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We have estimated the level of Risk Weighted Assets among 30 countries in Europe, in 30 trimesters, using data of the European Banking Authority-EBA of 139 variables. We perform an econometric model using Pooled OLS, Panel Data with Fixed Effects, Panel Data with Random Effects, Weighted Least Squares. We found that Risk Weighted Assets is negatively associated, among others, to the level of NFC loans in mining and quarrying, in public administration and defence, and in financial and insurance activities and positively associated, among others to distribution of NFC loans in human health services and social work activities, in education and the level of net fee and commission income. Furthermore, we apply a cluster analysis with the k-Means algorithm, and we find the presence of two clusters. A comparison was then made between eight different machine learning algorithms for predicting the value of the RWAs and we found that the best predictor is the linear regression. The RWA value is predicted to increase by 1.5%.

INTRODUCTION

Research Question

In this article we have estimated the value of the Risk Weighted Asset-RWAs in European countries. Data from 30 European countries 1 were used except for the UK and Liechtenstein. The database used is that of the European Banking Authority-EBA.

The question of the riskiness of banks becomes increasingly important in both the European and global context due to a set of macroeconomic and international factors that significantly undermine the stability of the economy. The reference in this case is both to Covid19 and to the crisis induced by Russia's invasion of Ukraine with the rise in prices of raw materials globally. Furthermore, Western countries seem to face a further problem, namely the return of inflation, which seemed to have been forgotten for some time. Finally, the international banking system is involved in the tech-war between China and the USA which greatly stresses the markets due to the need to find investment methodologies in new technologies that can support levels of innovation and research and development capable of to make the West still competitive with the growing Asian powers. And again, the choice of major countries to invest in environmental sustainability increases the difficulty of the banking and financial system to find partners who are reliable and who can also comply with the guidelines chosen by the international community during the Paris agreements and the Glasgow Coop26.

In this context, the question of bank stability and the attempt to reduce the riskiness of bank assets becomes a priority to avoid that a further risk factor is added to the instability of a technological, international, and environmental macro-economic nature, namely the crisis. banking and finance. Controlling the level of banks' riskiness is therefore necessary to reduce the exposure of the entire European banking system to risks. In this sense, banking regulation and supervision is very important, which through the analysis of capital requirements and with the intervention in individual national banking systems can increase the degree of financial stability avoiding the manifestation of systemic risks and forms of contagion. amidst financial crises.

Certainly, the current scenario does not allow banks to find debtors who are reliable, and in fact the value of Non-Performing Loans-NPLs tends to grow both in the business sector and in the household credit sector. The result is therefore a dangerous growth in the spiral of risk which in the case of Europe also affects Germany, the leading country of the European economy.

However, growing inflation, the attempt by European and world governments to spend more to meet the consequences of covid19 and the energy crisis produced by the Russian attack on Ukraine, generate a request for credit with respect to which compliance with the European treaties turns out to be very complex. The European policy maker must therefore intervene to verify whether the construction of European banking, from the point of view of economic banking policies, can resist and in what way, with respect to the new threats offered by a change in the global order which on the one hand requires greater expenditure. public, and on the other hand, through inflation, tends to weaken the condition of creditors.

The article continues as follows: in the second paragraph a brief analysis of the essential literature is presented, in the third paragraph a 36-variable econometric model is presented, in the fourth paragraph the results of the clustering carried out with k-means algorithm are reported, in the fifth paragraph there are the predictions obtained through the comparison of performance between machine learning algorithms, the sixth paragraph concludes. Finally, the main statistical results are reported in the appendix.

