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Abstract

In this study we present a framework for the approximation of a commercial Bank’s
Credit Portfolio Risk. The proposed procedure would be particularly useful to

external investors, as it is fairly simple and has minimal data and cost requirements.
The quantification of Credit Risk should incorporate:

e The additional provisions required to absorb expected future losses
e The Bank’s ability to cover these losses, given its current infrastructure and

business model
The above-mentioned info is sufficiently captured by the proposed BCRC index.

As an application, Credit Risk measurements for the four Greek systemic Banks are
provided: National Bank of Greece, EFG Euro Bank, Alpha Bank and Piraeus Bank, for

2014-2016 period.

Keywords

Credit Risk, Banking, Expected Credit losses, Capital Requirements, Risk

Management, Moore-Penrose Inverse, BCRC Index

1 Relation to Current & Previous Work

Numerous studies as well as a large part of the Banking Risk industry are concerned
with the application of transition matrices as a tool to measure the future evolution
of banking portfolios, mainly employing the concept of internal or external rating

grades.

A comparably large number of publications lies in the effort of analyzing a Bank'’s
financial statements and modelling the most promising indices that point to possible

failure.



The Basel Committee relies on the concept of PD, LGD and EAD parameters
calculation and the subsequent Capital Adequacy Ratio comprised from the

evaluation of those parameters.

EBA, ECB and SSM have developed biannual European-wide, data intensive bank

tests that consist of basic and adverse macro scenarios.

Finally, the IFRS framework, has put on the map the concept of lifetime expected

losses quantification and measurement.

In the current study exist concepts from all the prevailing trends in the banking

practice and literature. Specifically:

e The concept of a 3-state model is deployed, constructing an accruing
portfolio segment, a non-accruing one and a middle segment

e From the observation of a Bank’s financial statements at different time
snapshots, implied transition flows are recovered and their long-term
equilibrium is examined

e The calculated transition flows are associated to the macroeconomic
environment, and afterwards recalculated and accordingly weighted under
possible adverse macroeconomic outcomes

e Latest available financial statement ratios describe the Bank’s business model
and contribute to the assessment of whether it is possible to overcome the
additionally required provisions

e To conclude, this procedure transforms into a single index that is an intuitive

credit risk measure

The theoretical approach just described is tested and applied to the Greek Banking
system in the 2014-2016 period.

2 Methodology overview

An overview of the procedure used in order to be able to asses each Bank’s credit

standing, is presented next:



Figure 1: Theoretical Framework & application
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3 Data Collection

3.1 Bank specific information

All data is collected from publicly available Bank annual reports. It should be noted
that in financial institutions are not treated as groups. To obtain proper results for a
multinational financial group we advise that affiliate companies are examined

separately in their relevant national macro-environment.
3.1.1 Portfolios definition

The analysis is conducted on a portfolio basis and afterwards added up to comprise
the Bank total additional provisions required. The portfolio definitions® are the ones
provided in the Bank respective annual reports. The portfolios considered follow the

segmentation:

1 Government portfolio should be assigned the same sensitivity for all Banks in the same macro
environment



Figure 2: Bank portfolios segmentation
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3.2 Economy related data

To account for sensitivities to the macro environment fluctuations, we employ the
annual GDP growth, as defined in the appendix 9.4 (A4_14), calculated from data
provided by the corresponding National Statistical Authorities. Unemployment data
series may be used as an alternative. It would be advisable not to use both since
there appears to be no incremental benefit to the analysis, since the two series are

highly (negatively) correlated.
4 Transition Flows & Equilibrium States

4.1 Portfolio states

The exposure of each portfolio, at a specific point in time, is divided into 3

states S;  j = 1,2,3, according underlying philosophy that:

e The worst state, S; should enclose all exposures that are non-accruing and
highly unlikely to return to normality.
e Intermediate state S, should include troubled exposures which could still

return to normality. Any kind of adjustment to the initial terms of the loan



signifies a troubled asset. As troubled are also considered the loans against
which the Bank holds any amount of provisions (impaired loans).

e Finally, S; is a leftover of the above 2 states, indicating accruing loans.
We use the following definitions in order to construct three portfolio states:

I = Total net amount (provisions not included) of impaired loans for the portfolio,

against which provisions are held

I150 = Net amount of impaired loans with past due over 180 days

NI = Total amount of not impaired loans for the portfolio

NI3y_150 = Amount of not impaired loans with past due between 30 and 180 days
NI,go = Amount of not impaired loans with past due over 180 days

Restr = Total net amount (provisions not included) of restructured or rescheduled

loans for the portfolio

The net amount at each portfolio state S; j = 1,2,3 is allocated sequentially, as
follows:
S3 = I1g0 + Nligo

= max{l + Nl3y_1g0, Restr} —S; (R_1)
Sl :NI+I_(52+51)

th
[\S]
|

In general, provisions should be generic and characterize the total portfolio, thus
total provisions amount is reassigned with exponential weights from best to worst

state as described in the appendix 9.1 (A_1).

