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Linking Farm Risk to Institutional Credit Risk
Keith Bramima and Bob Battetham*
Abstract

This paper describes a stochastic simulation model of a finaneial institution’s portfolio of rural
credit accounts. In this model, the market, production and financial risk exposure atiributes
facing farm business borrowers and the financial institution’s loan assets are linked using
portfolio theory. The model generates a distribution around the time path of returns on the
financial institution’s loan assets and a similar distribution of returns to farmer borrowers,

With further development, the model should provide a framework for the assessment of optimal
lending and pricing policies 1o the rural sector, given the capacity of financial institutions to
augment the terms and conditions associated with debt facilities in a deregulated financial
system,

Introduction

A key objective in the deregulation of the financial system following the release of the Campbell
Report (1982) and the Martin Report {1984) was 10 raise the level of competition between
various institutions in the financial sector. The establishment of a more competitive banking
industry has focussed attention on the pricing policies and eredit tor default) risk management
strategies employed by finuncial institutions.

Austialian banks that have exposures to the rural sector have directed significant attention to

credit risk management systems appropriate to this sector. The past decade has seen marked

ci%n g5 the nature of market based risk faced by farmers. For example. the removal of

m Y {f& controls has seen farmers become exposed to interest rate fluctuations, while
g

1 ";.

0y uu.u fesntl pricing mean that prices received by farmers are now largely market
A v .
)1;: xw%;,uu\, M. The greater variability in prices received and interest rates paid by
Tamsers has ;i:z“'\ Australian 2 ¥k faced with significantly increased credit risk on portfolios of

ru&y loans.

While frameworks for the management of operational risk, liuidity risk, interest rate and
exchunge rate risk appear to be reasonably well documented, models for credit risk management
from a portfoliv perspective remain primitive (Davis and Harper 1991, p. 1, 75) Significant
research effort is required in developing portfolio models of credit visk given the range of

" The views expressed i this paper are those of the authors and do not ficceessartly reflect those of the
Commanwealth Development Bunk. Thanks are due 10 Andrew Saonders and Bruce Brown for their assistance
and support i the deselopment of tns paper.



specific factors that determine the risk profile of loan exposures of different sectors of the
economy. For example, Australian agricultare is primarily subject to production risk due to
weather vaiability and price risk due to the inelastic nature of nggregate supply snd demand
functions (Piggon 1990), I addition, there is inadegnate time series data on risk rated
portfolios given the recency of credit risk rating systems inuse by banks in Australia, This lack
of data does not allow the use of economelric technigues to estimate the impact of these specific
factors on portfolio credit risk. In the interim, a normative approach must be niilised where the
production, market and financial visk factors facing farmers are linked to the returns on a bank's
portfolio of rural credits,

The atm of this paper is o develop a simulation model of a bank's portfolio of rural credit
acenunts, In the next section, contemporary investment and portfolio theory is discussed. This
is done 1o detine institutional credit risk and to show how portfolio selection principles can be
used in toan asset pricing. Tn the thid section, the stochastic properties of market, production
and financial risk attributes of rural Toans are linked to institutional credit risk using portfolio
theory. A stochastic simulation model is developed. and fanm risk is linked to the probability of
defauh and then related to portfolio credit risk. Some of the key strategies for the management
of institutional eredit risk and loan asset selection from a portfolio perspective are then
discussed in the fourth section. and some concluding remarks made in the final section.

Principles of institutional eredit risk
Measuremient of risk

The most widely used method of risk analysis uses the expected tmean) return as an indicator
of an investment’s anticipated profitability and the variance (or standard devigtion) as an
indicator of risk (Harrington 1987, p. 51. In general terms, the expected value of an investment
is simply the net present value of the possible return outcomes weighted by their probability of
oceurrence. However, in the case wheye a financial institution or a bank invests funds in the
form of a loan the upside of bank returns on a toan contract are kttown 1o a bank and are hmited
to the promised interest rate, fee income and the foan value, On the down side. the bank s
return is Jinnied to the extent that it retains collateral in the event of Toan default. This may be
expressed algebraically as follows:

{1y  LBRp = (1 ety + o 4C L
where E(BRp = expected bank returns:
v = promised interest rate:
f = bank fees;
C = cathiteral;
. = loan value: and

d = probability of default.
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While the terms of a loan contract are known to a bank, the probability of default, and any loan

measures the average rate of possible loss of assets on a loan account expected over time and
thus may be termed as expected credit risk,

In practice, there can be varying degrees of Toan default that depends on a range of
cireumstanees. In the event of default, a borrower may choose to Jiquidate some assets, obiain
new credit or seek ather income to meet debt servicing obligations. The bank also faces several
options including alfowing the borrower to miss several payments, renegosiating the terms of
the debt contract (lowering interest rates, extension of Toan maturity or overdraft credit limit) or
the use of legal remedies to repossess collateral (Webb 1982), Tn some cases, & bank may not
be uble or wish to renegotiate on a foan contract, particularly where a borrower is a corporate
entity because of the ramifications of corporate kaw due to aiding and abetting provisions. In the
ruratl sector. a bank may allew significant level of indelgence when a farm borvower fails o
meet repayments on a due date. Banks behave in this way due to the extensive fixed asset base
of Austrahan farms. This offers significant security on loan assets. Banks are also aware of the
inherent volatility of tarm income conditions in Australia, As a result, a model of institutional
eredit risk associated with a rural loan portfolio exposure should reflect to some extent varying
degrees of default,

The vawiance measures the dispersion of returns around the mean (expected) value of returns. It
provides information on the extent of the possible deviations of the actual retwn from the
expected return. The variance of the distibution (VartBR5) is given by the expression:

(21 VarBRy = E{BR, [BRu}°

Thus unexpected credit rish may be defined as the volatility of tikely credit Tosses versus the
average or expected loss of income and loan assets in any given period. In nther words.
unexpected rish 1s associated with actual outcomes of the probability of default and fosses on
loan accounts deviating from their expected levels through time.

