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New computerized method for analysis of long-termifancial stability in
local government. Implementation of multi-criteria optimization.

Krzysztof S. Cichocki, Lech K&u

Abstract
New method is developed for decision making regardiong-term financial planning by local

government (LG). It helps formulate polices foresidng-term investment and debt, which minimize
the infrastructure gap when fiscal rules and budigetdity are satisfied. The method links longrter
financial planning and budgeting for results anttomes. It includes LG budget financial flows-stock
model and supports generation of alternative bugggections based on H. Simon concept of multi-
stage formation of goals, which can be modifiedeRece point multi-criteria optimization technique
is applied. Criteria are simultaneously maximizeangulated investment) and minimized (debt service
costs). Numerical solutions are presented.

Keywaords: long-term financial planning, local governmemafincial safety, multi-criteria optimization,

satisficing behavior theory.

1. Introduction

New innovative method developed for facilitating financial safety astébility in public sector
and analysis of policy regulations. The method sagdong-term financial planning and ensures btidge
liquidity every year of the planning period. Itef§ new approach to the projection’s generationgss,
determination of the acceptable and unacceptabddsl®f risk associated with debt, and investigatio
of fiscal rules impact on future budgets of locavgrnments The method implements operations
research, in particular multi-criteria optimizatithreory, enables simultaneous consideration ofrakve
goals when many substitutable real-life conditians satisfied. The method can be implemented by
local government (LG) finance officers and treassire

1.1. Long-term financial planning

The LG goal is often to create sustainable impray@shfor the public. Long-term financial plan (I-
tfp) generates strategies that are made operatinonebnsecutive budgets and helps a LG remain
effective over long-term. It presents revenue axmenditure projections, debt position and important

financial policies. L-tfp also identifies resoura@mstraints, so that strategic initiatives inchgdéervice

1 The rules for local governments are determined by the regulator (or central government).



preferences can be realistically prioritized arallting-term financial implications of current déais
examined to address potential financial imbalantet§p process integrates strategic planning and
budgeting and helps financial managers identifyrging problems — difficulties and opportunities -
before they pass by. It also helps evaluate risisesoutset of the I-tfp. The benefits from |-tfiglude:
clarification of strategic intent and stimulatiohlong-term thinking; advance recognition of potaht
problems; recognition of fiscal rules impact orafigial stability of local government and incorpaat

of financial perspective into organizational plamiand fixed assets management (Kavanagh 2007,
Vogt et al. 2009, Miranda, Picur 2006, GFOA Recomdadion 2013a, 2013b, 2011, 2010a, 2010b and

2008).

1.2. Safety and financial stability

Safety of financial management and risk contrbighly valued in financial management. Together
with solid long-term financial planning these fastare assessed and affect the rating outcomeasimog r
agencies. The implemented methodologies are dabigneeflect the key credit fundamentals and to
assess risk. Assessing risk should help the govarhdetermine when risks are reaching unacceptable
levels, and control and mitigate such risk. Assuomst for revenue and expenditure projections must
be prudent, the polices and guidelines on debtldhmiclear, debt structures must not exceed ndmina
levels of risk — avoid high or rapidly changing tlebsts, and finally, liquidity must be ensured afjty
of tools used for planning is also assessed togetith exceeding fiscal targets. For example the
Moody’s Rating Agency (2013) evaluates financiaf@enance and debt profile with the help of several
indicators, including: gross operating balance afpeg surplus), interest payments and net diredt a
indirect debt — all in relation to operating revesuWhen the operating surplus exceeds 10%, or the
debt burden is below 35% and interest paymentsab&¥é of the operating revenues, the assessment is
very good. When these values are correspondinglyvden 0 and 5%, 65% and 100%, and 3% to 5%
- the assessment is rather low. However, whenelaive value of the operating surplus is below 0,
value of the total debt - between 100%-200%, armdititerest constitutes between 5%-7% of the

operating revenues, the assessment is critica} (oer).



Safe debt policy is the key (Kavanagh 2007; Mirafleur 2006, GFOA 2013). Rubin (2014: 1-2)
writes “Budget ,..., implies balance between revenaes expenditures,..., supported by safe
borrowing. Borrowing is part of budget choicedyut one has to have a plan how to pay the loans bac
and ensure budget liquidity when the debt will beff in future years”. Detroit city failed to sure
funds to pay the loans back and maintain liquiditysumed too high risk. Presently, the challendes o
Detroit are enormous, all the city does contributesdirect recovery, including public health,
connectivity across the city, housing and greemastfucture’. Assessing risk and uncertainty and
determination of the acceptable and unacceptabidslef risk and if such risk can be mitigated is a
must in debt and investment policy (GFOA Recomme&ad&015).

The fiscal process can be stabilized by establishiow much investment and debt a government
can afford over a several years period maintaifindget’s liquidity. In the paper we develop and
implement the method - a tool, which helps deteeniow much investment and debt should be selected
in consecutive years to facilitate safe infrastietand services developmént.

