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This article provides a framework to decide upoa timing to purchase a new Credit Score System.
This is an irreversible investment hardly usefuljhahere else, and can always postpone its purchase.
Therefore the investment in a new CSS is finaycgthilar to a call option, whereby the investmint
the exercise price and the option premium is tHeevéo postpone the investment. We use the remropt
modeling to decide on the timing to purchase a sigstem. The results suggest that only the coshefva
system and its average time decay are relevant.

1. Introduction

The Credit Scoring System (CSS) is a tool to autenaad facilitate the credit concession especialla
large number of clients. It has been a fundamentalto decrease the cost of credit concessioncantiinly
responsible for the huge credit concession provimedanks (or any credit provider, for instanceetail store).
The CSS aims to classify credit applicants as gmoblad payers based on characteristics of eaclicapplIn
general those models are created with techniqoes économetrics or pattern recognition analysi® fdsults
are not perfect and the model quality is gaugedth®ir errors. Shifting economic conditions, popiglat
changes, model flaws and several other reasonssengwors and time decay on the current CSS. Bamksny
user of CSSs are constantly measuring and reeirmjuétieir systems to obtain an acceptable totabrerr
Although a model with lower total error is alwayesited it comes with a cost.

The investment decision in a new CSS shall depenthe total error of the current system, the eafoa
new system and its cost. A bank has always th@wpt postpone the decision of buying a new CS$8o#Ating
to Thomas et al. (2002) page 161, this is an opestipn; there is no framework to decide upon iméng to
purchase a new CSS.

This article provides a framework to decide upantiming to buy a new CSS. The investment in a 688
is irreversible and once done can hardly be usetesdere else. A CSS user can always postponerithase,
he has the option to acquire a new CSS at a liater, profiting for the possibility of new informati to arrive
and change the need for a new CSS. Therefore ¥istiment in a new CSS is financially similar toadl option,
whereby the investment is the exercise price aaation premium is the value to postpone the imueat. We
assume that CSS errors grow (the system decays)tiwie and at any time the errors can be biggemualler
than expected. Therefore we treat the system eawesrandom variable and the main source of waingytin
the credit concession problem. We define a stochpsebcess for this random variable and calculagedption
value of postponing the purchase of a new CSS. Wsically apply the real options technique to preva
framework for this problem. In this framework thariability of the CSS error will have a great impaa the
timing to purchase a new CSS.

Another technique to decide on the timing wouldhee NPV rule, which is not adequate because it doés
measure the value of the option to acquire the &3ffuture time. A positive NPV is not enough &zide on a
new CSS, this value should be bigger than the opitionvest at a future time.

The real option approach has been applied to tbblegm of investment decision on new software by
Sullivan et al. (1999), which is a very similar plem of deciding upon a new CSS. The real optiqr@gch to
the investment decision is extensively describedikit and Pindyck (1994).
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The next section defines a framework for the crdditision, in the third section we show the redloop
model for new CSS purchase, in the forth sectionpeform a sensitivity analysis and conclude in st
section.

2. Credit Decision

The environment of our model is one where the tyamivider, for simplicity the bank, maximizes psofit.
In order to maximize, the bank has to decide oratheuntv to lend. We assume that the bank has a total of
to lend out and payson the total money availabtk and charges from each client.

The CSS cost, and can generate two types of errors. It can &mteas bad an applicant which in fact is a
good payer (usually called error type 1), we chaé population percentage of the goods that arelasiified as
a. Another error is to forecast as good an appliggrith in fact is a bad payer (usually called etyge 11); we
call the population percentage of the bad payextsate misclassified g Therefore the total system errors are:

lap + B(1 = p)] (1)
wherep is the percentage of the population that are gayers.

We assume that at the current market spreath¢ demand for loans from individuals considegedd is
bigger than the amount availalle

(A —a)p+ (1 —p)lx, >d

The credit decision is:

Max[(1+r+s) A —a)p — LA —p)lv, —d(1 +71) =1

{v:}
2
subject to [(1 —a)p + (1 —p)lv, < d.

At each period the bank should choose the optimum credit concedefls long as the expected gain is
positive, the optimum credit concession is the mmaxn possiblel, otherwise it is zero.

