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Assesang Optimd CO, Abatement Paliciesfor the Kyoto Protocal:
A Gendtic Algorithms Approach

Tekashi Yano
Graduate Schoadl of Mediaand Governance, Kao University, Fujisawva, Jgpen
ad

Hiroyuki K osskd’
Faculty of Policy Manegement, Kao Universty, Fujisawa, Japan

Abgract

In 1997, the third Conference of the Parties (COP3) to the United Nations Framework Convertion on
Climate Change was hdd. Commitments were st for reduding greanhouse ges emissonsin deve oped
countries Severd modds have bean devdoped in order to andyze CO, abatement polides These
modds should be categarized as globd modds conddering the wide scde of globd waming. Some of
those modds however, andyze the palicies on a one-country basis and modds of glabd contarnt divide
theworld into cartain regions It isnot gppropriate to implement the same palidesto aregion. A multi-
country modd is preferddle to such modds. Thus, we have condructed a macroeconometric modd
linked with an energy modd to assess CO, abatement palidies goplying genetic dgorithmsto quentify the
optimd palicy infavor of the Kyoto Pratocal.

" This paper is prepared for the 41t Eropean Congress of the ELropean Regiond Sdence Assodiation,
Augus 29th - September 1, 2001, Zagreb, Croetia



1 Introduction

Globd warming is one of the important world palicy issues 1n 1997, the Third Conference of the
Paties (COP3) to the United Nations Framework Convention on Climate Change (UNFCCC) washdd.
Commitments were set for redudng greenhouse gases (GHGs) rdaive to the 1990 levd in deveoped
countries The Kyoto Pratocal showsthet developed countries as awhole must show areduction of -5.2
percant between the years 2008 and 2012. As for mgor indudrid countries, commitments are -80
percant for the European Union (EU), -7.0 percant for the United Sates, -6.0 percent for Caneda and
Jpen and +8.0 percent for Audrdia Inthe EU, thetargetsfor Garmeny, the United Kingdom, Ity and
Fancearea —21.0 peroant, -12.5 percent, 0.0 percent and -6.5 percent of GHGs, repectively.

In order to form and evd uate palicies pertaining to the reduction of GHGs, severd modds have been
devdoped. Interms of ther ojedtives there are globd modds (eg. Burniaux, Nicoletti and Olivara:
Martins 1992, Duchin and Lange 1994; Duraigopah 1993; Edmonds and Rellly 1983; Lu and Kaya
1988, Manne and Richds 1992, Manne, Mendd sohn and Richdls 1995; Masuoka, Kainumaand Morita
1995; Nordhaus 1994, 2000) and domestic modds (eg. Jorgenson and Wilcoxen 1990, 1993a, 1993b;
Proops, Faber and Wagenhes 1993). It istrue thet these modds show cartain resullts on andyzing globdl
waming, but it isdso afact thet they hold aproblem. Globd modds are preferable to domestic moddls
asgobd warming isawarld issue however, globd modds treat the world as one country or divide the
world into severd regions. It is nat gopropriate to implement the same palidesto aregion. Hence, we
ned to andyze globd waming in a multi-oountry context.  In this paper, we have congructed
mecrosconometric modds linked with energy modds that cover Japen, the United States, Caneda,
Gamany, the United Kingdom, France, Italy and Augrdia’ By using thismodel, we have assessed CO,
abatement palides goplying gendtic dgorithms to quantify the optimd palicy in favar of the Kyato
Protocal 2

This paper is organized as falows  Saedtion 2 discusses the theory of an optimed palicy. Section 3
showsthe methodology of gengtic dgorithms Section 4 presentsthemodd sructure: Section 5 provides
aprdiminary esimation reult of the US mongtary palicy.