The objectives of the paper is twofold:

» development of a tool, including budget financilwls model, which helps generate safe
investment and debt and enables minimization efsgtfucture gap between a given couhtry
and developed countries

» presentation and discussion of select fiscal refsctiveness, introduced by regulator to
minimize debt and facilitate development of effitigolicy regulations

In a poor infrastructure country, a local governttision maker (dm) has two goals: to maximize
planned cumulative investment over a given planpiergpd and simultaneously minimize the total cost
of debt (investment financing debt service) udl maturity. The method ensures optimal selectibn

the goals’ values and enables update of policysy@alues. The dm observes values of the objectives

resulting from her previous decisions and attentptémprove the objectives consistently with her

2The City government has long been in a bit of agei mode. For instance open natural spaces initthare
often viewed as blight.

3In many countries LG sector is the largest public investor and its contribution to the public sector debt is
small (in 2013 LG’s share of debt in GDP was below 9%, in Poland - below 5%, Bitner, Cichocki 2014).

4 Countries which joined the EU after 2004, Ukraine, or countries at war, where infrastructure must be
rebuilt or renovated could be included. We consider a city’s budget in such a country.

5 Analysis of fiscal rules effectiveness and their impact on investment is subject of a separate paper.



preferences. The method combines optimization teanld decision maker (human) judgment to come
to a "satisficing" solution introduced by Simon §99. The dm judgment is related to her/his aversion
to risk and looks for a consensus between the naedishe risks associated with excessive debt and
investment.

LG budget reflects various important priorities agobls. Many goals reflecting functions of
government (COFOG, ESA 2010, ch. 23, 541-543),rathen presented in the paper can be included
in the method. They can be selected by the decisiaker (finance director, CFO) based on local
governments needs and public consultations

Budget planning requires a decision-making proedssh ensures decisions made in proper order
and envisage long-term consequences of capitahislgrand borrowing (Kavanagh 2007: 60, 68;
Miranda, Picur 2006: 37 - the U.S. and Canadiamgkes).

The presented analysis helps determine future tresg and safe debt, which ensure budget
liquidity each year, and reduce, to a maximum exteBr a given period, a gap between the currently
financed projects and the projects identified assary. Implementation of all these projects wbeld
desired, although the dm knows it is not feasibléhe assumed period given a financial statusef th
LG, its existing indebtedness and fixed assets t@aamce costs. The dm looks for maximum number
of investment projects (their maximal nominal valte be implemented in a given period at the
minimum debt costs. A list of needed investmenjguts, their costs and ranking is given in the rodth

as a result of previous analysis and consultations.

2. The method

The proposed method includes construction of a ema#tical model describing LG budget
flows, formulation of multi-criteria decision malgrproblem - an interactive procedure deriving Raret
optimal outcomes (values of selected criteria) ediog to preferences of the dm. The procedurezesli
concepts of the satisficing behavior theory forrtedeby Simon (1959). The method was experimentally

implemented with the help of a computer based systhich enables generation of outcomes preferred



by the dm and the resulting values of decisionaldeis. Scenarios for various assumptions regarding
goals and side conditions of the budget flows medake analyzed. These conditions are formulated as

constraints in the formulated optimization model.

2.1. LG budget flows model

The LG budget financial flows model encompassesouarcategories oflows: operating,
capital and total revenues and expenditures, nds, d®erest and other debt proceeds, atmtk
indebtedness and fixed assets - defined each yean investment period — several future years
following the budget year. The budget flows in eegi year t, with some simplifications, are preseénte
in Diagram 1. The division of the budget into opie (current) and capital (investment) budgets is
assumed. It is related to the “golden rule of pufiiance”: current expenditure is financed fromrent
revenue (regular and cyclical); inflows from capiiacluding debt and non-regular revenue should
exclusively serve investment financing (Cichocki20145, 179-180; GFOA Recommendations 2010a,
2007a; Rossi, Dafflon 2010; Kavanagh, 2007: 161-1&5gt 2004, Vogt et al. 2009; Dafflon 2002).
Some flows are decision variables (eg. investmesntjie are values computed based on these variables,
other are exogenous in the mod&&bt can increase investment, but must be repagiganerates new
operating expenditures (intergdtvestmentontribute to the value of fixed asseGFCF, which often
facilitate better servicefut increases operating expenditures - costs agedcwith maintenance of
newassets - and decreases the operating surplus &nds,fwhich can finance investment.

Model assumptions

The operating revenues and basic operating expgagitojections, excluding debt service and
fixed asset$GFCF — gross fixed capital formatiompintenance costs, base on historical trends update
by inflation, GDP and local growth rates. Ceilirfgs the EU funds are projected based on historical
data® Interest rates for bonds, medium and long-termditsgand for revenues from property sales of as
well as capital non-regular revenues are assumagikifexogenous). In section 3 the model is formally

described.