A key element of defining a bank asset is the loan contract. For example. in the vase of a term
loan, an momedia cash outlay in the form of foun principal is provided to a fam. The bank
expeets positive net income and toan principal repayments in the following vears during the
agreed term of the contract. To account for the ume value of money, these returms should be
discounted back to a net present value tLevy and Sarnat 1990, p. 301, For example. assuming a
loan account has a two year term, the expected net present value of a loan asset is defined as the
sum of the present values of the expected cash flows in the first year and the second year, fess
the inttial loan principal outlay:
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(31 NPV(BRp @1 B8Ry + 322 BRj2 - LPyg

i

it

(3" NPV{EBRp} 01 BBR + P22EBR;) - LPyg

i

where  NPV(BR, net present value of bank retns on Toan asset 1,
NPV{E(BR,)}= expected net present value of bank returns on loan asset i.

EMBRi = expeeted value of bank returns on loan asset { in the first year;
E(BR;Y = expected value of bank returns on loan asset in the second year:
LPjy = initial loan principal outlay on loan asset/, and

] = 11+ a coefficient for capitalising bank returns over time

where & denotes the discount rate,

The variance of bauk returns on a loan asset may be defined by the expression below given that
bank returns BR,; and BR,» wre statistically independent over time:

) Var{NPV(BRj} = ool + 0 o

C’.? O,C“

a2,

- * 'iﬂ -
(+4r  (I+4)

#

where o

B

variance of the bank returns distribution in year 1;

a’,

It

variance of the bunk retumns distribution in year 2; and
Var{ NPV(BR)} = variance of the NPV,

Given that a bank’s loan portfolio consists of many individual foan accounts, the return on a
portfalio is simply the summation of returns from each loan asset in the portfolio. Similarly, the
expected return on a portfalio is simply the summation of expected returns from each asset in
the portfolio (Markowitz 1939, 1992y,

Portfolio selection and asset pricing

The primary focus of the application of portfolio theory has been to portiolios of actively traded
securities within a static framework. For marketable securities, their returns miay be micasured
by the holding period rate of retwn. The holding perivd is specified (for example., one year) and
all the benefits received during the year are theoretically reinvested. For multi-period
investments, the holding period rate of return can readily be converted to an equivalent retum
per period by compaunding the holding period vate of retumn for each period. In this model. the
expressions fur the mean and the variance of rewins 1o an individual security held by an
investor are measured as @ rate of return on assets in percentage points terms. The weight of
each security is equal 1o it's percentage value in the portiolio.



Incontrast, the distriibution of retuens to an individual losn asset beld by o bank are deseribed
by the parameters NPV{B(BR,)} and Var[NPVIBR) ], which are measured in dollar terms.
The bank is assumed to classify its loan assets according to various characeristics that are
similar among these loan assets. The mean and variance of returns on 2 loan asset class are
equal to the summation of the NPVE(BR;)) and Var{ NPVIBR;)} of cach loan aecount for the
particular Joan class. Inaddition, the weight of the Joan asset class in a portfolio will be the
value of gross loan balanees in the loan asset ¢lass., Far exposition purposes, the mean and
variance of retums on each respective loan asset class are expressed in terms of (R and o7

respectively below,

1f an investor (or bank) holds i securities toan assets) with weights of w; in the portfolio, the
expected retumn on such a portfalio is given by:

(5)  ER)=Yw.ER)

im

with a variance of

" noom
4 a ~ " S
w o, = ZMQ Ne +222 wow Cov(R,R )
iy sd o
2

il

where E(Rp) expected portfolio returm;

o = variance of portfolio retns (per dollar invested) on the ith security:
CoviR; Rj) = covariance of returns on security 7 and security J: and
Wi = proportion of a portfolio in the ith security.

Based on the measures of risk and returns provided in equations (5 and (63, portfolia theory
focuses upon the selection of alternative groups of securities on their risk-return characteristics
as reflected in the portfolio®s expected return and its variance. The risk averse investor will seek
a pertfolio management strategy that will stabilise returns, that is, minimise the variance for o
given level of expected returm. Algebraically, the mean-vanance criterion for selecting securities
where v and ¥ are the returns on two different securities may be specified as fotlows:

(7 B2 B, 0 (x) S ot(y)

Portfolio theory leads to the notion of efficient porttohios. An efficient portfolio is one that
provides the maximum return for a given Jevel of risk tin other words, the varance) or the
minimum risk for a given level of veturn. By varying the given level of retm, and minimising
at each of these Jevels, the volatility of returns on the portfolio, @ locus of optimal combinations
of individual investments into portfolios may be constructed. This amlytical tool is catled the
efficient frontier. It is the locus of these portfolios that mininuse risk for each level of expected
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return. To detive the efficient frontier, quadratic programming may be used to minimise
portfolio variance for differing levels of retum. The objective function and the constraints for
the quadratic progranuning probleny may be specified as follows:

2 WM E
&) Minimise 0% =2 w,.0"+2Y Y wae Cov(R,R,)
sarl =) et '
LEg
subject to
&
{8 Zu; =1
. £ !
(1 Y ow E(R)Z ER,)
iz}
(1 w2 0, i=L..»n

Equation (8) specifies the objective function of the quadratic programming problem as minimise
the portfolio variance, The first constraint (eyuation (9)) assumes all the weights of each
security sum to one. The second constraint fequation {10)) states that the expected return on the
portfolio is & weighted sum of the expected returns on the secarities that must at the least equal
E(Rp). The final resiriction (equation 11) precludes the possibility of negative holdings in

securities 7.

