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I. Optimum Limit Model

To determine the optimum limit that maximizes the profit,

Solve following equation: Solve following equation: Solve following equation: Solve following equation: 
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NG , NB : Number of good and bad customers: Number of good and bad customers: Number of good and bad customers: Number of good and bad customers

uG(x), uB(x) : Usage function w.r.t the limit for good and bad customers: Usage function w.r.t the limit for good and bad customers: Usage function w.r.t the limit for good and bad customers: Usage function w.r.t the limit for good and bad customers

w0 = = = = l/g : (losses from bad customers)/(revenue from good customers): (losses from bad customers)/(revenue from good customers): (losses from bad customers)/(revenue from good customers): (losses from bad customers)/(revenue from good customers)

w* = = = = NG/NB : Population Odds: Population Odds: Population Odds: Population Odds
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I. Optimum Limit Model

Common sense on the optimum limit

Allow higher limits to Allow higher limits to Allow higher limits to Allow higher limits to “ GoodGoodGoodGood” customers with high usage amount, lower limits customers with high usage amount, lower limits customers with high usage amount, lower limits customers with high usage amount, lower limits 

to to to to “ BadBadBadBad” customers who are delinquentcustomers who are delinquentcustomers who are delinquentcustomers who are delinquent

The optimum limit is the limit that maximizes the profit for a The optimum limit is the limit that maximizes the profit for a The optimum limit is the limit that maximizes the profit for a The optimum limit is the limit that maximizes the profit for a homogeneous homogeneous homogeneous homogeneous 

customer groupcustomer groupcustomer groupcustomer group with a similar usage amount and credit rating.with a similar usage amount and credit rating.with a similar usage amount and credit rating.with a similar usage amount and credit rating.

When limits are randomly given to customers in homogeneous customer group Ai, 

profit function will be maximized at the optimum limit value.

The optimum limit value is determined by the marginal utilization rate of good and 

bad customers.
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I. Optimum Limit Model

Usage and Revenue/Cost function of Good and Bad customers

Usage functions for good and bad customers are differentUsage functions for good and bad customers are differentUsage functions for good and bad customers are differentUsage functions for good and bad customers are different

Usage function for good customers is S-shaped

Usage function for bad customers is linear with respect to the limit

The optimum limit can be obtained from Revenue and Cost functionThe optimum limit can be obtained from Revenue and Cost functionThe optimum limit can be obtained from Revenue and Cost functionThe optimum limit can be obtained from Revenue and Cost functionssss

Exists where the slope of cost function is the same as the tangent of revenue function 

Revenue Revenue Revenue Revenue 
from Good from Good from Good from Good 
CustomersCustomersCustomersCustomers

Cost from Cost from Cost from Cost from 
Bad Bad Bad Bad 

CustomersCustomersCustomersCustomers

Good Good Good Good 
CustomerCustomerCustomerCustomer

Bad Bad Bad Bad 
CustomerCustomerCustomerCustomer

Usage Usage Usage Usage 
AmountAmountAmountAmount

RevenueRevenueRevenueRevenue
/Cost/Cost/Cost/Cost

Average Usage Amount per personAverage Usage Amount per person Revenue/Cost function per personRevenue/Cost function per person

LimitLimitLimitLimit LimitLimitLimitLimitOptimum LimitOptimum LimitOptimum LimitOptimum Limit
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I. Optimum Limit Model

The optimum limit depends on the customer group

Optimum limit is higher for customer groups with higher usage amOptimum limit is higher for customer groups with higher usage amOptimum limit is higher for customer groups with higher usage amOptimum limit is higher for customer groups with higher usage amount and ount and ount and ount and 

better creditbetter creditbetter creditbetter credit

For a group with higher usage amount, the revenue curve moves up and to the right 

� The optimum limit becomes higher 

For a group with worse credit rating, the cost curve becomes steeper                   

� The optimum limit becomes lower

A group with higher usage amountA group with higher usage amount A group with worse credit ratingA group with worse credit rating

LimitLimitLimitLimit LimitLimitLimitLimit

RevenueRevenueRevenueRevenueCostCostCostCost

RevenueRevenueRevenueRevenue
/Cost/Cost/Cost/Cost

RevenueRevenueRevenueRevenue

CostCostCostCost

RevenueRevenueRevenueRevenue
/Cost/Cost/Cost/Cost

BBBB

AAAA

BBBB

AAAA
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I. Optimum Limit Model

Delinquency Rate according to the Optimum Limit Model

AccountAccountAccountAccount----based delinquency ratebased delinquency ratebased delinquency ratebased delinquency rate

Defined as (# of delinquent customers)/(# of customers with balance) 

Property of the customer group, independent of the limit

BalanceBalanceBalanceBalance----based delinquency ratebased delinquency ratebased delinquency ratebased delinquency rate

Defined as (delinquent amount)/(total balance)

U-shaped and has a minimum value near the optimum limit
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I. Optimum Limit Model

Can the Optimum Limit Model be applied to the actual data?