2. Theory of Optimal Pdlicy

Soaal WAfare Function and Palicy Reaction Function
A sodd wefare function condgs of andion's palicy targets (eg. economic growth, inflation rate,
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govenmeant defidtsand soforth). Thisindicatesthe courseof economic pdides Weusudly formulatea
sodd wdfaefuncioninaquadrdicfomas

F=ywll - f ey wlx -xF, ®

wherew, = theweight assigned toY, , Y, = theith policy objectivevaridble, Y, = the desired value of the
ith policy ojective variables, w; = theweight assgnedto X, , X; = thejth palicy indrument and X/ =

the dedired vaue of the jth palicy ingrument. We obtain the optimd palicy by minimizing equation (1)
with repect to apalicy insrument subject to an econometric modd.
Here we show the case of two palicy ojective varigbles and two palicy indruments Inthis casewe

canwriteasodd wdfarefundion asfalows
F= Wl(Yl _Yl* )2 W, (Yz _Yz* )2 +Wx1(X1 - Xl* )2 +Wx2(X2 - X;)z- @

Minimizing equition (2) by X; subject to an econometric modd yidds

* aY * Y
2w, Y, -, L ow, (Y, =Y, 2
oo B ot w5
* * X
+ 2w (X, = X )+ 2w (X, - X3 HZ2 E= 0.
0X,

We suppose that conjecturd variaions between palicy indruments are equd to zero, hence, the optimd
palicy onX; canbeobtaned as

« W, *EOY %W *%Y
X=X, _Eﬁaﬂ_ﬂ Xl E_ : EYZ_YZ X2 % @
X1 1 X1 1

Based on agmilar methodology, Aissarides (1972) and Hiedlaender (1973) andyzed the British and
theU.S. macrosconomic palides respectivey.

©)




3. Theory and Application of Genetic Algorithms

Theory of Genetic Algorithms

Halland (1975) developed genetic dgorithms which are based on bidlogicd evolutions®  We can use

them asone of the optimization techniques. They are compasad of thefallowing five geps initidization,

evauation, sHection, crossover and mutation. The computation of gengtic dgarithmsisiterated from the
ssoond gep to thefifth Sep until the fitness va ue reeches a cartain ariteria of the convergence: Detalled

explanationsof thefive sepsareasfalows

1

Sep 1 (Intidization): To cregte the initid populdion of N chromosomes randomly. Each
chromosomeisabinary sring of K hits. Ve generate random number (r) between 0.0and 1.0. If r >
050r <05, thebit becomes 1 or O, regpectively. Thisprocessisrepeated N- K times

Sep 2 (Evdudion): To evauatethefitnessfor eech chromosome by usng afitnessvauefunction.
Sep 3 (Sdection): To sHet anew populaion by usng asdection method. In this peper, we usethe
roulettewhed sdlection method. Thismethod isbessd on the neturd selection mechanism. Thesum
of fitnessvadues (F) canbewritten as

N

F:Zfi, ®)

wheref; = thefitnessvd ue of theith chromosome. Theprobghility of sdectionfor theith chromosome
(p) canbeohtaned as

f,
p=h 15120 N. X

Next, thecumuladive probahility for theith chromosome () canbewritten as

qi:ij, i=12,N. (X)

We gengrate random numbersand if g <r < g1 (1=0, 1, -, N- 1, g = 0) stidfies the (i + Dth



chromosomeis sHected. We repest thisprocess N times. Henecg, N dhromosomes are dedted asa
new population.

4. Sep 4 (Crosove): To areate offgring.  In order to aregte offaring, we sdet pairs of parent-
chromosomesrandomly. We sat the probehlity of crossover (o) and generaterandom numbersfrom
the range baween O and 1. If 1; < o, the ith chromosome is sdected as one of the parant-
chromosomes. This procedure is repested N times. Once parent-chromosomes are sdected, we
cregte offgring. We generate random integer numbearsthet arebetwean 1 and K - 1. Theserandom
integer numbersarecrossover pogtions Wereplacehitsafter acrossover pogtion beween the parent-
chromosomes. These new chromasomes (offgaring) are added to, where parent-chromosomes are
ddleted from, the current population.

5 Sep 5 (Mutation): To aregte new chromaosomes which do nat exigt in the current population. We
genaraterandom numbersfrom therangebetween Oand 1. If r < py (the prabataility of mutation), we
changethebitfromOto1or 1t00. Thisprocedureisgppliedto eech bit.

