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Abstract 
A sovereign rating indicates the credibility of government debts in a country and is also regarded as an indicator of the fundamental financial stability of that country. A large body of literature has analysed the impact of sovereign rating changes in a country on market performances of banks in that country by raising hypotheses on transmission channels of government debts held by banks and the government guarantee provided by banks. However, little literature considers potential channels involving the effects of sovereign ratings on bank ratings and the influence of the latter on bank performances. Moreover, existing research only focuses on the impact of sovereign ratings on banks’ market performances which imply reactions of investors but ignores the impact on banks’ risk-takings that may result in reactions of banks themselves. 
We fill in these two gaps by conducting our research in three stages. In the first stage, we test the association between sovereign rating changes and bank rating changes by multi-logit regressions and variance analyses on reaction times of bank rating events following sovereign rating events to show evidence that bank ratings significantly follow sovereign ratings. Next, we apply cross-section regressions, panel regressions, and Vector Auto Regressions and examine whether those bank rating changes affects stock price levels/returns and the indicator of banks’ risk-taking degree, Z-score, of affected banks. Finally, we merge the analysis of the two stages by conducting a difference-in-difference technique to study whether bank rating changes following sovereign rating changes have significantly stronger association with bank market performances and risk takings. Sovereign ceiling policy is also viewed as an exogenous variation of sovereign-bank rating relationship which is used to analyse this issue. 
 
  
Introduction  
 
The recent European debt crisis highlights the relationship between sovereign risks and performances of commercial banks exposed to the sovereign risks. The collapse of sovereign credit happening in some European countries is followed by the collapse of essential commercial banks in those countries, which attracts scholars to study the conduit linking sovereign risks to bank risks. The sovereign rating, an indicator of sovereign risks, on one hand is obtained by credit rating agencies who analyse the sovereign condition of one country and on the other hand, provides a signal to public who may adjust the investment strategy according to the signal. The adjustment of investment strategy in turn shocks entity performances (including commercial banks). Therefore, the sovereign rating plays two roles in this story: it is not only a reflection of sovereign risks but also a determination of entities performances.  
It is commonly believed by academia that sovereign ratings play a key role in the determination of performances of commercial banks. Conduits between sovereign ratings and bank performances are discussed and some hypotheses regarding this issue are raised such as, 1) banks’ funding costs are highly correlated to government debt held by them, governmentbacked collaterals and explicit government guarantees thus are sensitive to sovereign ratings (Panetta et al., 2011); 2) sovereign rating collapse is a very negative signal of the fiscal condition of the country and reduces the demand of financial service on which commercial banks highly rely (Correa et al., 2014) and 3) bank lending is affected by sovereign ratings (Adelino and Ferreira, 2016). However, those literatures do not mention one possible conduit: the sovereign rating has a direct effect on individual bank ratings (such effect can be attributed to either a tradition or some policies) and it is the bank ratings that directly influence bank performances. In this story, the seeming relationship between sovereign ratings and bank performances is not (only) caused by some factors regarding sovereign conditions but (also) is due to the existence of  a ‘middleman’, the bank rating, which is impacted by sovereign ratings and has an effect on bank performances afterwards. In this chapter my main aim is to explore empirical evidence to support the existence of the conduit ‘Sovereign RatingBank RatingBank Performances’.  
The reaction of bank ratings following changes of sovereign ratings for each of the three big credit rating agencies (Moody’s, S&P and Fitch) is investigated to capture the tradition of CRAs who are much more likely to downgrade/upgrade banks in one specific country if that country’s sovereign is downgraded/upgraded. Other details regarding this issue, such as the average speeds of bank ratings’ reaction to sovereign rating changes, the splits among the three CRAs, and the differences among different countries or different years, are also studied in this section.  
In terms of the research on the bank ratings’ effects on bank performances, I extend the scope of the concept ‘bank performances’. Literatures define the bank performances as either bond spreads or stock prices and study how they are affected by bank ratings. In this chapter I not only follow them by studying the stock returns’ reactions to bank rating events but also extend the research of bank ratings’ effects to bank risk-takings. The rationality of the extension is that the market reactions (bond spreads or stock returns) can only reflect investors’ attitudes of bank ratings rather than the behaviours of or strategies conducted by banks themselves to respond to the rating changes. It is straightforward to predict that investors should reduce their confidence on banks after they view a negative bank rating events thus the price returns are supposed to fall. The deterioration of secondary market conditions makes banks harder to raise funding from external sources and may alter the strategy of bank directors to take more risk by relaxing the loan granting requirements to make more profits in order to mitigate the pressure from secondary market. Therefore, by covering both investors and bank directors’ reactions to bank ratings, I try to figure out whether this story happens in European banks from an empirical perspective. 
Besides the investigation of the two processes (from sovereign ratings to bank ratings and from bank ratings to bank performances), my research covers the interacted effects between sovereign rating and entity ratings on bank performances. Even though I find evidence to prove that bank ratings have immediate effects on bank performances, the possibility that sovereign ratings affect bank performances independently from bank ratings should not be neglected. Therefore, it is reasonable to test the association between sovereign ratings and bank performances in the condition of controlling bank ratings constant. If the effect is still significant, other conduits regarding the sovereign ratings’ effects on bank behaviours mentioned before still makes sense to explain this phenomenon. Otherwise, if sovereign ratings’ effects are insignificant controlling bank ratings, we can infer that previous literatures regarding the conduits from sovereign ratings to bank performances are problematic because sovereign ratings only work on the bank performances by the channel of entity ratings.  
Furthermore, even if the sovereign ratings and entity ratings independently have effects on bank performances, another question can be raised whether a bank rating event’s impact on bank performances is weaker if it happens following a sovereign rating event occurs. The intuition of this hypothesis is that since investors and bank directors have received signals from sovereign rating events and taken some actions to respond to them, when an individual rating event comes investors and bank directors should regard it as an anticipated event thus react more gently. To answer this question I investigate whether bank ratings’ impact on bank performances significantly recedes if it occurs following a sovereign rating event in corresponding countries.  
An extreme case of the situation discussed in the previous paragraph is the application of sovereign-ceiling policy. The sovereign-ceiling policy is commonly applied by the Big Three CRAs which stipulates that in principle entity rating levels in a country should not be higher than the sovereign rating level in that country. The sovereign-ceiling policy is investigated by some scholars as an exogenous shock to the bank ratings (Durbin and Ng, 2005; Borensztein et al., 2013; Adelino and Ferreira, 2016) because according to the policy, CRAs have to adjust entity ratings in the case that the sovereign rating has been changed and the entity has identical rating levels with sovereign rating levels before the sovereign rating events. Such adjustments are not related to the characteristics of the individual banks but just derived from a policy and thus viewed as exogenous. In this chapter I also consider the cases where the ceiling policy triggers bank rating changes and study whether under this circumstance the effect of bank rating events is lower than normal ones to supplement the research described in last paragraph regarding the interacted-effects between sovereign and entity ratings.  
A large body of literatures have realized the asymmetric effects of negative and positive rating events (Hand et al., 1992; Dichev and Piotroski, 2001; Jung et al., 2016). In this chapter I follow those literatures and conduct empirical tests separately for negative and positive cases.  
In summary, this chapter contributes the literatures mainly in the three aspects:  
1) This chapter studies the entity rating as a potential conduit by which sovereign ratings affect bank performances; 
2) This chapter extends the concept of bank performances from market performances to bank risk takings; 
3) This chapter investigates the interacted effects between sovereign ratings and entity ratings on bank performances. 
The remaining part of this chapter is structured as follows: Section II raises main research questions and hypotheses of the research; Section III describes the model specification in details and Section IV introduces the data collected for running the models. Section V is the empirical result description and Section VI concludes. 
Research Questions and Hypotheses  
This chapter aims to answer four main questions: 1) Do rating agencies tend to make changes for bank ratings after they make changes for sovereign ratings of the countries where banks are located in? 2) Do bank ratings impact bank stock returns? 3) Do bank ratings impact bank risk takings? 4) Do sovereign ratings impact both bank stock returns and bank risk takings independently from individual bank ratings and what is the effect of sovereign-ceiling policy on bank ratings’ association with bank performances? 
To answer these questions, I raise the corresponding hypotheses below. 
 
Hypothesis 1:  
In a certain time window (90 days), there exists a significant increase of probability of rating events on banks following sovereign rating events with the same direction happening in countries where the banks are located in.  
 
Hypothesis 2:  
There exists a significant association between European bank ratings (rating levels and rating changes) and performances of banks (stock market prices and bank risk taking). 
Hypothesis 2a: From a long-term perspective, higher (lower) levels of bank ratings are associated with higher (lower) stock price levels of banks; from a short-term perspective, rating changes with more negative (positive) indications are associated with higher (lower) stock price returns of banks. 
Hypothesis 2b: Rating changes with more negative (positive) indications of banks are associated with higher (lower) risk-taking of banks. 
 
Hypothesis 3:  
Sovereign ratings impact bank performances independently from bank ratings and there does not exist an interacted effects between sovereign ratings and bank ratings on bank performances unless the bank rating changes are triggered by the sovereign-ceiling policy.  
Hypothesis 3a: Sovereign rating changes are significantly associated with bank performances controlling bank ratings and there is no significantly interacted effects between bank rating changes and sovereign rating changes on bank performances. 
Hypothesis 3b: Sovereign credit rating changes triggering the sovereign-ceiling policy reduce the effects of corresponding bank rating changes on stock price returns of banks stated by Hypothesis 2a. 
 
Model Specification  
3.1 Model specification for Hypothesis 1 
3.1.1 Ordered Logit/Probit Models 
To test Hypothesis 1, I apply ordered logit/probit regressions, regressing the occurrence of bank rating events on dummies which indicate whether sovereign rating events occurs certain days before the bank rating events. Logit and probit regressions are specific tools to deal with the situation where explained variables are orderly categorical. Both models aim at non-linear transformations of dependent variables to reach three targets, 1) restricting the range of dependent variables within (0,1), 2) allowing different marginal effects of independent variables in different areas and 3) dealing with heteroscedasticity problem. Specifically, logit model uses cumulative logistic distribution function to transform dependent variables and probit model uses cumulative standard normal distribution function. 
Regular logit/probit models focus on dependent variables which only have two alternatives while in the context of this research, dependent variables generally have more than two alternatives (ordinal categories indicating the degree of bank rating changes). Thus I use an extension of the models, ordered logit/probit models, to fit my data. In these models, an unobserved latent variable, y*, is set to define the thresholds of various alternatives of bank rating changes (y). A linear relationship among y*, x (a vector containing variables related to sovereign rating events) and 𝛃 (coefficient vector) is pre-determined: 
y∗ = 𝐱′𝛃 + u (u is error term)                  
Assume the pth observations of y, yp = q if αq−1 < y∗ ≤ αq (q is the qth-ordered alternative of y and α refers to corresponding threshold), then the probability that observation p selects alternative q should be   Prob (yp = q) 
=Prob([image: ] 
=F(αq- 𝐱𝐩′𝛃)- F(αq−1- 𝐱𝐩′𝛃) where F refers to a cumulative distribution function (cdf).  
Two specific cdfs, cumulative logistic distribution function (for logit) and cumulative standard normal distribution function (for probit) are applied to connect the linear combination of estimated coefficients and realization of independent variables (sovereign ratings in this research) with y*: 
ez
Cumulative logistic distribution function: F(z) = 1+ez; 
Cumulative standard normal distribution function: F[image: ] 
Since negative rating events and positive ones have different implications and impacts, I establish two models, one considering negative and positive events separately and another considering both types of events simultaneously.  
The model considering negative/positive events separately 
yi,a,t∗ = β1watchi,a,t + β2svch1i,a,t + β3svch2i,a,t + γcountryi,a + 𝑢𝑖,𝑎         (1) 
For downgrade sample: 
yi,a,t∗ : An unobserved latent variable linked to the observed ordinal response categories of  
yi,a,t : 
yi,a,t=0, if downgrade or possible downgrade (on watch) announcements were released on date t about bank i which located by CRA a; 
=1, if bank i was put on possible downgrade watch list at date t;  
=2, if bank i was downgraded by one notch by CRA a at date t; 
=3, if bank i was downgraded by more than two notches by CRA a at date t. 
watchi,a,t: Dummy equal to 1 if the country where bank i is located is listed on the watch list of possible downgrade by CRA a, within three months’ window prior to date t, otherwise equal to 0; 
svch1i,a,t: Dummy equal to 1 if sovereign rating is downgraded with one notch released by CRA a on the country where bank i is located within three months’ window prior to date t, otherwise equal to 0; 
svch2i,a,t: Dummy equal to 1 if sovereign rating is downgraded with more than one notches released by CRA a on the country where bank i is located within three months’ window prior to date t, otherwise equal to 0; 
countryi,a: dummies indicating the country; 
𝑢𝑖,𝑎: Error term. 
 For upgrade sample: yi,a,t∗ : An unobserved latent variable linked to the observed ordinal response categories of   
yi,a,t: 
yi,a,t=0, if no upgrade or possible upgrade (on watch) announcements were released on date t about bank i which located by CRA a; 
=1, if bank i was put on possible upgrade watch list at date t;  
=2, if bank i was upgraded by one notch by CRA a at date t; 
=3, if bank i was upgraded by more than two notches by CRA a at date t. 
watchi,a,t: Dummy equal to 1 if the country where bank i is located is listed on the watch list of possible upgrade by CRA a, within three months’ window prior to date t, otherwise equal to 
0; 
svch1i,a,t: Dummy equal to 1 if sovereign rating is upgraded with one notch released by CRA a on the country where bank i is located within three months’ window prior to date t, otherwise equal to 0; 
svch2i,a,t: Dummy equal to 1 if sovereign rating is upgraded with more than one notches released by CRA a on the country where bank i is located within three months’ window prior to date t, otherwise equal to 0; 
countryi,a: dummies indicating the country. 
𝑢𝑖,𝑎: Error term. 
In this specification, the order of yi,a,t represents the ordinal level of degree of bank rating events in either a positive direction or a negative direction, from 0 (indicating no events, the lowest degree) to 3 (indicating rating changes for over two notches, the highest degree). If Hypothesis 1 holds, the sigh of β1, β2 amd β3 is expected to be positive, indicating that the 
occurrence of sovereign rating events (reflected by watchi,a,t=1, svch1i,a,t=1 or svch2i,a,t=1) increases the probability of occurrence of bank rating events with higher degree (reflected by 
a higher yi,a,t∗, which is equivalent to a higher value of yi,a,t). 
The model considering negative and positive events simultaneously 
yi,a,t∗ = β1D_watchi,a,t + β2D_svch1i,a,t + β3D_svch2i,a,t + β4U_watchi,a,t +
β5U_svch1i,a,t + β6U_svch2i,a,t + countryi,a + 𝑢𝑖,𝑎                                              (2)             
 
