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Abstract

The paper discusses a multi-stage stochastic programming approach to the strategic ®nancial management of a

multi-company ®nancial conglomerate. The planning system creates a comprehensive strategy which simultaneously

covers a number of future scenarios within a multi-period planning horizon. Multiple con¯icting goals may be speci®ed

for the group level, company level or individual business area level, and the decision makerÕs preferences are allowed to

change over time to re¯ect changing operating conditions and trade-o� relationships between the goals. Special features

include, among other things, full market valuation throughout the model, integrated treatment of di�erent types of

risks, explicit modelling of various types of intra-group transactions and relationships, extensive structures to deal with

distressed assets and the covering of losses within the group, as well as consideration of potential portfolio e�ects of a

diversi®ed group structure on the cost of funding. Ó 2001 Elsevier Science B.V. All rights reserved.

Keywords: Strategic planning; Financial institutions; Asset and liability management; Risk analysis; Stochastic

optimization

1. Introduction

Recent years have witnessed a trend towards
®nancial services conglomerates consisting of de-

posit-taking institutions, ®nance companies, other
credit institutions, investment companies, securities
®rms, real estate ®rms as well as life insurance and
property±liability insurance companies. The group
may also include industrial and commercial ®rms,
frequently organized under a holding company.

The management of this type of a conglomerate
is a di�cult task under the present day conditions
in which future operating environments can not be
forecasted with any degree of accuracy. From a
strategic planning point of view the di�erence be-
tween a `conglomerateÕ and a single ®nancial insti-
tution is, on the other hand, in many cases smaller
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than what one might initially think. The `con-
glomerate' may consist of, say, two domestic
subsidiaries and one foreign subsidiary. As the
decision about the number of individual ®rms in
the group is often arbitrary you might equally well
think of a single company. It is obvious that if the
management board of the company does not take
a stand on the composition of the ®rmÕs business
portfolios and the risks related to these portfolios,
it may ruin the company. Unfortunately this has
also been the case in numerous real-world situa-
tions as the banking crises and failed institutions
and groups of institutions have demonstrated in a
number of countries. Furthermore, the crises in the
®nancial services industry appear to continue and
the process of covering losses within the group, for
instance, has therefore become an important
management issue. The diversi®cation e�ects on
the funding side, in particular, also justify a group
perspective. There has, however been a lack of
appropriate tools for dealing with the complex is-
sues involved.

The paper therefore discusses a dynamic multi-
stage stochastic programming approach to the
strategic ®nancial management of a multi-compa-
ny group. The system is used to create a compre-
hensive strategy which simultaneously covers a
number of potential future scenarios within a
multi-period planning horizon.

The general area of strategic asset and liability
management or strategic ®nancial risk manage-
ment has received increased attention in ®nancial
institutions during the last few years. For exten-
sive reviews of stochastic models, scenario gener-
ation procedures, recent advances in solution
algorithms as well as practical applications in this
area see Mulvey et al. (1997), Mulvey and Ziemba
(1995), Carino et al. (1994), Bunn and Salo (1993),
and Langen (1989). For a discussion of earlier
applications see, for instance, Kusy and Ziemba
(1986) and Korhonen (1984, 1987). Previous
studies typically deal with strategic asset and lia-
bility allocation decisions at the level of individual
institutions such as banks, insurance companies
and pension funds. The present model extends the
analysis to the management of a multi-company
group with a multitude of intra-group relation-
ships.

2. Outline of general features

The application described in this paper is a
multi-stage stochastic linear program designed to
deal with the strategic asset and liability manage-
ment problem of a multi-company group consist-
ing of predominantly ®nancial institutions. Asset
and liability management means by de®nition that
assets, liabilities, capital and o�-balance sheet
items are being managed simultaneously.

The group structure and the number of ®rms in
the group are generally quite free. Multinational
and multi-level groups are allowed (Fig. 1), and
the full model structure and the full set of variables
are available for holding companies, subsidiaries
and operative associated companies within the
group. A reduced model structure is applied in the
case of other group-related companies such as in-
dustrial and commercial ®rms. Intra-group fund-
ing, holdings and asset transactions are also
explicitly modelled. The intra-group funding al-
ternatives, in particular, include a wide range of
di�erent options as far as the instruments and type
of funding are concerned.

The model allows a ¯exible choice of goals, risk
measures and types of activities to be included
in the analysis. Goals may be speci®ed for the
group level, company level or individual business
area level, and they deal with both ®nancial and
non-®nancial aspects of the operations. The risk
measures consider the e�ects of covariability or
correlation, and they thus allow an integrated
treatment of di�erent types of risk. Furthermore,
they permit a joint treatment of risks arising from
both price changes and volume changes. The de-
cision makerÕs preferences are allowed to change
over time to re¯ect changing operating conditions
and trade-o� relationships in the case of con¯ict-

Fig. 1. Multinational and multi-level groups with varying

structures and intra-group relationships.
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ing goals. The degree of the decision makerÕs risk
aversion is also considered, and it may di�er be-
tween the goals.

The planning horizon in the model typically
covers three or four years. Individual periods
within the planning horizon usually have a length
of one year. Future uncertainty is described by a
set of alternative scenarios (Fig. 2), and the num-
ber of scenarios as well as the progression of the
scenarios from one period to another is free. The
scenarios deal with general economic conditions,
the state of the domestic and foreign ®nancial
markets, and other aspects of the operating envi-
ronment relevant to the group.

The model uses a set of standard modules to
describe the existing or potential business portfolios

of the individual companies within the group. The
number of variables in any particular module is
generally free allowing the user to select the desired
level of aggregation. All variables have explicit de-
cision variables associated with them whenever
applicable or conceivable. The currency denomi-
nation of all balance sheet and o�-balance sheet
variables is also free. O�-balance sheet variables
include, among other things, interest rate, currency
and stock index futures contracts. In addition to
nominal or book values full market valuation is
used throughout the model. A set of standard val-
uation formulas is being o�ered; in the case of real
estate investments, stock investments and stock in-
dex futures contracts the user may also choose be-
tween alternatives and/or insert individual values.

