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ABSTRACT

Purpose: To find out the appropriate probability distribution of credit card usage behavior by considering
the relationship among income, expenditure and credit card usage amount. Such relationship is enabled by
Korea’s especially high penetration of credit card.

Method: Goodness—of—fit test and effect size statistic W were used to identify the distribution of income
and credit card usage amount. A simulation model is introduced to generate the credit card transactions on
individual user level.

Result: The three data sets for testing had either passed the chi-square test or showed low W values, meaning
they follow the exponential distribution. And the exponential distribution turned out to fit the data sets well.
The r values were very high.

Conclusion: The credit card usage behavior, denoted as the counts of users by usage amount band, follows
the exponential distribution. This distribution is easy to manipulate, has a variety of applications and generates
important business implications.
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Table 1. Distribution of head count by income band (KOSIS, 2015)

Income Band Actual head count Income
(in 10mil. KRW) (0) (in 10mil. KRW)
0~2 7,657,059 8,043,495
2~4 4,858,285 14,123,679
4~6 2,348,297 11,658,253
6~8 1,303,229 9,114,428
8~10 570,400 5,131,348
Above 596,124 9,023,670
Total 17,333,394 57,094,872

O] AL 1,733%F ol Eali= ¢ tlolEHE &.9F AAIS Az 0|t} WA 58XV} AFREE B2 EA] 93]7]
AsNA = FrelAlw BAES o] &3 A= HAS sof st} JlolAly BAFE AFEELZEEH ALk o] 241
UGBS} AA AL4(O)E oo} o] At B Ao |t

F(0,-E)
2 i i
= 4
X ZZEI E;
O, = A=, E = o234 7|3k
a8y A s AAL AT UF 2 AF a3Ao)x] #3d (Bentler and Bonnet, 1980) ¢ A&+ 1,733

T o2 NAGI) g Ak, ulEha] AA %* 3} AAGlo]l AFIHA(H,: ESF O Abodlli= 21491 o) 7} ¢l&)
o] 7]1Zte T}, Cohen(1988) o=l Z-%- a3A7|(Effect Size) = WE #asl= o]
g a3 37]e= NAGe] &S aAS AZ A AfolE AlFsts H=LAd, Wrk A=}

%2l zjol7} ATHAThE ojvlold,
2
e X 5)
n

KOSIS &5A 504 vlasjof & 5 Johd A5 AA| 1dF0)% A2 s A gtate] A&d 71l
AFE)eltt. FrolAlw EAZS Table 29F o] Ak A(5)olA n = 7|AF = 17,333,3940]t}. o] + Loz
- WE AR 5 vk WrF 25545 7 w1l AA A< xfo] 7} Aof A|g=itazel] 7hgthal e s = 9t
WL aflAde] Al 7| gle, Cohene 0.1 °F3H(weak), 0.3 F7Hmedium), 0.5 oA+ 73 (strong)
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Table 2. Calculation of Chi—square statistic and W

Income Band Actual head count Expected head count (O— E)2
(in 10mil. KRW) 0) (B) B
0~2 7,657,059 8,193,627 35,138
2~4 4,858,285 4,320,437 66,956
4~6 2,348,297 2,278,134 2,161
6~8 1,303,229 1,201,243 8,699
8~10 570,400 633,406 6,267
Above 596,124 706,547 17,258
Total 17,333,394 17,333,394 136,438
A X? W r
0.320 136,438 0.0887 0.996

KOSIS #AF59] A 1 Hat 257592 3.294CGd v o] 2= \ = 1/E(X) = 0.304°]t}, ¥reF 9 257} 0.304
= AR ot AR AgsA AqEH 08 Ex A& 22 s 2 Hol FhelAly A% = 0] 2
Aoty ey Abs|RdAte] o] 24l X E e mEE A9e 719 32 jlval & 5 qlvk webA
KOSIS At&25 ofg] 7FA] A 9] A4=EE 9} vl UaAEES 4338191, 21 23} KOSIS A&+ A = 0.320
o Wl W7} 0.0887% HAa7t B2 & 5 AUtk o)A Cohen?] °FsHweak) 7|52 313] 3}, ulebA Table 29] O
o} Eztell AA#Q ajoli= A4 @1, A5EEE N = 0.3209] AFEES} /vt 228 Uy & Qi

Folxl A5t Azl Agke Ao tigk =7t Fhol Al SAZS Webd, RE = X327t Foi3l A8 &
duht 2 At tigh A vk IR AWAT r2A 54 FEEE 2ol HolH et Akt H¥A