The primary conclusion of portfolio theory is that investment risk can be reduced by
diversification; that is, by spreading the portfolio across different classes and types of assets
(Levy and Samat 1990, p. 268). The risk associated with holding any given portfolio of assets
consists of two distinet types of risk: the first component of equation (6). Z WO . represents

ek

B A
unsystematic risk: and the second component , 2 3w Cov(R R, ). represents systematic

[ T
risk. Unsystematic risk measures the portion of portfolio risk that is associated with individual
asset returns hehaving independently of each other. As diversification inereases. meaning that
as progressively more assets are added to the portfolio with each weighted equally in the
portfolio, the unsyst=matic risk converges to zero, Thus, unsystematic risk is easily diversified
away.
Systematic risk involves a different concept, If the covariance term is redefined as oo p,
where g, represents the correlation coefficient between the returns on assets i and £, then
clearly systematic risk measures the portion of portfolio risk that is 2 consequence of returns on
different assets being correlated with ane another. When returns are positively correlated, their



return variabilities do not cancel one another out completely. As diversification increases and
the portfolio grows in value. the systematic portion of the tisk gradually converges to the
average covarianee of the rates of returns on all assets included in the portfalio,

Thus the bank's decision making process on loan selection may be modelled as a problem of
choosing an optimal combination of loan accounts monfnﬁu) outof the subsct of efficient
combinations (portfolios). Because of possible covariance between the returns from loan
praposals and those generated by existing Joun asset holdings, the combinations should include
existng loan assets »s well as newly proposed loun assets, These efficient loan asset holdings
facing a bank can be described by the envelope curve inthe E(Rp) and o, space as illustrated in
Figure L. All of the interior combinations should not be chosen since they represent inefficient
options, i the sense that a bank can always improve its position (increase reuun with no
increase in risk, or reduce risk without suerifice of returny by choosing a different combination
on the efficient frontier.

Expected

riie of

return
Effivient
frontier

L]
AEY
Risk

FIGURE 1 The efficient frontier

Markowitz’s analysis provided a cenvenient framework for measuring rish and return. The
Capital Asset Pricing Model (CAPM) takes this framework a step further by examining at its
implications for pricing risky assets (Levy and Sarnat 1992, p. 2911, In particular, the CAPM
provides a method for measuring risk that cannot be eliniinated through diversification subject
to some additional fairly restrictive assumptions and concludes that only those risks that cannot

be diversified away should be rewarded with higher expected returus,

Under CAPM, an index of risk is measured by Beta:

- Cong R:Rm ) - P00,
o, o,

A "

(12) B,
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H

where  f3, beta cocfficient on the ith security;

Cov(R,R,)) = covariance between the return on the ith security and the returns
on the market portfolio;
P = correlation coefficient between the return on the ith security and the
- portfolio; and |
0.0, = standard deviation and the variance of the market portfolio.

The basie CAPM equation for estimating required rate of return on securities is:
(13 ER) = rl+ {ERy)-ri} B,

where = riskless rte of return and
E(Ry,) = expected return on the market ponfolio.

Thus a security that moves exactly with the market portfolio has a 8 = 1 and a risk premium
equal to the market premium {as shown by the point o in Figure 1). For stocks that are more
volatile than the market portfolio, B> 1, the risk premium is greater than the market premium.
For stocks that are less volatile than the market portfolio, B < 1, the risk premium is less than
the market portfolio.

Given these CAPM results, each individual investor in a perfect market should be responsible
for extracting all potential gains from diversification. The only remaining risk after
diversification is systemaric risk and is due to the common exogenous factors thar affect all
assets in the market. Since all assets will not be affected idemically, differential risk premiums
across assets should simply reflect the extent of the relationship of each asset with these factors.
The extension of the CAPM into the Arbitrage Pricing Model allows for some decomposition of
the overall risk premiun on an asset into its responsiveness to common exogenous factors
(Levy and Sarnat 1990, p. 306).

Application of portfolio theory to a hank loan asset portfolio

There are several factors that preclude the use of the holding period return on bank loan assets.
First, the maturity structure of a bank’s portfolio cannot be jgnored. Once a ternt loan has been
granted to a customer, a bank can not readily disinvest in this loan without reneging on the
terms of the original loan contract. Second. the size of debt facilities held by farm borrowers
differ widely. Hence differences in scule need to be accounted for in a simulation model of a
rural loan portfolio. Finally, there is no established secondary market for customer loans. This
reduces the marketability of securities based on customer foans (Jutmer 19861, As a result, the
use of the holding period rate of return sits uncomfortably as 4 measure of bank returns on term
loan assets (Carmichael and Davis 19905, A model of retum-risk relarionships of a bank
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portfolio must nse the net present value of bank returms arising over the term of the loan that
may be derived through use of the simulation approach (Carmichae! and Davis 1990),

A further eriticism of the portfolio theory approach is the use of the mean-varianee criterion for
deseribing the distribution of returns on securities. Bank returns on-individual ioan accounts are
non-normally distributed. However, shen a sufficiently large number of non-rormally
distributions are included into a loan asset class, the Central Limit Theorem may allow the use
of normality as an approximation to the true distribution. Further, the results of the CAPM
assuime that an investor holds a portfolio of assets that is equivalent to portfolios held by all
participants in the securities market, Notwithstanding this particularly restrictive assumption,
the key results of CAPM may be used o guide specialist lenders in their choice of credit risk
management strategies,

A muodel of returm-risk cefationships of a bank’s foan asset portfolio must also consider both the
expected and unexpected components of institwtional credit risk as deseribed in equations (1)
and (2). The price outcomes on actively traded secutiu. » are primarily a result of exogenous
market forces. However, banks niay pro-actively manage their expected returns on different
loan asset classes through the use of risk pricing mechanisms. This indicates significant
endogeniety in the level of expected risk that a bank may be willing to be exposed 0. Thus
banks can use certain types of loan pricing policies to augment its expected credit risk exposure.

Banks also for a variety of reasons may choose, or are constritined by government fegislation,
to specialise in certain foanable funds market segments. Consequently, the diversification
option for risk management as suggested by Markowitz (19593 may be preciuded.