Fig. 2. Multi-period time horizon with di�erent types of scenario trees, changing goal structures and priorities, a comprehensive set of

optimal strategies for all periods and scenarios within the planning horizon.
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In re¯ection of the crises in the ®nancial sector
in some countries, extensive structures have been
developed to deal with distressed assets such as
loans, real estate and stock holdings requiring re-
structuring investments, the covering of losses
within the group and the treatment of bankruptcy
conditions. Cumulative and non-cumulative in-
struments capable of covering losses on an on-
going basis are therefore included throughout.

The cost of funding in the model depends on a
modi®ed capital ratio. The ratio is adjusted, among
other things, for asset quality and the variability of
accounting earnings, and it thus allows potential
portfolio e�ects from the conglomerate structure as
well as the e�ects of the management decision
making to be re¯ected in the cost of funding. The
e�ects of the liability structure, asymmetrical divi-
dend information e�ects and other potential
dividend related e�ects are also taken into consid-
eration. A total of ®ve di�erent cost functions are
available to re¯ect di�erent maturity, collateral and
subordination features. One of the functions allows
for the possibility of a risk-based deposit insurance
in the case of a deposit-taking institution within the
conglomerate. Potential loan±deposit feedback
relationships are included in the model, as well as
transfers and securitisations of loans. Whenever
applicable, scenario dependent take-downs, early
prepayments and withdrawals either on the initia-
tive of the companies themselves or their customers
and fund providers are allowed. Institutional
restrictions limiting early redemptions are also
observed, as well as contractual arrangements
concerning the redemption value.

The general structure of the model is as follows:
1. Asset modules
2. Liability modules
3. Capital modules
4. Taxation modules
5. Premium cost and aggregation modules
6. Futures modules
7. Accounting consolidation modules
8. Regulation modules
9. Objective functions

Section 3 presents an overview of the main
features of the modules, and Section 4 discusses
practical implementation issues. The paper ends
with some concluding remarks.

3. Description of the modules

3.1. Asset modules

The current version of the model includes 15
general asset classes, each of which may contain
several individual asset variables with di�erent
optional features. The optional features relate to
decision variables used (general or intra-group),
the type of nominal rate of return assumed, valu-
ation methods, book values, prepayment options,
collateral relationships and several other aspects of
the operations. The full model structure and the
full set of variables are available for companies of
type A in the group (holding companies, subsid-
iaries and operative associated companies). A re-
duced set of variables is used to describe
investments in other companies (type B) in the
group, in which case the full model structure is not
applied. The intra-group transactions available in
these two cases are listed in the enclosed table. All
variables are scenario dependent, and appropriate
combinations of variables can be selected to de-
scribe current or potential future business portfo-
lios of the companies in question. The level of
disaggregation can be determined by the user of
the model to re¯ect individual requirements.
Multiple currencies are allowed in all cases, and
currency exchange rates are scenario dependent.
The general asset classes are presented in Table 1.

Cash and cash equivalents may, like all the other
variables, be de®ned for multiple currencies and
the model includes explicit decision variables for
portfolio restructuring purposes. Technical or
policy related upper and lower limits for the de-
cision variables and the resulting total amounts of
these variables are also available.

Short-term discount investments and short-term
interest bearing investments have a maximum
maturity of two years and they cover money
market instruments and short-term lending. Four
contract or maturity types per year are allowed as
well as collateral relationships with one liability
type. Like in most other cases, scenario depen-
dent default rates and scenario and risk-class
dependent required rates of return are applied in
market valuations. Decision variables also include
sales (if applicable). These asset types may con-
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tain group-related lending not covered by intra-
group loans.

Loan variables usually describe di�erent cus-
tomer or industy types. The model di�erentiates
between loans originated by the institution and
loans purchased by the institution. Sales treatment
or ®nancing (collateralized borrowing) treatment
are allowed in the case of transfers and securiti-
sations, and loans may also be transferred to other
companies in the group, in which case they end up
in loans-group originated in the counterparties.
Nominal rates of interest include ®xed rate, ¯oat-
ing rate and variable rate alternatives. Market
valuations are, like in the case of other variables,
scenario dependent and they also consider non-
interest revenues and costs. Di�erentiated valua-
tion is allowed for originated loans and purchased
loans, ordinary loans and classi®ed loans, as well
as transfers and securitisations. Scenario depen-
dent prepayments on the initiative of the borrower
are also permitted.

Other loan related features of interest include
forward loan commitments with scenario depen-
dent take-downs (FRAÕs are covered in the interest
rate futures modules) and multi-period loan±de-
posit feedback relationships. In these relationships
changes in the underlying originated loan volume
before transfers and securitisations (sales treat-
ment) are allowed to a�ect the forecasts for new

deposits in a number of deposit categories. Loans
also contain group-related lending not covered by
intra-group loans.

Loans-group originated describe loans acquired
from another ®rm in the group. They therefore
include the same ®xed rate, ¯oating rate and
variable rate alternatives as the original loan
variables. Market valuations and prepayments are
also scenario dependent. Collateral relationships
with two liability types are permitted, and these
loans may be sold outside the group.

M-variables deal with special-purpose regulated
funds and other items allowing a simpli®ed model
structure. Nominal rates of interest are assumed to
be variable, and this item may also include group-
related lending not covered by intra-group loans.
Otherwise the treatment of this asset type resem-
bles that of cash and cash equivalents.