6 The EU funds can be used ffinancing investment only when a LG provides itsnoshare from the budget
or/and from debt. The maximum share of B¢ co-financing equals 85% of the total individual jexd’s value.
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Decision variables

The model variables are defined for an investmemojection) periodtf, Tn], and are used for
calculations at time instants.., T, Tn+1, Tw, Wheret; denotes an initial (budget), afid the final year
of investment activity and debt issuan@g;is the last year of debt repayment;3WN are integers -
number of years. Selection®f results from debt structure - bond covenants @ad tepayment terms.
The model starting point is a year end of the year preceding the budget yedihe model decision
variables at yedrinclude: investment expenditure, medium term d¢setbng-term credits andedium
term bonds - all disaggregated into co-financedhigyEU funds, and financed only by the LG budget
and debt. The debt issued at tini® the summation of credits and bondt &ither categories of credits
and bonds can be addddepayments include the initial debt, issued ptot: (results from past
contracts) and future debt (issued oterTy). The repayment schedule is calculated based bh de

structure computed by the model.

The model constraints

The model constraints include budget liquidity afgtal rules regarding limiting operating
expenditures and debt service costs to prohibiessive debt of LGs and budget deficitsTime
dependent relations between financial flows andkstancluding the model decision variables are als
specified. The financial flows model is consisteiith the Polish and EU legal regulations, and was
used for calculations (see sections 3). However,nmiodel can accommodate other fiscal rules and
constraints.

In the model, decision variables are looked forolilmaximize planned cumulative investment over
a given planning period and simultaneously minintiee total cost of servicing debt after that period
until debts’ maturity. They are considered goal@€ra) in the decision making procéss.

The model enables, each year, determination ofiseéstment (and its financing structure) and

debt - bond covenants and medium and long-ternitsreehen the model constraints are satisfied. The

7 Other rules may regard outstanding debt, debt relategptrational or total revenue, and deficit (Kavdnag
2007:148-149, Cichocki, Leithe 1999).

8 The developed method can include various goalsatifig functions of government (COFOG, ESA 2010, ch
23, 541-543).



debt service includes repayment of debt principalerest on the outstanding debt and guarantees gi
by a LG to other institutions. It includes the ialitdebt, issued prior ta (results from past contracts)
and future debt (issued ovier Tn). The debts are safepnform to legal fiscal regulations which are

incorporated in the model and each year ensuredblidgidity and the balance of operational acceunt

The model and the optimization procedure can bdeimented for various initial values of
indebtedness and GFCF, different revenue projextiand various basic operating expenditures

structure.

2.2. Multi-criteria decision making; Interactive procedure based on Simon'’s theory.

The proposed approach is described for two optitioizariteria but can be easily extended to a
greater number of them. Lets assume that the L@isager thinks of two conflicting criterig - the
cumulative investment ovetri] Tn], andy- - the total costs odervicing debt oveTn+1,Tm]. She looks
for decision variables satisfying the model constsg[(3)-(5) in section 4] that maximize the crite
yi and, simultaneously, minimize the criterg@nAn increase in investment, facilitates usageetst dor
projects’ financing, and contributes to the inceeakdebt service costs. A decision how much testv
in the future is crucial for local development. éstment is also a driver of debt issuance, and debt
service costs. LG investment needs can be assoeidtte aspirations of a LG and the decision maker,
who wants to satisfy a large portion of needs given period. One can consider several investment
scenarios, which depend on satisfaction of a goegree of investment needs and on future LG’s

revenue, quality of management and economic growth.

The multi-criteria optimization problem is defingd two spaces: the first space of decision
variables, elements of vectoand the second space of critgria (y1, y2). The model constraints define
a setXq of decision variables’ admissible values. Theropation problem and the budget flows model
relations define a séfy of the criteria’ attainable values. For mathenstiormulation see section 3
and the appendix.
The proposed approach and the selection of th@maenost preferred by the dm, bases on Herbert

Simon’s satisficing behaviour theory (Simon 1958d.asupported by a computer based system,



interactively, in a number of iterations finds &usion that satisfies the dm aspirations. In eaetation

the dm defines her aspirations as a reference joihé space of criteria). Then, using the optatian
solver, the system derives a Pareto optimal outcolmsest to the reference point, and calculates
respective decision variables. The derived solyfioeiuding the decision variables for each yead a
the criteria values are presented to the dm folyaisa In consecutive iterations the dm collects
information about attainable Pareto optimal outcemend adaptively modifies aspirations, as she
uncovers the set of outcomes and implications ptlkeisions. Finally, she finds the preferred ooteo

- is satisfied with good-enough decision varialzsled the outcome corresponding to her aspirations.

The interactive decision supporting optimizatiomgadure can be presented in the following
steps:
Step Q@ The dm sets exogenous variables and initial olatiae budget flows model.
Step 1 The computer-based system (cbs) solves the @gatifon problems:
1. a.: first, she maximizeg, expression (1), with respect to the decision véemb subject to the
model constraints; she receives the maximum vditieeccriteria (1) — a limit for maximum
investment cumulated over Ty that can be implemented given the model conssdhis
outcome is associated with maximum acceptable risk
1.b.: second, she minimizgg expression (2), with respectxosubject to the model constraints;
she receives the minimum value of cumulated dabtcgecosts, when no new debt is issued
during the investment period Tx —no risk is associated with debt issuaité¢his solution, which
yields minimal investment that can be implementeer &, T (see figurel)
The model solutions: the decision variables, oleivalues of the criteria - outcomes of the model
and other model variables are saved in a data base.
Then, the multi-criteria optimization procedurertsalt is executed in a repetitive way and in its
each iteration the dm analyzes and compares thé®sw stored in the data base.
Iteration number is set at 1.
Step 2 The dm assumes a reference point — a vectoreieby her aspiration — in the two criteria
model for the criterioly1, and the criteriory
Step 3 Using the reference point method the cbs solveptoblem (A1), with respect to the decision
variablesx, subject to the model constraints and additionaktraints of the reference point
method.
The reference point and the model solutions aredsavthe data base.
Step 4 The dm analyzes the current solution, decisigialles and the outcome, and compares it
with the previous solutions and outcomes, includirgsolutions obtained in Step 1.