yi,a,t∗: An unobserved latent variable linked to the observed ordinal response categories 
by yi,a,t : 
yi,a,t=1, if bank i was downgraded by more than two notches by CRA a at date t; 
=2, if bank i was downgraded by one notch by CRA a at date t; 
=3, if upgrade or possible downgrade (on watch) announcements were released on date t about bank i which located by CRA a; 
=4, if no rating announcements were released on date t about bank i which located by CRA a; 
=5, if bank i was put on possible upgrade watch list at date t; 
=6, if bank i was upgraded by one notch by CRA a at date t; 
=7, if bank i was upgraded by more than two notches by CRA a at date t; 
𝐷_𝑤𝑎𝑡𝑐ℎ𝑖,𝑎,𝑡: Dummy equal to 1 if the country where bank i is located is listed on the watch list of possible downgrade by CRA a, within three months’ window prior to date t , otherwise equal to 0; 
𝐷_𝑠𝑣𝑐ℎ1𝑖,𝑎,𝑡: Dummy equal to 1 if sovereign rating is downgraded with one notch released by CRA a on the country where bank i is located within three months’ window prior to date t, otherwise equal to 0; 
𝐷_𝑠𝑣𝑐ℎ2𝑖,𝑎,𝑡: Dummy equal to 1 if sovereign rating downgraded with more than one notches released by CRA a on the country where bank i is located within three months’ window prior to date t, otherwise equal to 0; 
𝑈_𝑤𝑎𝑡𝑐ℎ𝑖,𝑎,𝑡: Dummy equal to 1 if the country where bank i is located is listed on the watch list of possible upgrade by CRA a, otherwise equal to 0; 
𝑈_𝑠𝑣𝑐ℎ1𝑖,𝑎,𝑡: Dummy equal to 1 if sovereign rating is upgraded with one notch released by CRA a on the country where bank i is located within three months’ window prior to date t, otherwise equal to 0; 
𝑈_𝑠𝑣𝑐ℎ2𝑖,𝑎,𝑡: Dummy equal to 1 if sovereign rating is upgraded with more than one notches released by CRA a on the country where bank i is located within three months’ window prior to date t, otherwise equal to 0; 
𝑐𝑜𝑢𝑛𝑡𝑟𝑦𝑖,𝑎: dummies indicating the country; 
𝑢𝑖,𝑎: Error term. 
In this specification, the order of yi,a,t have different implications from that in the specification of Model (1): instead of indicating an ordinal magnitude of event ‘degree’, it indicates an ordinal level of ‘positive implication’ of the event. A higher value of 𝑦𝑖,𝑎,𝑡 represents a more positive situation, from 1 (indicating downgrade events for over two notches, the most negative indicator) to 4 (indicating no events) and from 4 to 7 (indicating upgrade events for over two notches, the most positive indicator). If Hypothesis 1 holds, the sigh of 𝛽1, 𝛽2 amd 𝛽3 is expected to be negative and the sigh of 𝛽4, 𝛽5 amd 𝛽6 is expected to be positive. Negative 𝛽1, 𝛽2 amd 𝛽3 indicate that the occurrence of negative sovereign rating events (reflected by 
𝐷_𝑤𝑎𝑡𝑐ℎ𝑖,𝑎,𝑡=1, 𝐷_𝑠𝑣𝑐ℎ1𝑖,𝑎,𝑡=1 or 𝐷_𝑠𝑣𝑐ℎ2𝑖,𝑎,𝑡=1) increases the probability of occurrence of bank rating events with a higher level of negative degree, in other words, a lower level of 
positive degree (reflected by a lower 𝑦𝑖,𝑎,𝑡∗, which is equivalent to a lower value of 𝑦𝑖,𝑎,𝑡). Similarly, positive 𝛽4 , 𝛽5 amd 𝛽6 indicate that the occurrence of positive sovereign rating events (reflected by 𝑈_𝑤𝑎𝑡𝑐ℎ𝑖,𝑎,𝑡 =1, 𝑈_𝑠𝑣𝑐ℎ1𝑖,𝑎,𝑡 =1 or 𝑈_𝑠𝑣𝑐ℎ2𝑖,𝑎,𝑡 =1) increases the probability of occurrence of bank rating events with a higher level of positive degree (reflected 
by a lower 𝑦𝑖,𝑎,𝑡∗, which is equivalent to a lower value of 𝑦𝑖,𝑎,𝑡). 
3.1.2 Investigate the details of bank rating events following sovereign rating events 
The ordered logit/probit model can identify whether bank rating events follow sovereign rating events as a whole. However, it fails to investigate which countries and which time periods these events concentrate in, how fast they follow sovereign rating events and other details. Furthermore, since the regressions are separately run on the data of each of the three CRAs, they cannot reflect the comparison of results of different CRAs. 
To fill in the gaps above, in this section, I collect all the bank rating events in my sample and select those which occur no more than 90 days after a sovereign rating event announced by the same credit rating agency in the corresponding country occurs (identical criteria as in logit/probit model to define whether a rating events follows sovereign rating events). 
Information for five parts is obtained and presented.  
Results of the five parts are shown in Section 5.1.2. 
Parts I, II and III are aimed at showing whether the phenomenon that bank rating events follow sovereign rating events concentrates in some countries and in some time periods.  
Part I: Total numbers of negative and positive bank rating events for each of the three credit rating agencies and the numbers of corresponding rating events which follow sovereign rating events. 
Part II: Decompose the figures in Part 1 according to particular years. 
Part III: Decompose the figures in Part I according to particular countries. 
Parts IV and V are designed to study the reaction times (speed) of bank ratings on sovereign rating events. Define the concept of reaction time as the interval length between the occurrence of a bank rating events and the corresponding sovereign rating events occurring no more than 90 days before, which means that the range of ‘reaction time’ is [0,90]. For some of the sovereign events which are followed by not only one bank rating events, I distinguish these events by ‘first reaction’ and ‘second reaction’. For example, assuming Bank A is located in Country X, if Country X is downgraded by Moody’s on January 1st and Bank A is downgraded by Moody’s on January 15th and is downgraded again on January 20th, then the events on 15th and 20th are both defined as ‘following’ the sovereign event on 1st and the event on 15th is defined as ‘first reaction’ and the event on 20th is defined as ‘second reaction’. Then the first reaction time of Bank A is 14 days (gap between January 15th and January 1st, the event of Country X) and second reaction time is 19 days (gap between January 19th and January 1st).Intuitively speaking, a lower value of ‘reaction time’ indicates a faster reaction of bank ratings following sovereign ratings, conditional on same order of reaction (1st or 2nd). 
Part IV: I display the average reaction times (both first and second reactions) of negative and positive events for each of the three CRAs, calculate the differences between negative and positive samples and apply T-test to show whether the bank rating react negative and positive sovereign events at different speeds. Welch's t-test technique is applied to avoid the equal variance assumption which is necessary for a traditional student-t test (Ruxton, 2006).  
Part V: Apply analysis of variance approach (F-test) to test whether the average reaction times (either negative or positive) among three CRAs are significantly different from each other. 
3.2 Model Specification for Hypothesis 2 
Two sides in Hypothesis 2, bank ratings and bank performances, are discussed. According to the type of performances, Hypothesis 2 is decomposed into two parts:  
Hypothesis 2a is focused on stock price performances which is a reflection of investors’ reaction to bank rating changes. Market-based data is collected and utilized in this part to test this hypothesis. Since the market-based data is at a daily level, it is possible to test the association not only from a long-term perspective, but from a short-term one. While Hypothesis 2b is regarding the banks’ strategy following bank rating changes by investigating the bank risk-taking indicator. Such indicator is accounting-based collected from financial statements of sample banks, which is at an annual level. Therefore, only long-term test is conducted for Hypothesis 2b. 
 
3.2.1 Model specification for Hypothesis 2a 
The association between bank stock performances and rating-related variables can be tested and studied from both a long-term perspective and a short-term perspective. For the long-term test, I study the level of prices and how it is impacted by the level of bank ratings. For the shortterm test, I study the variation of prices and how it is impacted by the variation of bank ratings.  
3.2.1.1 Long-term 
The baseline model of long-term test is a panel regression: 
ln (Price)i,t = α + β1AveRatingi,t + γln (Index)i,t + 𝑣𝑖 + 𝜀𝑖,𝑡         (3) 
𝑙𝑛 (𝑃𝑟𝑖𝑐𝑒)𝑖,𝑡: The logarithm of the price level of bank i at day t. The reason of taking logarithm is to make the variable ranged in (-∞,+∞) rather than (0, +∞). 
1
𝐴𝑣𝑒𝑅𝑎𝑡𝑖𝑛𝑔𝑖,𝑡 = 3 (𝑀𝑜𝑜𝑑𝑦𝑖,𝑡 + 𝑆𝑃𝑖,𝑡 + 𝐹𝑖𝑡𝑐ℎ𝑖,𝑡), average rating of bank i at day t. The rating level is transformed into a numerical form according to Table 1. A higher value indicates a lower rating. In this part of research I take the average of ratings of the Big Three Agencies to represent the long-term rating levels of CRAs rather than use the ratings of each agency separately. The reason is that when investors view the credit rating as a factor to determine or change their investment strategy on bank stocks, they usually take all the three CRAs’ ratings together into consideration instead of only consider only one of the three.  
𝑙𝑛 (𝐼𝑛𝑑𝑒𝑥)𝑖,𝑡: The logarithm of the market index level of bank i at day t. Adding index as a variable would make the coefficient 𝛽1 only captures the variation of price level associated with average bank ratings excluding the effects of the whole market condition. 
𝑣𝑖: Unobserved heterogeneity of bank i; 
𝜀𝑖,𝑡: Error term; 
Year fixed effects are controlled in this model to exclude the possibility that the special conditions in certain years (global financial crisis and European debt crisis) make my results biased.  
[Insert Table 1 here] 
The key coefficient of my interest is 𝛽1, which is expected to be significantly negative if Hypothesis 2a holds. A negative 𝛽1 indicates that controlling the market factor and considering individual characteristics, a higher level of credit rating (equivalent to a lower value of 𝐴𝑣𝑒𝑅𝑎𝑡𝑖𝑛𝑔𝑖,𝑡) is associated with a higher level of stock prices of banks in my sample.  
The above test is a panel regression taking all the sample banks as a whole. To investigate the situation for each bank, I run time-series regression for each individual bank i: 
ln (Price)i,t = αi + βiAveRatingi,t + γiln( Index)i,t + 𝜀𝑖           (4) 
The sigh and significance of 𝛽𝑖 reflects the effects of rating levels on price levels bank i in my sample. The motivation that I supplement the baseline panel regression by using time-series tests for individual banks is to check whether the rating-stock relationship concluded in Equation (3) exists in most of banks in all the European countries or just exists in some of the essential banks in certain countries. Besides that, since not all the banks have stock prices or ratings in the whole sample period (some banks were not listed to secondary market/rated by any of the three CRAs before the beginning of sample period or delisted from the market/withdrew by CRAs before the end of sample), the panel regression may exclude a number of observations in order to keep the data format satisfying the panel requirement. 
Studying individual banks make it possible to consider the full dataset in the full sample period. It also helps to check whether the result is sensitive to the time period in which the tested banks have stock data.  
3.2.1.2 Short-term 
In this part, instead of studying price levels, I focus on the returns of stock prices as an indicator of short-term reaction of market investors on bank ratings.  
Baseline model: panel regression  
The baseline model is to test whether the variation of average bank ratings have a significant effect on the variation of stock prices of corresponding banks in a certain short-term testing time window.  
TDay Price Returni,t = α + β1Daily_Bank_Rating_Change i,t + γTDay Index Returni,t + 𝑣𝑖 + 𝜀𝑖,𝑡(5)                
 
TDay Price Returni,t = Pricei,(tPrice−1+T)i,−(tPrice−1)	i,(t−1) , 𝑃𝑟𝑖𝑐𝑒𝑖,𝑡 is the price of bank i at the end of day 
t, T is from 1 to 10 representing the testing windows; 
Daily_Bank_Rating_Change i,t = AveRatingi,t − AveRatingi,(t−1) , 𝐴𝑣𝑒𝑅𝑎𝑡𝑖𝑛𝑔𝑖,𝑡 has been explained in Equations (3) and (4); 
TDay Index Returni,t=Indexi,(tIndex−1+T)i−,(tIndex−1)	i,(t−1), 𝐼𝑛𝑑𝑒𝑥𝑖,𝑡 is the market index level of bank i at 
day t; 
𝑣𝑖: Unobserved heterogeneity of bank i; 
𝜀𝑖,𝑡: Error term; 
Year fixed effects are controlled in this model.  
Similar to Model (3), the key coefficient of my interest is 𝛽1 , which is expected to be significantly negative if Hypothesis 2a holds. A negative 𝛽1 indicates that controlling the market factor and considering individual characteristics, a more positive (negative) rating 
variation, which is equivalent to a lower (higher) value of 𝐷𝑎𝑖𝑙𝑦_𝐵𝑎𝑛𝑘_𝑅𝑎𝑡𝑖𝑛𝑔_𝐶ℎ𝑎𝑛𝑔𝑒 𝑖,𝑡, is associated to a more positive (negative) variation of stock prices of banks in my sample. 
Moreover, upon the condition of being significant, the sizes of 𝛽1 for different time windows 
(T) partially reflect the variation of bank ratings’ short-term effects on stock prices along time 
(for example, is there an increasing or a decreasing trend of such effects with time going or is there a certain time window by which the effects peak or reach a bottom).  
To distinguish the situations for negative events and positive ones, Model (6) is designed, replacing original variable, Daily_Bank_Rating_Change i,t by four dummies indicating the changing direction of ratings: 
TDay Price Returni,t = α + β1Actual_down i,t + β2Possible_down i,t + β1Possible_up i,t +
β1Actual_up i,t + γTDay Index Returni,t + 𝑣𝑖 + 𝜀𝑖,𝑡    (6) 
Actual_down i,t: Equal to 1 if the bank receives an announcement of downgrade, equal to 0 otherwise; 
Possible_down i,t: Equal to 1 if the bank receives an announcement of possible downgrade, equal to 0 otherwise; 
Possible_up i,t: Equal to 1 if the bank receives an announcement of possible upgrade, equal to 0 otherwise; 
Actual_up i,t: Equal to 1 if the bank receives an announcement of upgrade, equal to 0 otherwise. 
β1 and β2 are expected to be negative indicating a T-day downward price movement following a negative rating announcement while β3 and β4 are expected to be positive indicating a T-day upward price movement following a positive rating announcement. 
Supplemental test: Cross-sectional model only focusing on observations in events 
One potential imperfection of the baseline model is the feature of imbalanced data that the variation of bank ratings is much less frequent than that of bank stock prices and index values. To tackle this problem, I only consider observations when banks receive bank rating announcements and establish a cross-sectional dataset to conduct a similar test to Model (5): 
TDay Price Returni = α + β1Daily_Bank_Rating_Change i + γTDay Index Returni +
YDi + CDi + 𝜀𝑖                                  (7)  
The subscript i here refers to an observation of bank rating event. 𝑌𝐷𝑖 represents a series of  
Year Dummies for observation i to indicate the year when i occurs. 𝐶𝐷𝑖 represents a series of Country Dummies for observation i to indicate the country where i occurs. I do not use Firm 
Dummy but Country Dummy because the observations in Model (7) are much fewer than Model (5) but the number of firm dummies are equal in both models. Using firm dummies may cause a bias derived from a relatively large number of repressors compared to observations. Therefore, only country fixed effects are controlled in Model (7).  
Similarly, for Model (7) the key coefficient of my interest is 𝛽1, which is expected to be significantly negative if Hypothesis 2a holds. 
Analogously to Model (6) which transforms Daily_Bank_Rating_Change i into four dummies, I establish Model (8) as a parallel test of Model (7): 
TDay Price Return𝑖 = α + β1Actual_down i + β2Possible_down i + β1Possible_up i +
β1Actual_up i + 𝛾1TDay Index Returni + 𝛾2YDi + 𝛾3CDi + 𝜀𝑖                            (8)     
Supplemental test: Vector-auto regression 
Both Models (5)-(8) consider the full sample as a whole. Similarly to Model (4), I decompose the samples and firm/bank level and test time-series for each bank. However, since this is a short-term test for time series, reverse causality should be considered. To consider the causality factor, I conduct traditional Granger-causality tests (Granger, 1969) for individual bank i by VAR(T): 
Returnt	c1	Ap1,1 Ap1,2 Ap1,3	Returnt−p	e1 [ AveRatingt ] [image: ] [ AveRatingt−p ]) + [e2]      (9) 
IndexReturnt	c3	Ap3,1 Ap3,2 Ap3,3	IndexReturnt−p	e3
Return: Daily stock returns of each bank;  
AveRating: Average rating of each bank; 
𝐼𝑛𝑑𝑒𝑥𝑅𝑒𝑡𝑢𝑟𝑛: Daily return of market index of the country where the bank is located and listed in; 
T: Maximum lag length (time window), T=1, 2, 3, 4, 5, 10 and 20 in this test; 
e: Error term. 
Null Hypothesis of Granger-causality test can be presented as: 
H0: 𝐴11,2=𝐴12,2=𝐴13,2=…=𝐴1𝑇,2=0 
If H0 is rejected, we can state that 𝐴𝑣𝑒𝑅𝑎𝑡𝑖𝑛𝑔 ‘Granger-causes’ 𝑅𝑒𝑡𝑢𝑟𝑛, indicating that the bank ratings ‘cause’ the variation of stock returns which supports Hypothesis 2a. The statistics to test H0 is F-Statistics  
𝑑
F→ 𝜒 2𝑇 1 
 
3.2.2 Models for Hypothesis 2b 
Hypothesis 2b is related to two sides: bank risk-takings as explained variables and bank ratings as explanatory variables. The general format of regressions is: 
𝐵𝑎𝑛𝑘 𝑅𝑖𝑠𝑘 𝑇𝑎𝑘𝑖𝑛𝑔𝑠～𝐵𝑎𝑛𝑘 𝑅𝑎𝑡𝑖𝑛𝑔, 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠 
Different from stock market test, the test for bank risk takings is conducted on an annual basis because 1) risk takings reflect the long-term strategy of banks thus daily data is unable to 
                                                          
𝑑
1 → refers to ‘convergence in distribution’; χ 2𝑇 refers to Chi-square distribution with degree of freedom of T. 
capture such strategy and 2) variables regarding bank risk-takings (the left side) are established using accounting-based data whose frequency is usually annual. However, variables regarding bank ratings (the right side) are daily, which is discussed in Section 3.2.1. Therefore, I transfer bank-rating-related variables into annual format to avoid problem of imbalanced data. In Section 3.2.2.1 I describe how the explained variables reflecting risk-takings of banks are established; In Section 3.2.2.2 I discuss several ways to transfer rating-related indicators into annual level; In Section 3.2.2.3 the control variable setting is presented. 
3.2.2.1 Measurement of bank risk takings 
In literature review section I mention several indicators of bank risk takings applied by scholars in existing research. Indicators of bank risk takings are usually built by two levels of data: loanlevel data and accounting-based data. The former group includes loan-granting volume (Gropp et al., 2013; Jiménez et al. 2014), likelihood of default of granted loans (Jiménez et al. 2014) and loan spreads (Paligorova and Santos, 2016). The other group mainly refers to ‘Z score’ 
(Boyd et al., 2006; Gropp et al.,2013; Ignatowski and Korte, 2014; Anginer et al, 2014 and Adhikari and Agrawal, 2016). Due to the fact that loan-level data is usually highly confidential and difficult to obtain, I use accounting-based indicator, Z score to measure bank risk takings in this paper. 
Z score is commonly used in empirical papers to measure the probability of insolvency of banks. From a statistical perspective, the Z score is equal to the square of the upper bound of probability of the event that the sum of RoAA (Return on Average Asset) and CAR (CapitalAsset Ratio) is equal or less than zero. (Hannan and Hanweck, 1988). A higher Z score is equivalent to a lower probability of getting insolvent, which reflects a lower risk-taking of banks.  
𝑅𝑂𝐴𝐴 + 𝜇(𝐶𝐴𝑅)
From a mathematical perspective, Z score=	⁄𝜎(𝑅𝑂𝐴𝐴), where 𝜇(∙) and 𝜎(∙) 
are the mean and standard deviation respectively.  
There are three components in the expression of Z score, ROAA,  𝜇(𝐶𝐴𝑅) and 𝜎(𝑅𝑂𝐴𝐴). Lepetit and Strobel (2013) point out that to make Z score time-varying, each of these three components can be established in different ways, including taking current values, using moving average/variance or full-sample average/variance. In this paper I avoid using moving average/variance because the selection of moving length is ambiguous in existing papers. 
Therefore, the format of time-varying Z score that I apply in this part is, 
ROAAt + CARt
Zt =  σ(ROAA)full−period
𝑅𝑂𝐴𝐴𝑡 and 𝐶𝐴𝑅𝑡 are current values in year t and 𝜎(𝑅𝑂𝐴𝐴)𝑓𝑢𝑙𝑙−𝑝𝑒𝑟𝑖𝑜𝑑 is the full-period variance of ROAA (time-invariant variable).  
Other two formats of Z scores, 𝑍(𝐴𝑙𝑡𝑛𝑎𝑡𝑖𝑣𝑒 1)𝑡 and 𝑍(𝐴𝑙𝑡𝑛𝑎𝑡𝑖𝑣𝑒 2)𝑡 , also mentioned by Lepetit and Strobel (2013) are established and tested in my research. I find that the correlation between either of them and 𝑍𝑡 is significantly high and substituting either of them for 𝑍𝑡 does not reversedly change my key results.  
̅ROAA̅̅̅̅̅̅̅̅t̅,̅3̅years̅̅̅̅̅̅̅+̅CAR̅̅̅̅̅̅t̅,̅3̅years̅̅̅̅̅̅̅
Z(Altnative 1)t =	σ(ROAA)t,3years	; 
̅ROAA̅̅̅̅̅̅̅̅t̅,̅3̅years̅̅̅̅̅̅̅+CARt
Z(Altnative 2)t =	σ(ROAA)t,3years ; 
̅𝑋̅𝑡̅̅,3̅𝑦𝑒𝑎𝑟𝑠̅̅̅̅̅̅ refers to the three-year moving average of variable X at year t; 
𝜎(𝑅𝑂𝐴𝐴)𝑡,3𝑦𝑒𝑎𝑟𝑠 refers to the three-year moving standard deviation of ROAA at year t. 
 