If Prov = Total amount of provisions for the portfolio, as they appear on annual
statements, the state amounts for each portfolio are recalculated:

Sll =Sl+W1'PT'0U

52, = SZ + Wy * Prov (R_Z)

53,253+W3'PT'OU

The next step is to the annual transition process among portfolio states.



4.2 State pseudo-flows estimation & equilibrium

In order to obtain transition flows among states, we need to add the time

dimension. Let us symbolize

t = 0 Period start

t = 1 Period end

Si,t' = Portfolio exposures at state i,i = 1,2,3, at point t

Furthermore, to compensate for any large portfolio additions or reduction effects?

the adjustments described in the appendix 9.2 are applied.

Essentially, we need to estimate nine transition flows, from initial to period final

states, as depicted below (see 9.2 (A_3) for the notation), where

fij = Amounts flow from initial portfolio state i, at start year t = 1 to the end of

year portfolio state j atend yeart = 2

Figure 3: Flows between portfolio states

E; R, D,
El fll f12 f13

Rl f21 f22 f23
D1 f31 f32 f33

The above matrix can be analyzed into a system of 6 equations with 9 unknowns
(appendix 9.3.1 (A_4)). To obtain a unique analytical solution we use the concept of
the Moore-Penrose “pseudo” inverse matrix, as described in appendix section 9.3
leading to the analytical relationship (4_7).and apply, if necessary, the subsequent
normalization of section 9.3.5 (4_8 — A_9). The final result resembles a stochastic
matrix, a fact that provides us with a theoretical equilibrium state as shown in 9.3.6

(A 12).

2 e.g. Mergers



The elements f;; of the quasi-stochastic matrix are labeled “pseudo-flows” as they
were extracted indirectly. Nevertheless, they give a representation of reality as they

match the original to the final state of the portfolio exposures.

At equilibrium the gross amount of the portfolio will be allocated initially to the

three states as depicted in table 4., (9.3.6 (4_12))

Figure 4: Portfolio states intermediate equilibrium table

E;, R, D,
Gross Portfolio Value; fz fr fo

Where

fg = The percentage of initial gross portfolio exposure that will remain accruing

(state 1)

fr = The percentage of initial gross portfolio exposure that will remainin a

“frictional” state between accruing and non-accruing (state 2)

fp = The percentage of initial gross portfolio exposure that will end up non-accruing

(state 3)

With the use of a geometric progression for the purpose of provisions calculation,

we end up with the long-term equilibrium 9.3.6 (4_13)

Figure 5: Portfolio states final equilibrium without the intermediate state

E; Ry D,
Gross Portfolio Value, F; 0 Fp

5 Provision requirements

For the calculation of provisions, it is essential to estimate the exposures that we
expect to end up in state D and use the A, = (Fg  Fp) vector, as described in 9.3.6

(A_13).



Additionally, we are obliged to take into account the possible changes in the
equilibrium that we have calculated, as well as the variations of the collateral covers

of the portfolio exposures.
5.1 The economy factor

The economy macro factor will be measured by the annual GDP growth g, as in 9.4
(A_14). Through the economic cycle, it is valid to assume g — N(0, ¢) where g will
be approximated by the standard deviation s of the standard normal distribution

that best fits the observable GDP growth rate distribution.

The constructed growth rate distribution N (0, s) has k intervals with gy, p; the
central GDP growth interval value and the probability of occurrence respectively,

that is to say we have k distinct expected states of the economy.
5.2 Equilibrium State Sensitivities

With the process defined in 9.4, long term equilibrium percentages are actually
turned into functions of the main macro variable, GDP annual growth, enabling the
calculation of extra provisions required in adverse macroeconomic conditions as

concluded in (4_21).
5.3 Expected Credit Portfolio Losses

With the consideration of recoveries adjustments 9.5 and if pf; . = Gross portfolio j
exposures as described in 4.1 (R_2), the expected credit portfolio losses for

scenario k, at time snapshot t are expressed:

ECLi . = Dfit Fpjirk LGDeqrx = 0fie* (1 — Fgjirx)  LGDeger (R_3)

The provisions to be held additionally is the value of ECL over the provisions already

held (provisions value on the annual statements)

Prov; = Total amount of provisions for the portfolio, as they appear on annual

statements for portfolio j at time snapshot t

ScenarioProvisions; ., = ECLj ., — Prov;, (R_4)

10



5.4 Bank provision requirement

t = Currently past year, where t annual report data where the last available input
j =1,..,] The Bank portfolios

k =1, ...K Possible states of the economy, according to (5.1)

Prov;, = The amount of provisions already held aside for the portfolio at time t
pfj: = Portfolio amounts at time ¢

LGDeq s jx = The LGD value corresponding to the economy state 9.5, for portfolio j
at time snapshot t (A_27)
Total bank provisions for g, assumed GDP growth rate, with probability py, are:

J
ScenarioProvisions,, = Z(pfj_t (1= Fgjirk) - LGDegr jx — Provj,) (R5)

J=1
Total Bank provisions over all scenarios, are:

K

Provisions; = Z Dk -max{ScenarioProvisionst,k, 0} (R_6)
k=1

In section 9.7 we give an example of a hypothetical 1-portfolio Bank. Results are

consistent to business logic, assigning higher portfolio provisions where required.