LITERATURE REVIEW

The following section indicates some bibliographical references that are useful for framing the question of the role of WRAs in the context of the banking and financial stability of countries also considering the requirements of national and international banking regulation. [START_REF] Ferri | Bank regulatory arbitrage via risk weighted assets dispersion[END_REF] highlight the complex relationship existing between the growing value of WRAs, innovative bank accounting systems, and the purposes of prudential supervisory systems. Highlight the complex relationship existing between the growing value of WRAs, innovative bank accounting systems, and the purposes of prudential supervisory systems. [START_REF] Juelsrud | Risk-weighted capital requirements and portfolio rebalancing[END_REF] Consider the strategies banks put in place to reduce the value of RWAs in Norway. Norwegian banks are raising capital requirements, reducing lending to businesses, and raising the interest rate. This choice while increasing the stability of the Norwegian banking system tends to be associated with a reduction in the value of employment created in the private sector. [START_REF] Böhnke | Back to the roots of internal credit risk models: Why Do Banks' Risk-weighted asset levels converge over time[END_REF] highlight the complex relationship existing between the RWA value, the presence of Internal Rating Based-IRB and the banking regulation activity. The authors show that following the introduction of the IRB, a phenomenon was created whereby countries that had high levels of WRAs took on a strict prudential behavior, while countries that had low levels of WRAs increased the riskiness of their assets. The result is therefore a divergence with a role of banking supervision which tends to be more permissive or severe based on the riskiness of the countries. [START_REF] Khan | Funding liquidity and bank risk taking[END_REF] show that banks with less liquidity also tend to be riskier as demonstrated by the growth in the value of WRAs. However, capital requirements tend to limit the operational capabilities of banks with low liquidity levels. It follows therefore that regulators can take action to prevent banks with reduced liquidity from increasing their exposure to risk. [START_REF] Wahab | Risk-taking behavior and capital adequacy in a mixed banking system: new evidence from Malaysia using dynamic OLS and two-step dynamic system GMM estimators[END_REF] find a positive and causal relationship between the value of the Capital Ratio and the value of the WRAs. The authors suggest that increasing capital requirements may reduce banks' ability to acquire risky assets. [START_REF] Esposito | Environment-risk-weighted assets: Allowing banking supervision and green economy to meet for good[END_REF] propose a measure of the RWAs to consider the role of the environment in the credit allocation choices of banks with an impact also in terms of banking regulation and supervision policies. [START_REF] Santos | Variability in risk-weighted assets: What does the market think[END_REF] analyze the reasons that lead to an increasing variability in the value of RWAs. The authors compare an indicator of the market's RWAs with the RWAs indices produced by the same banks. The result shows that the value of RWAs attributed by external evaluators tends to be higher than the value of RWA communicated autonomously by the banks. This difference is since while on the one hand external market observers attribute an additional value to RWA to consider the value of the banks' opaque operations, on the other hand banks tend to omit information relating to riskiness. [START_REF] Nkwaira | Using risk-weighted assets to generate risk-weighted fees to counter the effects of basel iii on revenue generation[END_REF] propose an alternative way to distribute banks' risks using insurance contracts while respecting the regulatory requirements of Basilea III. [START_REF] Strickland | Seeking to have banks sing to the same tune: The Basel committee addresses credit riskweighted assets[END_REF] shows alternative methods to calculate RWA in the light of new technologies. (JIN, 2019) finds that banks adjust RWA in response to changes in capitalization. [START_REF] Brei | Bank intermediation activity in a low-interest-rate environment[END_REF] consider the impact of low interest rates on the intermediation activities of 113 banks over the period 1994-2015. The authors verify an increase in the value of the margin deriving from trading activities with a reduction in the RWA. [START_REF] Nguyen | An attempt to derive the Risk Weight Function for the bank[END_REF] derive the Risk Weighted Function to calculate RWA.

The Econometric Model

We found that the RWA volume is negatively associated with:

 Distribution of NFC loans and advances by NACE code (other than trading exposures) -B Mining and quarrying: the relationship represents the complex of loans and advances that banks give to non-financial companies operating in the mining and quarrying sector. There is therefore a negative relationship between the value of risk weighted assets and the value of the debt exposure to non-financial companies operating in the mining sector.