The sequencfu;, B;}:-1 defines the CSS quality or their total errors. Vakies of {a,, 8;}. range from O to
1, its maximum errors of 1 imply that all loans béyeen given to bad payers. From a CSS withoutdstiang
power, one would expect both errors been 0.5,ishike error of a pure random model. In fact, baexs can
learn how to gamble with the system and one carupnalith a CSS with errors below 0.5.

3.  CSSlInvestment Decision

The investment decision faced by the bank is wiretbhepurchase a new CSS, which depends on the
performance of the CSS that they currently own. Rigger the CSS errors more incentive the bankhaille to
purchase a new one. The errors are summarizé¢d,bg§,} and are uncertain.

In our model all sources of uncertainty come frwese two variables. Any new CSS is defined bytacfiat
of I, initial errors of{a,, By}, and a sequence of errdig, B.}. The CSS decay is characterized by both errors
growing at a rat@>0 and volatilitys per period. For simplicity, we also assume thatetrors are unrelated to
any other variable from the credit decision evenptoportion |§) of good payers within the population.

2 The credit concession problem can have a diffeferhulation than (2), in fact, it should be done agesult of a portfolio
optimization (see Baesens and Van Gestel 2009).



A positive growth ratel() leads to a higher error, which characterizesdB& decay. There is also an upper
limit at {1,1}, which is the maximum error and a lower limit{@f0} which is the minimum error. We assume a
lognormal diffusion process for both errors. Thiids negative values for the errors but not theeup
boundary of 1, but once this boundary is far fréw initial values, we will simply neglect this corant. These
two lognormal processes are approximated by artralotree according to Amin (2001) as shown in fegd.
The jumps (upward and downward) and their probizdsliQq) are chosen to match the growth rate, volatility o
the errors and their boundaries.
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Figure 1. Trinomial tree representing the error's dynamic.

Then there is the question of timing the acquisitaf a new CSS. The purchase of a new CSS will on
average diminish the errors, which is always gdnd there is a cost to do it and the decision @apdstponed.
We evaluate this decision model and calculate thielev of the option to postpone this decision. Tlestb
decision is the one that is most valuable.

If the errors increase, the value of a new CSSén digger but if not, postponing the purchase néw CSS
is not so attractive. The value of waiting to invesist be compared to the current loss of not lrpainew CSS.
This value depends on the variability of the eamd the discount rate. A bank may maintain a peofopmance
CSS due to a possible improvement in the future dinors should increase persistently in orderigger the
purchase of a new CSS.

We assume that at any period, the bank can purehase CSS paying Any new CSS has the same initial
error{a,, B,} and the same dynamic decay, regardless of whempiirchased.

The decision is also path dependent; a higher @rrany moment may trigger the decision to buya @SS
if the error in past periods also increased.



To illustrate the application of the model we deyethe following example: A bank has a total amddnof
100 available to lend, the cost of a new CSS th@ spread is 10% per period, the interest ra@8dper period
and the proportion of good payers 80%. A new CSSihidial errors of{10%, 10%}, their average decay per
period is 15%, its standard deviation 10% and d@setation 50%. The trinomial tree for this CSSoeris in

figure 2.
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Figure 2. Trinomial tree for correlated errors.

With this tree we can calculate the result for eaain of errors at each period and node. In figlivge show
the resulting profit and loss (P&L) for each reatian of the trinomial tree from figure 2.
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Figure 3. The resulting P&L for each realization for th@pess from figure 2.

Now we analyze three investment alternatives ferltank: (1) no change in the CSS; (2) buy a new &SS
period 0 and (3) buy a new CSS only at period E pilwrchase of a new CSS should be paid in the panied
of the decision, but its effects are perceived anlyhe next period. For case (1) figure 3 shoves ¢bmplete
cash flow until period 2, the expected value of thécision is 8.85. In case (2), there should payanent of 2 in
period 0, and the cash flow at period 1 will chabgsed on the new CSS. The cash flow for Periodlllbes
constant and equal to period 0 in the former casd,the cash flow of period 2 will be equal to pdrl in the
former case, figure 4 shows this complete flow. €kpected value for this case is 8.84.
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Figure 4. The resulting P&L for each realization for th@pess with a new CSS purchased at period 0.

