interbank credit markets. The 

primary function of those markets is to allocate liquidity among banks. This liquidity 

is originally provided by the central bank of each banking system (Wiemers and 

Neyer, 2003). However, banks may generate a liquidity crunch, expect one, or may 

alternatively generate a liquidity surplus. In both cases, banks might be motivated to 

act on interbank credit markets (Vento and La Ganga, 2009). This may also be the 

case for the interbank credit markets on intraday time frequencies. Thus, the price of 

intraday money, that is the intraday interest rate, affects the liquidity management of 

those banks and moreover, is also informative in order to understand the payment 

system as well as the implications of different policies of central banks, by providing 

intraday credits (Baglioni and Monticini, 2008) and in order to settle obligations in 

payment and settlement systems (Ball et al., 2011). 

The interbank credit markets are also crucial to the functionality of all financial 

systems. The interbank credit market is the first channel of monetary policy 

transmission and plays an important role for the borrowing and lending of households 

and firms (Affinito, 2012). Furthermore, a well-functioning interbank market channels 

liquidity effectively from institutions with a cash surplus to institutions with cash 

shortages. From a policy maker’s point of view, a well-functioning interbank credit 

market is of high interest, since it helps to achieve the desired interest rates, which 

allows to trade liquidity effectively (Furfine, 2002). 

Most interbank credit markets are over-the-counter markets. There, market prices 

(interest rates) and transaction volumes are not publicly known. One exception is the 

Italian electronic interbank credit market - Mercato dei Depositi Interbancario – e-

MID (Bonner and Eijffinger, 2013). 

Therefore, the goal of this paper is the estimation and empirical analysis of the spot 

intraday yield curves (hereafter SIYC-s) for the e-MID, a fully transparent market and 

the only electronic market for interbank deposits in the Eurozone and the US 

(Hatzopoulos et al., 2015). According to data from the European Central Bank (ECB) 

this market accounted for about 17% of the total turnover in the unsecured money 

market in the Eurozone before the financial crisis (ECB, 2011). Furthermore, one 

advantage of this market is that the rates on the e-MID reflect actual transactions and 

do not suffer from potential distortions affecting other rates, such as the LIBOR or the 

EURIBOR (Angelini et al., 2011).  
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Due to the fact that the overnight segment is the most important segment of the 

interbank credit market (Green et al., 2016) and given our calculations that about 90% 

of credits, in terms of volume and absolute number of credits, on the e-MID are 

overnight credits, it is intuitive to first look into the intraday dynamics of the yield 

curve of overnight credits and to model them by applying the NSM. 

There is a certain amount of published papers and studies of econometric modeling 

and estimating the yield curve on low frequency using NSM (and its extensions and 

modifications). However, to our best knowledge, there are no such papers analyzing 

the SIYC-s on interbank credit markets. 

On the other side, there is a certain amount of papers analyzing the intraday interest 

rate on the e-MID. Angelini (2000) was the first to analyze the intraday rate in the e-

MID from July 1993 to December 1996 by constructing an intraday curve using 

hourly means of the intraday interest rates. During his analysis, he finds only some 

weak evidence for a downward intraday interest rate.  

Baglioni and Monticini (2008) also postulate a concept of an intraday interbank rate 

curve for the e-MID market, starting with the question whether there is a market price 

for intraday money on the e-MID market. In this context, the authors claim, using 

hourly averages of the intraday interest rate, that there is an implicit intraday interest 

rate whenever the overnight interest rates differ within an operating day and 

depending on the intraday time point at which the overnight credit contract was 

traded. Their empirical results are in line with the expected theoretical findings that 

the intraday rate curve shows a clear, but low, downward pattern throughout the 

operating days in 2003 and 2004.3  

Baglioni and Monticini (2010) redo this analysis for 2007, using hourly means, to 

compare the intraday curve before and after the outbreak of the financial crisis. They 

find some clear signals for a downward trend of the intraday interest rate especially 

after the outbreak of the financial crisis in 2007.  

                                                           
3 Moreover, this question may be also very important from the point of view of the central bank which 

is interested in to understand the implications of its different policies in the provision of intraday 

credits. The objects of interest are credits with shorter maturity than one day. 
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Baglioni and Monticini (2013), using also hourly means for the estimation of the 

intraday rate curve, also find a higher downward trend of the intraday interest rate 

after the onset of the financial crisis in 2007 and even more after the collapse of 

Lehman Brothers in 2008.  

Also, Gabbi et al. (2012) analyze the intraday behavior of interest rates, using a 

sample from 1999 to 2009. They find a stable intraday interest rate before the crisis 

and a significant downward trend after the outbreak of the financial crisis. According 

to Gabbi et al. (2012), this effect becomes larger after the collapse of Lehman 

Brothers. 

Other researchers, e.g., Raddant (2014) analyze the intraday interest rate on the e-

MID, using a complex construct for the depended variable based on interest rates. 

First, the results of such analyses are not clear from both the theoretical as well as the 

practical point of view because the dynamic of such a complex constructed variable is 

unknown and not directly observable on the market. Besides, such analyses may also 

attract little interest from the practical point of view in terms of applying trading 

strategies. 

Moreover, other intraday interest rate constructs, including the papers by Abbassi et 

al. (2015), using secured funding data, Jurgilas and Žikeš (2013) and Merrouche and 

Schanz (2010) in the UK, and Furfine (2001 and 2002) in the US, present works for 

the modeling and analysis of intraday interest rate.  

However, their econometric models are still based on a linear regression. That means 

that their estimates of the term structure of interest rates are locally linear even though 

they indicate some nonlinear intraday term structure. 

Based on their argumentation and in our opinion, it is quite intuitive to assume that 

this SIYC is a nonlinear function in maturities, which can be modeled by the NSM. 

Hence, the capability of the NSM to model the SIYC lies within the research focus of 

this paper.  

After providing the method to analyze the intraday SIYC on an interbank credit 

market, the second core research objective is to analyze the effects on the interbank 

credit market before, during and after the financial crisis of 2007. To analyze these 
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effects, we split the data into four periods and redo the same analysis for each period 

separately.4  

The estimated intraday SIYC-s show a dramatic change in the intraday dynamics 

during the turmoil, whereas, prior to this turmoil, the intraday dynamics had been 

quite flat, signaling that the interest rate was not expected to change significantly 

during the day. After the last intervention of the ECB in the sample on the 13th of May 

2009, the dynamics of intraday interest rates become almost flat again. This can be 

seen as a result of the disappearance of liquidity in consequence of the provision of 

cheap and almost riskless liquidity through the ECB. 