3.2.2.2 Measurement of annual bank rating changes 
Regressions in Section 3.2.2 is on annual level. Therefore, it is necessary to try several types of indicators to measure the bank rating changes in one year instead of only using the numeric difference of rating at time t and (t-1).In this section, I use three types of measurement to represent the degree of bank rating changes in year t. Considering possible reverse-causality which may make the results bias, I take one-year lag of all the independent variables in this section.  
Measurement 1: The change of average numerically-transformed rating indicators as key independent variables to indicate the impact of bank ratings for each bank. Higher figures mean annual rating changes with more negative implication. This measurement is similar to that in 
Section 1.2.1.The corresponding model is 
Zi,t = α + β1Rating Changei,t−1 + γControli,t−1 + 𝑣𝑖 + 𝜀𝑖,𝑡         (10) 
𝑍𝑖,𝑡: Z score of bank i in year t; 
𝑅𝑎𝑡𝑖𝑛𝑔 𝐶ℎ𝑎𝑛𝑔𝑒𝑖,𝑡−1: Measurement 1 of bank rating changes of bank i in year t; 
𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑖,𝑡−1: A series of control variables (discussed in 1.2.2.3) of bank i in year t; 
𝑣𝑖: Unobserved heterogeneity of bank i; 
𝜀𝑖,𝑡: Error term; 
If 𝛽1is significantly negative, Hypothesis 2b cannot be rejected. Negative 𝛽1 implies that rating changes with a more positive (negative) implication a bank in some year receives (reflected by a lower (higher) value of 𝑅𝑎𝑡𝑖𝑛𝑔 𝐶ℎ𝑎𝑛𝑔𝑒), the bank take less (more) risk in the following year 
(reflected by a higher (lower) value of Z). 
Measurement 2: The average number of negative/positive rating events (for Big Three CRAs) in each year as key independent variables to indicate the impact of bank ratings for each bank.  
The corresponding model is 
Zi,t = α + β1NegNoi,t−1 + β2PosNoi,t−1 + γControli,t−1 + 𝑣𝑖 + 𝜀𝑖,𝑡         (11) 
𝑁𝑒𝑔𝑁𝑜𝑖,𝑡−1: Number of negative rating events announced by Big Three CRAs in year t-1; 
𝑃𝑜𝑠𝑁𝑜𝑖,𝑡−1: Number of negative rating events announced by Big Three CRAs in year t-1; If Hypothesis 2b holds, 𝛽1 is expected to be negative and 𝛽2 is expected to be positive.  
Negative 𝛽1 implies that more (fewer) rating changes with a negative implication a bank in some year receives (reflected by a higher (lower) value of 𝑁𝑒𝑔𝑁𝑜), the bank takes more (less) risk in the following year (reflected by a lower (higher) value of Z). 
Positive 𝛽2 implies that more (fewer) rating changes with a positive implication a bank in some year receives (reflected by a higher (lower) value of 𝑃𝑜𝑠𝑁𝑜), the bank takes less (more) risk in the following year (reflected by a higher (lower) value of Z). 
Measurement 3: Four dummies to indicate the rating’s impact:  
Neg1: equal to 1 if the bank receives an average downgrade of 1 notch or just some possible downgrade announcements in the exact year, equal to 0 otherwise; 
Neg2: equal to 1 if the bank receives an average downgrade of over 2 notches in the exact year, equal to 0 otherwise; 
Pos1: equal to 1 if the bank receives an average upgrade of 1 notch or just some possible upgrade announcements in the exact year, equal to 0 otherwise; 
Pos2: equal to 1 if the bank receives an average upgrade of over 2 notches in the exact year, equal to 0 otherwise. 
The corresponding model is 
Zi,t = α + β1Neg1i,t−1 + β2Neg2i,t−1 + β3Pos1i,t−1 + β4Pos2i,t−1 + γControli,t−1 + 𝑣𝑖 + 𝜀𝑖,𝑡  (12) 
If Hypothesis 2b holds, 𝛽1 and 𝛽2 are expected to be negative and 𝛽3 and 𝛽4 are expected to be positive.   
Negative 𝛽1 and 𝛽2 imply that rating changes with higher (lower) negative degrees a bank in some year receives (reflected by the realization of 1 (0) for 𝑁𝑒𝑔1 and 𝑁𝑒𝑔2), the bank takes more (less) risk in the following year (reflected by a higher (lower) value of Z).  
Positive 𝛽3 and 𝛽4 imply that rating changes with higher (lower) positive degrees a bank in some year receives (reflected by the realization of 1 (0) for 𝑃𝑜𝑠1 and 𝑃𝑜𝑠2), the bank takes less (more) risk in the following year (reflected by a lower (higher) value of Z).  
3.2.2.3 Control variables setting 
Three groups of control variables are collected and put into Models (10)-(12): initial ratings at the beginning of each year, accounting-based variables and market-based variables. 
Initial ratings 
It is reasonable to question whether same degree of bank rating changes affect banks’ risk takings differently at different initial rating levels. For example, a three-notch downgrade on Bank A whose rating before downgrade is AAA should make a different shock on Bank B whose initial rating is BBB. Therefore, I set numerically transferred indicators of initial average rating notches as the first group of control variables. 
Accounting-based variables 
Naturally, when bank directors determine the risk-taking strategy for their bank they usually consider the past performances from financial statements as an essential factor. Therefore, a series of accounting-based variables regarding the risk-related performances of banks are collected, established and set in Models (10)-(12). These variables control the effects of preyear performances on the bank risk-takings of the following year. The methods of establishing these variables are applied by Kleinow and Moreira (2016): 
Non−Performing Loan Volume
Non-Performing Loan ratio=, an indicator reflecting the loss derived 
Total Loan Volume
from loan credit risks of banks in the previous year.  
Tier 1 Capital
Tier 1 Ratio= which indicates the capital adequacy (the ability to 
Total Risk−Weighted Capital 
absorb potential credit losses) of individual banks in the previous year. 
Total Deposit
Deposit Ratio= represents the leverage ratio (the capital structure) of banks in the 
Total Liability
previous year.  
Market-based variables 
Except accounting-based performances, another type of performances, market-based performances which reflect investors’ expectation on banks should be considered by directors to determine the risk takings strategy.  
Price at the end of year (t−1)−Price in the beginning of year (t−1)
𝐴𝑛𝑛𝑢𝑎𝑙 𝑅𝑒𝑡𝑢𝑟𝑛𝑡−1 = Price in the beginning of year (t−1) which roughly measures the market expectation of investors on the bank in the previous year; 
𝐴𝑛𝑛𝑢𝑎𝑙 𝑉𝑜𝑙𝑎𝑡𝑖𝑙𝑖𝑡𝑦𝑡−1 = Standard deviation of daily prices within year (t-1). It is added in to control the stability of investors’ trust to the performances of banks in the previous year. 
Combination of control variables  
There is a trade-off between the integrity of sample and the diversity of control variables. Since not all the banks have accessible accounting information or stock market information, adding accounting/market-based variables means excluding some banks out of the sample. Specifically, a smaller group of banks have market-based information than those who have accounting-based information. Moreover, it is not appropriate to add initial ratings and accounting/market-based variables jointly in the regressions because they are highly correlated which may cause a problem of multicollinearity (better accounting/market-based performances are associated to higher level of rating levels in certain year). Considering all those factors, I use three combinations of control variables: 
Combination 1: Initial ratings only; 
Combination 2: Accounting-based variables only; 
Combination 3: Accounting-based and market-based variables jointly. 
3.3 Model specification for Hypothesis 3 
Hypothesis 3 focuses on the sovereign ratings’ impact on the firm rating’s effects on bank performances. In other words, it describes the dependence of firm ratings effects: whether firm ratings affect bank performances independently from sovereign ratings. The main principle of the test in this section is ‘difference-in-difference analysis’: consider all bank rating events in my sample as Group A, select bank rating events which follow sovereign rating events as Group B, further select bank rating events which not only follow sovereign events but trigger a sovereign-ceiling policy (The relationship among Groups A, B and C) are shown in Figure 1. Then I compare the effects of Group A and Group B(C) on bank performances. Hypothesis 3a would be enhanced if the effects are not significantly different between Groups A and B while Hypothesis 3b would be enhanced if the effects are significantly different between Groups A and C.  
 
3.3.1 Hypothesis 3a 
The statement of Hypothesis 3a covers two types of bank performances, stock prices and risk takings. Original tests regarding these two types of indicators for Hypothesis 2 in Section 3.2 are designed and conducted separately. Parallelly in this section I test them respectively in 
3.3.1.1 and 3.3.1.2. 
3.3.1.1 Stock prices  
The model to test Hypothesis 3a for stock prices is 
TDay Price Returni,t = α + β1Daily_Bank_Rating_Change i,t + β2FNS_Dummyi,t +
β3FPS_Dummyi,t + β4Interactio_Ni,t + β5Interactio_Pi,t + γNDay Index Returni,t + 𝑣𝑖 + 𝜀𝑖,𝑡     (13)                              
TDay Price Returni,t: Same definition as in Model (5); 
Daily_Bank_Rating_Change i,t: Same definition as in Model (5); 
FNS_Dummyi,t (𝐹𝑜𝑙𝑙𝑜𝑤𝑖𝑛𝑔 𝑁𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑆𝑜𝑣𝑒𝑟𝑒𝑖𝑔𝑛 𝑐ℎ𝑎𝑛𝑔𝑒 𝐷𝑢𝑚𝑚𝑦) : Equal to 1 if the country which bank i is located in received a sovereign downgrade three months before day t 
(including day t), otherwise equal to 0; 
FPS_Dummyi,t (𝐹𝑜𝑙𝑙𝑜𝑤𝑖𝑛𝑔 𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑆𝑜𝑣𝑒𝑟𝑒𝑖𝑔𝑛 𝑐ℎ𝑎𝑛𝑔𝑒 𝐷𝑢𝑚𝑚𝑦): Equal to 1 if the country 
which bank i is located in received a sovereign upgrade three months before day t (including day t), otherwise equal to 0; 
Interactio_Ni,t=𝐷𝑎𝑖𝑙𝑦_𝐵𝑎𝑛𝑘_𝑅𝑎𝑡𝑖𝑛𝑔_𝐶ℎ𝑎𝑛𝑔𝑒 𝑖,𝑡 × 𝐹𝑁𝑆_𝐷𝑢𝑚𝑚𝑦𝑖,𝑡; 
Interactio_Pi,t=𝐷𝑎𝑖𝑙𝑦_𝐵𝑎𝑛𝑘_𝑅𝑎𝑡𝑖𝑛𝑔_𝐶ℎ𝑎𝑛𝑔𝑒 𝑖,𝑡 × 𝐹𝑃𝑆_𝐷𝑢𝑚𝑚𝑦𝑖,𝑡; 
𝑣𝑖: Unobserved heterogeneity of bank i; 
𝜀𝑖,𝑡: Error term. 
Estimated β2 and β3 imply whether the sovereign ratings directly impact stock returns independently from bank ratings (controlling Daily_Bank_Rating_Change i,t). They should be statistically significant if Hypothesis 3a holds. 
Estimated 𝛽4 and 𝛽5 are the difference-in-difference estimators implying whether bank rating changes occurring following sovereign rating changes (Group B in Figure 1) affect bank stock price returns significantly different from all bank rating changes (Group A in Figure 1). Hypothesis 3a cannot be rejected if no evidence shows that 𝛽4 and 𝛽5 are statistically different from zero. 
3.3.1.2 Risk takings 
Considering the three measurements of annual indicators of bank rating variation, I design the models to test Hypothesis 3a for bank risk takings in the way similar to Models (10), (11) and 
(12). 
Measurement 1: 
Zi,t = α + β1RatingChangei,t−1 + β2SovNegDi,t−1 + β3SovPosDi,t−1 + β4RC_SovNegDi,t−1 + β5RC_SovPosDi,t−1 + γControli,t−1 + 𝑣𝑖 + 𝜀𝑖,𝑡      (14)  
Zi,t, RatingChangei,t−1 and Controli,t−1: Same definition as in Model (10); 
SovNegDi,t−1:  Equal to 1 if the country where bank i locates in receives sovereign rating downgrades in year (t-1), equal to 0 otherwise; 
SovPosDi,t−1:  Equal to 1 if the country where bank i locates in receives sovereign rating upgrades in year (t-1), equal to 0 otherwise; 
RC_SovNegDi,t−1 = RatingChangei,t−1 × SovNegDi,t−1; 
RC_SovPosDi,t−1 = RatingChangei,t−1 × SovPosDi,t−1; 
𝑣𝑖: Unobserved heterogeneity of bank i; 
𝜀𝑖,𝑡: Error term. 
Measurement 2: 
Zi,t = α + β1NegNoi,t−1 + β2PosNoi,t−1 + β3SovNegDi,t−1 + β4SovPosDi,t−1 + β5NegNo_SovNegDi,t−1 + β6PosNo_SovPosDi,t−1 + γControli,t−1 + 𝑣𝑖 + 𝜀𝑖,𝑡      (15)  
Zi,t, NegNoi,t−1, PosNoi,t−1, and Controli,t−1: Same definition as in Model (11); 
SovNegDi,t−1 and SovPosDi,t−1: Same definition as in Model (14); 
NegNo_SovNegDi,t−1 = NegNoi,t−1 × SovNegDi,t−1; 
PosNo_SovPosDi,t−1 = PosNoi,t−1 × SovPosDi,t−1; 
𝑣𝑖: Unobserved heterogeneity of bank i; 
𝜀𝑖,𝑡: Error term. 
Measurement 3: 
Zi,t = α + β1NegD1i,t−1 + β2NegD2i,t−1 + β3PosD1i,t−1 + β4PosD2i,t−1 +
β5SovNegDi,t−1 + β6SovPosDi,t−1 + β7NegD1_SovNegDi,t−1 + β8NegD2_SovNegDi,t−1 +
β9PosD1_SovPosDi,t−1 + β10PosD1_SovPosDi,t−1 + γControli,t−1 + 𝑣𝑖 + 𝜀𝑖,𝑡           (16) 
Zi,t, NegD1i,t−1, NegD2i,t−1, PosD1i,t−1, PosD2i,t−1 and Controli,t−1: Same definition as in Model (12); 
SovNegDi,t−1 and SovPosDi,t−1: Same definition as in Model (14); 
NegD1_SovNegDi,t−1 = NegD1i,t−1,× SovNegDi,t−1; 
NegD2_SovNegDi,t−1 = NegD2i,t−1,× SovNegDi,t−1; 
PosD1_SovPosDi,t−1 = PosD1i,t−1,× SovPosDi,t−1; 
PosD2_SovPosDi,t−1 = PosD2i,t−1,× SovPosDi,t−1; 
𝑣𝑖: Unobserved heterogeneity of bank i; 
𝜀𝑖,𝑡: Error term. 
Estimated β2 and β3 of Model (14), β3 and β4 of Model (15) and β5 and β6 of Model (16) indicate whether the sovereign ratings impact bank risk takings independently from bank ratings (controlling the measurements of bank ratings). They should be significant if Hypothesis 3a is true. 
The Difference-in-Difference estimators in Models (14), (15) and (16) as well as their interpretation are shown in Table 2 for simplicity. 
[Insert Table 2 here] 
Estimators shown in Table 2 are expected to be insignificant if Hypothesis 3a holds.  
3.3.2 Hypothesis 3b 
Hypothesis 3b covers only daily stock returns but not annually risk-taking indicators because to define whether the bank rating change is ‘following sovereign-ceiling policy’, it is necessary to collect daily data for bank rating changes, which will be discussed in the definition of variables in Model (17 ).  
For daily stock return dataset, the model to test Hypothesis 3b is, 
NDay Price Returni,t = α + β1Daily_Bank_Rating_Change i,t + β2NCT_dummyi,t + β3PCT_dummyi,t + β4Neg_Interi,t + β5Pos_Interi,t + γNDay Index Returni,t + 𝑣𝑖 + 𝜀𝑖,𝑡 (17) 
NDay Price Returni,t, Daily_Bank_Rating_Change i,t and NDay Index Returni,t have been defined in Model (5); 
Neg_CTDi,t (Negative_Ceiling_triggered_dummyi,t): Equal to 1 if the bank rating change satisfies all the four conditions: 1) original rating is equal to sovereign ratings before sovereign rating changes occur, 2) the bank rating change occurs within 5 days after a sovereign rating change occurs, 3) the post-change bank rating level is equal to post-change sovereign rating and 4) the rating change is a negative one, otherwise equal to 0; 
Pos_CTDi,t (Postive_Ceiling_triggered_dummyi,t): Equal to 1 if the bank rating change satisfies same conditions (1), (2) and (3) as Neg_Ceiling_triggered_dummyi,t and 4) the rating change is a positive one, otherwise equal to 0; 
Neg_Interi,t = Daily_Bank_Rating_Change i,t × Neg_CTDi,t; 
Pos_Interi,t = Daily_Bank_Rating_Change i,t × Pos_CTDi,t; 
𝑣𝑖: Unobserved heterogeneity of bank i; 
𝜀𝑖,𝑡: Error term. 
Estimated 𝛽4 and 𝛽5 are the difference-in-difference estimators implying whether bank rating changes triggered by the sovereign-ceiling policy (Group C in Figure 1) affect bank stock price returns significantly different from all bank rating changes (Group A in Figure 1). 
Recall that expected sign of β1 is negative as stated in Section 3.2.1.2. Hence, positive 𝛽4 and 𝛽5 reduce the size of β1 for the treatment group (those rating changes following the policy), which implies that the sovereign-ceiling policy makes bank rating changes triggered by it have weaker effects on stock daily returns. Hypothesis 3a cannot be rejected if 𝛽4 and 𝛽5 are statistically larger than zero. 
 