Application of Genetic Algorithmsto Optimel Pdlicy

Gerdtic dgarithms are one of the optimization methods. Hence, we can goply them to empiricd
andysesonanoptimd palicy.

In most casss, in order to estimate a palicy reection function, we minimize a quadrdic loss function
et toamacrosconometricmodd. Next, the palicy reection functionisfed into the macrosconometric
modd. Wecan smulatetheeconomy under theoptimal palicy by using thet system.?

Ingtead of edimating a palicy reection function, we ue it as a fitness vdue function in gentic
dgorithms  Hencg, gendtic dgorithms determine dl parameters of apalicy reaction function sujject toa
mecrosconometric modd. We note that parameters of a palicy reaction function explained by gendtic
dgorithmsarenat fixed.

4. TheModd Srructure

Our multi-country modd congsts of ameacrosconomic blodk, atrade block and an energy block. The
mecrosconomic blodk is condructed on the begs of the Klein's (1983) skdeton modd.  Eight countries
mecrosconomic blocksarelinked to one ather by the congant vdue sharetrademodd. Theenergy block
explains the find enargy demand and CO, emissons udng the red GNP that is deermined in the
macroeconomic block.  The find energy price is d<o linked to explan the generd prices in the
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mecrosconomic block. Here, weshow thestrudure of the energy block >

Our enagy block andyzes CO, emissonsof G7 membersand Audrdia In this Sudy, we edimated
parameters by usng pand datathat combines eight countries cross-sections and time series data between
theyears 1991 and 1996. Wetreat enargy as one of production inputs and esimate the parameters. This
modd isasmdl econometric modd thet hastwelve endogenous and five exogenous variables

Our modd hasthree mgjor sub-blodks i) find energy demand and CO, sub-block i) prices sub-block
lii) decomposition sub-blodk. We divide energy into cod, naturd ges oil and nonHossl fuds Thefind
enagy demand and CO, aub-block explans these four enargy demands and the amount of CO,
emissons. Inthe prices sub-blodk, world cod and ail prices determine domedtic cod, naturd gesand all
prices Someindicators on CO, emissions and the decomposition modd are shown in the decompasition
ub-block.

Final Energy Demend and CO, Sub-block

CO, emissons ariginge in the fosdl fud consumption and the use of fossl fuds is necessary in
economic adtivities  This means that economic growth is ane of the fundamentd causes of globd
waming. Teking these factorsinto consderation, we derive & the find energy demand function froma
two-levd CES (Condant Eladliaity of Subdtitution) production function whose inputs are capitdl Sock,
labor and energy. Thistwo-levdl CES produdtion function can bewritten as®

Z, = AlaL" +{-a)H ] ®
Ht = [a k™ +(-a,)ER b ©

O<a,a,<1 b,b, <1

where E; = find enargy demand, A = the effidency parameter, & and & = digribution parameters, and
both by and b, = subdiitution parameters. By margina-product conditions we can darive a thefollowing
eqution from thetwo-levd CES production function:

—a. )(b-) [lb,-1)
Ex O0a& O B8



where Py = the user cogt of capitd and Py = thefind energy price. Thiseguation explainsthefind energy
demand function. Asfor trandformetion losses from the primeary energy to the find energy, the primary
enargy isshown asafunction of thefind energy demand. Theprimary energy supply fundtionis

E, = f(Ey) (11)

wheare E;; = the primary energy supply.
We can a0 define the primary energy Supply asthe summation of cod demand, natural gas demand,
oil demand and non-fossl fud demand. Thisequation can bewrittenas

Elt = ECt + EGt + EOt + ENt (12)
where Eq = the cod demand, Eg; = the naturd gas demand, E = the all demand and Ey = the non-fossi

fud demand. Thesefour energy sharesdeterminetheir demandsa theprimary energy leve. Eachenergy
demand can bewritten asfalows

Eo = SatEu 13
Eo = SoEu (19
Exe = SuEx (15

wharesy =thenaurd gasshare 5o =theal dareand sy = thenonHossl fud hare Thecod demandis
Oetermined astheresdud:

ECt = Elt - EOt - EGt - ENt' (16)

Naurd gesand all shares are functions of rdative energy price and thair lagged values: These fundtions

canbewrittenas



0 PP
In(s,) = f %”(SH)"“E?% (17

wherei = C (cod), G (neturd ges) and O (ail), j, k+# 1, and k+# with Po = thedomedtic cod price, P =the
domedic naturd gas price and P = thedomedtic all price. The nonfossl fud shareisone of the pdlicy
ingrumentsand thecod shareisresdud of theothersinthismodd.