In this context, we do the analysis of the empirical fit of the model to evaluate its 

empirical relevance for the modeling of the intraday yield curves. To our best 

knowledge, our analysis presents the first estimation of the yield curve on the intraday 

frequency for the e-MID using the nonlinear NSM.5 As already mentioned, the further 

goal of our paper is to find out whether the differences in the estimates of the SIYC-s 

for the different periods with focus on the financial crisis are statistically relevant. 

Significant differences in the model fit can detect systematic differences in the 

behavior of the market participants and thus provide the evidence of the state of the 

market signaling for a possible financial crisis. To this end, we will use the NSM for 

the analysis of SIYC in the e-MID based on observable intraday interest rates due to 

the model’s theoretical and practical importance and simplicity. 

Lastly, we do this analysis in the light of very practical purposes. This is, to let our 

analysis and results serve for practical uses, such as the direct estimation and forecast 

of the intraday interest rates on the interbank credit market at high frequencies for 

tick-by-tick data.6 

This paper is organized as follows: In chapter 2, we briefly introduce the e- MID 

market. In chapter 3, we postulate our working hypotheses. In chapter 4, we present 

the NSM and the estimation technique which we apply. In chapter 5, our data set is 

presented along with the descriptive statistics for the estimation of the SIYC-s. The 

                                                           
4 Fecht and Reitz (2012) claim that there is a bias in the e-MID data after the outbreak of the financial 

crisis in 2007 due to the fact that many international banks left the market. This problem is not relevant 

to this paper as we only use transactions between Italian banks (see next chapters). 
5 And for an interbank credit market in general.  
6 Moreover, our results can help to optimize the trading strategies on the interbank credit market as 

well. 
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statistical evaluations of our estimates are presented in chapter 6. In chapter 7, we 

interpret the estimated yield curves from an economic point of view. Additionally, we 

present implications of our estimated SIYC-s in chapter 8. In chapter 9, we conclude 

our paper.  

2. The e-MID 

The e-MID was founded in 1990 as an initiative of the Bank of Italy. Initially, the e-

MID was used exclusively for the euro interbank market. However, its activities 

expanded rapidly into other currencies, including the U.S. dollar, the British pound, 

and the Polish zloty (Brunetti et al., 2009). 

The trading volume and number of transactions increased systematically in the e-MID 

until the outbreak of the global financial crisis. Before the crisis, on any dealing day, 

about 450 transactions were completed with an average credit volume of 5.5 million 

euros per transaction (Gabbi et al., 2012).  

The trading period in the e-MID begins daily at 08:00 AM and ends at 06:00 PM 

(UTC+1). During this period, credits ranging from a minimum amount of 50,000 

euros and a maturity of one day to credits with a maturity of up to one year are traded. 

As already stated, the segment of overnight credits represents about 90% of all 

transactions, in terms of both absolute numbers and trading volume, in general as well 

as in our sample. 

Various lending institutions, including banks and investment companies, are allowed 

to actively participate in the e-MID. To do so, these institutions must meet several 

requirements: The net capital of credit institutions, including banks, must be a 

minimum of $10 million U.S. or its equivalent in another currency, and for investment 

companies it must be 300 million euros or its equivalent in another currency. Before 

the outbreak of the global financial crisis in 2007, 246 institutions from 29 countries 

of the European Union and the United States were members of the e-MID. Among 

them were 30 central banks and two finance ministries, which worked as market 

observers, and 108 domestic (Italian) and 106 international banks as active market 

participants (Gabbi et al., 2012).7 

                                                           
7 For a detailed description and explanation of e-MID see: Gabbi et al., 2012;  Brossard and Saroyan, 
2015.  
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The functioning of the e-MID can be described as simple and transparent. The bank 

acting as quoter establishes the credit inquiries, both lending and borrowing credit 

orders, in the order book of the e-MID, which can be monitored by all market 

participants in real time. The identity of the quoter bank and the credit amount, the 

interest rate, the credit term, and type of credit application (credit borrowing or credit 

lending) are revealed. If the order is a lending order, the quoter bank shows a cash 

surplus. If it is a borrowing order, the quoter bank reveals a liquidity demand. The 

bank that operates as an aggressor has the option of choosing a credit request from the 

order book and arranging a credit. After the aggressor bank identifies a credit request 

from the order book as appropriate, the credit transaction is nearing completion. The 

e-MID system again allows both market participants to negotiate the specifications of 

the credit. Furthermore, the quoter bank has the right to reject the lending order, while 

the aggressor has the right to abort the order once the counterparty is known. If the 

transaction is executed, it is automatically processed by the payment system and the 

order book is automatically updated (Iori et al., 2012; Brunetti et al., 2009). 

This market mechanism is a peculiarity of the e-MID and offers an important 

advantage over other interbank credit markets: the market can be described as 

completely transparent and reliable, with the possibility for all market participants to 

monitor the trading and the interest rate developments in real time (Iori et al., 2012; 

Brunetti et al., 2009). 

However, the complete transparency of the e-MID may also be a pitfall, especially 

during times of financial crisis. Because times of turmoil are marked by a high degree 

of uncertainty about bank liquidity, many banks avoid trading in transparent markets 

in order to hide potential liquidity shortfalls. This complete transparency could 

explain the phenomenon that the volume and number of transactions and the number 

of active market participants in the e-MID decreased steadily after the onset of the 

financial crisis in 2007 (Iori et al., 2012). 

3. Working hypotheses  

Baglioni and Monticini (2008) claim that the intraday yield curve shows a clear 

downward pattern throughout the operating day in 2003, 2004, and afterwards in 

2007, especially after the outbreak of the financial crisis in August (see Baglioni and 

Monticini, 2010). The objects of their interest are credits with shorter maturity than 
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one day on the e-MID. The authors claim that there is an implicit intraday interest rate 

whenever the overnight interest rates differ within an operating day and depending on 

the intraday time point at which the overnight credit contract was traded. Their 

analysis and results support the assumption that the intraday interest rate shows a 

clear downward pattern during a trading day. This is explained by the theoretical 

assumption of the risk premium within intraday credits and the cost of borrowing 

from the central bank in 2007 (Baglioni and Monticini, 2010). However, the e-MID 

belongs to the class of electronically organized financial markets where the price 

process is mainly influenced by the unobserved process of incoming news. 