The situation described by the Optimum Limit modelThe situation described by the Optimum Limit modelThe situation described by the Optimum Limit modelThe situation described by the Optimum Limit model

Limits are randomly given in a homogeneous customer group

Customers at different limit values are of same properties

Usage amount and delinquency rate are only dependent on the limit, not the customer properties

The situation described by actual dataThe situation described by actual dataThe situation described by actual dataThe situation described by actual data

Higher limits are given to the customers with greater usage scale and better credit ratings

Customers at different limit values have different properties

Usage amount and delinquency rate are dependent on not only the limit but also the customer 

properties

To apply the optimum limit model to actual data, effects of the To apply the optimum limit model to actual data, effects of the To apply the optimum limit model to actual data, effects of the To apply the optimum limit model to actual data, effects of the customer properties on the customer properties on the customer properties on the customer properties on the 

limit need to be controlledlimit need to be controlledlimit need to be controlledlimit need to be controlled

Customers are segmented into homogeneous customer groups

In the customer groups, it must be verified that usage and delinquency depend only on the limit
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II. Determination of the Optimum Purchase Limit

Analysis Data

The data used for the study consisted of 21 million newly openedThe data used for the study consisted of 21 million newly openedThe data used for the study consisted of 21 million newly openedThe data used for the study consisted of 21 million newly opened credit card credit card credit card credit card 
accounts with detailed customer propertiesaccounts with detailed customer propertiesaccounts with detailed customer propertiesaccounts with detailed customer properties

The data was collected from 11 card companies by Korea Credit Bureau since Jan. 
2006

Customers of the same properties were given different limits by different card 
companies due to differing limit policies

Frequently used variables in the study include:Frequently used variables in the study include:Frequently used variables in the study include:Frequently used variables in the study include:

UL : pre-signup monthly total usage amount of a customercustomercustomercustomer (average over 3 months 

before signup)

UN : post-signup total usage amount of a customercustomercustomercustomer (average over 3 months after 

signup)

uN : post-signup usage amount of a new accountaccountaccountaccount (average over 3 months after 

signup)

SL : pre-signup credit rating of a customercustomercustomercustomer. The credit ratings lie on a scale of 1 to 

10, with smaller numbers representing more creditworthy customers.
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II. Determination of the Optimum Purchase Limit

How customer properties affect the usage?

When preWhen preWhen preWhen pre----signup usage amount is fixed, customer properties positively signup usage amount is fixed, customer properties positively signup usage amount is fixed, customer properties positively signup usage amount is fixed, customer properties positively 
correlated with the limit are negatively correlated with the poscorrelated with the limit are negatively correlated with the poscorrelated with the limit are negatively correlated with the poscorrelated with the limit are negatively correlated with the postttt----signup usage signup usage signup usage signup usage 
amountamountamountamount

Variable

With no variables fixed
With UL, SL fixed

(for SL, only fix UL)

UN
Usage 
Rate

SOW uN Limit UN
Usage 
Rate

SOW uN Limit

UL +++ 0 - + ++

Credit Rating(SL) 0+ - - -- +++ 0- - - -- ++

# of Cards Held + - -- 0- ++ 0+ - -- -- +

Annual Income ++ - - + ++ 0+ - 0- 0- +

( | ) ( ) ( | )N N Lu f x X U U SOW x X= = ×
r r

SOW : Share Of Wallet,      : Customer Properties: Share Of Wallet,      : Customer Properties: Share Of Wallet,      : Customer Properties: Share Of Wallet,      : Customer Properties

Usage Rate = (# of customers who used the new card)/(# of new customers)= (# of customers who used the new card)/(# of new customers)= (# of customers who used the new card)/(# of new customers)= (# of customers who used the new card)/(# of new customers)

X
r
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II. Determination of the Optimum Purchase Limit

How customer properties affect the usage?