Each enargy source has eech CO, emisson coeffidant. CO, emissonsrdessed from cod, naturd ges
and all consumption can be edimated asthefallowing equation:

CO,; = ReEq + RsEg + RoEq (18)

where CO,; = CO, emissons R: = the CO; emisson codffident of cod, Rs = the CO, emisson
coeffident of naturd gas and Ry = the CO, emisson coeffidant of ail. In this paper we assumethat R,
R, Ro equa 1.08 carbon ton per ton of ail equivaent (toe) of cod, 0.62 carbon ton per toe of naturd ges
and 0.86 carbon ton per toe of ol regpectively.

Prices Sub-block

Thisblock explains domedtic prices of cod, neturd ges and all, the average price of the primary enargy
and thefind enargy price The three domestic enargy prices depend on warld cod price, world all price
and the exchange rale. World cod and ol markets determiine their world prices so world cod and all
pricesareexogenousvaiablesinthismodd. Domestic cod, neturd gasand all pricescan bewrittenas

PCt = fC (Pcoal tet) (19)
Pae = fo (Poil,tet) 20
Poo = fo (Poil,tet) )

where Py + = theworld cod priceinthe US ddllar and Py = theworld ol priceinthe USdallar. Asfor
impogng carbon taxeson the primary energy, pricesof cod, naturd gesand ol aereformulated as



Po = (l+ T )fc (Pcoal & ) (19
Po = (1476 )fe (&) 20y

Py = @+ 7,)f6 (P&) 21y

where ¢ = the carbon tax on cod, 76 = the carbon tax on naturd gesand 7o = the carbon tax on all. Next,
we ddfine the average price of the primary energy as the waighted average of domedtic cod, naturd ges
and ol prices Thiscanbewrittenas

Pi = St Per * 86t Pt + St P @)
where Py = the average price of the primary enargy.  Findly, we assume thet the find enargy priceis

explained by theaverage price of the primary enargy. Theeguetion of thefind energy price can bewritten
asfdlows

P, = f(R,). ee)
Deconpostion Sub-block

We can bresk factorsof CO, emissonsasthefollowing equation:

co,, = {22 B L H o
“ Elt Eft Zt t
:Ktx%%eaxzt

t

wherer= (CO,/Ey), er= (E/Ex) and ex= (E/Z). xisCO,emissonsper oneunit of theprimary energy.
High vadue of thisindicator means a country consumes fossil fuds e shows the dfidency of energy

(24



trandormation. If it ishigh, the trandformation iseffident. ezisthe enargy intengty. If an economy hes
enargy-saving sructure, thisshould below.

5. Prdiminary Edimation Result by Usng Genetic Algorithms

Thissaction providesthe prdiminary esimation result of the US mongtary palicy (1991:1—1996:4) by
usng gendticdgarithms Weconader thet the USmonetary pdlicy indrument isthefederd fundrate, and
target varigbles are the inflation rate, the unemployment rate and the money growth rate. Sncethere are
time lags for the dfects of mongary policy, we assume that the Federd Resarve dedides its mongary
palicy projecting the economic Stuaions of three periods éheed. This US sodd wefare function (Fusy)

canbewrittenas

3

Fue =W, Z (6Ra_PcPoausa,,; - GRa_PcPozusa’, f

3

+ W, Z (URUSAM —URUSA, ) (25)