Bonds contain a wide range of marketable in-
struments from ordinary bonds to ®xed and
¯oating rate preferred shares. Nominal rates of
return include ®xed rate, ¯oating rate, variable
rate, zero coupon, ®xed rate perpetual and ¯oating
rate perpetual alternatives. Market valuations and
prepayments are scenario dependent, and three
types of collateral relationships within the balance
sheet are allowed. Bonds may also contain group-
related investments not covered by intra-group
loans.

Table 1

Asset modules

Asset class Name Intra-group transactions with companies of types A and B

1 Cash and cash equivalents ± ±

3 Short-term discount investments ± B

6 Short-term interest bearing investments ± B

11 Loans A B

20 Loans-group originated A ±

26 M-variables ± B

28 Bonds ± B

30 Intra-group loans A ±

35 Intra-group investments A ±

37 Stocks-group transactions A ±

38 Real estate-group transactions A ±

40 Stocks A B

41 Real estate A ±

43 Fixed assets ± ±

44 Other assets ± ±

(Consolidated goodwill)

(Exchange di�erences)
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Intra-group loans consist of funding other than
ordinary shares (which are dealt with in the next
asset class) to parents, subsidiaries and operative
associated companies within the group. Typical
instruments range from simple credit lines to se-
cured and unsecured bonds and notes, subordi-
nated term instruments, ordinary perpetuals, as
well as perpetual cumulative and non-cumulative
instruments capable of covering losses on an on-
going basis. Decision variables relating to this as-
set type are technically de®ned as the decision
variables of the counterparty (borrower). Nominal
rates of return include the same alternatives as in
the case of bonds. Scenario dependent prepay-
ments on the initiative of the borrower are per-
mitted, and scenario dependent market valuations
also consider losses to be covered and reimburse-
ments of covered losses in the case of cumulative
and non-cumulative instruments. Collateral ar-
rangements relevant for holding companies, for
instance, are also allowed.

Intra-group investments include ordinary share
capital invested in subsidiaries and operative as-
sociated companies (domestic or foreign) within
the group. The amount of dividends to be received
is determined as a decision variable of the count-
erparty (see Ordinary shares in Section 3.3). Rev-
enues and costs relating to intra-group services are
also considered in this section, and positive or
negative market values of equity are computed
internally from the valuations made in the count-
erparty. The amount of surplus relating to new
issues of shares by the counterparty is determined
by considering scenario dependent market expec-
tations concerning dividend yields and growth
rates as well as required rates of return that depend
on a modi®ed capital ratio. The ratio is adjusted
for asset quality, variability of accounting earn-
ings, asymmetrical dividend information e�ects
and other dividend related e�ects (if any). Collat-
eral arrangements similar to those in the case of
intra-group loans are also available.

Stocks-group transactions consist of items ac-
quired by the company from another ®rm in the
group. Two alternative valuation formulas are
available for scenario dependent pricing. Di�er-
entiated valuation is allowed for ordinary assets,
distressed assets and sales of assets. Restructuring

investments required in the case of distressed assets
are also taken into account, as well as certain
collateral relationships. These assets may only be
sold outside the group.

In a similar fashion, real estate-group transac-
tions deals with real estate that has been acquired
from another ®rm in the group. Perpetual pricing
formulas based on either ®xed rate or ¯oating rate
rental yields and growth rates are available, and
di�erentiated valuation is allowed for investment
assets, ®xed assets, distressed assets and sales of
assets. Operating costs and neglected maintenance
investments a�ect valuations, and maintenance
investments are constrained by replacement values
adjusted for relevant index values. Collateral re-
lationships and sales restrictions are similar to
those in the case of stocks-group transactions.

Stocks include, in addition to ordinary pur-
chases of stock, scenario dependent acquisitions of
stock that originate from the loan portfolio (col-
laterals/take-overs relating to customer loans).
Restructuring investments relating to distressed
assets are therefore again taken into account, and
regulatory or policy restrictions (if any) are ob-
served concerning the time period allowed for the
disposal of these types of assets. Stocks may also
be sold to other ®rms in the group, in which case
they end up in stocks-group transactions in the
counterparties. Collateral relationships and prin-
ciples of market valuation are similar in these two
asset categories. Stocks also include group-related
investments not covered by intra-group invest-
ments.

Real estate contains, in addition to ordinary
real estate investments, scenario dependent acqui-
sitions of real estate that originate from the loan
portfolio (collaterals relating to customer loans) in
a fashion similar to that in the case of stock in-
vestments. Regulatory and/or policy restrictions
are therefore again observed concerning the time
period permitted for the disposal of these types of
assets. Intra-group sales of real estate are allowed,
and they end up in real estate-group transactions
in the counterparties concerned. Scenario depen-
dent valuation alternatives, the treatment of
maintenance investments as well as the allowed
collateral relationships are similar to those in real
estate-group transactions.
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Fixed assets are generally described by a single
variable, and they cover ®xed assets other than
those included in intra-group investments, stocks
and real estate (general and group transactions).
Other assets contain miscellanous routine items,
and their volume is determined indirectly by the
decisions made in the other asset categories. Con-
solidated goodwill and exchange di�erences are
dealt with in Section 3.7.

All balance sheet variables and decision vari-
ables are constrained by appropriate market de-
termined, policy determined or technical upper
and lower limits.

3.2. Liability modules

The number of non-insurance related liability
classes is currently 10, each of which may contain
several individual liability variables with di�erent
optional features. Like in the case of the asset
classes, the full model structure and the full set of
variables are available for companies of type A
(holding companies, subsidiaries and operative
associated companies), whereas a reduced set of
variables is used to describe funding obtained from
other companies (type B) in the group. The intra-
group transactions relating to these two cases are
listed in Table 2. All variables are again scenario
dependent, multiple currencies are allowed, and
the level of aggregation is determined by the model
user to re¯ect individual requirements. The general
liability classes are presented in Table 2.