 	 
Data 
 
To study the situation across countries in Europe, I select 20 countries according to the following criteria: 1) geographic diversity considering different regions of Europe such as 
Western Europe (France, UK, Belgium etc.), Central Europe (Austria, Czech etc.), Northern 
Europe (Sweden, Denmark), Southern Europe (Spain, Portugal, Italy etc.) and Eastern Europe 
(Russia, Poland etc.); 2) the sovereign of the selected countries is rated by Moody’s, S&P and Fitch; 3) at least one bank in the selected countries is rated by Moody’s, S&P and Fitch; 4) the selection strategy applied by other scholars in existing papers. 
For each of the selected countries, all banks registered in Bloomberg are firstly considered before filtered based on the following criteria: 1) ‘big’ banks whose total assets are among top 30 in the corresponding countries; 2) excluding banks which are not rated by Moody’s, S&P and Fitch; 3) excluding banks which are not listed in equity market thus do not have stock market prices. After the three stages of filter process, data of 55 banks in the time range between August 24th 1999 and June 30th 2016 is collected and utilized in my research. The reason of the selection of the time period is to guarantee that all countries are rated by at least one agency during the time period. Note that not all banks have available data in this period due to either some banks are established/rated/listed after August 24th 1999  or some banks are closed/withdrew by rating agencies/delisted from stock market for some reasons before 30th 2016[footnoteRef:1]. Bank codes, nationalities, time periods for the selected 55 banks are shown in Table 3.  [1:  Gaillard (2011) states that the main reasons for a rating agency to withdraw a rating include 1) issuers’ request, 2) rating agencies find that they lack fundamental information regarding issuers to maintain their ratings, 3) the rated securities expire and 4) some special circumstances  ] 

Three types of variables (rating variables, stock market variables and accounting variables) and corresponding data sources are shown in Table 4.  
Focusing on the rating events, the key research objective in this chapter, I list the numbers of negative and positive sovereign/entity events in Table 5. It should be noted that although large differences of ratings among the Big Three (Moody’s, S&P and Fitch) are infrequent, there is still a big change of non-identical ratings among the three (Gaillard, 2011). Hence, I use historical sovereign and bank ratings of all the Big Three CRAs and use the numeric averages of the ratings offered by all the three to study the effects of ratings on bank performances.  
The concept ‘event’ is defined as a change of rating level or a possible rating change announced by at least one CRAs among the Big Three. The expression of ‘possible rating change’ used by the three CRAs differs from one to another (‘watchlist’ for Moody’s, ‘creditwatch’ for S&P and ‘rating watch’ for Fitch). ‘Bank Rating Events following the occurrence of sovereign rating events’ and of ‘Bank Rating Events triggered by the sovereign-ceiling policy’ have been defined and discussed in Section 3.3.2.  
Empirical Results and Discussion 
5.1 Results for Hypothesis 1 
I present the empirical test results for Hypothesis 1 in two subsections: ordered logit/probit regressions and tests for other details (year and country decomposition, reaction time comparison between negative/positive events and among three CRAs). 
5.1.1 Ordered logit/probit regressions 
Models (1) and (2) are designed to test the conduit from sovereign ratings to bank ratings raised in Hypothesis 1 by running ordered logit/probit regressions on the negative event sample, the positive sample and the full sample separately. Table 6 shows the estimation result for the three regressions using data of each of the three CRAs. Estimated coefficients, Wald-test statistics as well as statistical significance are presented. 
[Insert Table 6 here] 
In Model (1) of Table 6, I show the results separately for negative and positive sovereign events. Empirical results show that except ‘On watch upgrade’ announcements by S&P, all the coefficients on dummy variables regarding the occurrence of both negative and positive sovereign events are significantly positive. According to the variable setting for Model (1) which has been described in Section 3.1.1, coefficients with positive sign can be explained as evidence to support Hypothesis 1: they imply that the probability that a bank receives a upgrade/downgrade announcement with a higher degree is significantly higher if the country where that bank is located in receives a upgrade/downgrade announcement fewer than 90 days before.  
In Model (2) of Table 6, I list the estimated coefficients for the full sample including both negative and positive events. According to Model (2) description in Section 3.1.1, the dependence variables represent the order of ‘positive degree’ indicated by corresponding events. Therefore, the positive coefficients on upgrade-related variables (except ‘On watch upgrade’ by S&P) and negative coefficients on negative-related variables can be interpreted in the following way: the occurrence of a positive sovereign event is associated with the rise of probability that a bank rating event with a more positive indication occurs in no more than 90 days; analogously, the occurrence of a negative sovereign event is associated with the fall of probability that a bank rating event with a more positive indication occurs in no more than 90 days. Such interpretation enhances the statement of Hypothesis 2 by showing evidence that there exists a positive relationship between sovereign rating changes and bank rating changes in a same direction irrespective of what the specific direction it is. 
5.1.2 Details on the bank rating events  
In this section the details are displayed in two tables (Table 7 and Table 8) based on the design in Section 3.1.2. Table 7 shows the figures of total bank rating events and the proportion of those who follow sovereign rating events in different years and different countries. Table 8 show the result of reaction times. 
[Insert Tables 7 and 8 here] 
Section I of Table 7 shows the rating events’ numbers and the proportion of events following sovereign events as a whole. Generally speaking, Moody’s issue bank rating change announcements most frequently, followed by S&P and Fitch. For each rating agency, a larger number of negative than positive rating changes are announced in the sample period. Besides that, the proportion of negative bank rating events following negative sovereign events (over 
50%) is higher than that of positive bank rating events following positive sovereign events (below 40%). Those results supplement those shown in Section 5.1.1 that even though for both positive and negative events there exists a phenomenon that bank rating events follow sovereign rating events, the probability of that bank rating events follow sovereign rating events is higher for negative events than positive ones. This can be explained as the asymmetrical effects of bad news and good news: bad news is usually taken more consideration thus makes larger effects than good news. If we go back to Section 1 of Table 6 and check the sizes of estimated coefficients it is obvious that sizes of those on same variables (say, Sov1 in Moody’s case using Logit regression) for ‘downgrade’ sample (1.95 in this case) are consistently larger than those for ‘upgrade’ sample (0.94 in this case). This finding further supports the view of asymmetrical effects. Similar gaps of effects between negative and positive news will be observed and discussed in other sections of this paper. 
Section II of Table 7 displays the situation within different years. Whichever rating agency issues, the occurrence of negative rating events concentrate in the range between 2007 and 2014 while no significant concentration can be observed for positive rating events in the full sample period. During 2007-2011, European countries encountered two crises: global financial crisis and debt crisis so the concentration of negative rating events can be viewed as CRAs’ necessary reaction to crises even though some scholars criticize CRAs for their sticky reaction to European debt crisis (Gaillard, 2011).  The absence of concentration of positive rating events after 2011 implies that, at least from CRAs’ point of view, the ongoing crisis has not finished yet so no trend of rating recovery is observed. The concentration of negative events in particular years enhances the rationality of adding year-fixed effects in further tests (Models (3), (4), (5), (6), (11) to (16)). 
In Section III of Table 7, I decompose the figures of Section I into average numbers of rating events occurring on a bank and proportion of bank rating events following sovereign rating events in different countries. I find that countries getting involved in the debt crisis, such as Greece, Portugal and Ireland, have high average numbers of negative rating events and high proportion of negative events following negative sovereign events. This finding is consistent with that in Section II of Table 7, which jointly show that during crisis time banks are more likely to be downgraded and more sensitive to the sovereign rating situation. 
Table 8 contains the results of two tests regarding reaction times of bank ratings to sovereign ratings: t-test for reaction times between negative and positive events and F-test for a comparison among three CRAs. For first-reaction cases I exclude observations with a reaction time equal to 0 because in those cases, bank rating upgrades/downgrades happen 
‘simultaneously’ with sovereign rating upgrades/downgrades and should not be regarded as ‘following’. Section I shows that I find no statistically significant differences between reaction times of negative events and positive events (with no significant t-statistics in all cells). Section II shows that we cannot reject the null hypothesis of the variance analysis (F-test) that there is no significant differences of reaction times among Moody’s, S&P and Fitch. The results in Table 8 demonstrate that reaction times of bank rating events to sovereign rating events remain relatively stable irrespective of event types and rating agencies. This leads us to only consider the occurrence of bank/sovereign rating events in further research but not consider the time intervals between those two types of events.  
To summarize the result of this section, I raise four statements regarding Hypothesis 1: 
· The probability that a bank receives a upgrade/downgrade announcement with a higher degree is significantly higher if the country where that bank is located in receives a upgrade/downgrade announcement fewer than 90 days before. 
· The occurrence of a positive sovereign event is associated with the rise of probability that a bank rating event with a more positive indication occurs in no more than 90 days; the occurrence of a negative sovereign event is associated with the fall of probability that a bank rating event with a more positive indication occurs in no more than 90 days.  Bank ratings are more sensitive to negative sovereign events than to positive ones; 
· Reaction times of bank rating events to sovereign rating events remain relatively stable irrespective of event types and rating agencies. 
5.2 Results for Hypothesis 2 
5.2.1 Hypothesis 2a 
Long-Term 
Results of the long-term test shown in Models (3) and (4), regressing price levels of banks on rating levels are shown in Table 9. 
[Insert Table 9 here] 
Section I shows the estimation result of Model (3), the panel regression. Coefficients on the key control variable, level of index are significantly positive, which is reasonable that as stated in the description of Model (3) in Section 3.2.1.1, significantly negative 𝛽1 indicates that a higher (lower) level of credit rating is associated to a higher (lower) level of stock prices of banks.  
Section II shows the similar estimation result of each of individual banks. To save space I do not present t-statistics like in Section I and only keep those coefficients who are significant. 
Checking 𝛽1,𝑖 for different i, 33 out of 55 banks have significant estimation. Those banks whose 𝛽1,𝑖 are not significant generally satisfy at least one of the conditions: 1) with a stock price of low volatility (for example, No.2, KBC BB); 2) with a very small figure of rating-change times 
(for example, No. 48, SHBA SS); or 3) located in Eastern Europe (Poland, Russia and Romania). The former two reasons are easy to understand: if a bank’s stock price moves very infrequently and gently then the shock of rating changes are hard to observe and identify; furthermore, if a bank receives very few rating changes (an extreme case is 0 which means the bank’s rating level keeps same during the whole sample period), there is very limited opportunity for the prices to ‘follow’ the ratings. In terms of special circumstances of Eastern European markets, so far I do not get specific explanation for that thus regard it as an outlier.   
Short-Term 
Short-term tests are designed as Models (5)-(9) show. Models (5) and (6) are panel regressions of full sample data; Models (7) and (8) are cross-sectional regressions considering only events data and Model (9) is VAR test run for each of the individual banks. 
Table 10 shows the result of Model (5). Coefficients on index returns are consistently significant regardless of the selection of testing windows (T), which is reasonable because price variations of a bank stock always rely on the variations of the market where the bank is in. 
What 	I 	am 	interested 	in 	is 	the 	sign 	and 	significance 	of 	coefficients 	on 
Daily_Bank_Rating_Change i,t.For all testing windows (1≤T≤10), coefficients are consistently negative and for N<8 they are significantly negative, which provides evidence to show that 1) the rating changes impact the price movements controlling market factors and the more ‘negative’ a rating change is (higher figure of Daily_Bank_Rating_Change i,t), the negative degree of price movements are associated with (lower value of TDay Price Returni,t) and 2) such impact gradually gets weaker as the extension of testing windows.  
[Insert Table 10 here] 
Table 11 decomposes the impact according to the direction of the rating changes. A key finding is that coefficients on either of variables indicating bad news ( Actual_down i,t and Possible_down i,t ) are negative for all T and significantly negative for T<7 while coefficients on variables indicating good news (Actual_up i,t and Possible_up i,t ) are all insignificant. It implies an asymmetric effects of negative rating events and positive ones on price returns: the impact concluded in Model (5) only exists for (possible) downgrade announcements rather than for (possible) upgrade announcements.  
[Insert Table 11 here] 
Two supplemental tests shown in Tables 12 and 13 enhance the conclusion obtained in Tables 10 and 11 respectively: coefficients on Daily_Bank_Rating_Change i are significantly negative; coefficients on Actual_down i and Possible_down i are significant while those on Actual_up i and Possible_up i are not. 
[Insert Tables 12 and 13 here] 
Table 14 shows the VAR test result run for individual banks designed in Model (9). Figures are F-statistics regarding coefficients on rating levels for each bank controlling different numbers of lag terms. An F-statistics larger than the threshold which is determined by corresponding DF (Degree of Freedom, equal to the number of lag terms) is equivalent to rejecting the hypothesis that bank ratings do not ‘Granger-cause’ price movements. Results show that in the cases of 34 out of 55 banks, at least for one lagged term number, we reject the ‘non-causality’ hypothesis indicating that rating changes ‘causes’ these banks’ stock price movements. Other 21 banks for which for all lagged term selection we cannot reject the ‘noncausality’ hypothesis meet similar conditions to Table 9: infrequent price movements, few rating events in the sample period or located in Eastern Europe. 
[Insert Table 14 here] 
Summarizing results of Tables 9 to 14 I find the conclusions regarding hypothesis 2a: 
· From a long-term perspective, higher (lower) levels of bank ratings are associated with higher (lower) stock price levels of banks; 
· From a short-term perspective, negative rating changes are significantly associated with downward price reactions while positive rating changes’ effects are insignificant. 
· Those two rules do not fit the situation in Eastern European countries, Russia, Poland and Romania. 
5.2.2 Hypothesis 2b 
In this section I present the result of the investigation of rating changes’ effects on bank risk takings, reflected by Z score in Table 15. Models (10), (11) and (12) show the results regressing Z score on a variety of measurements of annual bank rating changes along with different combinations of control variables. 
[Insert Table 15 here] 
Model (10) does not distinguish the directions of rating changes but just checks the price reactions on rating changes as a whole. Irrespective of the selection of control-variable combinations, coefficients on Rating Changei,t−1 are always significantly negative, implying a significantly higher risk taking of banks with a rating change which has a more negative indication.  
Model (11) demonstrates that the relationship between bank rating changes and risk takings observed by Model (10) is subject to the direction of rating changes. Significantly negative 
coefficients on NegNoi,t−1 provide evidence to show that if a bank receives more (possible) downgrade announcements that bank take more risks in the following year. However, coefficients on PosNoi,t−1 are insignificant, which shows that no matter how many (possible) upgrade announcements a bank receives, the risk taking strategy would not be significantly impacted in the following year. 
Model (12) enhances the results of Model (11): coefficients on Neg1i,t−1 and Neg2i,t−1 are significantly negative showing that the occurrence of negative rating events is associated with a rise of risk taking in the following year. Otherwise, the size of β2 is always larger than β1, implying that the impact of downgrades of large size (more than 2 notches) is larger than those 
of small size (less than 2 notches). Neither of coefficients on Pos1i,t−1 and Pos2i,t−1 are significant so the occurrence of positive rating events does not impact risk taking in the following year irrespective of the upgrade size. 
Two conclusions can be drawn in Section 5.2.2: 
· Negative rating events are significantly associated with a rise of bank risk takings 
· Positive rating events are not significantly associated with bank risk takings 
5.3 Hypothesis 3 
Models (13) is a test of interacted effects of sovereign rating changes and bank rating changes on stock prices; Models (14)-(16) are parallel tests of the interacted effects on bank risk takings and Model (17) is a test on the sovereign-ceiling policy and its effects on bank stock performances. 
5.3.1 Hypothesis 3a 
Table 16 shows the result of Model (13). Note that Model (13) is an extension of Model (5) by 
adding 	sovereign-related 	variables 	and 	their 	interaction 	terms 	with 
Daily_Bank_Rating_Change i,t to show the interacted effects of bank ratings and sovereign ratings. Before checking the interacted effects, I confirm the consistency of results of Model (5) (Table 10): in both regression results the coefficients of Daily_Bank_Rating_Change i,t are significantly negative for most of T, indicating that bank ratings consistently impact bank stock prices whether or not taking sovereign rating into consideration. Checking other estimated coefficients in Table 16 I find some results for sovereign-rating effects on stock prices. 
[Insert Table 16 here] 
If focusing on negative sovereign events (𝐹𝑁𝑆_𝐷𝑢𝑚𝑚𝑦) and their interacted effects with bank rating events (𝐼𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜_𝑁), I find that, 1) β2 is significantly negative indicating that keeping same level of bank ratings, a sovereign rating downgrade negatively impacts stock prices; 2) β4 is not significant, which means that 1) the effect of bank rating downgrade and sovereign downgrade works independently on stock price and 2) sovereign ratings do not have an interacted effect with bank ratings’ effects on stock prices. 
The case of positive sovereign events (𝐹𝑃𝑆_𝐷𝑢𝑚𝑚𝑦) and their interacted effects with bank rating events (𝐼𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜_𝑃) is different from that of negative ones. β3 is not significant reflecting an absence of association between sovereign upgrades and price reactions. Recall that Models (6) and (8) states an absence of bank rating upgrades’ effects on price reactions. 
Therefore, it is straightforward to find that the interaction effects (β5) are not significant.  
Table 17, which shows the results of Models (14)-(16) testing the interacted effects of sovereign-rating variables with bank rating variables on bank risk taking indicator, Z score. The three models are extended from Models (10)-(12) respectively. Consistently with (10)(12), Models (14)-(16) enhances the conclusions regarding Hypothesis 2b: β1 of Model (14), β1 of Model (15) and β1 β2 of Model (16) are negative (most of them are significant) while β2 of Model (15) and β3 β4 of Model (16) are not significant, which show an asymmetric effects of negative/positive bank rating events on risk takings.  
[Insert Table 17 here] 
Next I describe the results of the sovereign ratings’ individual or interacted effects on bank risk takings.  
In terms of negative sovereign ratings’ effects, the results among three models are not consistent: coefficients on SovNegD are significantly negative in Model (14) while they are negative yet insignificant in Models (15) and (16) so I can only provide weak evidence to show that negative sovereign rating events impact bank risk-taking controlling bank rating downgrades.  Coefficients on interaction terms (RC_SovNegD in Model (14), NegNo_SovNegD in Model (15) and Neg1_SovNegD, Neg2_SovNegD in Model (16)) are 
consistently insignificant indicating that negative sovereign rating events increase bank risk takings independently from bank rating events. 
The situation of positive sovereign ratings’ effects is not similar to that of negative ones: coefficients on SovPosD are positive but not consistently significant, which implies a weak evidence that positive sovereign events decrease risk takings controlling bank rating upgrades. 
Except Model (14), coefficients on PosNo_SovPosD in Model (15) and Pos1_SovPosD, 
Pos2_SovPosD in Model (16)) are consistently insignificant and since coefficients on bank rating variables are insignificant, there does not exist interacted effects between positive sovereign events and positive bank rating events. 
Some conclusions for Hypothesis 3a: 
For stock prices: 
· Negative sovereign events impact the bank stock prices downward independently from negative bank rating events but there is no significant interacted effects between bank ratings and sovereign ratings. 
· Positive sovereign events do not significantly impact bank stock prices 
For bank risk takings: 
· Weak evidence shows that negative sovereign events impact the risk takings and such impact is significantly independent from that of negative bank ratings and there is no interacted effects between negative sovereign rating events and negative bank rating events.  
· Weak evidence shows that positive sovereign rating events impact the risk takings and there is no interacted effects between positive sovereign rating events and positive bank rating events.  
 