Affinito (2012) suggests that in times of financial stability banks select their counter 

partners based on observable as well as testable monitoring factors, including 

different credit ratings. This selecting mechanism changes in times of a financial 

turmoil. After the outbreak of the financial crisis in August 2007, the borrowing banks 

are selected mainly based on preexisting relationships and non-observable risk 

indicators. Moreover, Angelini (2008) finds out that, when the central bank announces 

a rate change, the market reacts and revises the expectations about the overnight rate. 

Furthermore, he suggests that the overnight rate can be changed not only by the 

central bank but also by other macroeconomic news. Baglioni and Monticini (2013) 

also argue that the differences in the intraday interest rate, which become more 

relevant after August 2007 and after September 2008 may be interpreted also by the 

changes of the spread between the EURIBOR and EONIA rates, reflecting incoming 

news. Hence, we will assume that the price building process on the e-MID is also 

driven by incoming relevant news, as it is the case on every financial market. 

In this context, the efficient market hypothesis of Fama (1970) postulates that the 

movements of financial prices essentially depend on a 'news arrival process' whereby 

incoming news are immediately incorporated into the asset prices in an unbiased way. 

Several empirical works provide the evidence that news of monetary variables (Pearce 

and Roley, 1983; Hakkio and Pearce,1985) and of real economic variables (McQueen 

and Roley, 1993; Birz and Lott, 2011) are relevant in the price building process of 

asset prices. 

The evidence of the relevant impact of news on the volatility of stock prices is 

overwhelming, while the impact of bad news should be even stronger (e.g. Engle and 
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Ng, 1993; Bomfim, 2003; Brenner et al. 2009).8 Hanousek et al. (2009) provide the 

evidence of spillovers caused by news through different markets while Plummer and 

Tse (1999) and Caporale et al. (2014) show that volatility-spillovers with bad news 

have a greater impact than the ones caused by good news. Caporale et al. (2014) base 

their analysis on newspaper coverage of macro news on stock returns and find out that 

positive (negative) news have significant positive (negative) effects on stock returns, 

while the volatility of news has a significant impact on both stock returns and 

volatility. The effects are shown to be stronger during the financial crisis.  

These effects of news on prices and volatilities are more obvious in case of intraday 

data (Rigobon and Sack, 2003; Rangel, 2011). In general, bad news increase the 

volatility more than good news. Those analyses show that the strong nonlinear price 

process on financial markets is caused by news processes what we can also assume 

for the interest rate process on the interbank credit market. That means that the 

assumption of an only monotone falling intraday interest rate is very restrictive and 

that one should also consider any kind of nonlinear intraday patterns. 

Thus, based on the impact of news in the e-MID and the evidence of spill-overs 

through financial markets, our first working hypothesis is: 

H1: The nonlinear Nelson-Siegel-model is feasible for modeling and estimating the 

SIYC. 

Moreover, Kleinnijenhuis et al. (2013) state that during a financial crisis, the high-

frequency trading and high-frequency sentiment analysis is very sensible vis-à-vis 

much more intensive, dramatic and frequent news processes. Therefore, one can 

assume that there are different states of the markets, or the e-MID in this case. Thus, 

under the assumption that the more frequent and relevant news during a financial 

crisis hit the market, our second working hypothesis is: 

H2: During the financial crisis, the usage of the NSM for modeling and analyzing 

the SIYC becomes even more feasible. 

 

 

                                                           
8 However, the condition is that the news are somehow unknown or to some extent not anticipated at 
the time the news arrive.  
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4. The NSM and the estimation  

As already stated, modeling the yield curve has been of high interest in the last years. 

One of the first models that experienced wide use in practice is the NSM. This model 

was extended and improved in several works (e.g., by Svensson, 1994; Diebold and 

Li, 2006), which present relevant models for the yield curve as well. However, as 

already stated, we use this basic model due to its simplicity and proven empirical 

performance.  

Nelson and Siegel (1987) assume that the forward rate, here denoted as r, can be 

represented by the solution of the following differential equation: 

 

𝑟(𝑚) = 𝛽𝜊 + 𝛽1𝑒(
−𝑚

𝜏1
) + 𝛽2e(

−𝑚

𝜏2
)
       (1)  

 

Where m denotes the maturity of the credit. β0, β1, β2 are parameters determined by 

the initial conditions, τ1 and τ2 are time constraints associated with the equation. This 

equation generates a wide range of forward rate curves that take, depending on the 

value of parameters β1 and β2, a monotonous form, a hump with the positive or 

negative sign, or an S-shape. 

The yield to maturity on a specific contract, referred to as R(m), is the average of the 

forward rate curves and is calculated by the following formula (Nelson and Siegel, 

1987): 

 

𝑅(𝑚) =  
1

𝑚
∫ 𝑟(𝑥)𝑑𝑥

𝑚

0
         (2) 

 

In this case, the yield curve, which is implied by the model, has the same range of 

forms. Nelson and Siegel (1987) concluded that this model is over-parameterized and 

does not converge numerically. They developed a new model that can model 

empirical yield curves. This model can be represented by the following differential 

equation:  

 

𝑟(𝑚) =  β0 + β1 𝑒
−𝑚

𝜏 +  β2 
𝑚

𝜏
𝑒

−𝑚

𝜏        (3) 
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Where β0, β1, β2 specify the parameters to be estimated and τ denotes the time 

constant. For a given τ, this model is linear. The forward rate of model (3) includes 

three terms and is thus modeled by three parameters. The parameter β0 represents a 

constant. The second component, β1 𝑒
−𝑚

𝜏 , represents an exponential term which 

changes monotonically with increasing duration to zero. If β1 is negative, this term 

increases monotonically, and vice versa. The last component, β2 
𝑚

𝜏
𝑒

−𝑚

𝜏 , is responsible 

for the modeling of a positive or negative hump in the yield curve. This term can 

cause U-shaped yield curves as well. If the maturity m takes high values and strives 

toward infinity, then the value of the function r(m) approaches the value β0. However, 

when the maturity approaches zero, then the function value approaches the value β0 + 

β1 (Hewicker and Cremers, 2011). 

To represent the yield as a function of maturity, Nelson and Siegel (1987) propose 

integrating model (3) from zero to m and then dividing by m. The result of this 

process is the following equation, which is the linear function by given τ (Nelson and 

Siegel (1987):  

 

𝑅(𝑚) = β0 + β1
1−𝑒

−𝑚
𝜏

𝑚

𝜏

+ β2 (
1−𝑒

−𝑚
𝜏

𝑚

𝜏

− 𝑒
−𝑚

𝜏 )      (4) 

 

The limit of the function R(m) is equal to β0 if the maturity m takes high values and is 

equal to β0 + β1 if the maturity m takes low values, which are the same for the forward 

rate in model (1), since R(m) represents only the average of R(m) (Nelson and Siegel 

,1987).  