It has already been noted that the cost of
funding in the model depends on a modi®ed cap-
ital ratio adjusted, among other things, for asset
quality and the variability or accounting earnings.
This is an important feature since it allows po-
tential portfolio e�ects from the conglomerate
structure as well as the e�ects of the management
decision making to be re¯ected in the cost of
funding. The e�ects of the liability structure,
asymmetrical dividend information e�ects and
other potential dividend related e�ects are also
taken into consideration. Five di�erent cost func-
tions are available to re¯ect di�erent maturity,
collateral and subordination features. One of the
functions allows for the possibility of a risk-based
deposit insurance in the case of a deposit-taking
institution within the conglomerate (for details see
Section 3.5). A brief summary of the other char-
acteristics of the liability classes is presented here.

Short-term discount borrowing (collateralized)
typically covers central bank funding and other
repos. A maximum maturity of one year and four
contract or maturity types per year are allowed,
and collateral types include short-term money
market instruments and bonds. These liability
items are in the cost function for short-term debt
and uninsured deposits.

Short-term discount borrowing and short-term
interest bearing borrowing contain unsecured
money market instruments with a maximum ma-
turity of two years, and four contract or maturity
types per year are again considered. Scenario de-
pendent early redemptions on the initiative of the

Table 2

Liability modules

Liability class Name Intra-group transactions with companies of types A and B

47 Short-term discount borrowing (collat.) ± ±

50 Short-term discount borrowing ± ±

53 Short-term interest bearing borrowing ± ±

55 Deposits ± ±

57 M-variables (borrowing) A B

60 Borrowing (loan-related) ± ±

65 Borrowing A B

68 Borrowing A B

70 Borrowing ± ±

71 Other liabilities ± ±

(Negative consolidation di�erences)

(Exchange di�erences)

424 A. Korhonen / European Journal of Operational Research 128 (2001) 418±434



borrower are allowed (if applicable). The e�ects of
the liability structure are taken into account by
including these items in the cost function for short-
term debt and uninsured deposits.

Deposits consist of ordinary retail deposits (in-
sured or uninsured). The volume of deposits is
indirectly a�ected by decisions made in the loan
portfolio (multi-period loan-deposit feedback re-
lationships), since changes in the underlying orig-
inated loan volumes before transfers and
securitisations (sales treatment) are allowed to af-
fect the forecasts for new deposits. Nominal rates
of interest include ®xed rate, ¯oating rate and
variable rate alternatives. Insured deposits are in
the cost function for deposits (risk-based deposit
insurance) and uninsured deposits are in the cost
function for short-term debt and uninsured de-
posits. Non-interest costs are also generally con-
sidered in market valuations. Scenario dependent
early withdrawals on the initiative of customers or
fund providers are permitted.

M-variables (borrowing) resemble their coun-
terparts on the asset side. They deal with special-
purpose regulated liabilities, credit lines and other
items allowing a simpli®ed model structure.
Nominal rates of interest are assumed to be vari-
able, and scenario dependent redemptions on the
initiative of the borrower are allowed. These
variables also include intra-group borrowing re-
lating to intra-group loans in the counterparty,
and they may contain other group-related bor-
rowing.

Borrowing (60) covers mortgage-backed bonds
or notes and other loan-related collateralized
borrowing that originates from transfers and sec-
uritisations (®nancing treatment) in the loan
portfolio (loans and loans-group transactions).
Multiple collaterals are allowed, and nominal rates
of interest include ®xed rate, ¯oating rate and
variable rate alternatives. This liability type is in
the cost function for long-term debt. Non-interest
costs are also usually considered in market valua-
tions.

Borrowing (65) deals with collateral trust bonds
and unsecured bonds or notes. In case of a col-
lateral two alternatives are available, and scenario
dependent early redemptions on the initiative of
the borrower are allowed. Nominal rates of return

cover the zero coupon version in addition to those
included in the previous liability type, and market
valuations are similar to the previous case. These
variables may also contain intra-group borrowing
relating to intra-group loans in the counterparty as
well as other group-related borrowing.

Borrowing (68) is a major liability class in the
model in that it covers a multitude of instruments
such as mortgage bonds, collateral trust bonds
(including those backed by investments in subsid-
iaries), unsecured bonds and notes, subordinated
term debt and term preferred shares, ordinary
perpetuals, as well as perpetual cumulative and
non-cumulative instruments capable of covering
losses on an on-going basis. Furthermore, the
variables in this liability class also include intra-
group borrowing or funding relating to intra-
group loans in the counterparty, and they may
contain other group-related funding. Additional
decision variables are speci®ed in the case of cu-
mulative and non-cumulative instruments to de-
scribe the amount of losses to be covered, the
reimbursement of covered losses as well as the
amount of cumulative and non-cumulative interest
or dividend payments to be made in any given
period and scenario. Extensive structures are
needed to deal with legal and contractual restric-
tions concerning the order and limits in covering
losses from reserves, ordinary share capital, non-
cumulative or cumulative instruments, respective-
ly, the reimbursement of covered losses and the
payment of interest or dividends on these instru-
ments.

Nominal rates of return in this liability class
include ®xed rate, ¯oating rate, variable rate, zero
coupon, ®xed rate perpetual and ¯oating rate
perpetual alternatives. Scenario speci®c required
rates of return depend, like in the case of other
funding, on a modi®ed capital ratio and the e�ects
of the liability structure are considered by includ-
ing unsubordinated liability items in the cost
function for long-term debt and other items in the
cost function for subordinated debt. Non-interest
costs, the covering of losses and the reimbursement
of covered losses are also taken into account in
valuations. Scenario dependent early redemptions
on the initiative of the borrower are allowed
(if applicable or permitted by institutional
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restrictions), and they may be limited by the
availability of distributable funds and/or proceeds
from fresh new issues. Potential collaterals in this
liability class are intra-group loans and invest-
ments, stocks and real estate.