5.3.2 Hypothesis 3b 
Table 18 shows the results of Model (17). 
[Insert Table 18 here] 
β1 is significantly negative which is consistent to that of Models (5) and (13). β2 is negative indicating a bank rating downgrade negatively impacts stock prices even if it follows the sovereign-ceiling policy. β3 is not significant which shows that bank rating upgrades following the sovereign-ceiling policy do not significantly impact stock prices, which is reasonable because Models (5) and (13) have shown that positive events generally do not impact stock price movements. 
β4 and β5, the coefficients on the interaction terms are significantly positive. As described in Section 3.2.2, it provides empirical evidence to state that the mechanism of sovereign-ceiling policy makes bank rating changes who follows it have weaker effects on stock market. 
Conclusions for Hypothesis 3b:  
Bank rating downgrades triggered by the sovereign-ceiling policy are associated with a decrease of stock returns but such association is significantly weaker than other rating downgrades.  
VI. Conclusion 
 
This paper is an empirical research on sovereign ratings, bank entity ratings and bank performances. Data of 55 European banks is collected including the information of historical sovereign/entity ratings, daily stock prices and accounting data. The association between sovereign ratings and entity ratings in same countries is studied, followed by an analysis of impact of entity ratings on bank stock performances and risk-taking indicators. I find that sovereign rating changes are followed by bank rating changes in the same country and the corresponding bank rating changes are significantly associated with daily stock price movement and annually risk-taking indicators. Besides that, the interacted effects of sovereign and entity ratings on the bank performances are analysed and the key finding is that sovereign ratings and entity ratings of banks independently impact bank performances except a special circumstance of sovereign-ceiling policy where entity rating change’s impact is significantly reduced if it follows a sovereign rating change.  
This research contributes to the topic of sovereign rating’s impact on commercial bank performances. The finding of this paper proves the existence of a channel of entity ratings by which the sovereign ratings impact bank performances. However, I find that this channel is not an exclusive one since the sovereign ratings still have impact on bank performances controlling entity ratings and coefficients on their interaction term (DID estimators) are not significant in most cases. It means that discussions of previous literature on alternative channels (holding of government debts, government guarantee, macro financial stability etc.) can be extended further to explain the sovereign-bank relationship.  
My research also extends existing literature of rating-bank relationship by taking risk-taking indicators (Z score) as a variable explained by rating variations. I find an uplift of risk-taking following a negative bank rating variation and raise a potential explanation that negative rating news deteriorates the financial market situation of the involved banks who have to increase their risk-takings to maintain their profitability levels given a weaker profitability from the financial market.  
 	 
Tables and Figures  
Table 1[footnoteRef:2]  [2:  *+: possible upgrade; *-: possible downgrade ] 

This table represents the transformation of real rating notches (including the status of possible upgrade/downgrade) offered by Moody’s, S&P and Fitch to numeric indicators which are used in regression analyses  
	Numeric indicator 
	Rating Notches of Moody's 
	Rating Notches of SP and Fitch 

	1 
	Aaa 
	AAA 

	2 
	Aaa*- 
	AAA*- 

	3 
	Aa1*+ 
	AA+*+ 

	4 
	Aa1 
	AA+ 

	5 
	Aa1*- 
	AA+*- 

	6 
	Aa2*+ 
	AA*+ 

	7 
	Aa2 
	AA 

	8 
	Aa2*- 
	AA*- 

	9 
	Aa3*+ 
	AA-*+ 

	10 
	Aa3 
	AA- 

	11 
	Aa3*- 
	AA-*- 

	12 
	A1*+ 
	A+*+ 

	13 
	A1 
	A+ 

	14 
	A1*- 
	A+*- 

	15 
	A2*+ 
	A*+ 

	16 
	A2 
	A 

	17 
	A2*- 
	A*- 

	18 
	A3*+ 
	A-*+ 

	19 
	A3 
	A- 

	20 
	A3*- 
	A-*- 

	21 
	Baa1*+ 
	BBB+*+ 

	22 
	Baa1 
	BBB+ 

	23 
	Baa1*- 
	BBB+*- 

	24 
	Baa2*+ 
	BBB*+ 

	25 
	Baa2 
	BBB 

	26 
	Baa2*- 
	BBB*- 

	27 
	Baa3*+ 
	BBB-*+ 

	28 
	Baa3 
	BBB- 

	29 
	Baa3*- 
	BBB-*- 

	30 
	Ba1*+ 
	BB+*+ 

	31 
	Ba1 
	BB+ 

	32 
	Ba1*- 
	BB+*- 

	33 
	Ba2*+ 
	BB*+ 

	34 
	Ba2 
	BB 

	35 
	Ba2*- 
	BB*- 

	36 
	Ba3*+ 
	BB-*+ 

	37 
	Ba3 
	BB- 

	38 
	Ba3*- 
	BB-*- 

	39 
	B1*+ 
	B+*+ 

	40 
	B1 
	B+ 

	41 
	B1*- 
	B+*- 

	42 
	B2*+ 
	B*+ 

	43 
	B2 
	B 

	44 
	B2*- 
	B*- 

	45 
	B3*+ 
	B-*+ 

	46 
	B3 
	B- 

	47 
	B3*- 
	B-*- 

	48 
	Caa1*+ 
	CCC+*+ 

	49 
	Caa1 
	CCC+ 

	50 
	Caa1*- 
	CCC+*- 

	51 
	Caa2*+ 
	CCC*+ 

	52 
	Caa2 
	CCC 

	53 
	Caa2*- 
	CCC*- 

	54 
	Caa3*+ 
	CCC-*+ 

	55 
	Caa3 
	CCC- 

	56 
	Caa3*- 
	CCC-*- 

	57 
	Ca*+ 
	CC*+ 

	58 
	Ca 
	CC 

	59 
	Ca*- 
	CC*- 

	60 
	C*+ 
	C*+ 

	61 
	C 
	C 
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This table shows the intuition of key Difference-in-Difference estimators in Models (14), (15) and (16) 
	Model 
	D-I-D Estimator 
	Interpretation 

	(14) 
	β4 
	Whether negative bank rating variation in previous year affect bank risk takings significantly differently conditional on there are 

	
	β5 
	Whether positive bank rating variation in previous year affect bank risk takings significantly differently conditional on there are 

	(15) 
	β5 
	Whether the number of negative bank rating events in previous year affect bank risk takings significantly differently conditional on 

	
	β6 
	Whether the number of positive bank rating events in previous year affect bank risk takings significantly differently conditional on 

	(16) 
	β7 β8 
	Whether the occurrence of slight negative bank rating events in previous year affect bank risk takings significantly differently Whether the occurrence of large negative bank rating events in previous year affect bank risk takings significantly differently 

	
	β9 
	Whether the occurrence of slight positive bank rating events in previous year affect bank risk takings significantly differently 

	
	β10 
	Whether the occurrence of large positive bank rating events in previous year affect bank risk takings significantly differently 


 
 
 	 
Table 3 
This table shows the details of 55 European banks included in the testing sample 
	Bank No. 
	Bank Code 
	Time Period 
	Country 

	1 
	RBI AV 
	11/10/2010-01/06/2016 
	Austria 

	2 
	KBC BB 
	24/08/1999-01/06/2016 
	

	3 
	BBLB BB 
	24/08/1999-03/12/2008 
	Belgium 

	4 
	5F4 BU 
	25/06/2007-01/06/2016 
	

	5 
	6C9 BU 
	29/10/2008-22/12/2014 
	Bulgaria 

	6 
	KOMB CP 
	24/08/1999-01/06/2016 
	Czech 

	7 
	DANSKE DC 
	24/08/1999-01/06/2016 
	Denmark 

	8 
	1283Z FH 
	24/08/1999-01/06/2016 
	Finland 

	9 
	BNP FP  
	24/08/1999-01/06/2016 
	

	10 
11 
	ACA FP  
GLE FP 
	24/08/1999-01/06/2016 
24/08/1999-01/06/2016 
	France 

	12 
	KN FP 
	24/08/1999-01/06/2016 
	

	13 
	CC FP 
	24/08/1999-01/06/2016 
	

	14 
	ETE GA  
	24/08/1999-01/06/2016 
	

	15 
16 
17 
	TPEIR GA 
EUROB GA 
ALPHA GA 
	24/08/1999-01/06/2016 
24/08/1999-01/06/2016 
24/08/1999-01/06/2016 
	Greece 

	18 
	EGNAK GA 
	01/08/2004-31/03/2011 
	

	19 
	TEMP GA 
	24/08/1999-30/05/2011 
	

	20 
	OTP HB 
	24/08/1999-01/06/2016 
	Hungary 

	21 
	BKIR ID 
	24/08/1999-01/06/2016 
	

	22 
	ALBK ID 
	24/08/1999-01/06/2016 
	Ireland 

	23 
	UCG IM 
	24/08/1999-01/06/2016 
	

	24 
25 
	ISP IM 
CE IM 
	24/08/1999-01/06/2016 
24/08/1999-01/06/2016 
	Italy 

	26 
	CRG IM 
	24/08/1999-01/06/2016 
	

	27 
	1111Z NA 
	24/08/1999-01/06/2016 
	Netherlands 

	28 
	PEO PW 
	21/12/2000-01/06/2016 
	

	29 
30 
31 
	BZW PW 
MBK PW 
MIL PW 
	02/07/2001-01/06/2016 
02/07/2001-01/06/2016 
29/06/2001-01/06/2016 
	Poland 

	32 
	BHW PW 
	24/08/1999-01/06/2016 
	

	33 
	BPH PW 
	24/08/1999-01/06/2016 
	

	34 
	BES PL 
	09/11/1999-01/08/2014 
	Portugal 

	35 
	BPI PL 
	10/06/2003-05/08/2014 
	

	36 
	229570Z  RO 
	09/06/2004-01/06/2016 
	

	37 
	BRD  RO 
	15/01/2001-01/06/2016 
	Romania 

	38 
	GUTB RU 
	28/05/2007-01/06/2016 
	

	39 
	ROSB RU 
	22/02/2006-01/06/2016 
	Russia 

	40 
	SAN SM 
	24/08/1999-01/06/2016 
	

	41 
42 
43 
	BBV AR 
SAB SM 
BKIA SM 
	24/08/1999-01/06/2016 
17/04/2001-01/06/2016 
20/07/2011-01/06/2016 
	Spain 

	44 
	POP SM 
	24/08/1999-01/06/2016 
	

	45 
	BKT SM 
	24/08/1999-01/06/2016 
	

	46 
	BES PL 
	09/11/1999-01/06/2016 
	Portugal 

	47 
	BTO SM 
	24/08/1999-03/05/2013 
	

	48 
	SHBA SS 
	24/08/1999-01/06/2016 
	

	49 
	SWEDA SS 
	24/08/1999-01/06/2016 
	Sweden 

	50 
	NORB SS 
	24/08/1999-27/02/2004 
	

	51 
	8376923Z LN 
	24/08/1999-01/06/2016 
	

	52 
53 
	LLOY LN 
RBS LN 
	24/08/1999-01/06/2016 
24/08/1999-01/06/2016 
	London 

	54 
	HSBA LN 
	24/08/1999-01/06/2016 
	

	55 
	STAN LN 
	10/06/2003-01/06/2016 
	


 
4
This table presents key variables used in the analyses regarding bank risk-takings 
	Type 
	Variable 
	Basis 
	Data Source 

	Rating 
	Sovereign Rating 

	Daily 

	Bloomberg 

	
	Bank Rating
	Daily
	

		Stock Market
	Stock Price
	Daily
	

	
	Annual Volatility

	Annually

	

	
	Index
	Daily
	

	Accounting Data 

	Return on Asset  
	Annually
	Datastream

	
	Total Capital  
	Annually
	

	
	Total Liability
	Annually
	

	
	Total Asset
	Annually
	

	
	Loan Volume
	Annually
	

	
	Non-Performing Loan Volume
	Annually
	

	
	Deposit Volume
	Annually 

	

	
	Tier-1 Ratio
	Annually
	



	 
		 
		 
		 
		 

 
 
Table 5 
This table breaks up the number of sovereign and entity rating events according to the event direction (positive or negative) and the timing of occurrence (whether an entity rating event occurring following a sovereign one and whether the occurrence triggers the sovereign-ceiling policy)  
	Rating Type 
	Events 
	No. 