Another possibility, according to Nelson and Siegel (1987), is to detect whether the 

flexibility of the curves of model (1) reflects the interpretation of the coefficients β0, 

β1, and β2, and thus the influence of the short-, medium-, and long-term component of 

the forward rate curve for an explanation of the yield curve.9  

Nelson and Siegel (1987) showed that a variety of empirical yield curves can be 

modeled based on this model.  

Using the MATLAB software, the parameters of the NSM for the SIYC-s were 

estimated based on formula (4). This is done by the numerical optimization applying 

                                                           
9 For more details about modeling different shapes of yield curve and the particular role of each 
parameter, see Nelson and Siegel (1987). 
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an objective function over τ, whereas the parameters β0, β1, and β2 are estimated 

simultaneously in each optimization step using ordinary least squares (OLS). For 

these purposes, the optimization function "fminbdn" is chosen with the default 

settings. The "fminbdn" function requires the specification of interval boundaries 

within which the optimal value is sought for τ. In the context of this paper, the 

interval limits are set in the range of 0 to 10000.  

To estimate the SIYC-s using the NSM, it is first necessary to define the maturity of 

each credit. For this purpose, we suggest a new concept of intraday maturity, which 

has not been used by other researchers until now to our best knowledge. The maturity 

of each overnight credit in the interbank credit market is calculated by the following 

formula: 

𝑚(𝑖) = (18 − 𝑇(𝑖)) + 𝑎       (5) 

where m(i) refers to the maturity of each credit i (measured in hours). 

The number 18 represents the time point (06:00 PM) when the e-MID closes on every 

trading day. After this time, no further credit transactions on the day are allowed. T(i) 

refers to the time at which a credit is assigned. 

The market opens on each trading day at 08:00 AM. If an Italian bank is involved in a 

credit transaction, the overnight credit must be repaid on the following day at 09:00 

AM. If no Italian bank is involved in the credit transaction, the time of credit 

repayment is 12:00 AM. Thus, 𝑎 in equation (5) equals one and four in the first and 

second case respectively. 

5. Data and descriptive statistics  

In our sample, the credits borrowed by the Italian banks represent about 91% of the 

total credits. Italian banks also represent the majority of active borrower banks. In 

addition, many international banks are not active over longer periods in the e-MID. 

Furthermore, our calculations show that about 96% of the credits borrowed by Italian 

banks are also provided by Italian banks (330,078 of 344,445 credits). The remaining 

4% of the credits, taken from foreign banks, can be regarded as noise. Because of 

these conditions, the SIYC-s were estimated for overnight credits valued between 

Italian banks. Many other studies e.g. Hatzopoulos et al. (2015) and Iori et al. (2015) 

also focus only on transactions between Italian banks.  
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This implies that the repayment time of each credit extends for one hour because only 

credits between Italian banks are considered to estimate the intraday yield curve. So, 𝑎 

=1 in equation (5) for all transactions in this paper. 

A further restriction of the estimation of the yield curve, which was taken in the 

context of this paper, relates to the maturity of the respective credits. All credits with 

a maturity of less than two hours were excluded. Thus, the credits taken up after 05:00 

PM have not been considered in the estimation. This is because in the period of 

borrowing from 05:00 PM to 06:00 PM, a relatively small number of credit 

transactions is observed. Accordingly, Gürkaynak et al. (2007) point out that the yield 

curves behave oddly and should not be estimated based on securities with a very short 

maturity. This stylized fact is observed due to the lower liquidity of such securities. 

This is exactly the case in our data set that we observe after 05:00 PM until 06:00 PM. 

Thus, we estimate the SIYC-s for the maturities in the interval between 08:00 AM and 

05:00 PM. The number of credits included in our estimation is about 99.1 % (327281 

out of 330078 observations). After all restrictions are considered, the SIYC-s are 

estimated for overnight credits between Italian banks with a maturity of two 

(minimum maturity) to eleven hours (maximum maturity). 

According to Hatzopoulos and Iori (2012), banks on the e-MID behave differently in 

the pre-crisis period and during the period of the financial distress. We mainly adopt 

the argument of Gabbi et al. (2012) for the recognition of the key time points in our 

data sample, which allows us to define four relevant time periods with different 

economic states on the e-MID.  

The first period starts on 03.10.2005 and ends on 08.08.2007, one day before the 

onset of the global financial crisis, which was caused by disturbances in interbank 

lending (Green, 2011). The second period starts on 09.08.2007, on the onset of the 

financial crisis and ends on 14.09.2008 (the effective period ends on 12.09.2008, as 

the next two days are a weekend). The third period starts on 15.09.2008, the day 

Lehman Brothers collapsed, and ends on 12.05.2009. The fourth and last period starts 

on 13.05.2009, with the ECB’s final reduction of the key interest rate in the 

observation period, and ends on 31.03.2010.10 The four periods are shown in Table 1. 

                                                           
10 In contrast to Gabbi et al. (2012), we construct one more time period after the last ECB intervention.  
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Table 1: Presentation of the sub-periods 

Period 1 03.10.2005-08.08.2007 Period before the crisis 

Period 2 09.08.2007-14.09.2008 
Outbreak of the crisis until the collapse of 

Lehman Brothers 

Period 3 15.09.2008-12.05.2009 
Lehman Brothers collapse until reduction of 

key interest rate 

Period 4 13.05.2009- 31.03.2010 
Key interest rate reduction until the end of the 

observation period 

The main descriptive statistics for the credit transactions between Italian banks in the 

sample period are summarized in Tables 2-5. 