6 The BCRC (Bank Credit Risk Coverage) Index

The purpose of the Index construction is to assess:

e if the extra provisions requirement shock can be absorbed at all
e In how much time the extra provisions requirement shock can be absorbed

smoothly by the Bank’s ongoing operations
6.1 Income statement reordering

Ifn=1,..,N is the number of Bank portfolios at time t

11



Pfnt = The gross exposure value of the portfolio at time t, as calculated in 3.1.1
E;, = The accruing percent of the exposure value of the portfolio at time t (state 1)

R; + = The troubled but still accruing percent of the exposure value of the portfolio

at time t (state 2)

Historical income producing assets are:

N
IncomeProducingAssets; = Z 1A (El-,t + Rl-,t) (R_7)

n=1

After expressing the income statement in a simple condensed manner 9.6, the

subsequent ratios are formed, following the notation of 9.6 attime t

Intincome,

IncG = R 8
neben IncomeProducingAssets; (R_8)
oL = GrOperIncome; (R.9)
griie = IntIncome, -
OperExp;

= R_10
OPEXPe GrOperIncome; (R_10)
h _ OtherExp, (R_11)
OLRETEXD: = GrOperIncome; -

For the other non-recurring expenses, we assume a zero mean but use -1 standard

deviation in our estimates, as a reducing factor.
6.2 BCRC Index calculation

The Bank’s profitability index pi for 1€ of performing assets at time snapshot t is

defined as:
pi; = IncGen; - grOl, - (1 — opexp;) - (1 — stdevotherexm) . (1 — TaxRate3) (R_12)

The Bank assets at equilibrium, as estimated at time t are defined by the calculated

long-term equilibrium percentages for each portfolio 9.4 (4_21)

3 For the purpose of application to the 4 major Greek banks a tax rate of 29% was used

12



Ifn=1,..,N is the number of portfolios at time t
Pfnt = The exposure value of the portfolion at time t

Fg 17k = The long-term equilibrium percent of portfolio n that will end up

accruing, assuming g, annual GDP growth rate for next year

k = 1..K Is the number of intervals for the approximated GDP annual growth rate

distribution

Pr = The probability that next year GDP growth will fall into interval k, which

satisfies the condition

pr=1

=
NG
[y

We define the following modified probabilities, following the definitions of 5.4

K
VA
S p— an'=1 (R_13)

{O ScenarioProvisions,, < 0
T, =
K
4T
k=1Tk  £=

~ |pr ScenarioProvisions,; > 0

Total bank performing assets for g, assumed GDP growth rate, with probability py,

are

N
ScenarioPerformingAssets, = Z Pfnt  FEnirre (R_14)

n=1
Considering all possible states k

K

PerformingAssets; = Z my' - ScenarioPer formingAssets,, (R_15)
k=1

The above assets will contribute to the Bank’s profitability. The equilibrium profits

available for extra provisions coverage, as measured at time t will be:
Profit, = pi; - PerformingAssets, (R_16)
In case Profit, = 0 we set Profit, = 1€

The total extra required provisions Provisions;, were defined at 5.4. In case
Provisions, = 0 we set Provisions; = 1€

13



It is time to synthesize the BCRC, € [—100,100] index as an indication of the Bank’s

credit risk standing

( Provisions; )
max {—,—100} Profit, <0

BCRC ={ Profit, (R_17)
t 100 _ {Provisionst 100} Profit. > 0 -
k min Profit, ) rofit,
BCRC, < 0

The Bank’s current operating model is not sufficient to provide for any additional
coverage against credit risk. The extend of credit risk exposure is revealed by the

index value
BCRC; >0

The Bank appears as not adequately provisioned. Its internal ability for absorbing the

extra credit risk is pointed out by the index value.

Intuitively as BCRC; — 100 its credit risk position is minimized.

7 Application to the Greek Banking System

7.1 Data
Before presenting the methodology applied results, all related data is exhibited.
7.1.1 Bank Data

As pointed out in 3.1 all relevant data was downloaded from the corresponding
Banks websites, for the period 2012-2016%. The reporting format of annual
statements changes for the years previous to 2012, not enabling a valid portfolio

segmentation according to 4.1 (R_2).

Since two equilibrium points are required in order to determine equilibrium

sensitivities, credit risk was quantified for end of years 2014 — 2016.

