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Applies for loan from Bank A,
Bank A prices loan for SME X
based partly on PD from CRD

CRD provides PD based
on models built on

aggregated data from

Member Bank A ¢

all member banks

Bank A input profile of SME X into
CRD’s PD model and query for PD

Member Bank C SEIEIEEEEIE

CRD in Japan and the Phillipines: A conceptual representation

Member Bank B

Member banks provide anonymized loan
transaction data, customer financial

statements, tax filing of the borrowers

association A

Objectives:

O Help Fls and credit guarantee corps better assess risk
of lending to SMEs

O Price the loans more accurately

O Reach deeper tiers of SMEs

Input into CRD from Fls:

@] Annonymized financial, non-financial, and loan data

Output from CRD to Fls:
O PD models or PD based on aggregated data from all

member Fis




1. a@]qﬂaﬁﬂﬂ’mﬁ’]ﬁdLmd\‘iﬁu"qu"nad SMEs (Information Asymmetry)
2. aﬁuagumﬂﬁﬁmﬁmmu Info-based Lending
3. ®uFIUMIAUIeNURWITaUUY Risk-based Pricing
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Overview & mapping of sandbox data

(data from beginning to Dec 2018)

Loan Data (Ordinary & Juristic)

Data Mapping Definition

v a aAa d'dn -:l' =
vayanAyAAaNAawIZa 32409
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N13A12819ATUDIN Db dd)

Financial Statement Data

Loan Data (Juristic-
(CPFS)

only)

# Observations

473K 473K 489K 1.25M  1.47M

Data Sources

Loan Data
Ordinary & Juristic (LAR+SMD)

Loan Data (Juristic-only) 127K 130K 132K 146K 150K

Financial Statement Data
(CPFS)

447K 458K 486K 505K 536K

mapped results | Juristic with both datasets 108K 109K 112K 122K 123K




Number of Firms

Number of Firms with Loans and Financial Reports by Firm Sizes
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i ﬁaga LAR: ISIC 209903301800 WEHanTagIqn
284 ISIC BOT Rev 4

Step 2

. R
nsdilaididoya nyfbldfdaganalaln
CPFS uaz SMP

swlaln cPFs

& m L [ a 1 a (X% (% L
1% i’lgl:lﬂ L wauLInan and - ladayanelavingudays
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Aussaaly (wnlaidl

¥ Y U L
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SMP (SME Profile) Ltnib

dayaiala)
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FamnAvUInEoY FAMNATUIALDU (Medium)
(Micro)
115914 swla | nsaneu sqwula 115919971 swola
47U
NIANSHER Tuuseu |ldnu18au | lanius0 au | latniu 100 av. | lufiv 200 au | lainiv 500 au
NIANNSALAY lunusen | ldinvi18au | lanu30eu |l s0au. | laidiv 100 au | laidiv 300 av
uins
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— CRD Concept
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BANK OF THAILAND

SME loan account with status being “Pass”, over
the one-year forward period

Probability of Default (PD) =
\ SME loan account with status being “Special

1 Mention” or “NPL” at any point in time over the
one-year forward period

With this definition, the number of total default observations are total of 42,958 obs (10.71%)
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Dependent Variable: Loan Status
* o ndaveuiinSbiunisiiu (CRD Japan)

auluz 12 @audniniin (BOT's credit score model)
™ 12 1eawdn9nin (BIS the 9" IFC Conference paper)

Explanatory $ Financial
Variables ~i| Statement Profiles
-, . (Non-Financial
+* Q‘ Loan Data)

Repayment j $
: Usage
Behaviors
d l Behaviors

(Default Related data)

Selection Methods

;J‘.IJ LLiJiJsl%ﬂ’liﬁTﬂﬁ'] CRD G*?’l% Technical

fﬁ‘L Training

27\ Dataset

Testing
Dataset

Models

Model Prediction
Result (Credit
Score LLaz PD)