 

Table 2: Descriptive statistics: days and observations 11 

  
Whole 

Sample 
Period 1 Period 2 Period 3 Period 4 

Number of 

days 

1641 675 403 240 323 

(1149) (473) (281) (166) (229) 

Transactions 327281 155992 87427 40483 43379 

Mean of 

transactions 

per day 

283.607 328.404 311.128 242.413 190.259 

 

Table 3: Descriptive statistics: interest rates 

  
Whole 

Sample 
Period 1 Period 2 Period 3 Period 4 

Mean 2.837 3.023 4.037 2.164 0.380 

Std. Dev. 1.293 0.649 0.194 1.267 0.197 

 

                                                           
11 In parentheses: effective days, excluding weekends and holidays.  
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Table 4: Descriptive statistics: volume (in Million Euros) 

  
Whole 

Sample 
Period 1 Period 2 Period 3 Period 4 

Average Mean 

number per 

day 

6384.313 8215.736 6735.380 4849.408 3344.431 

Mean per 

Transaction 
22.511 25.017 21.468 20.004 17.578 

 

Table 5: Descriptive statistics: maturity (in hours) 

  
Whole 

Sample 
Period 1 Period 2 Period 3 Period 4 

Mean 6.906 6.887 6.734 7.221 7.030 

Std. Dev. 2.576 2.618 2.571 2.471 2.497 

 

As we can see, the mean of intraday interest rates, the mean volume per day and the 

mean volume per transaction drops enormously after the collapse of Lehman 

Brothers.  

This period is seen as the culmination of the financial crisis, where the crisis became 

even more acute (Lane, 2012). This trend is also observable in period 4. Hence we can 

state that our periods 3 and 4 are associated with (and after) the culmination of the 

financial crisis and its consequences for the interbank credit market, respectively. This 

fact leads to the conclusion that the system experienced a dramatic change in these 

two periods compared with the previous two ones. We thus claim that the system 

changes its state. During these particular periods, the maturity of the credits increases 

as well compared with periods 1 and 2. Furthermore we can observe an increase of the 

average maturity. That mean that the traders seem now to become more active earlier 

within a day. That can be due to the lower trading volume and the lower number of 

trades in periods 3 and 4, and thus to the higher risk in the market. To sum up, periods 

1 and 2 refer to the normal state of the e-MID, whereas periods 3 and 4 are recognized 

as an abnormal state of the market. 
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6. Statistical evaluation of the estimates 

We apply the NSM by estimating its parameters and calculating R2 for each single 

day. Hence, the number of R2-s is equal to the number of days in our data sample. 

Table 6 presents the descriptive statistics for the estimated R2 in the whole sample and 

for each period. At first, we can state that the goodness-of-fit of the NSM in the 

empirical estimation of the SIYC-s on the e-MID is quite high. We report an average 

R2 of 0.3565 in the overall sample. Moreover, based on the t-statistics, R2 seems to be 

statistically different from zero at the 1% significance level in the whole sample as 

well as in each period.12 Thus, with respect to our first working hypothesis, we can 

confirm that the NSM is suitable for the modeling of the SIYC-s on the e-MID. 

Table 6: Descriptive statistics for R2 for the SIYC-s estimated by the NSM 

 

Whole 

sample 
Period 1 Period 2 Period 3 Period 4 

Mean 0.3565*** 0.3709*** 0.4242*** 0.3185*** 0.2714*** 

Std. dev. 0.2049 0.2065 0.2150 0.1920 0.1603 

t- statistic 58.8924 39.0626 33.0735 21.3747 25.6197 

*** Denotes significance at the 1% level. 

In the pre-crisis period, an R2 of 0.3709 is achieved, which is also significant at the 

1% significance level. In this period the dynamics of the intraday interest rates are 

mainly influenced by the intraday risk premium, as already stated by Angelini (2000) 

or Baglioni and Monticini (2008). However, this R2 is much higher than the R2 

achieved by both Angelini (2000) and Baglioni and Monticini (2008), of 0.02 and 

0.09 respectively, in their analysis for the pre-crisis period.13  

Period 2 is characterized with the highest average R2 of 0.4242. The average of the R2 

is also here statistically different from zero at the 1 % significance level. This is the 

period after the onset of the financial crisis. Given the highest average R2, compared 

with the other periods, indicates that the NSM has the best goodness-of-fit in this 

                                                           
12 Given a quite high number of observations, we can apply the t-test for these purposes due to 
asymptotic properties of the t-test. 
13 However, in both articles authors use the hourly averages of interest rates on e-MID as the dependent 

variable, whereas we use the original tick-by-tick interest rates. From a practical point of view, that 

means that our results are even more interesting for the analysis and the practical use of the SIYC, e.g. 

for the trading strategies. 
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particular period. We interpret this empirical result such that the traders in this first 

period of the financial crisis are influenced by the significant, relevant and more 

frequently incoming news and are thus forced to systematically and more frequently 

update their intraday trading strategies. The average R2 is also quite higher than the 

average R2 provided by Baglioni and Monticini (2010), of 0.34 from July 11th to 

August 6th and of 0.21 from August 8th to September 10th, who also state that after the 

outbreak of the financial crisis the intraday interest rate structure becomes more 

important and not quite flat like before. 

In period 3, the R2 decreases to 0.3185 but remains significant at the 1% level. After 

the collapse of Lehman Brothers at the beginning of period 3, traders begin to 

successively escape the e-MID and the market mechanism appears not to function 

properly anymore. Thus, our previously described change of the state of the market 

can also be observed by considering the R2. Porzio et al. (2009) state that after the 

outbreak of the financial crisis, abnormal patterns of volumes and interest rates can be 

identified on the e-MID. They can only be described as the worries about the quality 

and the quantity of the liquidity in the market or the much higher degree of 

counterparty risk. Furthermore, the behavior on the e-MID differs from the law of 

supply and demand so that the lower rate may not immediately mean higher demand 

in this period. This can be explained by the fact that many lender banks left the 

market (to other interbank credit markets or hoarded their liquidity), which leads to a 

high lack in supply for interbank credits on the e-MID (Porzio et al., 2009). In our 

opinion, this is the reason why the estimated R2 in this period is lower than in the 

second period.  

In period 4, whereas the market differs even more from its normal state, the R2 

decreases further but is still statistically different from zero at the 1% significance 

level. At the beginning of this period, the ECB reduces the key interest rate for the last 

time in the sample period. The ECB has taken over the liquidity provision for the 

banks. As already pointed out by Gürkaynak et al. (2007), the interest rates and yield 

curves behave oddly in times of low liquidity. Therefore, we identify this as the 

reason why the NSM performs in the last period of our data sample not as well as in 

the previous periods in terms of R2.  
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Summing up for the whole sample and for all sub periods, we achieve a remarkable 

high and at 1% statistically significant R2. Therefore we cannot reject our first 

hypothesis.  

Furthermore, we can state, that these differences in the R2 are also statistically 

different from zero at the 1 % significant level. This is confirmed by the results in 

table 7 for the two sample t-test.  