A simulation model

The aim of this section is to develop a simulation model that will enable the generation of an
efficient frontier for a bank™s rural loan portiolio. The bank iy assumed to offer two collaterised
debt instruments, an overdraft and a term loan facility. These are the most conmmon debt
instroments used by the Austrabian farm sector. Farm income is stoghastic in nature and
therefore has implications {or the probability of default, the level of write-ofts and the
covariance of bank returns over time. The proposed framework intraduces notions of partial
defuult, resource costs associated with bank returns, and differences i foan size and matunty
strueture across @ loan portfolio. As suggested by Carnuichael and Davis (19923, the principles
of portfolio theory are used w link farm risk to institutional credu vish.
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Measuring bank returns and bank capilal

The treatment of returns and capital losses in the standard accounting frameworks utilised by
banks depend on their performing and default status and, in particulur, whether a eredit account
has been identified as a bad and doubtful debtin a previous period in the form of u specific
provision, Bank rennns may be measured using the following equations:

(4)  BR, = l+BFC, ~PD,~C,

it

where [1 interest income;

BEC =  feesand charges;
PD = provisions for bad and doubtful debis;
¢ = costof funds and other associated costs; and
t = 1w # time periods.
([5‘) pDI = SPN) - RSP[ + \VNSP{

fl

where SPN new specific provisions for bad and doubthul debts;
RSP = recovery of specific provisions previously specifically provided for; and
WNSP write-offs of assets not previously provided for as a bad and doubtful
debt.

it

The change in gross bank assets in year 1 is measured by:

( lﬁ) BAG{ - BAG,WI = IC, + LD; - RP{ - \VO{

i

where BAG gross bunk asset balances:

IC interest capitalised or compoundable on acerual accounts;
1D loan diawings:

RP = repayments: and

WO = write~offs of assets.

i

it

(17) WO, = WNSP,+ WSP,
where WSP = write-offs of assets previously specifically provided for as a bad and
doubiful debt.

The precise measurement of returns and capital losses is complex, especially if differing
degrees of default by bank customers are considered. For example, both interest and fee income
not yetreceived in cash form in a particular year (but likely to be fully recouped in future years
on outstanding loan repayments, including any compounded interest) may be accounted for as
income, and compounded for balance sheet reporting purposes. To simplify the analysis, the
returns and capital Josses to the bank are defined below in terms of the originatly agreed terms
of debt contracts for the overdraft and term loan facilities, However, in this model it is assumed
that all bank fees and charges must be met by customers when due.
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It is also assumed that the bank Torgives repayments on the tenn Toan facility for a designated
time period in event of partial default, but does not offer any restructuring options on this
facility, Forgiveness in this case is defined to be where a bank is prepared to lose some
principal and interest vepayments on the term loan faeility during the designated period,

It is further assumed that the farm customer is permitted to dras forther on the overdraft facility
up to the originally agreed overdraft eredit limit in order to remain in operation. In this cvent,
the bank expects that during the period the farm is unable to meet its fixed debt commitments on
the term loan facility, the farm is required to honour all its commitments on the overdraft facility
provided its total linbilities do not exceed its eredit limit,

If farm incomes rise in luter periods to the extent that term Joan repayments can be resumed at
the originally agreed repayment rate, then the bank restores the farm customer to performing
status, In this event, the bank receives all commitments in terms of the originally agreed
principal, interest and fee payments on both the term loan and the overdraft facility,

On the other hand., if farm incomes fall to the extent that the farm reaches its eredit Himit, then
the farm attains full defuult status. In this case, the bank realises on its security,

Given these assumptions, the following conditions in which a farm account would reach partial
or full default status may be specified as follows:

(18)  Partiul defaule 1FPL # PI, but FL, < N.FA,

(19 Full defuule I FL; 2 n.FA, then realisation on bank security

i

where Pl principal and interest repayments on an amortised term loan facility in year s

FL. = 1otal farm Habilities in year r

= designated credit limit for the farm customer (expressed as a percentage of
total farm assets): and

FA = towml farm assets in year ¢,

Clearly bank returns and changes in its asset base are influenced by whether or not 1 tarm
customer is in performing or partial default status. Further, expected or actual capital losses can
only occur if the salvage value of assets does not mateh the value of liabilities for a particular
farm credit account at the time of full default.

If a farm customer falls into pactial default status, the bank must make a provision for a bad and
doubtfut debt it capital fosses mity occur. If capital losses are likely. the bank can not acerue
interest income. On the other hand, if the bank does not expect to incur capital losses then the
bank may accrue any earnings on the farm eredit account. Thus, as deseribed in equations (143

1o (17) above, the treatment of capital fosses in bank returns varies depending on whether a
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farm enters [ull default status from a performing status or partial default status, In the former
cuse, write-0ffs occurs immediately following full default while in the latter, write-offs may or
may not oceur depending on the extent o which farm customers are required to draw on their
creditreserves given the time path of farm incomes. In any event, actual eapital losses can only
arise when full default by a credit account eceurs.

In practice, a farm may hold credit accounts with more than one financial institwtion. Each
financial institution may impose different credit limits or lending policies on the same customer.
Further, varying accounting standards are used by different financial institutions. The model
may be augmented to account for these variations as required.

Linking farm risk to probability of defanlt

Each farm credit account held by the bank is assumed to have fixed production plans and
exltibits constant farm costs through time. In addidon, the farm is assumed o have no of f-farm
assets or off-farm income, and thus its only source of income is derived only from its farming
operations.