 Distribution of NFC loans and advances by NACE code (other than trading exposures) -O Public

administration and defence, compulsory social security: represents the investment in terms of loans and advances that is made in the context of non-financial corporations operating in the public administration, defense and compulsory social security sectors.  Distribution of NFC loans and advances by NACE code (other than trading exposures) -K Financial and insurance activities represents the amount of loans and advances that are provided to non-financial companies operating in the financial and insurance sector. There is therefore a negative relationship between the value of risk-adjusted assets and the value of bank investments in NFCs operating in the finance and insurance sector.  Components of RoE: Staff expenses / equity: It is the relationship between personnel expenses and the value of equity. There is a negative relationship between the value of risk-adjusted assets and the value of risk-adjusted personnel expenses. This value is due to a dual combined effect, namely that of the numerator consisting of personnel expenses and that of the denominator or equity.  Loans and advances at amortised cost: NPL ratio -NFCs: is a variable that considers the relationship between Non Performing Loans and the gross book values for companies that are NFC.  Loans and advances at amortised cost: NPL ratio -HHs: it is a variable that considers the relationship between NPLs and gross value with reference to the loans that are offered to households. The growth of NPLs vis-à-vis households is associated with a negative value of RWAs. This relationship might seem counterfactual and yet it demonstrates that the credit that banks offer to households does not generate significant losses for the bank as it could happen because of financial investments.  Distribution of NFC loans and advance for NFC in accommodation and food service activities: is a variable that considers the value of the loans and advances made to companies operating in the hotel and food sectors. These are businesses that are NFC. The investment in this sector of economic activity reduces the value of the RWAs creating advantages of financial stability in the economies of the countries considered.  Liabilities composition -Customer deposits from HHs: is a ratio between the value of household deposits and the value of total liabilities. There is a negative relationship between the value of this ratio and the value of RWAs. Since RWAs tend to grow in financial crises, it follows that the credit that banks offer to households increases the financial stability of national banking systems.

 Components of RoE: Other operating income / equity: is a ratio consisting of [Total net operating income -net interest income -Fee & commission income -net trading income (A)] / [Equity (B)

]. This ratio is negatively associated with the value of RWAs. Since the growth of RWAs manifests the growth of risks in the national and international banking system, it follows that the value of the risks is reduced when banks prefer traditional intermediation margins over those deriving from financial investments.  Composition of own funds (Tier 1 capital) -Accumulated other comprehensive income: is a ratio considered as follows: [Accumulated other comprehensive income (A)] / [Tier 1 capital volume (B)]. The growth in the value of the accumulated other inclusive income compared to the value of the Tier 1 capital volume is negatively associated with the value of RWAs. It therefore follows that if even potential income increases, net of potential losses, the value of RWAs tends to decrease with a significant advantage for the safety of the national banking system.  Sovereign exposure -Total gross carrying amount by maturity: 5Y -10Y: represents the total gross book value of the assets. This value is negatively associated with the RWAs value. It follows that an increase in the total gross book value of assets improves the condition of the bank from the point of view of riskiness.  Non-performing loans and advances at amortised cost -NFCs: considers the gross carrying amount of amortized impaired loans to non-financial corporations. This variable is negatively associated with the value of RWAs with an improvement in the risk conditions of the banking systems.  Loans and advances at amortised cost -NFCs, of which SMEs: represents the gross value of loans to small and medium-sized enterprises that are not financial companies.  Loans and advances at amortised cost -HHs, of which mortgages: is the gross book value of the loans that have been made to households with attention to mortgages secured by real estate.  Sovereign exposure -Total carrying amount (net of short positions): Debt exposure to governments net of short positions.

We also find that the level of RWA volume is positively associated to: It is generally possible to verify that the value of RWAs tends to rise in times of financial crises shows in Table 1. Therefore, the analysis conducted may be useful to understand which types of transactions are most compatible with a reduction in the value of RWAs in European banking systems. In this sense, there are certainly sectors that present a particular risk in terms of RWAs growth and among these are: Real Estate, Administrative and Support Service Activities, Other Services, Construction, Human Health Services and Social Work Activities and Education. On the contrary, there are sectors that are negatively associated with the value of RWAs and which can therefore be considered as tools that can reduce the risk value of countries, namely: Mining and quarrying, Public administration and defense, compulsory social security, Financial and insurance, accommodation and food service.

Clusterization

Below is a representation of a clustering analysis carried out using the k-means algorithm. The criterion of maximizing the Silhouette coefficient was used to choose the number of clusters. The Silhouette coefficient varies between -1 and 1. In the analyzed case, eight different types of clustering were tested, and the result is that the number of clusters associated with the highest silhouette coefficient is equal to two.