Step 5 The dm decides whether shesdisfied with the current solution.



If yes, then the procedure ends,

if no, then the number of iteration increasesj+1, and the dm returns to Step 2.

Steps 3 —5in the procedure are repeated in @segwf iterations. The computer-based system
solves the optimization problems of the Steps 13arihe steps 0, 2, 4, 5 are executed by the dra - s
assumes exogenous variables and initial data ahtdel, selects the aspiration levels, makes aisalys
of the solutions derived by the computer-basedesysind makes the final decision regarding ending of
the procedure. Full sovereignty of the dm is asslme

The final optimal solution of the multi-criteriagislem, and the budget flows model, allow to
select each year of the periiad Tn], the level of investment, financed from the L®Bigdget, EU funds,
debt and medium and long-term credits and bondghwhaximize cumulative investmemter[ty, Tn],

and minimizeover|[Tn+1,Tv] the totaldebt serviceostscumulated until all debts mature.
3. Formulation of the multi-objective optimization problem

We look for a financial projection resulting frommet maximization of investment cumulated
over a periodt], Tn], wheret; =to+1, and, simultaneously, the minimization of thiatcosts associated
with debt service oveiTk.1, Tv]. Investments are implemented and debt is issagdaver {1, Tn]. All

debts are repaid unfil,. Mathematical formulation is as follows.

Given initial values of the model variables andgpaeters at the initial peridgl thetime periods
(ty,..., TN, Tne,--.,Tm), @and select projections ovlr, T, find, for everyt [ [t1,Ta], such values of
investment expenditureB)W& andInv®, credits and bond€*Y,, C'%, C&Y, ¢, B®Y, B, used for

financing investment, whichmaximize y: - cumulative investmentover [ti, Tn],

ylz{i Invi} ismaximized, D

t=t;

wherelnv, = InvEY% + Inv®, InveY% > 0, Inv® > 0, (1a)
and simultaneously minimize, overt [ [tn+1,Twv], V2 - the total cost ofservicing debtissued during

[ts, Tn]

TM
y2={ D RD+intDy} isminimized, 2)

=Ty +l



where debt repaymeRD: includesrepayment of theumulated new debt artde old debD,, (issued
prior to ) outstanding at timé. Repayment schedule &f, overti,..,Tw, IS given - results from
commitments made prior to tinie® Repayment of new debt includes repayment of s@iit’, C,

C®Y, C?, repurchase of bondg", B, issued starting.

New debt issued att [t1, Tn]
NthclEUt+Clbt+C2EUt+C2bt+BEUt+Bbt, (Za)

where ClEUt >0, Clbt >0, CZEUt >0, Czbt >0, BEUtZ 0, Bth 0 (Zb)
The indebtedness (deli) at t
Di=ND’t+Dq: (3

The cumulated new debt outstanding at the yedt, ta,...,Tn, equals

t

ND‘FZ ONDix (3a)
k=0
where
ONVD=ND-RND, (3b)

is a change in theew debiND; issued at, RND is the repayment of the cumulative new debt at t.
A change in debt outstandingtatdD;, equals a change in the cumulative n@¥D’; and old

debt Do
D=D-Dt1=0ND’ i+ Doy, (3c)
whereD; andDy.1 are the total indebtedness at the end of yyaadt-1.

The debt repaymemD: att includes the repayments of the old dé&tidy, and the repayments
of the new debRND, cumulated overt{t-1], which include the four year crediRCY, the ten year
credits,RCG%, and five year bondRB issued starting tima (the bond repurchase takes place once in
five years)?

RD=RDo+RND=RDo+RC'+RC%+RB.. (4)

Therepayment of debt issuedtastarts the next year, &tl. Equal credit repayments are assumed.

9Dy is the outstanding initial (old) debt at timeFor some excessii, the model solution may not exist.
10 More bond’s and creditsategories and any bond maturity can be assumibe imodel.
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The interest coshcurred at period, intD; on theoutstanding deliD: is the sum of interest on
the initial debtjntDo: and cumulative new debttND’; outstanding at t, and is calculated separately for

each debt category.
intD=intND’ +intD o (5)

We assume, for simplicity, that each year the debmayments and bonds’ repurchases take
place at the same time as the new debt issuanee, e interest at tintds calculated based on the
indebtedness at the end of yedand the year.! For example interest incurred on the medium-term

creditsC* (financing investment co-financed by the EU funeigdials

t 41 t
int( z IOCHEY)=Ysicy (Z JCHEYL+ z ACEY), (5a)

7 i 7

t-1

whereicy is the interest rate paid tavn the credit<?, andz JC'Y is the crediC'®"; outstanding at
i

t. The interest (5a) is summed up with the intevastreditsC'®, C? and the bondB (with interest rates

icat, andiby) and serves calculation of interest costs fomine debt, issued &tand the old debt.