Customers with a large number of credit cards have good credit rCustomers with a large number of credit cards have good credit rCustomers with a large number of credit cards have good credit rCustomers with a large number of credit cards have good credit ratings and atings and atings and atings and 

large prelarge prelarge prelarge pre----signup usage amounts, so are given higher limitssignup usage amounts, so are given higher limitssignup usage amounts, so are given higher limitssignup usage amounts, so are given higher limits

But, usage rate and SOW decreases since their usage is distributed across many 

cards, yielding negative correlation between limit and post-signup usage amount

Giving higher limits to customers with more cards makes correlatGiving higher limits to customers with more cards makes correlatGiving higher limits to customers with more cards makes correlatGiving higher limits to customers with more cards makes correlation between ion between ion between ion between 

the usage amount and limits less strongthe usage amount and limits less strongthe usage amount and limits less strongthe usage amount and limits less strong

But, its effect is negligible as shown by the dotted lines.
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II. Determination of the Optimum Purchase Limit

Relation between the Limit and Usage Amount

If preIf preIf preIf pre----signup usage amount and credit rating are fixed, postsignup usage amount and credit rating are fixed, postsignup usage amount and credit rating are fixed, postsignup usage amount and credit rating are fixed, post----signup usage signup usage signup usage signup usage 

amount is a function of the limit onlyamount is a function of the limit onlyamount is a function of the limit onlyamount is a function of the limit only

The relation between the limit and usage amount from actual dataThe relation between the limit and usage amount from actual dataThe relation between the limit and usage amount from actual dataThe relation between the limit and usage amount from actual data agrees with agrees with agrees with agrees with 

the assumption of the optimum limit modelthe assumption of the optimum limit modelthe assumption of the optimum limit modelthe assumption of the optimum limit model
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II. Determination of the Optimum Purchase Limit

Relation between the limit and delinquency rate

Even after fixing preEven after fixing preEven after fixing preEven after fixing pre----signup usage amount and credit rating, accountsignup usage amount and credit rating, accountsignup usage amount and credit rating, accountsignup usage amount and credit rating, account----based based based based 

delinquency rate decreases as the limit increases.delinquency rate decreases as the limit increases.delinquency rate decreases as the limit increases.delinquency rate decreases as the limit increases.

It is possible to subdivide customers with the same credit rating according to 

creditworthiness.

The dependence of the limit on creditworthiness cannot be completely removed 

by Credit Bureau data.
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II. Determination of the Optimum Purchase Limit

Removing the dependence of the limit on creditworthiness

AccountAccountAccountAccount----based delinquency rate depends on the limit because the limit based delinquency rate depends on the limit because the limit based delinquency rate depends on the limit because the limit based delinquency rate depends on the limit because the limit 

depends on creditworthinessdepends on creditworthinessdepends on creditworthinessdepends on creditworthiness

where        represents customer properties except prewhere        represents customer properties except prewhere        represents customer properties except prewhere        represents customer properties except pre----signup usage amount and credit ratingsignup usage amount and credit ratingsignup usage amount and credit ratingsignup usage amount and credit rating

The dependence of the limit on creditworthiness can be removed bThe dependence of the limit on creditworthiness can be removed bThe dependence of the limit on creditworthiness can be removed bThe dependence of the limit on creditworthiness can be removed by readjusting y readjusting y readjusting y readjusting 

odds at each limit valueodds at each limit valueodds at each limit valueodds at each limit value

Resample customers of subgroup Ai so that sample odds(                           ) becomes the 
same as population odds(                          )

( )2( , ) ( )c L LD f S U x Xε= +
r
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i i i i i i
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II. Determination of the Optimum Purchase Limit

After resampling, delinquency rate agrees with the assumption of the 

optimum limit model

AccountAccountAccountAccount----based delinquency rate is independent of the limitbased delinquency rate is independent of the limitbased delinquency rate is independent of the limitbased delinquency rate is independent of the limit

BalanceBalanceBalanceBalance----based delinquency rate is a Ubased delinquency rate is a Ubased delinquency rate is a Ubased delinquency rate is a U----shaped function of the limitshaped function of the limitshaped function of the limitshaped function of the limit
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II. Determination of the Optimum Purchase Limit

After resampling for homogeneous customer group A, net profit per person for 

limit x is given by

NG , NB : Number of Good and Bad Customers: Number of Good and Bad Customers: Number of Good and Bad Customers: Number of Good and Bad Customers

: Average usage amount per person for the first 12 months after : Average usage amount per person for the first 12 months after : Average usage amount per person for the first 12 months after : Average usage amount per person for the first 12 months after 

opening the new account opening the new account opening the new account opening the new account 

r1: Merchant fee (=2.45%): Merchant fee (=2.45%): Merchant fee (=2.45%): Merchant fee (=2.45%)

r2: Financing interest rate (=0.46%): Financing interest rate (=0.46%): Financing interest rate (=0.46%): Financing interest rate (=0.46%)