The farm is assumed to have farm linbilities at ime £, FL,, with a bank overdraft balance of BB,
and an amortised werm loan balance, LP. The farm begins with an initial loan principal amount
of LPg in year r = 0 with fixcd annual repayments of PI. The bank is assumed 1o limit the farm
to a certain level of BB, equal to BB, such that if total farm habilities rise above a certain
critical level of the value of farny assets. M.FA in year £ then the bank realises on its collateral.
The farm offers the bank all i farm assets as collateral that has a constant value of FA,

Farm income after debt servicing for consumption purposes, FIAD, m year 7 is defined as:

i

(20) FIAD, = GFI,- FC, - T,- D,

(213 GFI,

it

Py Qy

#

(22) T, . FIT,

i

where  GFl1 gross furny income:

FC = farm costs:

T = 1N payments;

D = debt servicing obligations less credit drawings:
p = vector of commodity prices;

y = vector of yields,

Q = vector of enterprise size:

1 = average tax rate: and

FIT = taxable farm income.
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The annual tax payments of a farm will depend on the average tax rate and the level of farm
income for taxation purposes. The measurement of these two variables will depend on farm tax
management strategies. In particular, assemptions would have to be made regarding the legal
entity structure of the farmy business and the utilisation of tuxation provisions such as income
splitting and tax averaging,

The debt servicing component is defined as:

i

(23) D, 10,.BB,.; - PI, - BEC, + ABB,

4 Pl LPQ (et 1+ 7 (et - 1}

i

fl

(25) BB*, = nFA-LP,

1

where  MFA credit limit defined as @ proportion of farm assets;

o =" pate of interest on the bank overdraft balance:
1" = rate of interest on the term loan facility;

BFC = bank fees and associated charges;
ABB = change in the bank overdraft balance: and
nt = duration term of term loan facility.

In this model, farm income after debr servicing is assumed 1o vary according 10 commodity
prices. yields and interest rates, each of which are normally distributed with the following
mein-varisnee properties:

(263 p~ N(Ep). Varpn
(27)  y ~ N(E(y), Varty))
{28)  re~ NEm), Varen (where r = ror.

According to Gabriel and Baker (1981), total farm risk may be defined as the probability, d,
that the farm will be unable to generate a minimum level of funds needed for consumption., PE
as well as business requirements after having serviced debt in a particular time period after fully
drawing on its available credit reserve BB, - BB,.; . Thus, the probability of full default.
may be defined using equations (20) to (28) as:

(29) P {(GFl, FC,+BB* - BB., wBB,, P, BFC)<PE}<d
where I { . }=probability density function.

A farm may achieve partial default status when the farm has not fully drawn on its available
creddit reserve on jts overdraft facility but has insufficient farm income to cover 18 yepayment
obligations on its ternt Joan facility. This sitwation may be modelled by assuming that the bank
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forgives any amortised ten Toan repayments for a certain de“signaied time period. However, the
farm must meet any fee commitments and allows the farm to resume amortised loan repiyments
when farm income rises. The farmy draws on its eredit reserve, the overdraft facility, on which
both interest costs und fees must be met.

Given these assumptions, partial default risk may be defined as the probability, pd. that a farm
is unable to generate a minimum level of funds needed for home consumption as well as the
repayment commitments on its term Joan facility during a particular designated time period,

(30 P {(GFI, - FC# BB, - BB, - v0.BB,.; - BEC) £PE + PL,} £ pd
with  pde>d 0<pd, d£1 and BB, < mFA - LP, ;.

The distribution of farm cash Tows is shown in dingrammatic terms in Figure 2:

Probability

pd |
d

Farm cash flow

FIGURE 2. The distribution of farm cash flow after debt servicing

The implications for full loan repayment performance, partial default and full default b the
farm model described in equations (201 to €30 on the bank retwrns and the change in the bank
asset hase as described in equations (14) to (17) are ilustrated in the Appendix,

Linking probahility of default to portfolio eredit risk
Portfolio clossification

The bank 15 assumed to conduct rish elassification of its porttolio of rural credit accounts
according to three hey dimensions: the probabiliy of full default, the probabiiny of partial
default and the expected capital loss. In practice. the precise effect of these vaniables on
individual eredit accounts is difficult to measure (Jutiner 1986). However, Tinancial institutions
nuty classify rural customers for visk on the basis of similar chatacteristics using a credit
scoring maodel (Barry and Ellinger 1989), In addition, by selecting a limited number of risk
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classes with each elass reflecting a minimun and maximum range for each of these three
factors, 4 bank may arrive at reasonably accurate predictors of the portfolio credit risk
associated with each particular loan asset class,

Using portfolio theory, the bank asset base mity be aggregated by summing the average size of
liabilities of farm customers in each partieular asset class, ¢ Thus, in time period 1 the bank”s
total asset base may be defined as:

m

Gy BAG =YX .FL,

i1

gross bank asset balances in time period 1

it

where BAG,

X, = numberof credit accounts in asset class ¢ in tine period 7 and
hricsna . g oegiow . » . "
FIL, = average level of farm liabilities in asset class ¢ in time period 1.

The bank is also assumed to classify its rural Joan portfolio according to three further
dimensions in order to standardise its credit aecounts for different sources of risk. These
dimensions are financial product type. agricultwal region and farm enterprise mix. First, a bank
may offer both fixed and variable interest rate loun products. The nature of farm financial risk
will differ given the wtilisation of either product other things held equal. Second, farm
production risk may vary across agricultural regions due o climatic variations tsuch as the
incidence of drought), Third, farm market rish will vary according o farm enterprise mix given
that specialist farms face inherently higher market risk from commodity price flactuations than
farms with a diversitied production base.

Given the farm maode] described earlier in the paper, the renaining sources of credit risk on a
risk rated portfolio standardised for the three dimensions deseribed above will stem from
differing debt to equity ratios and the management ability of farmers across different risk
classes.

For the purpose of the simulation model. it is proposed to provide a farm model with liabilities
equal to the average level in the particular asset class, Bach farm model will exhibit the average
business and fmancial risk characteristics associated with a particular loan asset class.