The model’s objectives (1) and (2) is satisfied@mcbnstraints - conditions which result from
principles of financial management and valid fistcdés. Three major constraints for eadh[ti, Ty]
are introduced. The first one, (6), ensures budigetdity each year. All budget inflows minus
operating and capital expenditures must be nonivegate revenues, expenditure and debt eachefutur

yearts,..,Tn must ensure the LG balanced budget
OpSt DtCapRewv+OthRevt+Cab'.1-Invi=0. (6)

OpS denotes operating surplfisds: operating revenu€@pRevminus operating expenditur@pExp
att, OpS=OpRevw-OpExp. The larger th®©pS, the more funds available for investment’s finagcat
t. The operating expenditures include interest adt the outstanding debt and the fixed assets

maintenance costs.

Capital revenues;apRey consist of three major parts: tB& funds(calculated in the model

over t1,Tn]), special capital grants and revenues from salesopigpty (determineaxogenously)Other

11 Suchsimplification was assumed in the U.S. law (2002@2Wisconsin States Annotations, 6703, p. 2).
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budgetnetinflows, OthRev(revenues minus expenditur@sgludeinflows from privatization,capital

shares owned by the L.@nd othenetinflows not associated with debt.

The current accounts balance, &ab’;, includes two separate balances: the budget revamd
expenditure balance, and the debt account balaa&l..j, which equals the debt balance from the
previous yearCah.i, plus debt receipts minus debt principals repayra¢ty and the revenues and
expenditures balance from the previous yB&;,

Cab'=Cab.1+ND-RDi+BB:.1,whenBB:..<0. (6a)
When a deficit occurs in the previous yeB.: < 0, then, the current budget account in yaaust be
financed by additional new debt. The current act®balance at timg Cab’;, must be non-negative
for all t=ty,..,Tn

Cab'=0. (6b)
It is a modification of the golden rule (includes™us funds from previous year).

The values 0DpS and dD: can assume negative values, the model decisigablesCl;, C%,
By, Inv; - only nonnegative values. Capital revenubeoperating surplusnetdebt proceeds at t, other
inflows and funds from previous yearhen availableare used to finance investment.
The second constraint (7), ensures operating expees], which in a given year do not exceed
operating revenues enlarged by surpluses on tleaatbalances from the previous year
OpRey-OpExpt+Cab’t120t=ty,..,Tn, (7)
where the operating revenues are specified faaaitces of revenue (PIT, CIT, VAT, property taxes,
fees and charges, intergovernmental transfersrandeintal revenues, for example earmarked grants).
Revenue and operating expenditure projections eseribed in Kavanagh, 2007, ch. 6 and Cichocki
2013: 59-70.
The total operating expenditur@pExp consist of basic expendituré3DpExp, and the interest

and fixed assets maintenance costs

OpEX=BOpEXxp+intD+ &[GFCR.1. (7a)

12



GFCFR.1 denotes fixedassets at timel, and@ is a ratio of the GFChaintenance costs atGFCF
depreciates over time.

The third major constraint (8), is a fiscal rulapiosed to restrain LG’s excessive debt. It can
assume various forms. In calculations we implenteatrule, currently used in Poland, to limit até¢im
t the total debt service costs related to the tetanue'? These costs include all credits repayments and
bond repurchases, interest on the outstanding afedoged every periot] and payable guarantees
extended by a LG, and cannot exceed a limit depgndn the past LG’s performance: the average
value, over three years preceding the year t,@bfierating surplus enlarged by the revenue frdes sa

of property, in relation to total reventi.

3
[(RD+intD)/Re\j<1/3" [(OpRevi-OpExp+SalGFCR.)/Rev] (8)

i=1

The costs of debt service are calculated for eaetlitcand each bond issue separately, on the
debt outstanding at tintel, plus new debt taken at tihaninus debt repayment @fThe interest costs
are computed on the total debt — the old debt hacctimulative new debt outstanding at timé&he
value of the left hand side of (8), and of the tarior the total debt service (the right hand sitié8)),
are calculated from the model. When, in any year, T, either the operating revenues are lower than
projected, or the basic operating expenditure Higten projected, then, the upper limit for thetsas$
debt service is lower, and less debt can be issuledure years. The constraints (6), (6b), (7) é2i),
(6a) mustoe satisfied ovet, Tn], theconstraint (8), ovethe whole periodt], Tv], otherwise, the LG’s

council cannot approve the budget and the obligdinancial plan for the three following years
4. lllustration of the optimization procedure; exenplary solutions

The developed model and the procedure of safediabplanning are presented for Polish
LG’s data . Historical data of 2011-2013 are takesm the LGs’ financial reports and

projections of operating revenues and basic opwya&xpenditures over 2014 - 2023 and over

2 Public Finance Law (Lpf), 2009, with amendments, 242, constraint (7), and art. 243, constraiht (Bese
constraints can be replaced with any other rule.
3 To calculate the costs of debt service limit ing8ty,t2, one has to know the data ter, t;-2, andt;-3.