3
W Z Gr_m2usa, -GR_MausA;, f

fw, (I;FFUSA - RFFUSA f |

where GR4_ PCP92USA, = the four-period percentage change of the US private find consumption
Oeflator (1992 = 100), URUSA, =the USunemployment rate, GR_ M 2USA, = the percentage change of
the US money supply, RFFUSA, = the federd fundsrate, wy = the weight of GR4_ PCPO2USA, , W =
theweght of URUSA, , ws = thewedght of GR_ M 2USA, , w; = theweight of RFFUSA, and vaiables
with adeisks denate those desred vdues  In order to minimize equation (25) ubject to the US

macroeconometric modd, we differentiate equation (25) with repect to RFFUSA, and s the outcome

egud Oasfdlows
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3

. YAGR4_PCP ,
0=2w} (GRa_PcPoausa,, —GR4_PCP92USAHi)aG _PCPOUSA,,;
ORFFUSA

3
. \OURUSA .
+ 2w, Z (URUS% ~URUSA,, )ﬁ -
3 y \aGR—MZUSAHi

+ 2w, Z (GrR_M2usa, -GR_MaUSA,, )
ORFFUSA

+2w, (RFFUSAt - RFFUSA )
Rearranging equiation (26) yid dsthe US mongary palicy reection functionas

RFFUSA = RFFUSA

3
« \OGR4_PCPO2USA, ,;
- (GR4— PCPO2USA,,; — GR4_ PCPO2USA, ; ) — Avsi
" ORFFUSA

r -

. JOURUSA,.
W (URUSAM—URUSA(H)WSQA: @

r b=

\OGR_ M 2USA,,

W3 .
-— ) [GR_M2USA,; -GR_M2USA,
Wr R M2, -oR_masy. ) ORFFUSA

In order to edimatethe US monetary palicy reaction function, werewriteequation (27) es
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dGRA_PCPO2USA,,, E

3
RFFUSA, = RFFUSA’ + W Z E’,m_ PCP2USA ., RFFUSA
Wr —

2 . QURUSA,
+w_rZ§J U ORFFUSA E

oW %R M 2USA', dGR_M2USA,,; E
w, £ ORFFUSA,
- ; (28)
W %’M_PCPQZUS% GR4_ PCPO2USA,,; E
w, £ ORFFUSA
W, %RU A AURUSA,,; E
A4 ORFFUSA
Wy %R_M WA, 0GR_M2USA,,, E
w, £ ORFFUSA
Snceeach multiplier is pre-determined for an esimation, equation (28) can bewrittenas
3
RFFUSA =a, +alz GR4_ PCP92USA,,,
(29)

3 3

+a, ZURUSA+i +a, Z GR_M2USA,, ,
1= 1=

= RFFUSA + 0GR4_PCPOUSA., GR4_ PCPO2USA,.
wr / ORFFUSA /
Where = =

3
RUSA, . R_M .
+ Wo QURUSA,, ¢ URUSY,, + 15§ JCR_M2USA, GR_M USA,;

ORFFUSA £ wr ORFFUSA

3 3
R4_PCP . RUSA, .,
o - wlZOG _PCPOUSA,  _ W,  OURUSA,
1=

T w, ORFFUSA ' 2w, Z. ORFFUSA

" > 9GR_M 2USA,,
P ow Z ORFFUSA

Table 1 provides the esimation resuit of the US mongtary palicy reaction function (eguetion 29). P-

vauesindicatethat dl vaiddesare datidticaly sgnificant & a1 per cent levd. Sncethe DurbinWetson
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gdidic equas0.773, it howsthe pogtivefirg order autoregressveprocess: The edimation result shows

OGRA_PCPOUSA,; ., OURUSA,; _

01> 0, 0p<0ad az>0. Thethree multipliers must be ,
ORFFUSA ORFFUSA

dGR_ M 2USA ,,
ORFFUSA

<0 (1=0,1,2 3). Hence theseesimatesaretheoreticdly conagent.

Thispadlicy reaction function can dso explain the US mongary policy. Ye, thereisarisk that asudden
and large pdlicy dhange can lead to economic indability. Henoe, we introduce a partid adjusment
function in order to smooth movements of thefederd fundsrate. A partid adjusment mechaniam canbe

writtenas
RFFUSA - RFFUSA :/\(RFFUSAC* - RFFUSAH), (30

where/ = adjusment parameter and RFFUSA, ™ =federd fundsratethat isexplained by the USmongtary

palicy reection function. Rearranging equition (30) yidds
RFFUSA = A [RFFUSA” + (1- A)RFFUSA,_; . (31)

Thiseguation explansthefederd fundsrate
Next, weexplan the process on goplying genetic dgorithmsfor an andyssof the US monetary palicy.