	
	
	Negative
	Positive

	Sovereign 
	Sovereign Rating Events 
	780
	470

	
	Bank Rating events
	763
	405

	Entity  
	Bank Rating Events following the occurrence of sovereign rating events   
	414
	111

	
	Bank Rating Events triggered by the sovereign-ceiling policy
	99
	26


 
 
Table  

Table  
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 Table 6 
This table shows the regression result of Models (1) and (2). Model specification is the ordered logit/probit regression estimated by MLE method. The dependent variable is a dummy indicating the occurrence of bank rating events and key independent variables indicate the occurrence of sovereign rating events at most 90 days before. Definition of dependent and independent variables is in the Section 3.1.1. Regressions are estimated for each rating agency and each type of rating events separately.  
	Model 
	Rating Agency Distribution Function 
	Moody 
	S&P 
	Fitch 

	
	
	Logit 
	Probit 
	Logit 
	Probit 
	Logit
	Probit

	(1)
	Event type
	Downgrade
	Upgrade
	Downgrade
	Upgrade
	Downgrade
	Upgrade
	Downgrade
	Upgrade
	Downgrade
	Upgrade
	Downgrade
	Upgrade

	
	 
 
Variables
	β1(On_Watch)
	1.84*** 
	1.75***
	0.62***
	0.52***
	2.45***
	-0.49***
	0.77***
	-0.27***
	1.43***
	1.10***
	0.40***
	0.33***

	
	
	
	(189.00) 
	(74.98) 
	(171.48)
	(55.86)
	(252.02)
	(127.00)
	(210.48)
	(134.18)
	(11.57)
	(11.08)
	(8.73)
	(9.44)

	
	
	β2 (Sovc1)
	1.95*** 
	0.94*** 
	0.64***
	0.29***
	1.84***
	0.44***
	0.56***
	0.27***
	2.19***
	1.29***
	0.66***
	0.39***

	
	
	
	(308.15)
	(19.31)
	(266.67)
	(17.45)
	(147.91)
	(382.24)
	(134.10)
	(399.58)
	(158.49)
	(38.75)
	(138.16)
	(33.33)

	
	
	β3 (Sovc2)
	1.92*** 
	2.25*** 
	0.65*** 
	0.73*** 
	2.17*** 
	0.33*** 
	0.69*** 
	0.19*** 
	3.03***
	1.68***
	0.98*** 
	0.53***

	
	
	
	(253.21)
	(204.82)
	(227.43)
	(174.12) 
	(208.93)
	(106.76) 
	(199.82)
	(100.48)
	(344.25)
	(51.12)
	(334.67)
	 (46.39) 

	(2)
	Event type
	All
	
	All
	
	All
	
	All
	
	All
	
	All
	

	
	Variables
	β1 
(D_On_Watch)
	-1.73***
	
	-0.52***
	
	-0.40***
	
	-0.25***
	
	-1.13** 
	
	-0.29** 
	

	
	
	
	(158.06)
	
	(112.51)
	
	(119.87)
	
	(160.86)
	
	(6.39) 
	
	(4.26) 
	

	
	
	β2 (D_Sovc1)
	-1.82***
	
	-0.58*** 
	
	-0.50*** 
	
	-0.27***
	
	-2.15***
	
	-0.65*** 
	

	
	
	
	(261.67)
	
	(219.44)
	
	(455.81) 
	
	(473.48)
	
	(164.77) 
	
	(141.94) 
	

	
	
	β3 (D_Sovc2)
	-1.75***
	
	-0.59*** 
	
	0.05*
	
	-0.01
	
	-2.89***
	
	-0.92***
	

	
	
	
	(192.90)
	
	(156.29) 
	
	(3.10) 
	
	(0.53) 
	
	(361.65) 
	
	(324.59) 
	

	
	
	β4 
(U_On_Watch)
	1.59***
	
	0.46***
	
	-0.48***
	
	-0.25***
	
	1.09***
	
	0.31***
	

	
	
	
	(66.61)
	
	(46.85)
	
	(124.84)
	
	(127.47)
	
	(11.37)
	
	(9.31)
	

	
	
	β5 (U_Sovc1)
	0.85***
	
	0.25***
	
	0.42***
	
	0.25***
	
	1.31***
	
	0.39***
	

	
	
	
	(18.53)
	
	(15.78)
	
	(355.39)
	
	(361.06)
	
	(43.98)
	
	(38.22)
	

	
	
	β6 (U_Sovc2)
	2.09*** 
	
	0.67*** 
	
	0.31***
	
	0.18***
	
	1.74***
	
	0.54***
	

	
	
	
	(182.22)
	
	(146.77)
	
	 (99.20) 
	
	(89.12)
	
	(57.73)
	
	(50.88)
	


 Figures in cells are estimated coefficients on corresponding variables shown in the ‘Variables’ column; Figures in brackets are Wald-test statistics of corresponding estimated coefficients; 
***significant at 1% level 
**significant at 5% level 
*significant at 10% level
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Table 7
Section I shows the numbers of positive/negative rating events and proportions of events which occur following sovereign rating events for each of the Big Three CRAs in the testing sample; Section II breaks up the numbers in Section I in different years; Section III breaks up the numbers in Section I according to the countries 
	
	
	Moody’s
	S&P
	Fitch

	
	
	Negative
	Positive
	Negative
	Positive
	Negative
	Positive

	
	
	A
	B
	A
	B
	A
	B
	A
	B
	A
	B
	A
	B

	I
	ALL
	381
	50.66%
	225
	21.33%
	215
	54.88%
	104
	33.65%
	167
	61.68%
	76
	36.84%

	II
	Year
	1
	0.00%
	13
	15.38%
	0
	NA
	0
	NA
	1
	0.00%
	3
	66.67%

	
	2000
	0
	NA
	13
	7.69%
	0
	NA
	0
	NA
	0
	NA
	4
	0.00%

	
	2001
	6
	0.00%
	15
	80.00%
	0
	NA
	0
	NA
	2
	0.00%
	3
	66.67%

	
	2002
	3
	0.00%
	16
	43.75%
	0
	NA
	3
	33.33%
	3
	0.00%
	6
	50.00%

	
	2003
	1
	0.00%
	8
	12.5%
	1
	0.00%
	7
	14.29%
	1
	100.00%
	7
	28.57%

	
	2004
	2
	0.00%
	6
	16.67%
	1
	0.00%
	16
	43.75%
	1
	0.00%
	2
	50.00%

	
	2005
	1
	100.00%
	9
	22.22%
	2
	0.00%
	20
	10.00%
	0
	NA
	20
	30.00%

	
	2006
	12
	8.33%
	30
	3.33%
	2
	0.00%
	13
	15.38%
	1
	0.00%
	3
	0.00%

	
	2007
	24
	4.17%
	7
	28.57%
	20
	15.00%
	4
	0.00%
	14
	14.29%
	2
	0.00%

	
	2008
	63
	39.68%
	3
	0.00%
	32
	40.63%
	1
	0.00%
	24
	37.50%
	6
	0.00%

	
	2009
	52
	78.85%
	8
	0.00%
	18
	44.44%
	6
	66.67%
	24
	83.33%
	2
	0.00%

	
	2010
	82
	69.51%
	11
	0.00%
	53
	86.79%
	6
	33.33%
	46
	84.78%
	5
	80.00%

	
	2011
	73
	58.90%
	13
	46.15%
	39
	66.67%
	4
	75.00%
	20
	85.00%
	3
	66.67%

	
	2012
	15
	26.67%
	7
	42.86%
	11
	54.55%
	1
	0.00%
	8
	75.00%
	4
	100.00%

	
	2013
	20
	25.00%
	11
	36.36%
	10
	20.00%
	14
	42.86%
	2
	0.00%
	3
	66.67%

	
	2014
	26
	57.69%
	55
	10.91%
	26
	53.85%
	9
	77.78%
	20
	45.00%
	3
	0.00%

	
	2015
	1
	0.00%
	13
	15.38%
	0
	NA
	0
	NA
	1
	0.00%
	3
	66.67%

	III
	Austria
	5.0
	20.00%
	2.0
	0.00%
	5.0
	20.00%
	2.0
	0.00%
	5.0
	20.00%
	1.0
	0.00%

	
	Belgium
	3.5
	14.29% 
	2.5
	0.00%
	1.5
	33.33%
	1.0
	50.00%
	0.5
	0.00%
	1.0
	50.00%

	
	Bulgaria
	4.0
	12.50%
	0.5
	0.00%
	0.0
	NA
	0.0
	NA
	0.5
	0.00%
	0.0
	NA

	
	Czech
	4.0
	0.00%
	5.0
	40.00%
	3.0
	0.00%
	6.0
	50.00%
	3.0
	0.00%
	5.0
	20.00%

	
	Denmark
	8.0
	0.00%
	8.0
	0.00%
	3.0
	0.00%
	1.0
	0.00%
	3.0
	0.00%
	1.0
	0.00%

	
	Finland
	9.0
	0.00%
	7.0
	0.00%
	4.0
	0.00%
	4.0
	0.00%
	0.0
	NA
	1.0
	0.00%

	
	France
	5.0
	36.00%
	3.6
	0.00%
	4.2
	33.33%
	1.6
	0.00%
	3.4
	35.29%
	2.2
	0.00%

	
	Greece
	12.8
	89.61%
	6.5
	25.64%
	8.3
	66.00%
	3.5
	38.10%
	6.2
	100.00%
	2.5
	66.67%

	
	Hungary
	9/0
	88.89%
	9.0
	22.22%
	5.0
	80.00%
	1.0
	0.00%
	0.0
	NA
	0.0
	NA

	
	Ireland
	9.0
	55.56%
	5.0
	30.00%
	5.5
	72.73%
	2.5
	80,00%
	6.0
	66.67%
	3.5
	57.14%

	
	Italy
	8.0
	68.75%
	7.0
	7.14%
	5.8
	78.26%
	1.3
	0.00%
	3.8
	66.67%
	1.5
	0.00% 

	
	Netherlands
	7.0
	0.00%
	5.0
	0.00%
	3.0
	33.33%
	1.0
	0.00%
	3.0
	0.00%
	3.0
	0.00%

	
	Poland
	5.7 
	2.94% 
	6.3
	34.21%
	1.0
	33.33%
	0.5
	33.33%
	1.7
	10.00%
	1.5%
	0.00%

	
	Portugal
	10.5
	76.19%
	2.0
	0.00%
	5.5
	72.73%
	1.0
	0.00%
	3.5
	100.00%
	0.0
	NA

	
	Romania 
	1.0 
	0.00% 
	4.5 
	66.67% 
	1.0 
	100.00% 
	3.5 
	100.00% 
	1.5 
	66.67% 
	6.5 
	92.31% 

	
	Russia 
	6.5 
	61.54% 
	5.0 
	40.00% 
	0.5 
	0.00% 
	3.0 
	33.33% 
	2.5 
	60.00% 
	2.0 
	25.00% 

	
	Spain 
	7.7 
	69.57% 
	4.2 
	26.32% 
	5.3 
	68.75% 
	2.4 
	40.91% 
	3.8 
	82.35% 
	1.2 
	18.18% 

	
	Sweden 
	5.3 
	0.00% 
	2.0 
	16.67% 
	3.3 
	0.00% 
	0.7 
	0.00% 
	2.3 
	0.00% 
	2.0 
	0.00% 

	
	UK 
	5.4 
	3.70% 
	4.0 
	0.00% 
	1.8 
	0.00% 
	1.4 
	0.00% 
	1.6 
	0.00% 
	1.6 
	0.00% 

	
	Part I: Full sample; 
Part II: Along different years; 
Part III: Among different countries; 
 
Column A:  
For Part I and II: Total number of bank rating events 
For Part III: Average number of bank rating events per bank 
 
Column B: 
For all parts: proportion of events which occur following sovereign rating events
	
	 
	
	
	
	
	
	


	 
Table 8
Section I shows the result of t-test on the reaction time differences between negative and positive events; Section II shows the f-test result regarding the reaction time comparison among the three rating agencies 
	Section I 
	Part IV: T-test 
	Section II 
	Part V: F-test 

	
	Moody’s 
	S&P 
	Fitch 
	
	Comparison among Big Three 

	
	Neg 
	Pos 
	Gap 
	Neg 
	Pos 	 
	Gap
	Neg 
	Pos 
	Gap 
	
	Neg 
	Pos 

	1st Average Reaction 
Time  
(t-stat.)a 
	12.08 
	14.13 
	-2.04 
(-0.54) 
	15.87 
	12.29 
	3.58 (0.85) 
	8.28 
	12.63 
	-4.55 
(-0.92) 
	1st Rea. 
F-Stat. 
(p)a 
	1.69 
(0.19) 
	0.07 
(0.94) 

	2nd Average Reaction 
Time  
(t-stat.) 
	66.84 
	52.38 
	14.47 
(1.71) 
	49.71 
	46.67 
	3.05 (0.26) 
	74.3 
	N/A 
	N/A 
	2nd 
Rea. 
F-Stat. 
(p) 
	2.63 
(0.09) 
	N/A 


a: the observations with the 1st reaction time as zero day are excluded; 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 9
Section I of this table is the result of Model (3), a fixed-effect panel regression regressing logarithm of price levels of banks on the bank rating level indicators; Section II of this table is the result of Model (4) which is a combination of a series of time-series regressions regression regressing logarithm of price levels of banks on the bank rating level indicators. Definition of dependent and independent variables is in Section 3.2.1.1.  
	Section I

	
 
	𝛽1 
(t-stat) 
	γ 
(t-stat) 
	R2 
	N: 55 
T:4374 
Year Fixed Effect :Yes 

	
	-0.086*** (-308.20) 
	0.520*** (154.72) 
	93.98% 
	

	Section II

	Bank No. 
	Bank Code
	𝛽1,𝑖
	𝛾𝑖 
	Adj. R2 
	Country

	1
	RBI AV
	-0.065***
	1.349***
	84.41%
	Austria

	2
	KBC BB
	NonSig
	0.737*** 
	74.42% 
	Belgium

	3
	BBLB BB
	NonSig
	0.264***
	71.47%
	

	4
	5F4 BU
	NonSig
	0.806***
	83.60% 
	Bulgaria

	5
	6C9 BU
	-0.059***
	0.826***
	27.24%
	

	6
	KOMB CP
	-0.123***
	NonSig
	70.43%
	Czech

	7
	DANSKE DC
	-0.0038***
	0.952***
	98.30%
	Denmark

	8
	1283Z FH
	-0.0039***
	0.676***
	60.20%
	Finland

	9
	BNP FP
	NonSig
	0.761***
	90.28%
	France

	10
	ACA FP
	NonSig
	0.820***
	46.58%
	

	11
	GLE FP
	-0.031***
	1.173***
	98.22%
	

	12
	KN FP
	NonSig
	1.506***
	74.27%
	

	13
	CC FP
	-0.032***
	0.643***
	66.37%
	

	14
	ETE GA
	-0.061***
	1.390***
	77.48%
	Greece

	15
	TPEIR GA
	-0.096***
	1.332***
	82.08%
	

	16
	EUROB GA
	-0.126***
	0.821***
	81.34%
	

	17
	ALPHA GA
	-0.028***
	1.678***
	88.68%
	

	18
	EGNAK GA
	NonSig
	1.896***
	62.67%
	

	19
	TEMP GA
	NonSig
	1.896***
	62.67%
	

	20
	OTP HB
	-0.021***
	1.286***
	93.26%
	Hungary

	21
	BKIR ID
	-0.155***
	1.518*** 
	95.53%
	Ireland

	22
	ALBK ID
	-0.210***
	1.102***
	96.05%
	

	23
	UCG IM
	-0.037***
	1.016***
	96.72%
	Italy

	24
	ISP IM
	NonSig
	0.704*** 
	83.11% 
	

	25
	CE IM
	NonSig
	0.732***
	73.19%
	

	26
	CRG IM
	-0.085***
	0.101***
	84.61%
	

	27
	1111Z NA
	NonSig
	0.682*** 
	86.22% 
	Netherlands

	28
	PEO PW
	-0.092***
	0.543***
	80.35%
	Poland

	29
	BZW PW
	NonSig
	1.329***
	91.56%
	

	30
	MBK PW
	NonSig
	1.283***
	86.91%
	

	31
	MIL PW
	NonSig
	0.877***
	71.80%
	

	32
	BHW PW
	NonSig
	0.406***
	55.17%
	

	33
	BPH PW
	-0.099***
	0.654*** 
	65.59% 
	

	34
	BES PL
	-0.013***
	0.556***
	94.53%
	Portugal

	35
	BPI PL
	NonSig
	0.925***
	87.49%
	

	36
	229570Z  RO
	NonSig
	1.292***
	30.32%
	Romania

	37
	BRD  RO
	-0.034***
	0.579***
	87.54%
	

	38
	GUTB RU
	NonSig
	0.998***
	42.21%
	Russia

	39
	ROSB RU
	-0.021***
	0.972***
	43.27%
	

	40
	SAN SM
	-0.0035***
	0.938***
	76.79%
	Spain

	41
	BBV AR
	-0.016***
	0.857***
	57.32%
	

	42
	SAB SM
	-0.031***
	1.019***
	83.17%
	

	43
	BKIA SM
	-0.262***
	1.546***
	78.13%
	

	44
	POP SM
	-0.057***
	0.435***
	90.73%
	

	45
	BKT SM
	-0.012***
	0.935***
	40.61%
	

	46
	BES PL
	-0.065***
	0.562*** 
	86.10%
	

	47
	BTO SM
	-0.045***
	0.734***
	44.56%
	

	48
	SHBA SS
	NonSig
	0.974*** 
	92.36% 
	Sweden

	49
	SWEDA SS
	-0.040***
	0.960***
	61.75%
	

	50
	NORB SS
	NonSig
	1.319***
	96.46%
	

	51
	8376923Z LN
	NonSig
	1.163***
	93.42%
	UK

	52
	LLOY LN
	-0.012***
	1.734***
	88.20%
	

	53
	RBS LN
	-0.037***
	2.594***
	95.00%
	

	54
	HSBA LN
	-0.052***
	0.324***
	68.39%
	

	55
	STAN LN
	-0.100***
	0.256*** 
	21.43%
	


*** 1% significance level  		** 5% significance level   		* 10% significance level 
Table  


In Section II, the notification ‘NonSig’ refers to ‘non-significant’ 
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Table 10
This table shows the regression result of Model (5). The dependent variable is the daily returns of banks for different time windows (T). Key independent variable is daily bank rating changes. Coefficients are estimated by fixed-effect estimation.  
	Time window (T) 
	1-day 
	2-day 
	3-day 
	4-day 
	5-day 
	6-day 
	7-day 
	8-day 
	9-day 
	10-day 