Estimating
Parameters

Model
Evaluation
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CPFS Data

1. CPFS Data — L%ﬂmmauuﬁrﬁmaa"ﬁaga

0 ﬁiagammqm ltem

O Cross check mwgﬂﬁawaa@ﬁmm LT

Asset = Liability + Equity

Total Current Asset = Cash + Short-term
Investment + Account Receivable + short-term
Loans + Inventory + Other Current Asset

Total debt = Short-term debt + Long-term debt

Data processing

Financial Ratio

2. Financial Ratio

Step 1: L%ﬂmmawm@;amamaa financial ratio 13

O ROA uaz ROE A23d@1321319 -100 19 100
O Account Receivable Turnover Days A238#132% 314
0 £14 365 %

O Years of Debt Redemption 7335471321319 0 919 30 1
Step 2: ULNUAT Outlier ABANNLANIZFY



Example of explanatory variables from sandbox data
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Growth ratio Stability ratio

Sale growth Equity ratio

D/E ratio

Asset growth

Liquidity Ratio Solvency Ratio

Current ratio Debt Dependency ratio

Quick ratio Year of Debt Redemtion

Cash to Sales ratio Interest Coverage ratio

Profitability Ratio Efficiency
ROA Inventory Turnover Days
ROE Cash Conversion Cycle

Net Profit Margin Asset Turnover
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u Lﬁaﬂgﬂtm‘uﬂad Independent variable (Level vs Log form)
u Run Single logit regression LLag 1% 5 criteria Twn1318an aua1ay

P-value Sign of correlation Magnitude of MacFadden's
to Dependent correlation to pseudo R2
variable Dependent
(Expert Judgement) variable
\ J \ : _J \_ J \ : J \ J
P-value Sign (Corr to Y) |Magnitude (Corr to Y)|MacFadden's pseudo R2 AUC
variables Winner
level In level In level In level In level In
ROA - 0.06 |- In
ROE - 0.02 |- In
Operating margin - 0.07 |- level

WNELAQ: In 1 Yeo—Johnson log transformation 18



sumsuoUszmAlve Credit Scoring Model vs A-score
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Application score (A-score) aindsznauliUaa8@71l591n Loan application Wlmiﬁ%ﬁaqvﬂﬂa
TIINVDYAVINIUNIIIRAIY UAVBYA repayment behavior %amwuﬁ%ﬁagamﬂ‘l%ﬁ‘%a
22ya91n NCB

&1%51 Credit Scoring Model LWsnwad CRD project 5’@ﬁ1§%tﬁasaa%’uﬂ@:ugnﬁ’1 SMES #&
yaAa #13i3l financial footprint Zeilsznavlldradiudlsnidwaargnieny A-score 11w
PayauIEnuazIun1sn (waazlalzsDaya repayment behavior lunsiiansan)

193 a9 AUDY Credit Scoring Model 1% luudazanninn3iu dvasina da GILPEIDYRE

1 q? 1 . =% 6 1 (-] =%
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PD Score vs NCB score

CRD (PD Score)
PBIUIEN N.

m suMsuvlsz el

Traditional NCB Data
PAIUIEN A

£l
NCB Score

PAIUIEN A

“WAnsIuMIITRMITav0IUTHN A “PD 229U58% n. 221¥iny PD lasiaduuad

“WOANTINMTITARTaVRIUSHN A7
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Analytical Results

l. Logistic Regression & Scorecard




SIS UR sl el Logistic Regression Model (con vars)

BANK OF THAILAND

Variable Coefficient Variable Coefficient C )

(significant) No

(significant)

over & under

- ok In(Equity ratio -0.042***
(Intercept) 0.679 (Equity ratio) T
In(ROA) -0.214*** In(Asset turnover) -0.517*** \ )
In(ROE) -0.036*** Cash Conversion Cycle 0.010***
In(Ordinary Income Margin) -0.029 In(Interest expense to sales) 0.042*** AUC
In(Operating margin) 0.126 Gl o sl _0.351 %+
Net margin -0.005*** . . xx o