HAZE AFAE uigitt. ot AFREE SHolBR AAIAret 7ol dge AdRE FHato] ALttt

S D)y T
_ (x _xz(y y)_ : ©)
VE@—2)2y—y)
2 = In (actual head count ), y = In(expected head count)
21(6)o] Wt AAEPE r = 0.996, p-value = 0.0002. 24 AFRIER AL=d Qe ASRT 259 194
AR 2 ARWAE AR o S Uk 10 KOSIS 25 HE ARE AFRERA 408 43T 5 ok

ojmole},
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Figure 1. Distribution of W and r by A in fitting KOSIS income data
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Figure 2. KOSIS Income distribution fitted by exponential distribution with A = 0.320
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Diacon and Maha(2014)& AAI&de] 215 E EUE A25-A&-GDP7H] #A
ol wheh & Aol vkt e eyt £3 u4S wrkl A=
740& ebaL oo wet Keynes®] 78S o d3] frasitta 28 W™ o vk KOSISolA A& Eis
THAIFA] 2AH5(2006~2016)5 Kot wul A5 AHAE A AR AR FAE 240l 2S¢ & v
(Figure 3).
2R A ET 21 87ME o] G A et gl dAIE KRt o] HlE AAE AA oty FEAY FoE
FAHARE, S-Eupete AETME AR ofo] WIZE AR Ee] Ank o] S AbA|skaL 917] wiite] L vl dAlE T
S F38 Aoy wolt oAF§H3] e A5 (CREFIA, 20145 ¥ 2000 ~ 2013\ WZHAR|A| &3} Alg-
7} o] &7 ML Figure 33 Zo] mj$- A FAZ Wsleld S-S & 5 At (r = 0.992, p-value = 0.000).
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Figure 3. Proportional relationship among income, expenditure and credit card usage
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Credit Actual Expected | (p-fg)? (DM)
Limit (DM) |head count| head count E 800 -
3,500 686 657 1.28 700 3
6,500 190 206 1.24 600 - h
9,500 79 82 011 500
12,500 27 33 1.09 400 -
Above 18 22 073 300
Total 1,000 1,000 445 200 +
100
3,500 6,500 9,500 12,500 Above
x> = 445 < x%09s3 = 7.81
= Actual head count = === Expected head count

Figure 4. Fitting of UCI repository’s German data to the exponential distribution
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Figure 5. Credit card usage amount by regional block
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Table 3. Credit card transaction model

Notation Represents Model Value
1 card user index 1 to 50,000
T limit of days 30
k usage index for card user 1
) average daily number of N a=1.5
A usages for card user i A i~Gamma( a1, B1) B+=1.0
_ time of kth usage . . )
ti,k for card user i tix—ti.1~Exponential (A ;)
Uik usage amount at tj 1n(U; )~Normal (i, 0%
average of U Normal ( ) w9
bi \Y i, Hi~ Hu, Ou 9
: oo 0.,=0.36
2 . _ 1/ 6 i~Gamma( a z, B3 2) a-=15
0 variance of Ui x Set 0= pil 6, B,=1.0

Modification of model

Stage Process
1 Generate a random value following Gamma( a2, B2), which is C
2 1/6 =C, so 6§ =1/C ("~ §>0)
3 Set 0i°=1u/C

9] Bgog AEH IS 503] Aldsigitt. 7} Aldniet 5YkE el afo] o7l AlETtE o] 84 H S A
I AF7IE o 9E ASIITHT = 30). *13*1 Hldloly w29 Amo Ak Hoke]l sl AE7t= o] &5
< 9 HApE 374 GornR o= g '] £48 dwksld 4 ok
AL 9] Gt ARTEE o] 81 Ollﬂr. Sh-2ao] At o] &aE) 2ARA L B AAR(BOK, 2016)
w2 Fted o] &1 4 Hit 1670tk o] #E AEshd 59 Mgl - 0.5 HET) Hojof g}, 1
U AnREe] 7P A 2 AR ZhERES g o R b o] Bk & gholojof dkar, wg Aghe] Y &
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APPENDIX

REZE= (N = 50,000)

ki3

1. A87t= o] 824 A7 AL 9

{r}

library(MASS)

custid <= seq(1,50000)

lambda <- rgamma(50000,1.5,1)

(50000,9,0.6)

trinvsgsq <- rgamma(50000,15,1)

tr_mu <- rnorm

CTmodel <- data.frame(custid,lambda,tr_mu,trinvsgsq)

CTmodel$tr_sg <- with(CTmodel,sqrt(tr_mu/trinvsgsq))

CTmodel$trinvsgsq <- NULL
for (i in 1:50000) {
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ptime <- cumsum(rexp(300,CTmodel$lambdalil))
p_yn <- ifelse(ptime>30,0,1)
tr_amt <- exp(rnorm(300,CTmodel$tr_muli],CTmodel$tr_sglil))
sales <- c(tr_amt*p_yn)
CTmodel$totsales[i] <- sum(sales)
¥

write.csv(CTmodel$totsales, file

ctmodel.csv")
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