	β1 (𝐵𝑎𝑛𝑘 𝑅𝑎𝑡𝑖𝑛𝑔 𝐶ℎ𝑎𝑛𝑔𝑒) a
	-1.71*** 
(-4.37) 
	-2.50*** 
(-4.62) 
	-1.87*** 
(-2.85) 
	-1.95*** 
(-2.59) 
	-1.79** 
(-2.08) 
	-2.20** 
(-2.37) 
	-1.96** 
(-1.97) 
	-1.59 
(-1.52) 
	-1.21 
(-1.10) 
	-1.54 
(-1.34) 

	γ (Index Return) 
 
	0.84*** 
(265.41) 
	0.87*** 
(293.12) 
	0.88*** 
(302.85) 
	0.89*** 
(306.45) 
	0.90*** 
(301.91) 
	0.91*** 
(304.63) 
	0.91*** 
(307.19) 
	0.91*** 
(310.80) 
	0.92*** 
(314.20) 
	0.92*** 
(317.35) 

	Year Fixed Effect 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 

	Firm Fixed Effect 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 

	R2 
	25.33% 
	29.38% 
	30.86% 
	31.48% 
	30.96% 
	31.48% 
	31.98% 
	32.62% 
	33.23% 
	33.81% 

	N 
	55 
	55 
	55 
	55 
	55 
	55 
	55 
	55 
	55 
	55 

	T 
	4374 
	4373 
	4372 
	4371 
	4370 
	4369 
	4368 
	4367 
	4366 
	4365 

	a: The actual coefficients are those figures shown in the table times 10-3 
Figures in brackets are corresponding t-statistics 
*** 1% significance level  
** 5% significance level  * 10% significance level 
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Table 11
This table shows the regression result of Model (6). The dependent variable is the daily returns of banks for different time windows (T). Key independent variables are dummies indicating the occurrence of downgrade/upgrade rating events. Coefficients are estimated by fixed-effect estimation.  
	Time window (T) 
	1-day 
	2-day 
	3-day 
	4-day 
	5-day 
	6-day 
	7-day 
	8-day 
	9-day 
	10-day 

	β1 (𝐴𝑐𝑡𝑢𝑎𝑙_𝑑𝑜𝑤𝑛) a
	-5.02*** (-3.28) 
	-7.79*** (-3.67) 
	-8.27*** (-3.22) 
	-7.57** 
(-2.57) 
	-3.95 
(-1.18) 
	-5.12 
(-1.41) 
	-3.81 
(-0.98) 
	-2.05 
(-0.50) 
	1.23 
(0.29) 
	0.86 
(0.19) 

	β2 (𝑃𝑜𝑠𝑠𝑖𝑏𝑙𝑒_𝑑𝑜𝑤𝑛)a 
	-4.77*** (-3.82) 
	-7.81*** (-4.52) 
	-8.01*** (-3.83) 
	-6.60*** (-2.74) 
	-5.93** (-2.16) 
	-7.11** (-2.39) 
	-4.39 
(-1.39) 
	-4.26 
(-1.28) 
	-4.80 
(-1.37) 
	-3.54 
(-1.46) 

	β3 (𝑃𝑜𝑠𝑠𝑖𝑏𝑙𝑒_𝑢𝑝)a 
	-0.05 
(-0.03) 
	0.29 
(1.34) 
	3.24 
(1.23) 
	1.92 
(0.63) 
	0.07 
(0.20) 
	2.53 
(0.67) 
	2.40 
(0.60) 
	0.26 
(0.06) 
	2.34 
(0.53) 
	1.26 
(0.27) 

	β4 (𝐴𝑐𝑡𝑢𝑎𝑙_𝑢𝑝)a 
	-0.18 
(-0.84) 
	1.14 
(0.38) 
	-2.90 
(-0.81) 
	-2.98 
(-0.72) 
	-2.57 
(-0.55) 
	-1.35 
(-0.26) 
	-0.36 
(-0.07) 
	0.86 
(0.15) 
	3.96 
(0.66) 
	5.65 
(0.90) 

	γ (Index Return) 
	0.86*** 
(285.50) 
	0.88*** 
(302.91) 
	0.89*** 
(309.28) 
	0.90*** 
(311.27) 
	0.90*** 
(305.67) 
	0.91*** 
(307.82) 
	0.91*** 
(309.99) 
	0.91*** 
(313.27) 
	0.92*** 
(316.43) 
	0.92*** 
(319.38) 

	Year Fixed Effect 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 

	Firm Fixed Effect 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 

	R2 
	28.43% 
	30.82% 
	31.83% 
	32.20% 
	31.52% 
	31.95% 
	32.39% 
	32.98% 
	33.55% 
	34.10% 

	N 
	55 
	55 
	55 
	55 
	55 
	55 
	55 
	55 
	55 
	55 

	T 
	4374 
	4373 
	4372 
	4371 
	4370 
	4369 
	4368 
	4367 
	4366 
	4365 

	a: The actual coefficients are those figures shown in the table times 10-3 
Figures in brackets are corresponding t-statistics 
*** 1% significance level  
** 5% significance level  
* 10% significance level 
	


 
 
 	 



Table 12
This table shows the regression result of Model (7). The dependent variable is the daily returns of banks for different time windows (T). Key independent variable is daily bank rating changes. 
Coefficients are estimated by OLS method  
	Time window (T) 
	1-day 
	2-day 
	3-day 
	4-day 
	5-day 
	6-day 
	7-day 
	8-day 
	9-day 
	10-day 

	β1 (𝐵𝑎𝑛𝑘 𝑅𝑎𝑡𝑖𝑛𝑔 𝐶ℎ𝑎𝑛𝑔𝑒) a
	-1.34** 
(-2.40) 
	-1.85** 
(-2.28) 
	-1.07 
(-1.04) 
	-1.86 
(-1.39) 
	-1.54 
(-1.23) 
	-2.50* 
(-1.76) 
	-2.79* 
(-1.73) 
	-2.13 
(-1.36) 
	-1.94 
(-1.19) 
	-2.32 
(-1.34) 

	γ (Index Return) 
 
	1.19*** (32.36) 
	1.15*** (31.62) 
	1.15*** (34.12) 
	1.16*** (29.99) 
	1.09*** (34.15) 
	0.97*** (31.82) 
	0.96*** (29.35) 
	0.97*** (33.34) 
	1.00*** (33.90) 
	1.01*** (33.12) 

	Year Dummy 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 

	Country dummy  
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 

	Adj. R2 
	34.94% 
	33.67% 
	37.02% 
	30.45% 
	36.30% 
	33.35% 
	30.34% 
	36.22% 
	37.30% 
	36.73% 

	N 
	2078 
	2077 
	2077 
	2077 
	2077 
	2077 
	2077 
	2077 
	2078 
	2078 

	a: The actual coefficients are those figures shown in the table times 10-3 
Figures in brackets are corresponding t-statistics 
*** 1% significance level  
** 5% significance level  * 10% significance level 
	


 
 
 
 
 
 
 
 
 
Table 13
This table shows the regression result of Model (8). The dependent variable is the daily returns of banks for different time windows (T). Key independent variables are dummies indicating the occurrence of downgrade/upgrade rating events. Coefficients are estimated by OLS method.  
	Time window (T) 
	1-day 
	2-day 
	3-day 
	4-day 
	5-day 
	6-day 
	7-day 
	8-day 
	9-day 
	10-day 

	β1 (𝐴𝑐𝑡𝑢𝑎𝑙_𝑑𝑜𝑤𝑛) a
	-3.33 
(-1.35) 
	-5.31 
(-1.49) 
	-8.01* 
(-1.76) 
	-10.83* 
(-1.84) 
	-4.75 
(-0.86) 
	-8.02 
(-1.28) 
	-11.73* (-1.65) 
	-7.04 
(-1.02) 
	-4.49 
(-0.63) 
	-7.53 
(-0.99) 

	β2 (𝑃𝑜𝑠𝑠𝑖𝑏𝑙𝑒_𝑑𝑜𝑤𝑛)a 
	-3.32 
(-1.48) 
	-5.94* 
(-1.83) 
	-8.86** (-2.15) 
	-10.53** (-1.97) 
	-7.41 
(-1.48) 
	-9.75* 
(-1.72) 
	-12.51* (-1.94) 
	-9.45 
(-1.51) 
	-10.36 
(-1.60) 
	-14.13** (-2.04) 

	β3 (𝑃𝑜𝑠𝑠𝑖𝑏𝑙𝑒_𝑢𝑝)a 
	1.98 
(0.75) 
	5.39 
(1.41) 
	2.36 
(0.48) 
	-2.32 
(-0.37) 
	-0.54 
(-0.09) 
	0.15 
(0.00) 
	-1.31 
(-0.17) 
	-0.71 
(-0.10) 
	1.55 
(0.20) 
	-2.09 
(-0.26) 

	β4 (𝐴𝑐𝑡𝑢𝑎𝑙_𝑢𝑝)a 
	8.38** (2.42) 
	11.87** (2.37) 
	4.84 
(0.76) 
	2.69 
(0.33) 
	4.42 
(0.57) 
	1.82 
(0.21) 
	-1.07 
(-0.11) 
	2.44 
(0.25) 
	8.30 
(0.83) 
	7.85 
(0.74) 

	γ (Index Return) 
	1.02*** (85.22) 
	1.04*** (63.03) 
	1.06*** (54.15) 
	1.08*** (44.39) 
	1.05*** (48.55) 
	0.99*** (43.86) 
	0.99*** (39.58) 
	0.99*** (43.02) 
	1.01*** (42.85) 
	1.02*** (41.22) 

	Year Dummy 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 

	Country dummy  
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 

	Adj. R2 
	78.82% 
	66.94% 
	60.36% 
	49.78% 
	54.58% 
	49.94% 
	45.00% 
	49.25% 
	49.28% 
	47.74% 

	N 
	2087 
	2086 
	2086 
	2086 
	2086 
	2086 
	2087 
	2087 
	2087 
	2087 

	a: The actual coefficients are those figures shown in the table times 10-3 
Figures in brackets are corresponding t-statistics 
*** 1% significance level  
** 5% significance level  
* 10% significance level 
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Table 14 
This table shows the result of Model (9). For each bank, a VAR test is conducted and the joint significance of estimators of rating indicators 𝐴1p,2 for different p is examined by F-statistics (p is the lagged term number). The maximum p ranges from 1 to 20 separately. 
	Country 
	Bank 
Code 
	F Stat 
Lag1 
(DF=1) 
	F Stat 
Lag2 
(DF=2) 
	F Stat 
Lag3 
(DF=3) 
	F Stat 
Lag4 
(DF=4) 
	F Stat 
Lag5 
(DF=5) 
	F Stat 
Lag10 
(DF=10) 
	F Stat 
Lag20 
(DF=20) 

	Austria 
	RBI AV 
	1.04 
	1.63 
	2.09 
	4.02 
	4.27 
	5.89 
	26.24 

	Belgium
	KBC BB
	3.92**
	4.77*
	5.45
	6.27
	9.06*
	9.95
	17.10 

	
	BBLB BB 
	0.01 
	0.14 
	0.47 
	0.48 
	0.66 
	1.48 
	15.08

	Bulgaria
	5F4 BU
	1.19
	1.41
	1.53
	1.83
	2.18
	6.13 	
	9.52

	
	6C9 BU
	11.71***
	10.37***
	10.67**
	9.54**
	9.78*
	11.41
	364.96***

	Czech
	KOMB CP
	1.04
	1.63
	2.09
	4.02
	4.27
	5.06
	18.87

	Denmark
	DANSKE DC
	1.99
	4.05 
	15.71*** 
	16.47*** 
	17.08*** 
	27.99*** 
	42.40*** 

	Finland
	1283Z FH 
	19.24*** 
	18.01*** 
	17.79*** 
	20.55*** 
	19.29*** 
	27.81*** 
	76.68*** 

	France
	BNP FP 
	0.70 
	1.55 
	4.71 
	4.73 
	5.54 
	10.98 
	18.69 

	
	ACA FP 
	0.01 
	0.04 
	0.87 
	0.87 
	0.94 
	2.15 
	2.90 

	
	GLE FP 
	0.43 
	1.11 
	8.18** 
	9.08* 
	9.35* 
	22.33** 
	31.92** 

	
	KN FP 
	4.47** 
	4.98* 
	5.54 
	6.87 
	8.41 
	12.52 
	28.46* 

	
	CC FP 
	5.82** 
	5.40* 
	8.98** 
	10.21** 
	15.26*** 
	15.78* 
	24.88 

	Greece
	ETE GA 
	4.42** 
	5.38* 
	6.67* 
	6.94 
	15.94*** 
	19.35** 
	32.77** 

	
	TPEIR GA 
	4.86** 
	5.65** 
	9.28** 
	9.18** 
	10.94** 
	14.51 
	26.28 

	
	EUROB GA 
	2.49 
	2.69 
	9.46** 
	9.64* 
	9.74* 
	15.38 
	34.09** 

	
	ALPHA GA 
	0.05 
	0.42 
	1.94 
	2.72 
	3.94 
	13.49 
	28.98* 

	
	EGNAK GA 
	7.93*** 
	11.23*** 
	13.45*** 
	17.97*** 
	18.39*** 
	20.27** 
	27.04 

	
	TEMP GA 
	1.25 
	3.02 
	6.55* 
	6.58 
	7.26 
	8.70 
	22.36 

	Hungary
	OTP HB
	0.06
	0.66
	0.59
	0.50
	0.83
	10.41
	25.65

	Ireland
	BKIR ID
	0.26
	2.35
	30.53***
	34.73***
	35.85***
	85.79***
	150.23***

	
	ALBK ID
	0.00
	3.80
	31.80***
	34.26***
	35.27***
	43.37***
	85.98***

	Italy
	UCG IM 
	0.06 
	0.06 
	0.36 
	5.12 
	6.24 
	9.40 
	42.12*** 

	
	ISP IM 
	1.91 
	2.26 
	2.96 
	4.25 
	6.45 
	20.14** 
	44.96*** 

	
	CE IM 
	1.05 
	1.50 
	2.00 
	2.75 
	3.08 
	12.08 
	26.60 

	
	CRG IM 
	11.43*** 
	11.20*** 
	11.31** 
	13.70*** 
	15.68*** 
	26.71*** 
	54.49*** 

	Netherlands
	1111Z NA 
	0.87 
	0.90 
	2.58 
	3.68 
	3.86 
	9.85 
	33.46** 

	Poland
	PEO PW
	2.93*
	3.85
	4.03
	4.28
	4.99
	7.97
	11.53

	
	BZW PW
	2.26
	4.77*
	15.63***
	16.06***
	17.46***
	23.75***
	47.69***

	
	MBK PW
	0.16
	0.19
	0.53
	0.55
	1.59
	4.33
	14.34

	
	MIL PW
	0.35
	0.65
	1.41
	1.39
	1.81
	5.60
	33.30**

	
	BHW PW
	1.94
	2.07
	2.27
	2.63
	4.63
	12.62
	19.28

	
	BPH PW
	0.48
	3.48
	9.48**
	17.15***
	17.92***
	12.98
	9.94

	Portugal
	BES PL
	2.50
	8.47**
	17.54***
	26.66***
	27.28***
	46.24***
	289.26***

	
	BPL PL
	2.50
	3.60
	3.63
	5.49
	5.52
	8.43
	52.95***

	Romania
	229570Z RO 
	1.23 
	1.17 
	1.54 
	1.79 
	4.79 
	19.80** 
	22.78 

	
	BRD RO 
	1.21 
	1.40 
	2.24 
	3.25 
	3.40 
	7.06 
	17.61 

	Russia
	GUTB RU 
	0.10 
	0.35 
	0.34 
	0.43 
	0.43 
	0.69 
	10.66 

	
	ROSB RU 
	2.59 
	0.21 
	0.67 
	2.59 
	3.81 
	5.95 
	14.48 

	Spain
	SAN SM 
	0.42 
	1.53 
	1.64 
	1.65 
	3.21 
	6.41 
	12.82 

	
	BBV AR 
	0.40 
	2.35 
	3.03 
	3.03 
	6.22 
	16.67* 
	36.27** 

	
	SAB SM 
	0.33 
	0.50 
	2.74 
	3.50 
	6.14 
	16.77* 
	41.71*** 

	
	BKIA_SM 
	0.30 
	0.94 
	1.11 
	4.45 
	4.30 
	6.97 
	8.43 

	
	POP SM 
	1.77 
	6.75** 
	7.10* 
	7.45 
	8.57 
	10.40 
	26.05 

	
	BKT SM 
	1.85 
	5.58* 
	5.88 
	7.09 
	8.39 
	14.74 
	19.51 

	
	BES PL 
	2.50 
	8.69** 
	17.93*** 
	26.95*** 
	27.58*** 
	46.83*** 
	288.44*** 

	
	BTO SM 
	1.56 
	3.66 
	3.75 
	3.99 
	5.09 
	7.10 
	17.32 

	Sweden
	SHBA SS 
	0.18 
	0.31 
	0.42 
	1.25 
	1.32 
	3.37 
	9.22 

	
	SWEDA SS 
	4.68** 
	11.53*** 
	11.88*** 
	12.02** 
	13.06** 
	24.97*** 
	39.12*** 

	
	NORB SS 
	0.68 
	1.16 
	2.96 
	3.10 
	6.86 
	8.21 
	33.63** 

	UK
	8376923Z LN
	0.16
	0.77
	2.87
	3.41
	3.84
	12.20
	30.12*

	
	LLOY LN
	1.96
	13.58***
	16.47***
	20.71***
	28.68***
	168.98***
	220.44***

	
	RBS LN
	0.08
	0.24
	1.82
	1.83
	1.72
	18.62**
	38.75***

	
	HSBA LN
	0.25
	0.93
	1.13
	1.77
	2.13
	4.58
	9.83

	
	STAN LN
	4.40**
	5.66*
	6.44*
	8.74*
	8.95
	16.59*
	26.95


   *** 1% significance level
  ** 5% significance level
* 10% significance level
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This table shows the regression result of Models (10)-(12). The dependent variable is the annual Z-score of banks. Key independent variables are different combinations of indicators of annual rating changes. Details of different levels of control variables are in Section 3.2.2.2. Coefficients are estimated by fixed-effect estimation 
	Model  
Control Variable Combination 
	 