13



2024-2033, when the debts mature - from long-te@'slprojections included in the database
of the Ministry of Finance. The investment periavers years 2014 — 2023. The obligatory
share of a LG’s budget in investments co-finangethb EU funds is fixed at 20% in the model,

and an upper limit, over 2014-2023, for the EU ®inded for investment financing is assumed.
These values can easily be changed. The issuatichgalue of credits and bonds result from
the model solution.

4.1. The decision making supporting procedure

Let us assume that the investment needs are knoarLG. They equal 510. The procedure starts
from determination of upper and lower limits foemlents of outcome — a maximum value of the
investment cumulated over 2014-2023 and a minimaluevof the debt service costs over 2024-2033.
They depend on the model constraints and the L@tgli indebtedness and fixed assets. The dm,
solving the model with criterion (1) finds that theximum cumulated investment equal 226, and the
corresponding debt service costs equal 73.9 (figuamd figure 2 point 1a). These limits constitute
thresholds which cannot be broken. Solving the rhodly with criterion (2), she finds a minimal debt
service costs of 4, which result from debt committeemade prior to 2014, and the corresponding
investment of 103.5 — when no new debt is issuenhg2014-2023 (figure 2 point 1b). The values are
in millions PLN, but in the text we omit these it

Figure 1 Maximum feasible investment and investnmexeds
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In figure 2 select results of the interactive phae - solutions of the multi-criteria optimization
problem (Al) are presented: reference points usdtié computational procedure are illustrated by
square points, the vector valuBdreto — optimal outcomes of the procedure - tine glinvestment
over 2014-2023 and the sum of the debt services ansr 2024-2033 - by bullets, denoted A, B, C, D
and E.

Figure 2. Select Pareto-optimal outcomes of thwsétn supporting procedure
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The optimization problem’s outcomes are the reqflthe Al problem solution in consecutive
iterations — are computed based on decision vasatibtained from solution of (1) and (2), subject t
(6), (7) and (8). They belong to the Pareto framiethe admissible séf, (figure 2).

Suppose the dm tries an ambitious goal of redu¢®8g gap between the currently financed projects
and the projects identified as necessary over 2028, and in the first iteration assumes the refare
point with 250 investment and assessed 76 of dabice cost. This is her initial aspiration (thdues
of 250 and 76 are elements of the reference peictov). From solution of the maximization problem
she obtains the Pareto outcome E: investment @@éahnd debt service - 73.9 (the limits 1a in-figu
2).

The dm analyzes the obtained values of the critemid the decision variables in consecutive
years. The Pareto-optimal solution E of the modkdtlg very low investment in 2014 and 2015, which
strongly decreases in 2018 . In addition, no EWl&uior financing investment in 2015-2016 are wtitiz

(figures 3, 4.). Such a solution, although ensthiesnvestment cumulated over 2014-2023 larger than
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in other solutions, may not be acceptable in ptadbecause it bears the highest risk. Some invastme
projects will have to be continued in 2014 and 2 when a source of revenue fails, the budget
funds might be not sufficient to continue theseestments. The debt service costs cumulated over
[Tn+1,Twm] is very high, and it reaches the limit in 202628Qfigure 7). There is a risk for the outcome
E, that high cumulated debt issued over 2014-20#l3generate very high service costs over 2024-
2033, which, although satisfy the model constraffissal rules), might not guarantee budget ligtyidi
when a disturbance occurs.

The dm tries another reference point. In the sedenation she tries a very conservative reference
point with investments planned for 2014-2023 eqi@l — 31,4% of the investments needed over 2014-
2023, and estimates the debt service costs ah8.sdlution procedure yields outcome A — 146 ialtot
investment and 4 of debt service costs over 2038.2@hich result only from the debt issued prior to
2014. The decision maker is not satisfied withdbereasing investment, especially during 2020-2023
(figure 3), and the GFCF value of 124.9 in 2024.

She looks for an outcome between the limit poinan8l E. She could increase investment and
debt incrementally and safely remain in the adrbiesietY,. However, since in A the debt service costs
are well below the limit and the needs for investtrand the GFCF in 2024 are high, in the thirdhitien
the dm assumes the reference point of 235 in ima#t, and 56 of debt service. She obtains the ¢aret
solution D, with the total investment of 217.1 alabt service of 59.1. Similarly to the solutionir,
2015-2016 no EU funds are used and investment8lid and 2015 are very low. She has to lower her
aspiration but still wants to maximize investmesntsl selects the reference point between A and D, of
216 in cumulated investment, (42,3% of investmedded over 2014-2023) and 47.5 in debt service.
She obtains the Pareto outcome C. The cumulatiesiments are 205, the debt service over 2024-
2033 equals 50, and GFCF is 174.9 in 2024. Thesibecivariables of the solution C are acceptable,
they do not have deficiencies of the solutions B Bn(figures 2, 3, 4). The dm can be satisfied and
stops the procedure in point C. Then, the investsngiresented in figures 3 and 4, and the debtr@igu
5) will be implemented in consecutive years.