AD: Average 2: Average 2: Average 2: Average 2----period(30period(30period(30period(30----60 DPD) delinquent amount per person60 DPD) delinquent amount per person60 DPD) delinquent amount per person60 DPD) delinquent amount per person

R(2����7) : The roll: The roll: The roll: The roll----rate at which the 2rate at which the 2rate at which the 2rate at which the 2----period delinquent amount becomes a period delinquent amount becomes a period delinquent amount becomes a period delinquent amount becomes a 

chargechargechargecharge----off (=58%)off (=58%)off (=58%)off (=58%)

12 12 1 2
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II. Determination of the Optimum Purchase Limit

Net profit function agrees with the result derived from the optimum limit 

model

The optimum limit that maximizes net profit is higher for customThe optimum limit that maximizes net profit is higher for customThe optimum limit that maximizes net profit is higher for customThe optimum limit that maximizes net profit is higher for customer groups with a er groups with a er groups with a er groups with a 

better credit rating and a larger prebetter credit rating and a larger prebetter credit rating and a larger prebetter credit rating and a larger pre----signup usage amountsignup usage amountsignup usage amountsignup usage amount
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II. Determination of the Optimum Purchase Limit

Net profit function before and after resampling 

Before resampling, net profit monotonically increases with the lBefore resampling, net profit monotonically increases with the lBefore resampling, net profit monotonically increases with the lBefore resampling, net profit monotonically increases with the limitimitimitimit

Customers with different limit values are of different creditworthiness

The monotonic increase is a result of the dependence of the limit on 

creditworthiness

After resampling, net profit decreases beyond the optimum limitAfter resampling, net profit decreases beyond the optimum limitAfter resampling, net profit decreases beyond the optimum limitAfter resampling, net profit decreases beyond the optimum limit

the dependence of the limit on creditworthiness has been removed
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II. Determination of the Optimum Purchase Limit

Subdividing customer groups using number of cards held increases

efficiency of the optimum limit

For customer groups with small preFor customer groups with small preFor customer groups with small preFor customer groups with small pre----signup usage amount, the postsignup usage amount, the postsignup usage amount, the postsignup usage amount, the post----signup signup signup signup 

usage amount increases as number of cards held increases, yieldiusage amount increases as number of cards held increases, yieldiusage amount increases as number of cards held increases, yieldiusage amount increases as number of cards held increases, yielding higher ng higher ng higher ng higher 

optimum limit valuesoptimum limit valuesoptimum limit valuesoptimum limit values

For customer groups with small preFor customer groups with small preFor customer groups with small preFor customer groups with small pre----signup usage amount, SOW decreases as signup usage amount, SOW decreases as signup usage amount, SOW decreases as signup usage amount, SOW decreases as 

number of cards held increases, yielding lower optimum limit valnumber of cards held increases, yielding lower optimum limit valnumber of cards held increases, yielding lower optimum limit valnumber of cards held increases, yielding lower optimum limit valuesuesuesues
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III. Summary and Conclusion

Establishment of the optimum limit model

Good and Bad customers respond to the limit in different mannersGood and Bad customers respond to the limit in different mannersGood and Bad customers respond to the limit in different mannersGood and Bad customers respond to the limit in different manners

Usage functions are different

To apply the model to actual data,To apply the model to actual data,To apply the model to actual data,To apply the model to actual data,

Divide customers using credit rating and pre-signup usage amount

Remove the remaining dependence of limit on the creditworthiness by resampling

Determination of the optimum limit from the net profit function

The optimum limit is higher for customers with good credit ratinThe optimum limit is higher for customers with good credit ratinThe optimum limit is higher for customers with good credit ratinThe optimum limit is higher for customers with good credit ratings and large gs and large gs and large gs and large 
usage amountsusage amountsusage amountsusage amounts

The optimum limit model can be used effectively to determine theThe optimum limit model can be used effectively to determine theThe optimum limit model can be used effectively to determine theThe optimum limit model can be used effectively to determine the optimum limit optimum limit optimum limit optimum limit 
policy for midpolicy for midpolicy for midpolicy for mid----range rated customers with a reasonable monthly usage amountrange rated customers with a reasonable monthly usage amountrange rated customers with a reasonable monthly usage amountrange rated customers with a reasonable monthly usage amount

Dividing customers into more homogeneous groups yields a more efDividing customers into more homogeneous groups yields a more efDividing customers into more homogeneous groups yields a more efDividing customers into more homogeneous groups yields a more efficient ficient ficient ficient 
optimum limitoptimum limitoptimum limitoptimum limit