4 Data collection took place in 12/2017 so 31/12/2016 was the last available date.

14



Banks gross loan portfolios (provisions included) for the period of interest are

presented below:

Figure 6: Gross Loan Portfolio Values evolution for major Greek Banks

Loan Portfolios (bn €) 2014 - 2016

2014
2015

Alpha NBG Piraeus EuroBank

2016 w2015 =2014

7.1.2 Macroeconomic data

Macroeconomic data concerning the Greek GDP were downloaded from Hellenic

Statistical Authority website. Q4 GDP values, with annual frequency, were selected

for the macro factor representation. The data series is depicted on the graph below:

15



Figure 7: Greek Q4 GDP time series
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Bank of Greece’s Urban Real Estate Index was selected as a frame of reference that

captures fluctuations of collateral coverage values.

Figure 8: Bank of Greece Urban Real-Estate Index (Base Value 1997 = 100)

URBAN REAL ESTATE INDEX

261
= E

1994 |

The Urban Real Estate Index is closely related to the GDP values. The statistical

relationship between the percentage changes (notation of 9.5 (A_24)) is

16



Figure 9: Urban Real Estate Index & GDP Q4 relationship

t bcy t—stat I, Iyase  Dmax
2014 1,428 4,46 163,28 100 261,06
2015 1,414 4,43 154,96 100 261,06
2016 1,402 4,54 151,28 100 261,06

Additionally, for scenario application, each year a zero-mean normal distribution was
used (5.1) to capture the possible values of Q4 GDP growth rates. The distributions

for the period 2014-2016 are presented in section 9.8.

Figure 10: Normal distributions used in provisions calculation

t mean stdev Sample
2014 0,00 0,0501 19
2015 0,00 0,0483 20
2016 0,00 0,0447 21

In essence each of the 10 distribution intervals used represents a possible scenario

for the future, at each year end 2014-2016.

7.2  Final Results

The methodology established up to this point in 2-6.2, along with the appendix 9.1-
9.8 and the data specifications of the previous segment 7.1 have led to the final
results, concerning the evaluation of the 4 systemic Greek Bank Institutions for the

period 2014 — 2016, which are cited in amore analytic fashion appendix segment 9.9

Main results are presented here. First the time evolution of the actual amount of

additional provisions estimated is exposed below.

17



Figure 11: Additional provisions amounts estimated for major Greek Banks 2014-2016 in bn €
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EuroBank

EuroBank

EuroBank

We should note that the absolute provisions amount should not be directly

compared among banks. What is comparable is the BCRC Index Presented next in a

common graph, representing the improvement and rationalization of the Greek

Banking System during the period of 2014-2016.
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Figure 12: Credit Risk evaluation for major Greek Banks 2014-2016

BCRC INDEX
96,6 98,2
95,2 931 943
91,4 =
87,5 E= 87,6
85,7 84,2
78,0
2014 2015 2016

ENBG = Alpha Piraeus EuroBank

8 Conclusion

In this study we examined an alternative method for measuring Credit Risk of
commercial Banks that relies on publicly available info. The method results in the
construction of an annually constructed index (BCRC) which encapsulates both the
additional provisions requirement under stressed conditions, and the ability of a

financial institution to cover this requirement undercurrent ongoing operations.
BCRC proposed index could of use to

e external investors, as it is a comparable measure among financial institutions,
particularly of those operating under the same macro environment

e central authorities and policy makers, as a simple precursor credit risk
measure, complementary to the data intensive controls (e.g. Asset Quality

Reviews) applied in the Banking Business

The application of the methodology on the Greek Banking system during the period
of 2014 — 2016 produced reasonable results, indicating and encouraging course of

the post crisis banking system towards stability.
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9 Appendix

9.1 Provision allocation weights

With 1 being the best loan state, the total provisions concerning the portfolio are

reallocated respectively with weights:

i = Loan state
el w; = 0,09003

Wi = oy — W2 = 024473 (A1)
j=1€ ws = 0,66524

9.2 Unchanged portfolio amounts

In order to ensure the condition 21-3=1Si_0' = Zi3=15i_1' the portfolio state exposures

are adjusted

Total amounts

3 3
Si= ) S’ So=) S0
i=1 i=1

The difference of final minus initial amount
d = Sl - SO
The average percentages to each stage, through the period

51,1, 51,0’ 52,1, 52,0’ 53,1, 53,0,
TS S TS, S, TS,
b1 = T b2 = T b3 = T

The calculated adjustment amounts are

—d- d<o —d - d<o0 —d - da<o
a1,1:{ 1 a21={ P2 a31={ p3

0 d=>0 0 d=0 0 d>0
%”_{o d<0 %”_{0 d<0 %9_{0 d<0

Each state exposure is adjusted accordingly:

Si,t” = Si,t’ + aj; (4_2)