Table 7: Two sample t- test of R2 for the SIYC-s estimated by the NSM 

  Period 2 Period 3 Period 4 

Period 1 -3,3732*** 2,8710*** 6,4037*** 

Period 2  5,2291*** 8,9013*** 

Period 3    2,6497*** 

***Denotes significant different means at the 1%. 

Regarding our second hypothesis, we can state that the lowest goodness-of-fit is 

found in period 4 and the best one in period 2; the results of the two sample t-test 

confirm this finding. Thus, the highest likelihood for the correct modeling of the 

SIYC dynamics via NSM is in the appearance of the financial crisis as long as the 

market mechanism may still be intact. In our opinion, the process of more frequent 

and important incoming news within a day after the onset of the financial crisis causes 

a stronger systematic impact in the SIYC resulting in the highest R2 of the NSM. The 

second highest R2 is found in period 1 where the market is also in the normal state.  

In period 3 and 4, the market is in abnormal state with the successively withdrawn 

liquidity, which turns into a significantly lower R2 compared with periods 1 and 2. 

However, our results from period 1 (outside the crisis) and period 3 (within the crisis) 

may not be directly compared with each other due to the different states of the market. 

Therefore, we can neither reject nor confirm our second hypothesis regarding period 

3. This is also the case for period 4, with the worst results regarding R2. Based on this 

fact, it can be reasonably expected that goodness-of-fit of NSM will be worst when 

the market does not function properly. Given a well working market in the financial 

crisis, the NSM achieves the highest goodness-of-fit. This is stated through our 

second hypothesis what means in turn that our second hypothesis cannot be rejected.  
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7. Graphical presentation and economic interpretation of the 

estimated SIYC-s 

To illustrate the effects on the SIYC-s visually, we provide the graphical presentations 

of the estimated curves in this chapter. 

The estimated SIYC for each trading day and for the entire sample are shown from 

two angles in Figure 1. One can see flat yield curves before the turmoil; followed 

mostly by quite different and highly nonlinear yield curves until they become flat 

again at the end of the considered sample period when the ECB takes over the role of 

the liquidity provider for the e-MID. 

Figure 1: SIYC-s in the whole sample  

 

The first period under consideration in the e-MID is characterized by a high degree of 

liquidity. The volume and number of credits between Italian banks are increasing. 

Also, the number of active banks increases during this period. This implies a high 

degree of confidence in the likelihood of repayment between the Italian banks. Most 

of the SIYC-s are flat with some small positive and negative intraday tendency. 

Moreover, on the daily frequency, the daily interest rate follows a positive trend from 

about 2% at the beginning of this period to about 4% at the end. The SIYC-s for the 

first period are shown in Figure 2. 
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Figure 2: SIYC-s of the e-MID in period 1 

 

The SIYC-s, with a few exceptions in this period, are quite flat. This implies stable 

expectations on the intraday frequency in the e-MID that may be caused by a stable 

global economic development. These findings are also consistent with the findings 

from Angelini (2000), Baglioni and Monticini (2008) and Gabbit et al. (2012), as we 

consider a “pre-crisis period”. 

From the end of January 2007 to approximately mid-February 2007, non-flat and 

rather monotone decreasing SIYC-s can be recognized. The borrowing in early stages 

of a day (long maturity) is predominantly characterized by a higher interest rate than 

credits taken in a late stage of the trading day (short maturity). These effects in 

dynamics of the SIYC-s may be the first sign of higher uncertainties on the intraday 

basis and may thus be an indicator for a possible upcoming financial turmoil.14 One 

can explain it as follows: To calculate the risk of lending, at the beginning of the 

trading day banks demand higher interest rates for the allocation of a credit. The 

credit risk is a within-one-day calculation and is higher at the beginning of the day 

due to higher uncertainties. On the other side, if a credit transaction takes place at a 

later point in time during the day, the amount of uncertainty for that particular 

overnight credit is lower and the interest rate decreases: thus, the higher the risk, the 

higher the intraday interest rate (the risk premium as pointed out by Baglioni and 

Monticini, 2008). However, if some unexpected or new uncertainty, e.g., in form of 

news, is recognized during the day, traders take this into account for their trading 

strategy. This can result in a monotone decreasing, increasing or a positive or negative 

                                                           
14 However, this ability of the SIYC-s is not the topic of this research paper and will be left for further 
research. 
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hump in the SIYC. Though, these cases are rarely observed only at the end of this 

period.  

Period 2 is characterized by a high volatility of daily interest rates. The interest rates 

vary widely between 3.7% and 4.4%. In this period, the beginning of a decrease in the 

volume and number of credits is observed. The shape of the SIYC-s in this period is 

characterized by different dynamics which reflect a high degree of uncertainty 

regarding the expectations of Italian banks. The SIYC-s for the second period are 

shown in Figure 3. 

Figure 3: SIYC-s of the e-MID in period 2 

 

After the outbreak of the financial crisis on the 9th of August 2007, considering higher 

uncertainties, the creditor banks could not clearly assess within a day the probability 

of repayment by the borrower banks. There is, therefore, a loss of confidence between 

banks in the e-MID (see the report by Swiss National Bank, 2008). This loss of 

confidence is likely to be the cause of the slight decline in the volume and number of 

loans (Porzio et al., 2009). This phenomenon constitutes a major problem for banks, 

which depend on interbank credits in this period. The decline in liquidity in the 

market thus made it more difficult to compensate for liquidity constraints and to 

achieve the individual investment goals (Cappelletti et al., 2011).  

Thus, after the outbreak of the financial crisis, further highly nonlinear dynamics in 

the estimated SIYC-s are clearly visible in our estimates. The high frequency and the 

quantity of relevant news during this first period of the financial crisis causes these 

upward and downward sloping SIYC-s and SIYC-s with positive and negative humps 
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alternate quickly over the days. That means that the expectations were highly unstable 

and diffuse due to the turmoil in the e-MID.  

According to the estimates of the SIYC-s, period 2 is the period with higher risk,15 

which is shown in quickly alternating intraday dynamics. Furthermore, as stated by 

Baglioni and Monticini (2010), the uncertainty about the availability of funds in the 

interbank market grew substantially. That means that, e.g., credits with longer 

maturity are offered at a higher interest rate than credits with shorter maturity during a 

day. Moreover, periods with positive or negative humps were observed as well where 

participants on the e-MID formed different expectations for the beginning and the end 

of day compared with the middle of the day, respectively. 