Borrowing (70) may cover, among other things,
consolidated mortgage bonds. Multiple collaterals
involving real estate and stocks (including group
transactions) are therefore allowed. Otherwise the
treatment of these liabilities resembles that of loan-
related borrowing (60).

Other liabilities contain miscellanous routine
items, and their volume is determined indirectly by
the decisions made in the other liability categories.
Negative consolidation di�erences and exchange
di�erences are dealt with in Section 3.7.

3.3. Capital modules

This section includes four variable types, which
are denominated in the base currencies of the
companies concerned (domestic or foreign). All
variables are scenario dependent. The variable
types are the presented in Table 3.

Distributable funds may be positive or negative
(90/94), and the decision variables relating to this
item deal with
· losses to be covered from reserve funds, ordi-

nary shares, non-cumulative or cumulative in-
struments, respectively;

· reimbursements of losses covered from cumula-
tive and non-cumulative instruments;

· ordinary dividends and cumulative or non-
cumulative interest/dividend payments to be
made;

· transfers of positive accounting earnings to re-
serve funds.
The decision variables are constrained by ap-

propriate legal and contractual restrictions, in-

cluding those relating to bankruptcy conditions.
Revaluation reserves have passive role in the
model, and the amount of this variable is therefore
simply given by an initial value at the beginning of
the planning horizon.

The decision variables de®ned for reserve funds
deal with transfers of positive accounting earnings
to reserve funds and losses to be covered from
these funds. The amount of surplus to be trans-
ferred to reserve funds is determined in the pricing
process of the scenario dependent new issues of
shares (see Ordinary shares and Section 3.5). Legal
and contractual restrictions are observed con-
cerning the required or allowed transfers of earn-
ings and the process of covering losses.

Ordinary shares also contain intra-group fund-
ing relating to intra-group investments (asset class
35) in the counterparty. Other group-related
funding may also be involved. The decision vari-
ables de®ned for this capital item include new is-
sues of shares, losses to be covered from ordinary
share capital, and dividends to be paid. Dividends
to be paid are determined by considering target
dividends, scenario dependent speeds of adjust-
ment of dividends towards target dividends, as
well as debt and equity related pricing e�ects
arising from potential expropriation e�ects, divi-
dend tax e�ects and asymmetrical information ef-
fects in the case of unexpected changes in
dividends (if any). Target dividends are in turn
computed as a function of mean (positive) ac-
counting earnings (adjusted for variability) and
target ratios of dividends to earnings.

The amount of surplus associated with new
issues of shares is determined by considering
scenario dependent market expectations concern-
ing dividend yields and growth rates as well
as required rates of return that depend on a
modi®ed capital ratio adjusted for asset quality,
variability of accounting earnings, dividend in-
formation e�ects and other dividend related ef-
fects (if any).

The model also allows for the formulation of
various types of institutional restrictions regarding
the order and limits in covering losses from re-
serves, ordinary share capital, non-cumulative and
cumulative instruments, respectively, the avail-
ability of distributable funds, the payment of div-

Table 3

Capital modules

Variable type Name

90/94 Distributable funds

96 Revaluation reserves

97 Reserve funds

98 Ordinary shares
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idends in the case of covered losses, as well as
bankruptcy conditions.

Note that perpetual non-cumulative instru-
ments were covered in liability class 68. General
loan loss provisions are included in Section 3.4,
which also contains a separate variable for loan loss
reserves (taxation). Regulatory capital de®nitions
are dealt with in Sections 3.5 and 3.8.

3.4. Taxation modules

The items covered in this section consist of
seven variable types, which are (like the capital
items) denominated in the base currencies of the
companies in question. All variables are also sce-
nario dependent. The variable types are listed in
Table 4.

Explicit decision variables have been de®ned
for both increases and decreases in loan loss re-
serves to be applied in taxation. Legal restrictions
are therefore included concerning upper limits for
increases as well as the resulting total amount of
these reserves. Similarly, restrictions are observed
regarding the order and limits in using changes in
loan loss reserves and tax loss carry-forwards to
change pre-taxation pro®ts. General loan loss pro-
visions (accounting) are determined as a fraction of
classi®ed loans in any given period and scenario,
and they are not used for taxation purposes.

Total net bene®ts (market valued) summarize all
items in the model relating to operating income
and capital gains or losses valued at market. Book
value adjustments transform market values to book
values in any given period and scenario. Pre-tax-

ation pro®ts deal with pro®ts before changes in tax
loss carry-forwards and loan loss reserves (taxa-
tion) in any given scenario. Tax loss carry-forwards
have a decision variable associated with them
(decrease in the amount in any scenario), and as
noted restrictions are included concerning the way
in which tax loss carry-forwards and loan loss re-
serves (taxation) are used to manipulate pre-taxa-
tion pro®ts and thus taxes to be paid in any given
scenario.

3.5. Premium cost and aggregation modules

In the discussion of liability classes and capital
items it was noted that the cost of funding in the
model depends on a modi®ed capital ratio ad-
justed, among other things, for asset quality and
the variability of accounting earnings. This is a
notable feature since one of the few bene®ts from
the conglomerate structure might arise from po-
tential portfolio e�ects relating to a diversi®ed
group structure and its e�ect on the cost of fund-
ing. The modi®ed capital ratio is only remotedly
related to regulatory requirements and can there-
fore also be applied in the case of non-regulated
entities. It employs adjusted liabilities (e�ectively
represented by risk-weighted assets with regulato-
ry or non-regulatory weights) and adjusted capital
where regulatory capital items are modi®ed in the
case of general loan loss provisions and the regu-
latorÕs risk measures as expressed by the capital
requirements for various types of risks are re-
placed by the variability of earnings which, con-
trary to the regulatory approach, also considers
the e�ects of correlations. To re¯ect an outside
observerÕs point of view the variability of ac-
counting earnings (as opposed to the market val-
ued pro®ts also available in the model) is
employed, and the variability of earnings is mea-
sured by the semiabsolute deviation of earnings.