20



We rewrite the state exposure symbolisms

n n n
Ey = S10 Ry = 530 Dy = 53

n 144 124
E; =514 Ry =51 Dy =534

9.3 Estimation of pseudo — flow transitions

9.3.1 Equations formation

All initial amounts should be allocated to a stage

f11'E1 +f12'E1+f13'E1 =E1 ﬁf11 +f12 +f13 =1

foirRitfoo'Ri+fos  Ri=Ri > fou+ oot fz=1 (44)

f31 ' D1+ f32'Di+f33°Dy =D = fa1+fso+fzz3=1

The final observed amounts are formed from the initial amounts

Ry

fin Ei+ for Ri+ f31 Dy = E; :>f11+f21'<_)+f31.<&>

Ey

fizEx+foa "Ry + fz2- D1 = Ry :>f12+f22'<&)+f32.<&>

Ey

fiz E1+ fa3 Ry + f33-D; = D, =>f13+f23'<&)+f32.<&)

Ey

Replacements for normalization purposes, assuming always E; > 0 value.

R, D, E, R, D,
—=a —=b —=c —=d —=
E, E; E; E; E;
And in matrix notation
1 1. 1. 0 o O O o0 O
/O o 0 1 1 1 0 o0 0\
A='O o 0 0 o O 1 1 1i_’
E, 0 0 R,L, 0 O D, 0 O
koElooRlooDloj
o 0 Ez 0o 0 R 0 O D
111 0 0 0 0 0 O
/O 0 011100 0\
i0 0 00O 0 O 1 1 1i
kl 0 0O0a 0 0 b 0 O
01 0 0 a 0 0 b 0/
0 01 0 0 a 0 0 b

Ey
Ey

Ey

SINISTIRT RS

(4_6)

(A5)
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A x=B=>xT-AT =BT = xT-

AT

9.3.2 Gram — Schmidt orthogonalization

SO OO OO R -

S OORrRr RPRRPLR OO O

_m, R, O OO0 OO0 O

cococo ooﬁl»—xéﬂ»—\é”»—\

S OTTOoOOoOQ OO K

f11
f12
f13
f21
f22
f23
f31
f32
f33

(AT-A*) =BT -A* = xT = BT - A*

OTT OO QO O O

ST O OQ OO RrOoO O

:(5‘1 52 53 54 55 56)
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-

52 :(52"?1)"71"'&2:”72 :gz—(52‘61)'671=52 G, = =

1_1)3 :53—(53'51)1)'51)1—(53'51)2)'62 253 ‘_2)3 :@:

174 = 54 - (54‘51)1) ) 571 - (54’572) : Eiz - (54‘63) ) ‘?3

5 b

= —
4°q3 = ——=

-

1,
ﬁ 4% =

el
&

&”Héﬂ»—xaluo coocoo

Sootlngl-tlroos

23



wil N

1
1 0 8 3
0 1
0 N 1 0 2-a
0 —
1 V3 0 3
N g 1 J— a 1 b 1 a
UL = - . _— | — ] - — = —_—— =
S I BV IR IV S Ve R = 3
0 1 V3 a
b 0 — 1 -z
0 0 V3 = 3
0 0 0 V3| | 2:b
0 0 1 3
0 0 V3 b
3
b
3
R 2
|u4|=\/§-(1+a2+b2)
2
-1
-1
R ﬁ4 1 2-a
q:_} = . —a
|ty \/6-(1+a2+b2) —a
2-b
—b
—b

Us = 5)5 - (55’61) "Gy — (55'52) "Gy — (55“73) "3 — (55"74) *Ga

g.ﬁ_i g.Q—ige_b Foed = V1+ a? + b?
5°q1 3 5°42 V3 SQ3_\/§ 5°4 = NG

W] =

24



1 0 0
Ve 0 0
3
0 \/1— 0 0 2 0
1 NG 1 0 -1 1
0 13 V3 0 -1 -1
Lol el b (1’+1 2:.al 1|0
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0 0 1 1 2:b 0
b — —b b
0 V3
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27 1 2 2
|us| = E-(1+a + b?)
1
-1
. Us 1 2
q=_) = .
sl 2 0+ a2+ b)) | —a
0
b
—b

U = 56 - (56“?1) Gy — (56'672) “Gp — (8)6'63) Gz — (56°‘_j4) s — (56"—])5) “qs

> . 1 -, a -, b . Vi+a?+b2 L | V1+ a? + b2
56"11—@ 6°QZ_ﬁ 6°Q3_ﬁ 56°q4=—T 660q5=——\/§
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3
0 2 0
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1 \/1§ NE
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b 0 0
0 0
0 0
0
0
0
0
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0
0
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9.3.3 Moore-Penrose inverse
The normalized matrix

Q= (‘?1 ‘72 ‘?3 ¢74 ‘?5)
R triangular matrix

/51“_7)1 622G1 53'671 54'671 55"?1

| 0 62002 630G, Ob4d; 55"?2\|
R = I > =N < ." I
0 0 §ed; Oacds s G |
g g 0 64.6_1)4 5_)5.q4/
0 0 854G