The countries that are part of each cluster are indicated below, that is: Cyprus with an amount equal to 18.54, Slovakia with an amount equal to 25.29, Romania with a value equal to 25.22, Croatia with an amount equal to 25.55, Hungary with an amount equal to 66.08, Czech Republic with an amount equal to 58.54;  Cluster 2: Italy with a value of RWA equal to 1004.48, Germany with a value equal to 1243.45, France with a value equal to 2674.9, Spain with an amount equal to 1358.68.

FIGURE 1 CLUSTERIZATION WITH ALGORITHM K-MEANS OPTIMIZED WITH SILHOUETTE COEFFICIENT. SOURCE: EUROPEAN BANKING AUTHORITY.

If we take into consideration the median value for each single cluster, we can see that the median value of the RWAs for the countries of cluster 1-C1 is equal to 66.0873 while the corresponding value for the countries of cluster 2-C2 is equal to 1301.065. It follows therefore that C2> C1. As we can see, there is therefore a significant and substantial difference within the European countries between the nations that are part of cluster 1 and the nations that are part of cluster 2. Specifically, the nations of cluster 2 have much higher levels of RWAs than to those of cluster 1 countries. In percentage terms, the value of cluster 2 countries has a median value of RWA equal to approximately 1868% compared to cluster 1. It therefore follows that there is a rift between the countries of cluster 2 in a condition of structural fragility compared to the countries of cluster 1.

If we analyze the countries of cluster 2 among these there are both Spain, Italy and France which are notoriously considered risky countries in terms of assets. However, in cluster 2 there is also Germany which generally tends to have a much higher level of security and financial stability than that of France, Spain, and Italy. It follows therefore that Germany has also entered the ranks of high-risk countries from a banking and financial point of view and this condition is certainly an element of risk and instability for the whole of the European Union shows in Figure 1.

Furthermore, if we take the cluster 1 countries that show a higher level of RWAs, we can verify that these include Netherlands, Belgium, Austria, Sweden, and Ireland. These are countries that have very close commercial and economic relations with the countries of Cluster 2 and especially with Germany in the case of Netherlands, Belgium, and Austria. The result is therefore a scenario in which there is a Central-Southern area of Europe essentially made up of countries that have a dangerously growing and converging upward level of RWAs. The element that can certainly cause particular concern is Germany. However, it is likely that Germany has increased its value of RWAs following the various crises that have affected European countries and which have prompted Germany to also take on risky investments in other countries. Furthermore, if we take the value of the average variation in the value of RWAs between the countries of cluster 1 and the countries of cluster 2, it appears that on average in the period analyzed the value of C1 has grown by an amount equal to 1.66 units in absolute value and by 1.29% while the corresponding value for the countries of cluster 2-C2 increased by 25.20 units equal to 1.63%. That is, even in a dynamic comparison between C1 countries and C2 countries, the value of the growth rate of RWAs tends to grow more for the C2 countries than for the C1 countries.

FIGURE 2 MEAN VALUE OF RWAS FOR C1 AND C2 BETWEEN 2019Q1 AND 2021Q4 Machine Learning and Predictions

A comparison was made below between eight different machine learning algorithms to predict the future value of RWAs in the countries considered between the first quarter of 2019 and the fourth quarter of 2021. The algorithms were trained with 70% of the available data while the remaining 30% of the data was used for the actual prediction. The choice of the algorithm with the greatest predictive capacity took place through the ability to maximize the R-framework and minimize statistical errors, that is: mean absolute error, mean squared error, and root mean squared error shows in Figure 2.

A ranking for each indicator was assigned to each algorithm and these rankings were then added together in the determination of a ranking of the algorithms by performative capacity in terms of prediction efficiency based on machine learning. The following ordering of the algorithms is therefore derived, that is:

1. Linear Regression with a payoff value of 4; 2. Tree Ensemble Regression with a payoff value of 8; 3. Random Forest Regression with a payoff value of 12; 4. Probabilistic Neural Network-PNN with a payoff value of 16; 5. Gradient Boosted Tree Regression with a payoff value of 20; 6. Simple Regression Tree with a payoff value of 24; 7. ANN-Artificial Neural Network with a payoff value of 28; 8. Polynomial Regression with a payoff value of 32.