The e�ects of the liability structure, asymmet-
rical dividend information e�ects and (implicitly)
other potential dividend related e�ects are also
taken into consideration. A total of ®ve di�erent
cost functions are available to re¯ect di�erent
maturity, collateral and subordination features.
Separate functions are de®ned for deposits (allow-

Table 4

Taxation modules

Variable type Name

74 Loan loss reserves (taxation)

75 General loan loss provisions

(accounting)

76/1 Total net bene®ts (market valued)

76/2 Book value adjustments

77 Pre-taxation pro®ts

78 Tax loss carry-forwards

79 Taxes
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ing for the possibility of a risk-based deposit in-
surance in the case of a deposit-taking institution),
short-term debt and uninsured deposits, long-term
debt, subordinated debt and equity.

The variable types included in this section are
presented in Table 5. All variables are scenario
dependent.

Tier 1 capital de®nitions include potential res-
tictions concerning upper limits for non-cumula-
tive instruments. Tiers 2 and 3 capital equations
contain regulatory and technical restrictions re-
garding the relationship to Tier 1 capital, as well as
the amount of general loan loss provisions, upper
Tier 2 cumulative instruments and lower Tiers 2
and 3 conventional subordinated debt instruments
allowed to be counted as capital. Risk weighted
assets may be computed using regulatory or non-
regulatory weights. Scenario dependent market
expectations concerning dividend yields and
growth rates are observed in de®ning unexpected
changes in dividends. Surplus in adjusted capital/
de®cit in adjusted capital includes multiple de®ni-
tions for di�erent levels of the adjusted capital
ratio. The amounts of insured deposits to be priced
are de®ned only for the current period cost func-
tion due to the nature of the deposit insurance. In
other cases the amounts to be priced are di�eren-
tiated by the applicable cost functions (premium
®xation periods in the case of ®xed rate, ¯oating
rate, variable rate and zero coupon items).

3.6. Futures modules

Four general futures contract classes are cur-
rently available, each of which may contain several
individual variables. All variables are again sce-
nario dependent, and multiple currencies are al-
lowed. The futures contracts are used to transform
the overall risk position on a macrohedging basis.
The contract classes are presented in Table 6.

Short-term interest rate futures contracts gen-
erally have a maximum maturity of two years.
Typical instruments include treasury bill futures,
commercial paper futures and certi®cate of deposit
futures. Four contract types per year are allowed
and the pricing method is based on the cost of
carry. This item also covers customer related for-

ward rate agreements (FRA). Decision variables
are, like in the case of the other contract classes,
de®ned for purchases and sales of futures contracts
in any given scenario by contract type.

Table 5

Premium cost and aggregation modules

Variable

type

Name

General items and unsubordinated debt

101 Tier 1 capital

106 Tiers 2 and 3 capital

116 Risk weighted assets

117 Unexpected changes in dividends

118 Adjusted capital

120 Surplus in adjusted capital/de®cit in adjusted

capital

121±123 De®nitions of junior debt classes

Insured deposits

124 De®nition of junior debt

125 De®nition of insured deposits to be priced

126±128 De®nition of risk-based deposit insurance

premiums

Short-term debt and uninsured deposits

129 De®nition of junior debt

130±133 De®nition of short-term debt and uninsured

deposits to be priced

135±146 De®nition of premium costs for short-term

debt and uninsured deposits

Long-term debt

150±153 De®nition of long-term debt to be priced

155±166 De®nition of premium costs for long-term

debt

Subordinated debt including non-cumulative instruments

168 Adjusted capital

169 Surplus in adjusted capital/de®cit in adjusted

capital

170±173 De®nition of subordinated debt to be priced

175±186 De®nition of premium costs for subordinat-

ed debt

Equity

188 Adjusted capital

189 Surplus in adjusted capital/de®cit in adjusted

capital

190±191 De®nition of surplus relating to new issues of

ordinary shares

Other aggregated variables

194 Total assets (book value)

195 Total liabilities (book value)

196 Total assets (market value)

197 Total liabilities (market value)

198 Market value of equity
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Long-term interest rate futures contracts include
instruments like treasury bond futures and mort-
gage bond futures. Their maximum maturity is
three years, and four contract types per year are
allowed. The pricing method is again based on the
cost of carry.

Stock index futures contracts are assumed to
have a maximum maturity of one year. The cost of
carry-based pricing is adjusted for a scenario de-
pendent premium or discount relative to the the-
oretical stock index futures price to re¯ect bullish
vs. bearish market conditions. Two alternative
pricing formulas and four contract types per year
are available.

Currency futures have a maximum maturity of
one year, and four contract types per year are
again considered. The futures rate is based on the
spot exchange rate adjusted for the interest rate
di�erential between the two currencies. This item
also includes customer related forward contracts.

3.7. Accounting consolidation modules

The process of accounting consolidation is
quite technical by nature, and its main function is
to determine the distributable funds of the group.
It also has a role in the formulation of institutional
restrictions in the case of regulated entities. The
acquisition method, equity method and cost
method are applied in the case of subsidiaries,
operative associated companies and other group-
related companies, respectively. The group-related
companies include, among other things, invest-
ments in the industrial and commercial ®rms in the
group. The current rate method is used in the case
of foreign entities.

A general overview of the consolidation pro-
cedures can be obtained from the consolidation

related variable de®nitions listed in Appendix A.
All variables are scenario dependent.