Acconniing for credit aecount flows

The abuve model assumes that the bank holds an existing portfolio of credit accounts. In any
particular year. a bank may gain new credit accounts through its loan approval process or Tose
credit accounts as a result of term Joans maturing and through write-offs. Equation (32)
specifies ending period balances of the credit accounts in a particular class of assets.
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(32 Xegp = Xepp #NXy ""'Mxm =T« Xt
Rearranging equation (32) und collecting for like terms gives:
(32'} Xfw'; = (} - ATC{!J) » X[l[..[ + NX(J e NVIX('J\

where X, = numberof credit accounts in asset class ¢ at the end of time period #t
NX.; = number of new accounts in asset class ¢ approved during time period ¢
MX, number of accounts maturing in risk elass ¢ during time period ¢ and
ey = proportion of credit accounts written off in asset class e during time
period 1.

i

Given that the bank’s risk classification system accurately groups eredit accounts with similar
rates of probability of default into & particular asset elass, the probability of full default derived
from each fium model is equivalent to the proportion of credit accounts written off during time
period r.

This may be modelled as:

3% n, = 0 WO, , =0and

i

(33'} 7:‘»’1 d{'; if ‘Tv{)f,'l > (}

probability of full default for asset class ¢ in time period 1 and 0 <d, £ 1.

it

where d, ,

The flow of new accounts (NX,. ) may be modetled in the form of a loan offer function
following Juttner (1986) such that:

i

(34)  NX,, 'y, Z,)

where ¥, = risk adjusted interest rate on loan asset class ¢ and
7, = vecwr of exogenous factors determining loan demand for the loan asset ¢

from the bank.
The number of credit accounts maturing, MX, . will simply be a function of the number of
credit accounts surviving the average term of loans in an asset class during time #:
(35) MX, , = X, 0
where X, 4 = number of credit accounts surviving the average term of loan tut) in asset class ¢
For simplicity, the simulation model could set NX,, = MX, . such that the flow of new foan
accounts is simply equal 1o the flow of louan accounts maturing. This assumption would enable

the simulation Lo proceed given any difficulties in developing a set of behavioural equations as
specified in equation (34).



17

Expected baik portfolio veturns

Given equations (14) to {35) and by specilying the initial conditions on the bank holdings of
assets, X, p. bank returns in time period £ will equal the weighted average of returns achieved
N asset classes:

A
(36) R,=YX,BR,
where K, =  bank returns on portfolio for time period ¢ and
BR. , = average bank returns on assets in class ¢ for time period £,

By mserting the expected levels of commodity prices, vields and interest rates to derive
expected levels of farm income after debt servicing for each respective asset class, expected
loan asset pertfolio returns in each time period may be caleulated by using equation (36°)

(36" £ R,ns )= ZX”' E(ma )
[

and after discounting for the time value of money

o [ XLEBR,)

an ER)=) Lo X o FL,
g rzw; l #=l (]+I‘a) ‘ ]
where k; = discount rate for time period .

Variance of bunk portfolio requrns

As indicated in Section 2, the variance of (a bank sy portfolio returns may be differentiated into
two separate components: unsystematic risk and systematic risk. Using a two stage process,
these sources of portfolio risk may be distinguished from each other. First. the combined
distribution for bank returns fram a portfolio of Joan assets is generated by simulating each loan
asset’s pavoff function by initially assuming zero covariances of bank returns across different
asset classes and summing these into a portfolio value. If this process is repeated many times,
an empirical distribution for the portfolio tassunnng no systenmtic risk) may be constructed as
illustrated in Figure 3.

In order to include the impacts of systematic risk, a covariance mawix must be constructed for
bank returns across different Toan asset classes. The source of covariability of returns on a
bank's rural Toan portfolio will stem from the covariability of commodity prices. yields and
interest rates between Joan asset class 7 and loan asset class 7. Clearly, in many cases, these
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covariance measures will indicate a considerable element of pasitive covariability of bank
returns on-different asset classes over fime.

Probability

1

E(Ry) Portfolio bank returns
FIGURE 3 --The distribution of the net present value of bank returns

By using the variance-covariance mawix for bank returns by asset class, a second stage for
generating the diswibution of a bank"s portfolio of rural loans may be established. The loan
payoff functions are then simulated and summed inte a portfolio value. Again, if this process is
repeated many times,  distribution for the portfolio value may be constructed in which the
portfolio variance includes both the unsystematic risk and the systematic risk components. The
level of systematic risk can be estimated by subtracting the portfolio variance generated in the
simulation from the portfolio variance estimated in the first stage. This result holds since the
portfolio variance is simply the addition of the unsystematic risk and systematic risk measures
as illustrated in equation (6).

The efficient frontier for a bank’s rural loan portfolio may he derived from the guadratic
progranyning model described in equations (8) w (11). By constraining the quadratic program
todifferent levels of portiolio returns, a set of optimal portfolios that minimise the portfolio
variance at each given level of portfolio return may be determined.

Some implications for institutional credit risk management

Credit risk management from a portfolio perspective may be modelled as involving two key
abjectives: first, o ensure that the bank is operating on, or as close as is feasible to, its efficient
frontier, and second. to optimise the particular mix of the expected returmn on its portfolio and
the volatility of bank returns subject wo the risk preference function of the bank., There are thiee
key strategies that a bank may pursue in order to achieve these objectives. These include a loan
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visk pricing model, the setting of portfolio exposure Jimits and the determination of appropriate
bank capitalisation levels (Davis and Harper 1991, Wymann 1991),

A bank may manage expected credit risk by using anefficient loan pricing model in o similar
fashion to a self insurance ;m‘[icyyf*mr example, the promised rte of interest on the bank’s
lawest risk class would determine its prime rate of interest. A risk preniium is added 10 the
prime rate of interest for greater levels of expected eredit risk (Juttner 1986, Sinkey 1986, p.
396). The key elements of expected risk that may be included in a loan priving model are defauly
risk, capital Toss risk, portfolio risk and term matarity risk (Sinkey 1991, p. 400, The extent to
whicls a bank penalises cach of these factors through risk pricing depends on the risk preference
functivn and the particular setof portfolio management strategies chosen by the bank,

The determination ot the size of risk premiums for expected eredit risk s by no means clear cot
given the coincidence of financial risk for customers and default risk exposure for the bank. A
trade-off exists between achieving greater returns on lugher risk customers through arisk
premum and the imancial risk faced by these borrowers (Sinkey 1986, p. 4000, This is due o
the associated nise m the volatility of borrower incomes resulting from the imposition of 4
higher interest rate structure on these borrossers, The higher the risk premium, the greater the
degree of default of a borrower other things bemg held equal. This trade-off would equally
apply to a bank fees charging policy. For example, on term loan facilities, an up-front
establishment fee is generally charged at a e during which a farm's debt-equity ratio is
generally at its lughest level thereby inereasing defauh risk. Thus, a snmlar set of opumal fees
charging policy rules could also be developed which account for the wrade-off between
pramised bank returny and the expected eredit risk.