If the dm were more debt risk averse, she couktséitst the reference point of 215 in investment
and 27 in debt service. Then, the outcome B woidttyl95 cumulated investment and 30 of debt
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service costs. Solutions for point B are preseimdifures 3-9. The dm can select either point IC, o
point B. The choice of the outcome C yields highmmestments and GFCF, but lower cumulated
operating surplus because the debt service codtfixat assets maintenance costs are higher than in
B.

The set of outcomes which satisfies the dm decsediseng the optimization process because
her knowledge about the previous decisions (saleaspirations) implications - attainable Pareto
outcomes and the solution variables increases PHneto outcomes yield the model optimal decision
variables which satisfy all model constrains —ilifity and fiscal rules. The solutions of Paretocomes
E and D of the model are much more risky than tietiens A, B and C. Especially the outcome E,
located on the edge of the admissiblesetind the Pareto frontier is very risky. A slightadge in
exogenous projections of revenues might shift theti®n outside the admissible set. When it happens

the constrain(8), or (6will not be satisfied and no new debt can be issued

The dm is not fully aware of her preferences whia starts analysis of the multicriteria
optimization problem - she does not know attainabiteomes. In step 2 of the procedure she analyzes
solutions in consecutive years and defines adijpgiroximation of the Pareto frontier of an attaleab
outcomes set (see the procedure in appendix ®tsPba., 1.b. determine limits for these outcames
The aspirations are adapted as optimization prec@edonsecutive iterations. The number of the
derived outcomes increases.

The setY, of attainable outcomes (cumulated investment @bt service costs) decreases when
a city had generated large initial debt. When tltkebtedness is very large, one cannot invest imdut

years because all revenues will be used for debicse

5. Presentation of decision variables and selectrtstraints

In figures 3-9 projections of select model solui@recomparedThey are associated withe
Pareto outcomes A, B, C and E, which for the ihdebt Q=15 satisfy the model constraints (6)-(8),
maximize the criterion (1) - investment expendisumulated overt{Ty], and simultaneously

minimize the criterion (2) - debt service costs alated over Tn+1,Tum]. In figures 6, 8, 9 we present
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debt, interest and operating surplus in relationop@rating revenues consistently with Moody’s

methodology.

The share of investment expenditures in the to&klinvestment expenditures, and the share

of the EU co-financed investment in the investmexpenditures over the planning perigd2014,

tn=2023 are volatile, and the EU financed investme2015 and 2016 equal zero for the Pareto point

E, for which the cumulated investment is highentfa the point C (figures 3, 4).

Figure 3. Investment expenditures to total expemes

Figure 4. Investment expenditures co-finamaéu the
EU funds to total investment
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Theoutstandingold debt issued prior tg is repaid in 2025 and the new debt, for Paretatpoi

B, C, D an E - in 2032. The total debt for the omes B and C is similar until 2019, then the debt f

the outcome C grows because a larger debt seritie2023 is allowed (limit in figure 7). For the
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output E the outstanding debt grows very fastis@2021 as a result of decreasing operating ssirplu
- LG’s own funds (figures 5, 9). In Figure 6 thébteutstandingo operating revenues is presented as a
measure of debt profile implemented by rating agesnavhich also asses the interest payments (figure
8) and the LG'’s financial performance by analydingidity and operating surplus (balance) related t

operating revenues (figure 9).

Figure 7. Debt service to total revenue; model traig (8)
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The fiscal rule of the Polish law on public finarmeguires that the total debt service, including
repayment of debt principals, in relation to thmltoevenue (left hand side of the constraint i@helow
the statutory limit (right hand side of (8)). InipbE, the debt service costs grow over 2023-2838al
the limitin 2026-2028, and sharply decreases #928s a result of cumulated cost minimization [elod

criterion (2)].Thedebt service to revenue for points B and E is ctogs 2014-2020 (figure 7).

Figure 8. Interest payments to operating revenue Figure 9. Operating surplus to operating revenues
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The share of the operating surplus in operatingmae until 2020 is higher for the Pareto outcome
E than for B and C, but starting 2021 it falls gtartogether with the operating surplus (figure 9)
because of the rising operating expenditures - sieftice costs and the GFCF maintenance costs. The
fixed assets, starting 2021, grow faster for thieame E than for the outcomes B, C, and A, and thei

maintenance costs are the highest.

The implemented in Poland fiscal rule limitingetdebt service to revenue indicator (art. 243Jipub
finance law) does not prohibit the debt from fasivgh — contrary to the intension of the regulaildre
rising debt service costs contribute to the drdsticof the operating surplus after 2021 (figuje A
local government dm observes pictures 6, 7, 8 aad®should definitely reject solutions of thepuit

E as too risky. Although the indicatarsnform to the limits of law, she should be wefbimed about
the rating agencies criteria. For example for tiie@me E, dbt to operating revenues indicator is above
65% in 2022-2023, during 2023-2025 the operatirrglss falls below 5% of the operating revenues
(this may be the reason of the non-investmentgaiinMoody’s), and the interest burden approaches

5% of the operating revenues in 2024, above whiobdy’'s again offers the non-investment rating.