In the last case the purchase of a new CSS octperiad 1, implying a cost of 2 in this period.eTbash
flow at period 2 should also change to incorpoth&eeffect of the new CSS. In figure 5 we showftbes and
the expected value is 8.89.

Comparing the three alternatives, the most valuabéeis (3), waiting until period 1 to purchaseesvrCSS.
The traditional investment analysis based on NPladitead to the decision (2) because its NPV istipes but
postponing this decision has greater value, andbdéimx does have this option. If we wait one petmdee what
happens tda,, 8;}, the NPV can be even bigger depending on thezezhiree node.

If the investment were reversible (could be soldtneriod) then as long as NPV is positive it skiobé
done, depending on what happens to the next perimi the system can be sold. Another similar issses
from the fact that the bank cannot wait to makeitivestment, for instance, in the case of a higloenpetition
that decreases the demand for loghs< v,).
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Figureb5. The resulting P&L for each realization for th@pess with a new CSS purchased at period 1.

Based on this framework we now will investigate itm@act of each variable on the timing decision.

4, Senditivity Analysis

In our credit concession model and investment tyrdecision, several variables compete for the dargec
P&L, they are: CSS cost)( average error decay, error standard deviatipneasl, interest rates, and the
proportion of good payers in the populatiqm. \We take the former example as a basic caseviasiigate the
effect of each of the above variables on the tinuhthe decision.

In the case of the CSS cost, we calculate the vafl@ach three investment decision for CSS costgng
from O to 10. In figure 6 we show this value foclkeanvestment decision alternative. For a CSS bekiw 1.5
the change should be donet#®, if it is above 1.5 the change should be postdaand maybe done in the next
period, depending on what happens to the systewn. err
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Figure 6. In the first graph there is the value of eachestment decision for varying CSS costs. In the
second graph only the difference between the valwhanging in t=1 and the value of changing in t=0

The same analysis is done for other variablesiguré 7 we show the same results for the mean laed t
standard deviation of the errors alpha and betantean below 15% the CSS should not be changedoiygd
for mean above 27% the change should be doneCatFor any standard deviation the change should be
postponed.
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Figure 7. The first graph on the left shows the value afheimvestment decision for varying mean of errors.
In the second graph on the left only the differebetween the value of changing tml and the value of
changing in=0. On both graphs on the right side the same aisaly done for the errors standard deviation.

In figure 8 we show the same results for the cati@h of the errors alpha and beta and the spreayed.
Whatever the correlation and the spread no chamydd be done dt0.
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Figure 8. The first graph on the left shows the value afhemavestment decision for varying correlations
between the two types of errors. In the secondgm@ap the left only the difference between the vabiie
changing int=1 and the value of changingtn0. On both graphs on the right side the same aisaly done for
the spread.

In figure 9 we show the results for the interedesaand the proportion of goods. Whatever the level
interest rate and the proportion of goods, changingO is not the best decision.
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Figure 9. The first graph on the left shows the value afteimvestment decision for varying interest rates.
the second graph on the left only the differendsvben the value of changing tnl and the value of changing
in t=0. On both graphs on the right side the same aisaly done for the proportion of good payers.

This is a local analysis that departs from the nemmtused in the example from section 2. Obvioutihe
starting points differ the impact of each variabl®ould also be different than above. In summarg,résults
above rarely show that changing the CS&-@tis the best alternative, although in generdbiss have a positive
NPV. In fact only for a very high error decay mearvery low CSS cost would purchasing a new CSS@&be
the most valuable decision. The other variablesrtmanpact in the timing to change the CSS.



5. Conclusion

We have provided a framework for the timing of fhechased decision of a nhew CSS, which has not been

done so far. This framework is very flexible tooall many different credit environments and shouldabapted
to each specific company.

Using a very basic case we simulated the effesewtral variables in the timing of the purchasa oew
CSS. The results have suggested that only theofdise new CSS and its average decay affect thedimf the
decision.

The model can be extended to include differentiti@mhcession rules or different stochastic proesder
the errors. Also the competition effect may chatigecredit concession model with varym@nd spread may
have impact on the results. More competition sat#ict demand for loans and may decrease the ltiee
option to postpone the investment. The model can bBe modified for other sources of uncertaintyhsas
proportion of good payers, spread or demand fardoa
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