Setl+a’?+b?=y

(\/5 0 0 1/V3  1/V3

V3 0 a/V3 a/V3
0 3 b3 b/V3
0 0 /2 y/3 y/6
0 0

0 y/2

ﬁl»—\&”»—\al»—\o cooco o

26



From the relationship

R - R~ And solving the simple equations we end up with

/1/\/5 0 0 ~1/J6y —1/\27y y\|

0 1/V3 0 —a/\J6'y —a/\2-y

0 0 1/v3 —b/J6-y ‘b/\/z'y|

\ 0 8 0 [3/2-y 1/\/2'37/
0

0 V2/y

o

The Moore-Penrose right inverse is given by

At =R1.QT
(1)

B =|1]
\a/
d

A+
-1/3-y G-1/3y @+2)/3-y -a/3-y —a/3-y 2-a/3-y —b/3-y —b/3-y 2-b/3-y
-a/3-y -a/3-y 2-a/3:y (y-a®)/3-y (y-a®/3-y @+2-a®)/3y —a-b/3-y -—a-b/3-y 2-a'b/3-y
=| -b/3-y -b/3-y 2:b/3:y —a-b/3-y -a-b/3-y 2-a-b/3-y (y-b¥)/3-y (y-b>)/3-y y+2-b>)/3-y
1y 0 —1y a/y 0 —aly b/y 0 —b/y
0 1y -1/y 0 a/y —a/y 0 b/y —b/y

9.3.4 Pseudo-flows analytical expression

xT =BT A%

The parametric expression of the results is
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y—(Q+a+b)+3-c

3y
y—(Q+a+b)+3-d
3y
y+2:-(1+a+b)—3-(c+d)
3y
y—a-(1+a+b)+3-a-c
3y
y—a-(1+a+b)+3-a-d
3y
y+2-a-(1+a+b)—3-a-(c+d)
3y
y—b-(1+4a+b)+3-b-c
3y
y—b-(1+4a+b)+3-b-d
3y
y+2-b-(1+a+b)—3-b-(c+d)
3y

9.3.5 Pseudo-flows normalization

3
Zfij=1 i =123
=1

In the case of a negative value® the following adjustment is applied:

In case of one negative value

fl'kzo fik’:fik_fim
fu=z0 —f;=0 (A_8)
fim <0  fin=0

In case of two negative values

fik =0

fia =099

fu<0 —<{f;,'=0005 (4.9)

fim <0

fim = 0,005

5> Throughout our analysis the adjustment was performed in limited cases (central government loan

portfolio)

f11
f12
f13
f21
f22
f23
f31
f32
f33

(A7)
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The normalization ends up with stricter results for the Bank, in terms of required

provisions.

All normalized flows will be represented as f;;, to avoid further notation confusion
9.3.6 Average transition flows & equilibrium

Let us assume that with the use of the methodology described in the appendix up to
now, we may calculate the annual transition flow matrix A between two points in

time

However, If the time distance between is not 1 year, At = tfing — tinitiar, then we
could calculate the annual average transition matrix with the use of eigenvalue

decomposition

A-X=X-A>A=X-A-X"1 (A_10)
A = Matrix of eigenvalues
X = Matrix of eigenvectors

So

1 1
Aapg = ATE = X - ATt X1 (4_11)

Using either a 1-year matrix, or an average matrix extracted from longer periods, we
derive the long-term equilibrium matrix (which is actually a vector) with the use of

eigenvectors.
Aequn=X'An'X_1=(fE fR fD) n—> o (A_lZ)
However, for the purpose of provisions calculations and capital requirements, the fx

percentage will have to be further decomposed into E, D states (states 1 & 3)
To do so, we assume

e Aninfinite sequence of equilibriums

e The only way to reach D state is through R state
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The previous assumptions actually result in a geometric progression as the total

percent of fz that will eventually reach D is given by

Pa=fo+fofatfo fao+fo fa +-

Which sums to

.
1 fq

The percent that will be measured as in final state E is

_ _1—-(fr + fp)
Pe—l—Pd—v

The long-term equilibrium for capital calculation purposes is provided by

1-—
Apr = (Fg FD)Z(fE"‘fR'lf—D fD+fR'$

9.4 Equilibrium State Sensitivities

We define Y; = GDP,

The GDP change over a 1 year period is

Yo =Y 4
ge=—— (A_14)
Fgj+ Fpj: = The long-term equilibrium percentages, calculated with data from

annual statements from year t, as described in 9.3.6, for portfolio ;.

Essentially, we have one equilibrium value as Fg ;. + Fp ; ; = 1. For easiness of

notation we will be using Fr without portfolio or time index, in our calculations.