3.8. Regulation modules and objective functions

A number of institutional or regulatory issues
have already been covered in the previous sections.
These have included, among other things, restric-
tions regarding early redemptions and the disposal
of certain types of assets, the process of covering
losses, bankruptcy conditions, capital de®nitions,
taxation, and the process of accounting consoli-
dation. The present section deals with capital ad-
equacy related regulations (de®ned broadly as
those concerning capital ratios supplemented with
restrictions on large exposures and limits on in-
vestments in stocks and real estate), liquidity and
cash reserve requirements, as well as restrictions
on foreign currency positions. Not all ®rms in the
group are subject to these restrictions. Further-
more, the group of companies involved may di�er
from the group as de®ned for accounting consol-
idation purposes. The management may wish to
apply standards higher than those given by the
regulatorÕs minimum levels, and as a result some of
the restrictions are also allowed to appear in the
objective functions.

The objectives or goals of the model may be
de®ned for the group level, company level or in-
dividual business area level, and they deal with
both ®nancial and non-®nancial aspects of the
operations. The goals of individual ®rms may in
some cases be partly independent of those of the
group to re¯ect the degree of control or other
special circumstances in the companies concerned.
Risk measures are applied in the case of general
®nancial goals. The degree of the decision makerÕs
risk aversion is also considered, and it may di�er
between the goals. The goal levels and the decision
makerÕs priorities are allowed to change over time
or from one scenario to another to re¯ect changing
operating conditions and trade-o� relationships
between con¯icting goals. The general types of
goals are presented in Table 7.

As the list indicates, the three ®nancial dimen-
sions of pro®tability, capital adequacy and li-
quidity are covered by market oriented as well as

Table 6

Futures modules

Contract class Name

250 Short-term interest rate futures

260 Long-term interest rate futures

270 Stock index futures

280 Currency futures
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regulatory (or institutional) measures. Needless to
say, market-based measures are to be preferred
from a decision making point of view, but special
circumstances may require the consideration of
other measures, too.

In the case of market valued pro®ts the model
minimizes negative deviations of expected pro®ts
from the expexted pro®ts goal. In addition, it may
maximize positive deviations from the expected
pro®ts goal. Pro®ts include all items relating to
operating income and capital gains or losses val-
ued at market. The market valuation thus covers
all assets, liabilities and o�-balance sheet items
such as futures contracts. Risk is measured by the
variability of pro®ts, which in turn is measured by
the semiabsolute deviation, i.e., the weighted av-
erage of negative deviations of pro®ts from the
expected pro®ts goal, the weights being the sub-
jective probabilities of the scenarios in question. A
notable feature of the semiabsolute deviation is
that contrary to the more traditional variance
measure it allows the use of e�cient linear pro-
gramming solvers in practical applications.

The risk measure considers the e�ects of co-
variability or correlation, and it thus allows an
integrated treatment of credit risk, interest rate
risk, currency risk, equity risk and real estate risk.
Furthermore, it allows a joint treatment of risks
arising from both price changes and volume
changes. The volume changes may be caused by
exogenous events like take-downs, early prepay-
ments and withdrawals or by endogenous events
relating to the managementÕs own decision mak-
ing. Futures contracts, for instance, can also be
used to transform the overall risk position on a
macrohedging basis. The model minimizes positive
deviations of risk from the risk goal. In addition, it
may maximize negative deviations from the risk
goal. The grade of the decion makerÕs risk aversion
is considered by specifying intermediate goal levels
and by applying appropriate priorities during the
optimization process.

The other goals involving risk measures are
treated in a similar fashion. The remaining goals
may be de®ned separately for individual scenarios,
and they thus allow scenario dependent changes in
the assumed goal levels and in the priorities at-
tached to these goals. The model minimizes vio-
lations of the relevant upper or lower limits
according to the relative importance of these goals.
Liquidity is measured by the di�erence between
liquid assets and volatile liabilities. Cash reserve
requirements deal with the regulatory de®nition of
liquidity. Upper and lower limits for customer re-
lated business activities refer to cases like the sat-
isfaction of customer loan demand (upper limit),
and policy related priorities might be speci®ed for
di�erent customer groups. Similarly, a lower limit
would try secure a minimum loan supply. In the
presence of con¯icting goals neither type of goal
may be achieved, of course. In order to facilitate
the ®nding of reasonable solutions other upper and
lower limits allow for ¯exible limits in cases (es-
pecially on the investment side) in which a ®xed
limit is not absolutely necessary. Technical goals
are used to describe various types of institutional
requirements (typical examples can be found in the
area of taxation and the process of covering loss-
es), where the subject matter may be expressed as a
system involving a sequence of minimizations in a
predetermined order.

Table 7

Types of goals

(1) Market valued pro®ts

(1a) expected pro®ts

(1b) risk

(2) Accounting earnings

(2a) expected earnings

(2b) risk

(3) Adjusted capital ratios

(3a) expected value

(3b) risk

(4) Regulatory capital ratios

(4a) expected value

(4b) risk

(5) Liquidity

(6) Cash reserve requirements

(7) Currency positions

(8) Growth/market share

(9) Upper limits for customer related business activ-

ities (satisfaction of customer demand)

(10) Lower limits for customer related business activ-

ities (minimum supply)

(11) Other upper and lower limits (cases allowing

¯exible limits)

(12) Technical goals
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4. Implementation of the model

The number of optional features available in
the model is quite large. The user of the model
would in practice only select those alternatives
that appear relevant in any particular case. The
level of aggregation, in particular, would depend
on the planning situation at hand. Initial ap-
plications would usually make use of fewer and
more aggregated variables, and applications at
the group level might be less detailed than
special investigations involving individual com-
panies in the group. E�cient solution algorithms
are nevertheless needed, and work is currently
under way to employ interior-point methods in
the optimization process. The discussion of
the typical implementation process in this sec-
tion is based on the experiences gained in the
previous application mentioned in Section 1 of
this paper.