It follows that the best performer algorithm for predicting the RWAs value among the countries considered is linear regression. 

FIGURE 3 ABSOLUTE AND PERCENTAGE VARIATIONS OF RWAS AS PREDICTED WITH THE LINEAR REGRESSION ALGORITHM

CONCLUSION

In this article we have used data from the European Banking Authority to estimate the determinants of WRAs in European countries. The data were analyzed using three methods, namely: a panel econometric model with 36 variables, a cluster analysis carried out with the kmeans algorithm and the use of eight different machine learning algorithms for the prediction of the value of WRAs for the countries considered. The analysis shows that there are certainly investment sectors that increase the risk of banks, among which certainly there are the construction sector and the real estate sector, while other sectors are less risky such as the mining sector. minerals. Clustering also shows that in Europe there are two clusters of which one is virtuous and is made up of the countries of Northern and Eastern Europe and the other tends to be very risk-oriented and is made up of France, Italy, Spain, and Germany. The fact that Germany has a high level of banking risk can represent an element of financial instability for the entire European Union. Finally, the prediction shows that the level of RWAs will grow by 1.5% for the countries analyzed shows in Figure 3.

The expected rise in the level of RWAs should alarm the European policy maker. In fact, the mix of Covid19, the Russo-Ukraine war, inflation, low economic productivity, growth in energy prices, increase in public spending, creates a difficult condition for the banking sector against which it is necessary to intervene both in the revision of the treaties and also in the construction of new European institutions that are able to absorb the growing NPLs and distribute the risk more evenly among the EU countries. 

ENDNOTES

Varianza

  varianza dell'errore specifico all'unità = 0 Statistica test asintotica: Chi-quadro(1) = 2,78663 con p-value = 0,0950539 Test di Hausman -1528-2686-29-1-104 Citation Information: Leogrande, A., Costantiello, A., Laureti, L., & Matarrese, M.M. (2022). The determinants of risk weighted assets in Europe. Academy of Entrepreneurship Journal, 29(S1), 1-23.

  1528-2686-29-1-104 Citation Information: Leogrande, A., Costantiello, A., Laureti, L., & Matarrese, M.M. (2022). The determinants of risk weighted assets in Europe. Academy of Entrepreneurship Journal, 29(S1), 1-23.

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  Cluster 1: Netherlands with an RWA value of 696.49, Belgium with an RWA value of 393.751, Austria with a value of 324.41, Sweden with a value of 255.402, Ireland with an amount equal to 23.76, Finland with an

amount equal to 219.12, Norway with an amount equal to 117.52, Denmark with an amount equal to 202.707, Portugal with an amount equal to 128.51, Greece with a value equal to 141.686, Latvia with an amount of 9.58, Malta with an amount of 8.07, Luxembourg with an amount of 108.036, Poland with an amount of 111.183, Slovenia with an amount of 20.42, Iceland with an amount of 19.36, Bulgaria with an amount equal to 20.50, 1528-2686-29-1-104 Citation Information: Leogrande, A., Costantiello, A., Laureti, L., & Matarrese, M.M. (2022). The determinants of risk weighted assets in Europe. Academy of Entrepreneurship Journal, 29(S1), 1-23.
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  Countries are AT, BE, BG, CY, CZ, DE, DK, EE, ES, EU, FI, FR, GR, HR, HU, IE, IS, IT, LT, LU, IE, IS, IT, LT, LU, LV, MT, NL, NO, PL, PT, RO, SE, SI, SK.
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Prediction With Linear Regression Countries 2021 Prediction Var Ass Var Per

  

	CY	18,540	20,587	2,047	11,041
	HR	25,550	27,406	1,856	7,264
	HU	66,087	70,778	4,691	7,098
	IS	19,365	20,158	0,793	4,095
	LU	108,036	105,088	-2,948	-2,729
	MT	8,077	9,722	1,645	20,366
	NL	696,490	705,130	8,640	1,241
	PL	111,183	110,824	-0,359	-0,323
	SK	25,294	25,108	-0,186	-0,735
	Mean	119,847	121,645	1,798	1,500