In portfolio theory, the application of the mean-variance rales (o loan asset selection fron 4
portfolio perspective suggests that 1f a bank does not prive for expected credit risk, then loan
assets with the Jowest eredit risk will earn the highest expected retarn to the bank. Such a
pricing policy is essentially visk prefernng behaviour as the etficient frontier drawn in (X))
and rfj space (as illustrated in Figure 1) is negatively sloped. Tn addition, the apphication of the
mean-variance rules for Joan asset selection as deseribed n equation (7) implies that a rish
averse bank not using risk pricing would only select foan proposals with the Towest default nisk
in a loanable funds marker.

A bank may adopt an expected sk pricing policy on arisk neutral basis. Under this rish
preference regime, the expected returns across all Toan asset classes would be equalised
regardless of the level of unexpected eredit risk. A risk premium would be determingd for each
risk class on the basis of their respective expected capital losses expressed in percemiage points,
A key result of this policy is that the unsysiematic risk component of Toan asset portiolio is
effectively forced to zero. This occurs because any variability in bank returns on a Joan asset
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class that behave independently of those on other loan assets is effectively nullified. Any
remaining voladlity in bank returns will solely be due to systematic risk exposure.

Under an expected risk averse pricing poliey, much higher expected returns would be required
on credit accounts associnted with greater Jevels of eredit risk than compared 10 an expected risk
neutral pricing policy. Hosever, a utility function of the nature of risk aversion by the bank
would need to be specified to guuge the size of the risk premivm required. The differentiation of
the volatility of bunk returns into its respective unsystematic risk and systematic visk
components under risk aversion is also nore complex,

There are a range of aptions open to bank decision makers o manage systematic risk exposure.
The primary portfolio based stategies are three fold: pricing, sclective credit rationing and bank
capitalisation. First, Sinkey (1986, p. 399) proposes that a specialist lender, for example a rural
bank, may place an additional risk premium into its interest rte structure on the basis on their
Beta coefficient. In this case, a loan asset that generates returns that are negatively comrelated to
the returns on the portfolio is worth more to a specialist lender than a loan asset that adds
proportionately more to the volatility of bank portfolio retumns, Second, a bank may effectively
practise credit rationing through the centralised setting of exposure limits. Under this strategy, a
bank actively diversifies into loan assets associated with negative or low levels of covariability
of returns and places exposure limits on Ioan assets with high covariability of rewrns to the
returns on its existing portfolio. Finally, a bank may augment its own finangial structure to
manage its systematic risk exposure (Diavis 1990, Wymann 19913, Under this stratepy, banks
direct sufficient amounts of capital towards cach risk class based on their relative volatility of
FELrns,

Concluding remarks

This paper describes a stochastic simulation model of 4 bank s portfolio of rural credit
accounts, The model is sufficiently general to incorporate various alternative lending policy
rules regarding credit limits imposed on farm borrowers, Tt also explicitly inctudes treatment of
partial default exposures.

The model will enable analysis of the trade-off between hank returns and the expected risk
given the use of risk premiums in interest rate structures and the use of various types of fees
charging policies. In addition. bunk returns and the credst risk profile associated with a range of
lending policies may be established using the model, With further development, the modet
should provide a framework for deriving optimal lending and pricing policies to the farm seetor
which reflect any given risk preference funciion held by decision makers in banks,
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Appendix

The implications for performing, partial default (equation (18)) and full default (equation (19))
by the farm model (equations (20) to (30)).on the bank returns and the change in the bank asset
base tequations (14) 10 {17)) are shown below. In this model, the bank's cost of funds and
operating costs, Cy, are assumed 10 be given, These costs are determined by a variety of factors
including fund raising strategies and bank operating structures. ‘

A.1  Performing

In the case where a rural eredit account iy servicing fully its debr commitments, the bank eaims
interest and fee income, The farm makes repayments of an amount of principal , P,, on its torm
loan facility, If in the previous year, the bank overdraft balance was positive or zero and the
farm has sufficient liguidity to meet its personal and business commiuments, the farm consumes
this excess income and does hot draw on its credit reserve, In the circumstance that the bank
overdraft balance was negative in the previous year, the funm makes a repayment, RP, on this
facility of an amount, BB, - BB,.;. Thus, depending on the level of farm income, the following
profit and asset changes to the bank will oceur:

i

(A1) BR, 11, + BFC, - C,

il

(A2) BAG, - BAG,, IC, - RP, +LD,

U

where II, ro,. BB, +rt,.LP.,
I, ro, BB, +rt,.1L.P;
LD, = (BB, - BB,.;) andfor
RP, (BB, - BB,.;)+ P,

It

i

A.2  Partial defauls

When a farm enters into partial default, bank returns and the change in the bank assel base
depend on whether or not the bank is reguired to make a provision for a bad and doubtful debt.
If a loan is Tully secured and thus no capital losses are expected then no provision for a bad and
doubtful debt is required. However, if capital losses are expected then a provision must e
made.