Since F is an equilibrium value, it is a cumulative value, so it is reasonable to

assume that is lies on a cumulative S-shaped curve. Employing the logistic curve

Fy (A_15)

1 +e-a-bz
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From the available data series of {Y;} we calculate the average and the standard
deviation of the logarithmic transform Muny,  Siny,, and define the standardized

variable

InYy — my,y
Ziny, = Tnt (4_16)
t

In simpler terms

The change of the equilibrium percent is

dFE b dFE'S
—E_C.F-(1-F =
ay ~5 - F)= b= Ty

The following approximations are applied
dFg ~ AFg = Fgr — Fgea
dy = dinY; = gannual

For the purpose of normalization and capturing cumulative effects of the macro

factor we use a 5-year average for the growth rate value

t
9= Gavee = max {Z Z, 0,01} (4.17)
t—4

The base sensitivity value, in full notation, for portfolio j at time t

(FE.j.t - FE,j,t—l) " Siny;

Gavet  Fejt- (1 - FE,j,t)

bj, = (A_18)

We use the absolute value as a “noise filter” and assume a symmetrical slope b for

up and down movements.

If the observed value g4y . is replaced by a possible macro state value g; then the

parameter b becomes sensitive to macro environment changes.

(FEJ,t - FE,j,t—l) " Siny;
9k Feje-(1—Fgj;)

b; e (gx) = (A_19)
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=—21 _Sg=IntE
E ™ 14e-a-bz ~N-F

— b - z, thus a parameter becomes, in full notation
E

Fgjt
aj.(gr) = In 1-r )~ bj +(gx) * Ziny, (A_20)
E,j,t

The projected equilibrium long term percent of accruing loans for portfolio j given a

hypothetical annual growth rate value g, will be

1
1+ e—aj,t(gk)—bj,t(gk)'zt,k

I Y, + gx — My, _ (InY; + dinY,) — mypy,
tk = ~
Siny, Siny,

F E,jLTk =
(A_21)

9.5 Collaterals and recovery

Notation:
Cstme+ = The collateral values appearing on the annual reports at year t
I; = The collateral value selected index® calculated for year t

Inax = The maximum selected index value, usually at the highest level of the

economic cycle’
Iyase = The selected index value, at base year

Iyase = The index value we assume represents a reasonable recovery value, based
on the current relative position of the economy in the economic cycle. This is a

business estimate based on current conditions.
{gi} = The distribution of GDP growth rate values 5.1

Ceq,:,x = The adjusted collateral value used as base at time ¢ calculated for the g

assumed GDP growth rate

The equilibrium adjustment coefficient is calculated as:

6 Composite index synthesized by a Central Bank / Statistical Agency, or index of a basic collateral type
e.g. Real Estate that will serve as a proxy for the whole collateral portfolio values
7 Depends on data availability
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Ibase - It
—_— I >
Qo = I base =7t (4.22)

0 Ibase < It
The maximum expected adjustment coefficient:

Imax - Ibase

Umax = ——5 (A_ZS)
Ibase

Collateral cover should also be sensitive to the macro factor. Since there are
observable data series for I and g (5.1) we estimate of a statistical relationship,
using data up to time t, between the percentage-changes of GDP and the collateral

Index.
I
u=bci g U =——— (4.24)

bc+ = The sensitivity of the selected index annual percentage changes to GDP
annual percentage changes which will be used to increase or decrease the collateral

adjustment coefficient according to the assumed annual GDP growth rate g,
Qe = Ao — bee g (A25)
The collateral value to be used in each economy assumed state (5.1), is respectively
Ceq,t,k = Cstmut * (1 - ak,t) (A_26)
Finally, the Loss Given Default is
LGDegtx =1 = Ceq ek (A_27)

The previous analysis applies on a portfolio level, since coverages are reported on a
portfolio level also. For simplicity the portfolio index was not included in the

notation.
9.6 Adjusting the Income Statement

The format assumed for the purpose of this study is presented below.

Only interest and banking services income (core banking) is considered as gross

operating income
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Figure 13: Operating Income rearrangement

+ Interest income

- Interest Expense

+ Net Income from Banking Services
Gross Operating Income

Investment and other operating income as well as other income / expenses are

integrated into non —recurring items

Figure 14: Nonrecurring items

+ Investment & Other Operating Income
- Other Expenses
Nonrecurring Items®

The condensed income statement is expressed as:

Figure 15: Condensed income statement

Name Symbol Used 6.1

+ Interest income Intincome
- Interest Expense
+ Net Income from Banking Services
Gross Operating Income GrOperIncome
- Operating Expense OperExp
Net Operating Income
- Loan Provisions Expense

+ Nonrecurring Items OtherExp
Net Income Before Taxes

9.7 Example of portfolio transitions

If we assume 1 portfolio with the following distribution in net amounts
Figure 16: 1 bn € Hypothertical Portfolio Starting Values