Both applications are general purpose sto-
chastic programs and this might result in a very
large number of second and subsequent stage de-
cisions. This was not a problem in the previous
application, and in the present case one should
note that out of the rather extensive list of in-
struments and optional features one would only
select those that are relevant in describing the
current or potential future business portfolios of
the various companies within the group. An e�ort
has been made to provide basic modules that
could be used in a number of di�erent applications
and organizations, and not all of them are there-
fore necessarily meant to be used in one particular
application. Discussions with company executives
have also indicated that they would in most cases
be happy with fairly aggregated descriptions of
their investment portfolios, which certainly helps
to control the size of the problem. One should also
note that the computing time required to solve a
large model is not a critical issue in strategic
planning.

The size of the problem also depends on the
length of the planning horizon as well as the
number of scenarios used. A group with main
emphasis on credit institutions would typically use
a medium-term planning horizon of three to four
years. Insurance companies might ®nd a planning

horizon of four to ®ve years appropriate. The
typical number of scenarios used in the previous
application is shown in Fig. 2 of the present paper.
In the current version the number of scenarios as
well as the progression of the scenarios from one
period to another is free.

The planning process itself starts with an initial
phase, in which a scenario team ®rst develops
general descriptions of the future scenarios to be
included in the analysis. The scenarios typically
deal with general economic conditions, the state of
the domestic and foreign ®nancial markets, and
other aspects of the operating environment rele-
vant to the group. The scenario approach implies
that it is no longer necessary to come up with a
single `forecast' for developments which cannot
really be forecasted with any degree of accuracy.
Instead the members of the scenario team are en-
couraged to exploit any divergent views that they
or any outside experts might have. These scenarios
are then discussed in a ®nancial planning team
consisting of representatives of the various busi-
ness areas in the group. Each area then produces
its estimates of the implications of the general
scenarios as far as its operating parameters are
concerned. At this stage they are also asked to list
any additional assumptions that they have made in
arriving at their assessments. It is important to
ensure that the assumptions of the di�erent busi-
ness areas are internally consistent, and in case of
con¯icts some sectors may be asked to reconsider
their estimates.

The ®rst runs of the model are made with a
preliminary goal structure that is partly derived
from the views expressed by the ®nancial planning
team. The trade-o�s between di�erent goals are
then analysed by solving the model with several
alternative goal structures. As is generally the case,
overemphasis on one goal area in terms of either
goal levels or priorities tends to lead to unaccept-
able solutions as far as the other goals are con-
cerned. The ®nal decision on an acceptable
combination of goal levels and priorities as well as
on the overall strategy to be adopted is made by
the group management.

This type of planning process is repeated pe-
riodically or whenever the planning situation and/
or data relating to the planning situation change.
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In other words, the scenario team ®rst updates its
views on general economic conditions and other
aspects of the operating environment relevant to
the group. The ®nancial planning team then re-
vises (if necessary) its estimates of the implications
of these conditions on the operating parameters of
the individual business areas, alternative goal
structures and strategies are analysed, and po-
tential adjustments to the overall strategy are
made.

The group management therefore always has a
full set of alternative strategies available for all
periods and scenarios within the planning horizon.
Only the quidelines for the present actions are of
immediate interest. The future strategies are
mainly computed in order to prevent the man-
agement at the present time from making decisions
that might turn out to be fatal in the sense that if
one of the extreme scenarios should materialize,
the management would not be able to take ap-
propriate action any more, i.e., action that would
enable it to attain the set of goals relevant at that
time. The future strategies are therefore never ac-
tually implemented; as time goes on and more in-
formation about the future becomes available, all
strategies are gradually adjusted. It should also be
noted that this kind of an approach to strategic
planning does not necessarily require any major
changes in the way organizations otherwise oper-
ate because tactical or operational decisions would
remain at lower levels, i.e., at levels they are typi-
cally made even today.

It is also worth noting that even though the
companies in the group are taking precautionary
measures when they prepare themselves for an
uncertain future, this does not necessarily mean
that the adopted strategies are defensive or pas-
sive. If the group management does want to
pursue a defensive strategy, this is re¯ected in the
structure of goals in terms of the goal levels and
the priorities attached to them, and the model
computes the most e�cient way to carry out such
a strategy. Conversely, an o�ensive strategy im-
plies a di�erent set of goals, and the model again
determines the appropriate way to act in this kind
of a situation. Various combinations of defensive
and o�ensive strategies can also be analysed in the
same way.

5. Conclusion

The traditional way of managing ®nancial in-
stitutions is often based on a single and rather
vague view of the future. Even assuming that the
management might by some miraculous intuitive
process have transformed this view into a set of
optimal decisions (and this is a rather bold as-
sumption), the mere fact that these decisions are
based on one single scenario means that the re-
sulting strategy will di�er from a strategy that
prepares the institutions for a wide range of
eventualities. Multiple scenarios require precau-
tionary measures which would not be necessary if
the future were assumed to be deterministic or
reasonably predictable. The consequences of the
failure to take notice of this trivial fact have been
dramatic in the ®nancial sector of a number of
countries.

Forthcoming versions of the present model will
include, among other things, modules covering
insurance liabilities.

Appendix A. Accounting consolidation modules

Variable
type

Name

201 De®nition of accounting net
bene®ts to be eliminated in a
subsidiary relating to intra-
group loans (asset type 30) in the
parent

202 De®nition of intra-group servic-
es/transactions to be eliminated
in a subsidiary that are de®ned
in terms of items relating to
intra-group investments (asset
type 35) in the parent

203 De®nition of distributable funds
in a subsidiary after the elimi-
nation of intra-group transac-
tions

204 De®nition of distributable funds
in the parent/holding company
after the elimination of intra-
group transactions
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