On the other side Brunetti et al. (2009) state that, in contrast to the pre-crisis period, 

where the short-term ECB policies provide liquidity, the unconventional ECB 

interventions during the financial crisis seem to increase the volatility and the 

uncertainty in the e-MID market during this period.16 This phenomenon can also be 

observed in our estimates in form of alternating nonlinear estimated SIYC-s. After 

that, the ECB raised the key interest rate for the euro zone in July 2008 to ensure that 

prices remained stable (Ruckriegel, 2011).  

Period 3 starts with the collapse of Lehman Brothers. The estimated SIYC-s for the 

third period are shown in Figure 4. As already stated, this period after the collapse of 

Lehman Brothers is seen as the culmination of the financial crisis with the highest 

degree of uncertainty. Thus, the same reasons as in the previous period cause the 

highly nonlinear alternating forms of the SIYC-s. However, this period is also 

characterized by the dramatic fall in volume and number of trades on the e-MID. As 

already mentioned, we assume that the e-MID had entered another state by now. The 

further consequence is the abrupt negative trend in the interest rate on a daily basis. 

 

 

  

                                                           
15 Compared with period 1. 
16 E.g., on the 9th of August 2007, where the ECB increased the scope of its main refinancing 

operations by 95 billion euro (Mojon, 2010). 



- 23 -  

Figure 4: SIYC-s of the e-MID in period 3 

 

The shapes of the estimated SIYC-s in combination with falling interest rates on the 

daily frequency can be interpreted in two ways: It may reflect a high degree of 

uncertainty and negative expectations of the Italian banks in the e-MID, also due to 

developments in the worldwide financial markets. The bankruptcy of Lehman 

Brothers led to expectations that a similar loss could also occur among banks in the e-

MID. Hence due to this uncertainty, we can see in the days after the Lehman Brothers 

collapse that the SIYC-s have different nonlinear shapes paired with a negative 

tendency of interest rates on a daily frequency. Baglioni and Monticini (2013) and 

Gabbi et al. (2012) report a dramatic decreasing intraday interest rate after the 

collapse of Lehman Brothers (higher interest at the beginning of the day). However, 

our results show that also days with decreasing and increasing intraday interest rates, 

or positive or negative humps in the estimated SIYC-s, can again be observed, like in 

period 2.17 

During this period, the interest rate follows a negative trend on a daily basis from 

about 4.3% at the beginning of this period to a level of about 0.5% by the end of the 

period. However, this declining interest rate on daily frequency does not imply a 

decrease in the risk of the granted credits. From our point of view, the opposite was 

the case. The lender banks could estimate the probability of repayment by the 

borrowing counter partner only to a very limited extent. The banks were further 

concerned that systemic risks could lead to contagion (Fricke and Lux, 2015). Thus, 

                                                           
17 Actually, during the whole period we can observe a lot of days where the SIYC has a positive or 
negative hump in the estimates of the SIYC, e.g., approximately from the end of October 2008 until the 
end of November 2008 and from the middle of October 2009 until the middle of December 2009. 
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there was also a high loss of confidence among Italian banks. In this period, even 

more banks leave the market and the volume and the number of trades drops 

significantly (Cappelletti et al., 2011). Banks may invest their cash surpluses in other 

markets, to deposit them with the ECB at the deposit rate, or to hoard them. This 

resulted in a massive decline in the volume and number of credits.  

The fourth and last period starts on 13.05.2009 with the last ECB intervention in the 

sample period and ends on 31.03.2010 in our sample. The estimated SIYC-s for the 

fourth period are shown in Figure 5. As we can see, after the last key interest rate 

change during the observation period, the interest rate increased for a short period 

from about 0.5% to 1%. This implied a slight gain in confidence of Italian banks and 

caused a short-term increase in the volume and number of credit transactions between 

Italian banks. This trust-gain, however, was not of great duration. This in turn resulted 

again in highly nonlinear dynamics in the SIYC-s over subintervals. 

Figure 5: SIYC-s of the e-MID in period 4 

 

Also in this period dynamics, with the market still in an abnormal state, SIYC-s show 

different types of shapes, indicating again diffuse expectations and a different 

behavior of participating banks in the e-MID with respect to the intraday dynamics of 

interest rates.  

The Italian banks with a cash surplus may either continue to invest more in other 

markets, to deposit them with the ECB or to hoard them. The banks with a credit need 

could borrow funds at zero risk at a very low interest rate directly from the ECB. Due 
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to this fact, the number of credit transactions and the volume are on the lowest level 

and the e-MID becomes less system relevant. 

According to Hatzopoulos and Iori (2012), there are two “natural” timescales in the 

network of the e-MID. The one timescale is set by the maturity of the credit 

transactions, mostly overnight, and the other one is based on the monthly deposit of 

minimum liquidity reserves at the central bank, the so-called reserve maintenance 

period, which is equivalent to one calendar month or around 23 business days. In each 

reserve maintenance period, the levels of the minimum reserve are calculated based 

on each bank’s balance sheet (Hatzopoulos et al., 2015). 

The consequence is that the SIYC has regularities within the meaning of seasonal 

influences that affect the level of the yield curve. In general, the participants in the e-

MID align their activity to these dates. Thus, there are clear monthly seasonal impacts 

and dynamics caused by these requirements. In our opinion, this is also the reason 

why the estimated SIYC-s seem to be very erratic over the considered days. In their 

estimates, Baglioni and Monticini (2013) exclude the last days of the maintenance 

period due to jumps in the interest rate on these particular days in each month.  

Thus, to graphically present the estimated SIYC-s without the seasonal influence, we 

calculate the smoothed SYIC for each day using a moving average process of 23 days 

in the entire observation period.  

The smoothed SIYC-s are presented in figures 6-9 in the appendix. So, we can see the 

before mentioned effects on the SIYC-s even better. 

8. Implications of the SIYC estimation  

After the SIYC was interpreted from an economic perspective in different periods, the 

question arises whether and what economic implications can be derived based on the 

SIYC-s from the e-MID. 

The first implication relates to the borrowing of overnight credits by Italian banks on 

the e-MID. The estimated SIYC-s may allow the participants on the e-MID to 

recognize opportunistic trading strategies in sense to determine the optimal point in 

time with a low intraday interest rate, or alternatively, to be able to forecast the 

intraday time with a high intraday interest rate. This is particularly apparent just 

before and after the outbreak or in the middle of the financial crisis, since highly 

nonlinear dynamics exist in these times in the SIYC-s for individual days in the e-
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MID. Through consideration of the estimated SIYC-s, one can see that interest rate 

differentials of 1% are possible within one day. 