In(Working capital to debt) -0.092 74.69 %

I I th -0.054*** : skk
n(Sales growth) 0.05 Firm Age -0.029 (PD's cutoff

In(Asset growth) -0.021** In(Authorized Share Capital) -0.030*** threshold = 0.11)

22
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NULINGN (Bin)
ANAINIRNIZEN
LeNV1I% Default
(Bad) wag Non-
default (Good) data
Tuuaaz Bin
Weight of Evidence
(WOE) Tuaaz bin

% Distn Good,
WOEi_ ln( % Distn Bad,

sumsuivlssnelng

)

)

Stepwise Logit

Regression

r

In(Odds),= B,+B,;WOE, +...

Linear Transform of
Logit Model by WOE

+B,WOE; +¢

Run Stepwise Logit
Regression ti{alaan
variables ﬁgmtﬂm
1w WOE uan

Credit Score

Result

. WIHANIILRBN
variables 921N
stepwise regression
N1ATWID Credit

A
Score @13 range 1
ADINTT

Total Score = Base Score +
Contributions by Predictors

4 )

Introduction of Credit Scorecard from Logit Model

24



sMIUsUTTmAlne Credit Score Distribution (GOOd VS Bad)
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Credit Score (Trained Data)

20%

Non-Default s=@e=Default
Median (Default) = 620

15%

Credit Score (Full Data)

10%
20%
Non-Default HDefault

Median (Default) = 620
5%

15%
0%
400 425 450 475 500 525 550 575 600 625 650 675 700 725 750 775 800 825 850 875 900 925 950 975 1000
10% Credit Score (Test Data)
20%
Non-Default e=@==Default
Median (Default) = 621
5% 15%
[ I | |
0% - — — — M i BB B 0. B B o _

400 425 450 475 500 525 550 575 600 625 650 675 700 725 750 775 800 825 850 875 900 925 950 9751000

c]

5%

400 425 450 475 500 525 550 575 600 625 650 675 700 725 750 775 800 825 850 875 900 925 950 975 1000
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Accuracy: Ability to differentiate Defaults &
Non-defaults

Sensitivity: Ability to determine Defaulters

Sensitivity = w
TP+FN
Specificity: Ability to determine Non-Defaulters
pe TN
Specificity = NP

True positive (TP)

No. of Correctly identified Defaulters
False positive (FP)

No. of Incorrectly identified Defaulters
True negative (TN)

No. of Correctly identified Non-defaulters
False negative (FN)

No. of Incorrectly identified Non-defaulters

Rate (%)

Variation of Logistic Classifier's Metrics by Threshold of Scorecard
Data Used: 100,249 Firm Loans in Test Set

100% -

75% -

50% -

25% -

Scorecard Threshold Score

850
Threshold

i
700

98
/.,-.

'
750

00 o0 9009
Metric
Accuracy
@ Sensitivity
Specificity
| |
800 850
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Analytical Results

Il. Tree-based model




Imbalanced Data
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wayaaafiludidwedyalad
i .
G OOd amuziilu SM 58 NPL aaan B ad vice versa
-
szazIan 1 Yznavm

Default & Non-default Proportion

Imbalanced Data

a . 3 1
d LN® imbalanced data A¥I2$1hIN3
100% .
ﬂEpJ Default LLaz Non-default
80% LWBINFARIBIZHING minority
60% RS majgrlty LANGININUNIN
° awnalmﬂ@ﬂmumﬂ'ﬁﬂizmm
(o] ' { o ' 1= A
40% @1 PD Né1ninanutilunass
g 1
20% Yuu 57909 pattern VAINYY
non-default a:gna:mﬂvlﬂ
0% .

wnla undersampling ﬁaﬂa
Whole Sample Training Set Test Set I1NNaN non-default asLay