	10 
	 
	 
	11 
	 
	 
	12 
	 

	
	1 
	2 
	3 
	1 
	2 
	3 
	1 
	2 
	3 

	β1 (𝑁𝑒𝑔𝑁𝑜𝑖,𝑡−1) 
	-- 
	-- 
	-- 
	-0.50*** (-9.49) 
	-0.63*** (-9.84) 
	-0.48*** (-7.12) 
	-- 
	-- 
	-- 

	β2 (𝑃𝑜𝑠𝑁𝑜𝑖,𝑡−1) 
	-- 
	-- 
	-- 
	0.08 
(0.87) 
	-0.02 
(-0.10) 
	0.02 
(0.12) 
	-- 
	-- 
	-- 

	β1 (Rating Changei,t−1) 
	-0.09*** (-7.01) 
	-0.12*** (-7.52) 
	-0.08*** (-5.04) 
	-- 
	-- 
	-- 
	-- 
	-- 
	-- 

	β1(𝑁𝑒𝑔1𝑖,𝑡−1) 
	-- 
	-- 
	-- 
	-- 
	-- 
	-- 
	-0.45*** (-4.40) 
	-0.46*** (-3.63) 
	-0.45*** (-3.47) 

	β2(𝑁𝑒𝑔2𝑖,𝑡−1) 
	-- 
	-- 
	-- 
	-- 
	-- 
	-- 
	-1.04*** (-7.08) 
	-1.28*** (-7.29) 
	-1.00*** (-5.67) 

	β3(𝑃𝑜𝑠1𝑖,𝑡−1) 
	-- 
	-- 
	-- 
	-- 
	-- 
	-- 
	0.15 
(1.60) 
	0.09 
(0.71) 
	0.12 
(1.06) 

	β4(𝑃𝑜𝑠2𝑖,𝑡−1) 
	-- 
	-- 
	-- 
	-- 
	-- 
	-- 
	0.13 
(0.72) 
	0.46* 
(1.82) 
	0.36 
(1.41) 

	R Square 
	82.2% 
	85.8% 
	87.8% 
	83.2% 
	87.0% 
	88.6% 
	82.6% 
	85.8% 
	88.2% 

	N  
	55 
	49 
	45 
	55 
	49 
	45 
	55 
	49 
	45 

	T  
 
	17 
 
	16 
 
	16 
 
	17 
 
	16 
 
	16 
 
	17 
 
	16 
 
	16 
 

	Initial-Rating Control 
	Yes 
	No 
	No 
	Yes 
	No 
	No 
	Yes 
	No 
	No 

	Accounting-Based Control 
	No 
	Yes 
	Yes 
	No 
	Yes 
	Yes 
	No 
	Yes 
	Yes 

	Market-Based Control 
	No 
	No 
	Yes 
	No 
	No 
	Yes 
	No 
	No 
	Yes 

	Figures in brackets are corresponding t-statistics 
*** 1% significance level  
** 5% significance level  * 10% significance level 
	
	
	
	
	
	
	
	
	


 	 


This table shows the regression result of Model (13). The dependent variable is the daily returns of banks for different time windows (T). Key independent variables are daily bank rating changes, dummies indicating whether the bank rating changes occur follow sovereign rating events and interaction terms between them. Coefficients are estimated by fixed-effect estimation.  
	Time window 
 
β1(𝐵𝑎𝑛𝑘 𝑅𝑎𝑡𝑖𝑛𝑔 𝐶ℎ𝑎𝑛𝑔𝑒) a 
	1-day 
	2-day 
	3-day 
	4-day 
	5-day 
	6-day 
	7-day 
	8-day 
	9-day 
	10-day 

	
	 
-1.85*** 
(-2.60) 
	 
-3.46*** 
(-3.51) 
	 
-4.94*** 
(-4.14) 
	 
-4.98*** 
(-3.63) 
	 
-4.39*** 
(-2.81) 
	 
-4.92*** 
(-2.90) 
	 
-4.24** 
(-2.35) 
	 
-3.61* 
(-1.89) 
	 
-3.22* 
(-1.66) 
	 
-3.22 
(-1.55) 

	β2(𝐹𝑁𝑆_𝐷𝑢𝑚𝑚𝑦)a 
	-0.48** (-2.14) 
	-0.91*** (-2.92) 
	-1.31*** (-3.55) 
	-1.89*** (-4.36) 
	-2.54*** (-5.13) 
	-3.07*** (-5.71) 
	-3.65*** (-6.37) 
	-4.23*** (-7.01) 
	-4.82*** (-7.61) 
	-5.39*** (-8.15) 

	β3(𝐹𝑃𝑆_𝐷𝑢𝑚𝑚𝑦)a 
	0.25 
(1.23) 
	0.44 
(1.56) 
	0.57* 
(1.69) 
	0.76* 
(1.95) 
	0.79* 
(1.77) 
	0.86* 
(1.78) 
	0.83 
(1.62) 
	0.73 
(1.35) 
	0.63 
(1.11) 
	0.54 
(0.90) 

	β3(𝐼𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜_𝑁)a 
	-0.14 
(-1.15) 
	-0.20 
(-1.18) 
	0.31 
(1.48) 
	0.60** (2.53) 
	0.36 
(1.32) 
	0.38 
(1.28) 
	0.30 
(0.95) 
	0.24 
(0.73) 
	0.08 
(0.23) 
	0.03 
(0.08) 

	β4(𝐼𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜_𝑃)a 
	0.06 
(0.68) 
	0.22* 
(1.81) 
	0.47** (3.13) 
	0.37** (2.18) 
	0.36* 
(1.84) 
	0.37* 
(1.76) 
	0.31 
(1.39) 
	0.28 
(1.17) 
	0.34 
(1.36) 
	0.27 
(1.05)  

	γ (Index Return) 
 
	0.84*** 
(265.31) 
 
	0.87*** 
(293.06) 
 
	0.88*** 
(302.79) 
 
	0.89*** 
(306.36) 
 
	0.90*** 
(301.81) 
 
	0.91*** 
(304.55) 
 
	0.91*** 
(307.10) 
 
	0.91*** 
(310.69) 
 
	0.92*** 
(314.08) 
 
	0.92*** 
(317.22) 
 

	Year Fixed Effect 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 

	Firm Fixed Effect 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 

	R2 
	25.33% 
	29.38% 
	30.87% 
	31.50% 
	30.98% 
	31.49% 
	31.99% 
	32.64% 
	33.25% 
	33.83% 

	N 
	55 
	55 
	55 
	55 
	55 
	55 
	55 
	55 
	55 
	55 

	T 
	4374 
	4373 
	4372 
	4371 
	4370 
	4369 
	4368 
	4367 
	4366 
	4365 

	a: The actual coefficients are those figures shown in the table times 10-3 
Figures in brackets are corresponding t-statistics 
*** 1% significance level  
** 5% significance level  * 10% significance level 
	
	
	
	
	
	
	
	


 
 	 





This table shows the regression result of Models (14)-(16). The dependent variable is the annual Z-score of banks. Key independent variables are different combinations of indicators of annual rating changes, sovereign-rating-change indicators and interaction terms between them. Details of different levels of control variables are in Section 3.2.2.2. Coefficients are estimated by fixedeffect estimation 
	Model  
	14 
	15 
	16 

	Control Variable Combination
	1 
	2 
	3 
	1 
	2 
	3 
	1 
	2
	3

	β1(NegNoi,t−1)  
	-- 
	-- 
	-- 
	-0.31*** (-3.28) 
	-0.56*** (-4.19) 
	-0.41*** (-2.93) 
	-- 
	-- 
	-- 

	β2(PosNoi,t−1) 
	-- 
	-- 
	-- 
	-0.006 
(-0.06) 
	-0.02 
(-0.13) 
	-0.02 
(-0.13) 
	-- 
	-- 
	-- 

	β1(Rating_Changei,t−1) 
	-0.07*** (-2.69) 
	-0.16*** (-4.09) 
	-0.11*** (-2.66) 
	-- 
	-- 
	-- 
	-- 
	-- 
	-- 

	β1(𝑁𝑒𝑔1𝑖,𝑡−1) 
	-- 
	-- 
	-- 
	-- 
	-- 
	-- 
	-0.22* 
(-1.77) 
	-0.38** (-2.45) 
	-0.32** (-2.07) 

	β2(𝑁𝑒𝑔2𝑖,𝑡−1) 
	-- 
	-- 
	-- 
	-- 
	-- 
	-- 
	-0.41 
(-1.49) 
	-0.62* 
(-1.81) 
	-0.45 
(-1.38) 

	β3(𝑃𝑜𝑠1𝑖,𝑡−1) 
	-- 
	-- 
	-- 
	-- 
	-- 
	-- 
	0.13 
(1.14) 
	0.13 
(0.79) 
	0.13 
(0.81) 

	β4(𝑃𝑜𝑠2𝑖,𝑡−1) 
	-- 
	-- 
	-- 
	-- 
	-- 
	-- 
	-0.02 
(-0.07) 
	0.65** (2.35) 
	0.53* 
(1.82) 

	SovNegDi,t−1 
	-0.41*** (-3.71) 
	-0.38*** (-2.67) 
	-0.41*** (-2.86) 
	-0.21* 
(-1.75) 
	-0.16 
(-0.97) 
	-0.21 
(-1.27) 
	-0.14 
(-1.03) 
	-0.27 
(-1.48) 
	-0.16 
(-0.88) 

	SovPosDi,t−1 
	0.30*** (2.89) 
	0.36** (1.92) 
	0.17** (1.98) 
	0.22* 
(1.93) 
	0.39* 
(1.79) 
	0.31 
(1.49) 
	0.26** (2.20) 
	0.46** (2.12) 
	0.34* 
(1.69) 

	NegNo_SovNegDi,t−1 
	-- 
	-- 
	-- 
	-0.12 
(-0.96) 
	0.02 
(0.12) 
	0.03 
(0.19) 
	-- 
	-- 
	-- 

	PosNo_SovPosDi,t−1 
	-- 
	-- 
	-- 
	0.09 
(0.48) 
	-0.25 
(-0.64) 
	-0.07 
(-0.19) 
	-- 
	-- 
	-- 

	RC_SovNegDi,t−1 
	0.02 
(0.51) 
	0.08* 
(1.74) 
	0.07 
(1.42) 
	-- 
	-- 
	-- 
	-- 
	-- 
	-- 

	RC_SovPosDi,t−1 
	0.53 
(1.14) 
	0.25*** (2.79) 
	0.17** (1.98) 
	-- 
	-- 
	-- 
	-- 
	-- 
	-- 

	Neg1_SovNegDi,t−1 
	-- 
	-- 
	-- 
	-- 
	-- 
	-- 
	-0.41* 
(-1.77) 
	0.004 
(0.01) 
	-0.14 
(-0.51) 

	Neg2_SovNegDi,t−1 
	-- 
	-- 
	-- 
	-- 
	-- 
	-- 
	-0.60* 
(-1.77) 
	-0.56 
(-1.31) 
	-0.53 
(-1.30) 

	Pos1_SovPosDi,t−1 
	-- 
	-- 
	-- 
	-- 
	-- 
	-- 
	-0.06 
(-0.30) 
	-0.44 
(-1.35) 
	-0.22 
(-0.72) 

	Pos1_SovPosDi,t−1 
	-- 
	-- 
	-- 
	-- 
	-- 
	-- 
	0.24 
(0.67) 
	-1.03 
(-1.57) 
	-0.79 
(-1.27) 

	R Square 
	82.89% 
	86.41% 
	88.27% 
	83.60% 
	87.13% 
	88.76% 
	83.21% 
	86.33% 
	86.59% 

	N 
	55 
	49 
	45 
	55 
	50 
	46 
	55 
	50 
	46 

	T 
	17 
	16 
	16 
	17 
	16 
	16 
	17 
	16 
	16 

	Initial-Rating Control 
	Yes 
	No 
	No 
	Yes 
	No 
	No 
	Yes 
	No 
	No 

	Accounting-Based Control 
	No 
	Yes 
	Yes 
	No 
	Yes 
	Yes 
	No 
	Yes 
	Yes 

	Market-Based Control 
	No 
	No 
	Yes 
	No 
	No 
	Yes 
	No 
	No 
	Yes 

	Figures in brackets are corresponding t-statistics 
*** 1% significance level ;** 5% significance level ;* 10% significance level 
	
	
	
	
	
	
	


 	 
This table shows the regression result of Model (17). The dependent variable is the daily returns of banks for different time windows (T). Key independent variables are daily bank rating changes, dummies indicating whether the bank rating changes occur trigger sovereign-ceiling policy and interaction terms between them. Coefficients are estimated by fixed-effect estimation.  
	Time window β1 
	1-day 
	2-day 
	3-day 
	4-day 
	5-day 
	6-day 
	7-day 
	8-day 
	9-day 
	10-day 

	(BankRatingChange)*
	-1.54*** (-3.68) 
	-2.22*** (-3.84) 
	-2.32*** (-3.32) 
	-2.69*** (-3.35) 
	-2.66*** (-2.91) 
	-2.78*** (-2.80) 
	-2.80*** (-2.65) 
	-2.30** (-2.06) 
	-2.05* 
(-1.76) 
	-2.46** (-2.02) 

	β2(Neg_CTD)* 
	-1.29** (-2.42) 
	-2.33*** (-3.15) 
	-3.04*** (-3.40) 
	-2.74*** (-2.67) 
	-2.07* 
(-1.77) 
	-2.59** (-2.04) 
	-1.98 
(-1.46) 
	-1.67 
(-1.17) 
	-2.01 
(-1.34) 
	-2.39 
(-1.53) 

	β3 (Pos_CTD)* 
	0.32 
(0.59) 
	0.26*** (3.50) 
	1.08 
(1.19) 
	-1.20 
(-1.14) 
	-0.94 
(-0.79) 
	-2.23* 
(-1.73) 
	-2.62* 
(-1.90) 
	-1.69 
(-1.16) 
	-1.35 
(-0.89) 
	-0.97 
(-0.61) 

	β4(Neg_Inter)* 
	0.57** (2.26) 
	1.02*** (2.95) 
	1.50*** (3.57) 
	1.31*** (2.71) 
	1.32** (2.41) 
	1.32** (2.22) 
	1.34** (2.11) 
	1.24* 
(1.86) 
	1.47** (2.11) 
	1.54** (2.10) 

	β5(Pos_Inter)* 
	-0.83*** (-3.33) 
	-1.24*** (-3.61) 
	0.77* 
(1.84) 
	1.95*** (4.08) 
	1.45*** (2.66) 
	0.96* 
(1.62) 
	1.03* 
(1.63) 
	0.47 
(0.70) 
	0.67 
(0.97) 
	1.32* 
(1.82) 

	γ (Index Return) 
	0.84*** 
(265.27) 
	0.87*** 
(292.99) 
	0.88*** 
(302.75) 
	0.89*** 
(306.36) 
	0.90*** 
(301.83) 
	0.91*** 
(304.59) 
	0.91*** 
(307.16) 
	0.91*** 
(310.76) 
	0.92*** 
(314.17) 
	0.92*** 
(317.32) 

	Year Fixed Effect 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 

	Firm Fixed Effect 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 

	R2 
	25.33% 
	29.39% 
	30.87% 
	31.50% 
	30.97% 
	31.48% 
	31.98% 
	32.62% 
	33.23% 
	33.81% 

	N 
	55 
	55 
	55 
	55 
	55 
	55 
	55 
	55 
	55 
	55 

	T 
	4374 
	4373 
	4372 
	4371 
	4370 
	4369 
	4368 
	4367 
	4366 
	4374 

	a: The actual coefficients are those figures shown in the table times 10-3 
Figures in brackets are corresponding t-statistics 
*** 1% significance level  
** 5% significance level  
* 10% significance level 
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Figure 1 Schematic diagram for the decomposition of rating events for Hypothesis 3 
This figure shows the relationship between rating events mentioned in Section 3.3. Group A refers to the full sample of rating events; Group B refers to the rating events following sovereign 
events correspondingly; Group C refers to rating events triggering sovereign-ceiling policy 
[image: Figure 1 Schematic diagram for the decomposition of rating events for Hypothesis 3 
This figure shows the relationship between rating events mentioned in Section 3.3. Group A refers to the full sample of rating events; Group B refers to the rating events following sovereign 
events correspondingly; Group C refers to rating events triggering sovereign-ceiling policy ]
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