Additionally, the ECB can benefit from the consideration of the empirically estimated 

intraday SIYC as well. Since the interbank credit market is the first transmission 

channel of monetary policy, the ECB can assess banks’ expectations on interbank 

credit markets and observe the effects of their actions on those markets, like the 

consequences of a reduction or a rise in the key interest rate. Through such evidence 

based on the estimated SIYC-s, the ECB may be able to choose the optimal timing of 

its actions and thus generate the best results regarding this specific interbank credit 

market.18  

  

                                                           
18 For specific suggestions of action for the central banks during the financial crisis see, e.g., Brunetti et 

al., 2011. 
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9. Conclusion  

The aim of this paper is to propose the concept of the SIYC and its estimation 

method. The SIYC-s were estimated for the e-MID, a fully transparent interbank 

credit market using the NSM in the period from 03.10.2005 to 31.03.2010. This 

estimation of the SIYC on an interbank credit market in this paper presents a novel 

step in analyzing the SIYC-s. 

Our results show that the modeling and estimation of SIYC using the NSM is feasible 

and attractive. These results can deliver fundamentals for the optimization of trading 

strategies of participants on the interbank credit market. 

At the beginning of the financial crisis until the collapse of Lehman Brothers, the 

goodness-of-fit of NSM is the highest, and thus, the intraday SIYC-s experience the 

highest systematic impact. In this time period, the high risk due to the loss of 

confidence influences significantly the dynamic of the intraday interest rates, as 

reflected in the highly notable estimates of the SIYC-s. After the collapse of Lehman 

Brothers and the last ECB intervention, the change of the state of the system occurs, 

which becomes evident in the light of the lower volume and number of trades. In 

period 3, the goodness-of-fit becomes lower than in the previous period but remains 

remarkably high and statistically different from zero at the 1% significance level. This 

quite abnormal state worsens in the next period after the last ECB intervention (period 

4) with the lowest volume and number of trades per day. The consequence is that the 

goodness-of-fit of the NSM at this point in time is the lowest, but is still statistically 

different from zero at the 1% significance level. 

Our results provide one more interesting finding, namely that shortly before the 

outbreak of the financial crisis on the 9th of August 2007 and before the Lehman 

Brothers bankruptcy on the 15th of September 2008, the estimated SIYC-s were 

indicating different shapes of nonlinear SIYC-s. Such SIYC dynamics may be 

understood as indicators of an impending crisis in case of the normal state of the e-

MID. This implication will deserve a more detailed analysis in our future work.  

Finally, after 31.03.2010 (sample end) with the outbreak of the European financial 

crisis in 2010 (Moro, 2014), the ECB took further measures to stabilize the financial 

system in Europe. These measures included further liquidity provisions. For the e-

MID, this had the consequence that the liquidity was successively withdrawn 

(Barucca and Lillo, 2015). Regarding the ECB’s impact, one can expect that the ECB 
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will at some point in time in the future retrovert to its normal state of business and 

will consequently stop providing cheap liquidity by increasing the leading interest 

rate. From that time onwards, the e-MID may again become a relevant interbank 

credit market for the financial system. We thus expect that the NSM will again have a 

significantly better goodness-of-fit in accordance with these facts. 

Our analysis will be extended using other models, such as those presented by 

Svensson (1994) and Diebold and Li (2006). The goal is to identify the model with 

the best performance what may be interesting from a practical point of view. This will 

be our next research focus.  
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Appendix: Smoothed estimated SIYC-s 

In this appendix, we present the smoothed estimates of the SIYC-s. As already stated, 

Angelini (2000) and Baglioni and Monticini (2008, 2010, 2013) estimate the intraday 

yield curve for their whole sample based on hourly averages. From the point of view 

of the order book analysis, this can actually be seen as the estimation of the intraday 

seasonality (Hautsch and Jeleskovic, 2008). One usually adjusts the data from the 

intraday seasonality in the first step to analyze the adjusted data in the second step 

(Hautsch and Jeleskovic, 2008). Furthermore, the estimates in their analysis is only 

one regression curve for all days, or for two different periods as in Baglioni and 

Monticini (2010). The smoothed SIYC-s in this paper may be seen as a kind of a 

dynamic version of the estimated intraday yield curve, comparable to the results by 

Angelini (2000) and Baglioni and Monticini (2008, 2010, 2013) due to the fact that 

the smoothing is done based on the single estimated SIYC-s with a window length of 

23 days. That means that we calculate the SIYC over the intraday time points based 

on the estimated parameters of the NSM for certain maturities. Finally, the smoothed 

intraday interest rate at each point in time is the average over the 23 estimated 

intraday interest rates, in the middle of the window respectively. The smoothed 

estimated SIYC-s are shown for each period in figures 6-9.  

Figure 6: Smoothed SIYC-s of the e-MID in period 1

 

The estimated SYIC-s in period 1 show some negative trend during the day. Credits 

with a higher maturity are characterized with a higher interest rate and vice versa. As 

already pointed out by Baglioni and Monticini (2008), this fact relies on the risk 

premium during the day. This negative trend within a trading day becomes more 
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obvious before the outbreak of the financial crisis during the time between May and 

August 2007.  

Figure 7: Smoothed SIYC-s of the e-MID in period 2

 

 

 

After the outbreak of the financial crisis in August 2007, the dynamics of the 

estimated SIYC-s change dramatically. In the smoothed SIYC-s we can also see that 

SIYC-s with a positive or negative trend and a positive and negative U-shape are 

alternating. This phenomenon is a clear signal of the great uncertainty that hit the 

market participants in this particular period.  

Figure 8: Smoothed SIYC-s of the e-MID in period 3 

 

The estimated SIYC-s in period 3 show clear different dynamics. Between the 

collapse of Lehman Brothers and October 2008, a clear downward trend is visible. In 
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November 2008, the SIYC-s have a U-shape and are followed SIYC-s with a clear 

upward trend up to January 2009. After January 2009, the dynamics of the SIYC-s 

change, again, to a U- shape. After February 2009, we again see some downward 

trends in the SIYC-s. As already stated, these quickly changing dynamics emphasize 

the great uncertainty during this period when the financial crisis became more acute.  

Figure 9: Smoothed SIYC-s of the e-MID in period 4

 

After the last intervention of the ECB in the sample period, we see that the interest 

rate rises from 0.4% to 0.6% for a small time period. During this period, the estimated 

SYIC show a clear downward trend up to November 2009. After November SYIC 

with a U- shape are clearly visible.  