Peforming. -purtial default but filly secured

In this circumstance, the bank earns no interest on the term loan account. Bank reuns are
limited to any interest received on the overdiaft accotint and any fee income from both the
overdraft and term loan facilities. Since no capital losses are expected. then both the bank

overdraft balance and the term loan principal out-tanding can be capitalised for balance sheet
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reporting purposes. No principal is repaid on the term loan facility, and the fevel of loan
drawings increases as the faom increases its bank overdraft balance.

(A.3) BR, = H,+BEC-C
(f\*‘i) Bl‘\CJI d BI\G;“{: IC( d R.P(

where 11, = 10,.BB;
I, 10, BB, + 11,.L.P,.; and
LD, BB, - BB

i

i

Performing —partical defuult but not firlly secured

If there is potential for a fanm to enter fult default status and the loan is not fully secured, the
bank is required to also make a reservation Tor the full extent of the possible loss by increasing
its specific provisions for bad and doubtful debts, SPN,

The expected size of the capital loss to the bank will equal to the salvage of the farm assets less
any debt outstanding at time period £.. Upon sale of the farm assets, the salvage value of the
farm assets is defined to be equal to $,FA where s is the proportion of the value of farm assets
realised at its sute. The amount of farm debt outstanding at this juncture will equal to the term
loan principal outstanding, LP,.;. plus the amount of its credit reserve on the overdraft, BB’?‘,.
Thus the value of expected capital losses will equal to 8.FA - LP,.; - BB, if farm liabilities
outstanding at time 7 are expected to exceed 5.FA. The fann mey also increase its liquidity by
drawing on its overdraft facility, The impact on bank returns will equal:

(A5) BR, = 1, +BFC, - PD,- C,

r0,. BB, and
s.FA ~LP., - BBY, = SPN,.

it

where Il
PD,

it

If'a provision for bad and doubtful debt has been made, the bank can not compound any
interest outstanding. The farm may dras further on its overdraft facility and thus foan
drawings, LD, may rise. Thus the change in bank assets is measured as;

SA6) BAG, ~BAG., = LD, -SPN,

[t}

where LD,
SPN,

(BB, - BB, and
s FA -Lb,, - BB",

il




Partial defauldt —-performing {f was fully secnred

Inn this case, the farm resumes all debt servicing commitments and the bank earns all interest and
fee income agreed under the original contract. The repayment of P, is met, However, depending
on the level of farny income, a repayment or an additonal loan drawing on the bank overdraft
facility could oceur. Bank returns and the change in bank assets are:

(A7) BR, 1, + BEC, - ¢,

1t

(A.8) BAG, -BAG,; =  IC, - RP, +LD,
where 1, r0.BB, + 1Lk,

it

IC, = 1o BB+ LP,; and
RP; = P, 4 BBi BB;.{} or
LD, = (BB, - BB,

Partial defaudt --performing if was noy fitlly secured

In addition to earning interest and fees, the bank recovers the specific provision made in the
previous year by decreasing its specific provisions for bad and doubtful debis.

(A.9) BR, = I, +BEC, +RSP, - C,
where RSP, = «FA - LP_,  BBY,

With respect to the change in bank assets. interest is compounded on both the overdraft and
term foan facilities, a repayment oceurs on term loan principal. Again, depending on the level of
farm income, a repaymeat or an additional Toan drawing could occur on the bank overdraft
balance,

(A1) BAG, -BAG., =  IC, +RSP,  RP,+ LD,
where IC, = o BB, +1.LP,,
I%P, = p, + {ng’ - l'}{gz.}) or
LD, = (BB, BB, and
RSP, = wFA . LP. BB,

If bunk eredit policy is to offer forgiveness on interest and principal repayments to farms for
only one year, and the farm does not meet its amortised term loan commitments in the second
year in a succession, the bank realises on its security and the farm enters into full default.

Clearly the model could encompass a range of different credit policy options regarding
treatment of customers in partial default.



A3 Full defaull

In the cireumstanee of full default, the bank receives no return and iy suffer capital losses. A
farm enters a full default position when its farm liabilities, FL, exceed u specified proportion,
o, of the value of Farm assets, FA. This condition may be expressed as:

(A11) Full default it FlL, 2 mFA

The Impact o bank returns for an account in full defaudt that is well secured, in other words if
8.FA exceeds FL,, iy indifferent to whether a credit account enters full default from a
performing or purtial default status. No returns are earned by the bank in either case. In
practice, unpaid interest may well be recouped in the event that wFA > FL,

(A.12) BR, = 0

However, bank returns in either case are affected if 5. FA exceeds FL, upon the credit account
entering full default

Performing—tull default but fully secired

If a farm enters into full default and if s.FA exceeds FL,, then clearly the credit ascount is well
secured and the bank recovers all outstanding overdrait balance and term loan principal. In
which case. the following value would be imputed into the balance sheet:

(AL BAG,; - BAG,,; = ~RP; = FL, if s.FA 2 FL,
Performing-fult defande but not fully secured

If the value of 5.FA is less than Ly, in other words the credit account is not well secured, the
bank pust write-off the difference between these two ttems. However, the maximum possible
level of write-off is limited only to the value of FL,. In addition. the treatment of write-offs on a
bank baluance sheet depends on whether the farm account has entered full default from a
performing status in the previous year or partial default status. In either case. the impact on the
bank balance sheet is the same. However. the impact on bank retirns depends on whether the
aecownt has been previously provided for as a bad and doubtful debt.

i

(A.14) BAG, BAG,, WNSP,

i

VA B,

where s.FA - Fl, < WNSP, £ b1,
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i

(A15) - BR, ~WNSP,

Voo,

H

<5 FA + Iilhl
where L.FA - FL, < WNSP, S,

Parttal defaseie - full defende but not fully secured
4w

(A.16) TBAG, - BAG,, = W8P,
= s.EA 4 FL,
where s.FA - FL, < W8P, €1,
(AT BR, =  +WSP

= sFA T,

where s.FA - FL, « WSP, € ¥,

.

The term WSP, is an additive term since the account has been specttivally provided for i the
profit and loss statement in the previous year as a bad and doubtiul debt.

A