E R D  Provisions
t=0 800 100 100 0

8 PS| adjustments in 2012 as well as income from acquisition of “good” bank segments in 2013 are
ignored for the purpose of the study
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Further we assume LGD = 50% and stable growth rate of 10% for each portfolio
segment. Applying the methodology developed up to now, without considering

scenarios, portfolio provisions evolve according to the following graph

Figure 17: Hypothetical portfolio provisions evolution under segment growth assumptions

Hypothetical portfolio Equilibrium provisions (mil €)

113,1
108,7
101,0 ol 103,4
) 994 101,3
97,7 !
s sus sa4 sa4
87,8 87,5 87,3 87,0
==@==No Increase 10% E 10% R 10% D
0 1 2 3 4
Year

Initially stability is assumed for [t = —1,t = 0] period. Then each segment E, R, D

grows with 10% rate. Only in the case of E we have portfolio expansion. In the other

two cases, R, D there are internal transitions to worst states.

Provisions evolve as expected in a 4-year period. Provisions amounts increase at a

higher rate concerning segment R increase, compared to segment D increase, since

the majority of provisions amount (= 67%) is consumed on D segment.

9.8 Approximated GDP growth rate distributions

The normal distributions approximated in 10 intervals with least squares method,

are depicted in the following graphs:
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Figure 18: Approximated GDP growth rate distribution used in 2014 results

GDP Q4 growth rate distribution 1996 - 2014
40% I sample frequency == N(0, 0,0501)

30%

20%

Frequency

10%

0% e

-13%  -10%  -8% -5% -2% 1% 3% 6% 9%

GDP growth rate

Figure 19: Approximated GDP growth rate distribution used in 2015 results

GDP Q4 growth rate distribution 1996 - 2015

0,
40% == sample frequency = == N(0, 0,0483)

30%

20%
- I I

0%
-14% -11% -9% -6% -3% 0% 2% 5%
GDP growth rate

Frequency

8%

12%

11%
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Figure 20: Approximated GDP growth rate distribution used in 2016 results

GDP Q4 growth rate distribution 1996 - 2016
40%
|t sample frequency = N(0, 0,0447)

30%

20%

Frequency

10%

0% , — , , , ,
A15%  -12% 9% 6%  -3% 0% 2% 5% 8%  11%

GDP growth rate

9.9 Application Results

The concentrated results of our methodology are exhibited on the next 4 tables. All

relevant amounts are reported in millions €.

Figure 21: National Bank of Greece methodology application results

NBG Results 2016

Equilibrium performing Assets 28.522,10
AfterTax Income Available for Provisions per 1 EUR of Performing Loan Assets 0,95%
Calculated provisions 915,02
Profit to absorb losses 272,20
Provisions to Profit 3,36
BCRC 96,64
Equity To Net Loans after provisions subtraction 13,6%

2015
31.417,48
0,64%
3.125,50

201,38
15,52
84,48

13,1%
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2014
33.863,36
0,84%
3.575,35

285,15
12,54
87,46

11,2%



Figure 22: Alpha Bank methodology application results

Alpha Bank Results 2016
Equilibrium performing Assets 29.994,78
AfterTax Income Available for Provisions per 1 EUR of Performing Loan Assets 1,92%
Calculated provisions 1.048,86
Profit to absorb losses 577,13
Provisions to Profit 1,82
BCRC 98,18
Equity To Net Loans after provisions subtraction 19,1%

Figure 23: Piraeus Bank methodology application results

Piraeus Bank Results 2016
Equilibrium performing Assets 37.560,60
AfterTax Income Available for Provisions per 1 EUR of Performing Loan Assets 1,16%
Calculated provisions 2.502,58
Profit to absorb losses 436,90
Provisions to Profit 5,73
BCRC 94,27
Equity To Net Loans after provisions subtraction 14,3%

Figure 24: EFG EuroBank methodology application results

EuroBank Results 2016
Equilibrium performing Assets 19.731,34
AfterTax Income Available for Provisions per 1 EUR of Performing Loan Assets 0,94%
Calculated provisions 2.937,42
Profit to absorb losses 185,98
Provisions to Profit 15,79
BCRC 84,21
Equity To Net Loans after provisions subtraction 10,1%

Disclaimer

2015
28.186,54
1,64%
2.198,44

461,12
4,77
95,23

15,0%

2015
37.757,75
0,96%
2.489,55

361,08
6,89
93,11

14,4%

2015
23.882,39
0,64%
2.161,91

151,68
14,25
85,75

12,0%

The proposed methodologies reflect the author’s view only and have no relation to

any practices implemented in National Bank of Greece (NBG). To the best of my
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2014
32.397,60
0,99%
2.757,96

320,14
8,61
91,39

9,3%

2014
39.980,15
0,98%
4.847,09

392,17
12,36
87,64

4,7%

2014
25.898,64
0,62%
3.518,12

159,67
22,03
77,97

5,0%



knowledge, up to the time the current document is written (December 2017-

February 2018), there is no publication describing a similar methodology.
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