. L% 1
B Default W Non-default oversampling 2aylaannaal

default ﬁ%
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>=-22

>=4.4

PD = 0.07 PD =012
obs = 11% obs = 10%

>= 6.6e-6

No

Interest expense

to sales

|
| Interest expense to sales |

>=0.25

Sales growth

Cash to Sale .

to debt

Working capital

<44

Construction

Cash to Sale

>= 4.1

sector

No

>= 14

PD =0.14

obs = 7%

Yes

<41

Firn age

PD =045
obs = 2%

— | Sales growth

>=0.25

Construction

<0.25

sector
No
>=13 <13
Equity
ratio
>=49 <49
PD =041
obs = 2%

PD = 0.46

ab:

Yes

1%

<0.25

< 6.6e-6

Sales growth

SME size

Medium

PD =049
obs = 3%

Micro,Small

Loan amount

50K-350K

PD = 0.42
obs = 7%

>=3

Sales growth

(dagzil 2)

PD = 0.58

obs = 4%
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4{ Interest expense to sales ’7

< Decision Tree Model
| Loan amount < 50K | 4@7-

(s1wazduaninyyd 1) >=25 <25
4' Cash to Sale I— | Loan amount > 50M |
>= 32 <32

Over & Under sampling
® Before: Default / Non-default obs = 1:9
®* After: 3:7

Account Payable

Turnover

Hyperparameter settings
No Ves ® min split =18
® min bucket =7

® c¢p=0.001
® max depth =8

AUC =72.43 %

(PD's cutoff threshold = 0.3)
PD = 042 PD = 0.53 PD =05 PD = 0.64
obs = 4%
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Ensemble Method
® Majority Voting
® Average

Variable

Interest expense to sales

Sales growth

Firm age

Cash to sales

Reserves ratio

Total assets turnover Rate
Working capital to debt
Asset growth

Account payable turnover

Fixed asset turnover

Random Forest Model

Importance

(node purity)

3087.14

2971.31

2136.88

2068.83

1856.36

1771.39

1753.08

1584.89

1532.72

1417.06
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Variable

Account receivable turnover

Fixed assets to fixed liabilities and total equity
SGA ratio

Ordinary income Margin

Net margin

Quick ratio

Equity ratio

Current ratio

Fixed assets to total equity

Operating profit to total asset

Importance

(node purity)

1337.75

1295.51

1284.38

1247.77

1194.37

1190.10

1168.57

1165.05

1158.13

1146.12

Random Forest Model

Over & Under sampling
Before: Default / Non-default obs = 1:9
After: 3:7

Hyperparameter settings
Number of tree = 500
mtry = 36 (num of vars = 147)

node size = 2

AUC =80.45 %

(PD's cutoff threshold = 0.21)
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swiATsus Al Comparison of models performance
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Econometric Models Tree-based Models
Logistic regression 74.69 Decision tree 72.43
(continuous vars) (continuous vars)
Logistic regression 74.57 Random forest 80.45
(weight of evidence) (continuous vars)
11lUvi1 scorecard 11lUvi1 strategy curve

WWBEaUNIU scorecard
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Comparison of models performance (ROC Curve)
"""'ROC Curve Concept

(
B/(A+B) o
(FNR or Type Il H —
=
| c/cp) 3 D/(C+D) | é
(FPR or 1-Specificity (TNR or Specificity) g
or Type | Effor) % Random forest
Test set, AUC=0.7457 (continuous vars)
" p=0.10, (0.36,0.72) 1.0
A/(A+B) 00 L] L] ] T
0.0 0.2 0.4 06 0.8 1.0 0.8 -
(TPR o Sensitivity) 1-Specificity / FPR o
o
Logistic regression ': 0.6 -
(weight of evidence) =
- =
c
&
Default Non-Default 0.2
Test set, AUC=0.8045
Default A (TP) C (FP) p=0.21, (0.29,0.75)
Predicted 0.0 T T T T
0.0 0.2 04 0.6 0.8 1.0
Non-Default B (FN) D (TN)

1-Specificity / FPR
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