6. Summary

A new method supporting local government decisi@gmrding long-term budget planning is
developed. The method utilizes a mathematical medielcting interrelations between budget financial
flows and stock over time and the iterative decisapporting procedure implementing multi-criteria
optimization. Budget liquidity and fiscal rules inded as constraints in the LG budget optimization

model are satisfied over long-term.

Implementation of the method supports decisionseniadLGs’ managers — helps determine
decision variables - affordable levels of investin&tJ funds, and safe medium and long term debt,
totally and each year of the projection period. &pfand lower) limits for cumulated investment and
debt service costs - elements of the dm goals eterrdined. The limits determine acceptable risks
associated with debt issue and safe investmentmBétleod enables selection of various goals updated
during the projection process and generation ov#lr&bles and criteria values (outcomes) assatiate
with these goals (“aspirations”). A dm can analgaesequences of her decisions regarding investment,

fixed assets formation, debt until its maturity dnalget balance. The model is solved iterativelyhwi
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new aspirations resulting from rational valuatidralbernatives®. It can be repeated the same year and

in future years for a crawling horizon.

The iterative procedure bases on H. Simon satsfitiehavior theory and implements the
reference point solution method of multi-criterigtimization. Outcomes are Pareto optimal. The dm
looks for a preferred outcome in an iterative leagrprocess - adapts her aspirations using infoomat
on outcomes and decision variables resulting freavipus solutions of the model. The procedure
includes analysis of scenarios as discussed in iégla 2007: 157-159, for long-term analysis of
infrastructure needs (Edmonton city), by Vogt 2@l Cichocki 2013: 71-76. The computer-based
procedure, using the LG budget flows model, derimasoutcome closest to the reference point

representing the dm aspirations, and calculatgeotise decision variables.

The method accommodates approaches presente@ritdite - incremental and punctuated
budget projections (thanks to assuming alternapads), budget’'s dynamics analysis (Lindblom 1959,
Baumgartner and Jones 2002, Breunig 2006, Citi 20dr3d one criterion optimization model with
constraints (Cichocki 2018) Implementation of the method increases the L@mal as discussed by
Steward 2014. We introduce a local dm who atterapisinimize inappropriate interventions of fiscal

rules imposed by the central government.

The presented method supporting long-term finamdening and budget projection with the
dm involvement and her learning about implicatiohsoday actions is new in literature. It increases
budget safety and stability in long-term. Lookirg the preferred projection scenario with adaptatio
of aspirations (alternative goals assumption), thaseSimon’s ideas, as well as the utilizationhef t
LG budget flows model and implementation of muliteria optimization solution technique are
novelty in the budget planning literature. The astens of the presented budget projection method
include: simultaneous consideration of severalgaaiplementation of the Simon’s concept of multi-
stage formation of aspirations related to goalglementation of multi-criteria optimization and
learning in the projection selection process, ateréing explicit debt structure and extension of the
analysis period until all debts’ maturity and fiyakelection of the satisficing solution by the daho

knows local specificity and rating agencies methogies.

Investments must be planned very carefully bectfusenew fixed assets maintenance costs
grow very fast and budget operating funds maydia@matically. When the goals are too ambitious, the
debt used for investment financing might grow viarst and the debt service may drastically restrain

investing in future years.

14 Explicit assignment of weights to the model ciderould exclude some important Pareto optimaltsmis.
5 A model was formulated to maximize, over severakygetotal funds for financing investment (from gatiand
debt), subject to constraints. Each period, uppdtd for safe debt and investment were determined.
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The fiscal rules implemented in the model come ftomPolish law, however, country specific rules
can be incorporated in the model, and the methadbeaused in many countries with various goals
assumed. The method can also be implemented lyetiieal government to analyze alternative fiscal

rules’ impact on LGs’ debt, deficit and investrmént
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Appendix

Consistently with the theory of multi-criteria apization (Keeney and Raiffa 1976; Wierzbicki
1986), we look for an outcome (and decision vadgplvhich is Pareto optimal in the ¥etand satisfies
the dm preference8n outcome is Pareto optimal if there is no oth@icome dominating it in the set
Yo - with greater cumulative investments and lowe¢al debt serviceosts The Pareto optimal points
in Yo and the corresponding decision variablesXinare not known. They are uncovered in the
computational solution procedure. Generatioaalfievable Pareto optimal outcomes is carried aht w
an aid of the reference point method, which utdizlee order approximation achievement functions
(Wierzbicki 1986). Outcomes belonging to the Paritmtier are derived by solving the below

optimization problem:

rpD%[S(y(X), ¥l (A1)

where:

X, - a set of admissible decisions defined by theehoslations,

y* = (y,*, Y,*) - areference (aspiration) point assumed in thesR* of the criteriay, and Y,,

£y, y*) - an order approximating achievement function.

The assumed achievement function is a version efotider approximation function [(34) in
Wierzbicki 1986]. The optimization problem (Al)sslved by a specially constructed computer-based
system which uses the solver embedded in the M3Exe&gonment. It is solved for a given reference
pointy* assumed by the dm. The solution includes a Papimal outcome, all corresponding decision

variables, and other variables of the model catedlavith the use of the decision variables.
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