Thisandyssuses30 bitsof 50 dromosomes. Weassgn thefird tofifth bitsfor the congant term, Sixthto

3 3
tenth bits for Zem_pcpgzus,L\Hi , deventh to fiftearth bits for ZURUSDM , Sixteanth to

3
twentieth bitsfor Z GR_M2USA,, andtwenty-first tothirtieth bitsfor £. Weightsof thefitnessvaue

fundtion vary between the plus and minus dandard eror of eech parameer dbtained by regresson

andyds Thefitnessvduefundtion of the USmonetary palicy can bewritten asfallows

13



VALUSA', =VALUSAD,  +VALUSAL; , +VALUSA2,  +VALUSA3, (3

where

VALUSAQ, , =3.721148 + chromusa; , 30.73+ chromusa’, (30.365 + chromusa’®, [D

€¢)
+ chromusa; ; [0.365 + chromusa; , [0.73
3
VALUSAL, , =30.04511 DZ GR4_ PCPI2USA,
1=
3
+ chromusa?t DZ GR4_PCPO2USA,,; 1.7
1=
3
+ chromusa , DZ GR4_ PCP92USA,,; 30.85
B )

+ chromusa® DZ GR4_PCPOUSA ,; (D
£

3
+ chromusaﬁ’,t DZ GR4 _ PCPO2USA,,; [D.85
1=

3
+ chromusal’, DZ GR4_ PCPO2USA,,; [1.7

3 3
VALUSA2 | =-0.134334 DZ URUSA,,; + chromusa;’; DZ URUSA,,; [30.02
1=

3 3
+ chromusaj DZ URUSA,,; 30.01+ chromusaj’ DZ URUSA,,; [D ()

1= 1=
3

+ chromusal’ DZ URUSA,,; [0.01+ chromusa’®, DZ URUSA,,; [D.02

14



3
VALUSA3, | = 41.64614 DZ GR_M2USA,,,

3
+ chromusal®, DZ GR_MUSA,, 33.7

w

+ chromusal’, DZ GR_M2USA,, 31.85
(30)

3
+ chromusa; DZ GR_M2USA,,; [D

3
+ chromusa®®, DZ GR_M2USA,,; [1.85
1=

3
+ chromusa’?$ DZ GR_M2USA .. [B.7

and chromusa]}' denotesthenbitth bit of thejthindividual of the UScromosomeat timett.
Regarding an adjusment paramete, dl waghts are 0.1 Thus, when vaues of the ten bitsare 1, it

becomes1. Thepartid adjusment function canbewrittenas

RFFUSA  =A, [VALUSA", +{1- A,  JRFFUSA, ,, 37)

30
where A, = ;chrorrum{]b“ [0.1.
ni

11=21

As shown in eqution (37), the federd fundsrate is edimeted for each individud of achromosome and

time. Hence, weevduate each computed vaue of thefederd fundsrate by thefallowing function:

1
RFFUSA, - RFFUSA. ,
1

VALUSA_F;, = (38)

We Hect the chromosome that maximizes equation (38) as the best chromosome and compute the

15



optimd federd funds rate by uang this maximized cvomosome Table 2 shows the parametars
computed by gendtic dgorithms  Fgure 1 provides esimated federd funds rate by gendtic dgarithms
Wenatethet the crossover rate and the mutation rate are st as 0.25 and 0.01, respectively, and the number

of theiteraionisfive

Wegoply thismethodology in order to assessthe optimd CO, abatemeant palidesin favor of theKyato
Protoodl.

Notes

®E-mall: jzZk02706@rifty.nejp

® E-mail: hkosska@dfckeioacjp

! Acoording to our calculation based on EDVIC (2001), these eight countries relessed roughly 40 peroent
of CO,worldwidein 1990.

2 This paper focuses on CO, emissons among GHGs because gpproximetely 60 percent of GHGs is
cabondioxideemissons

3 Asfor other explanations on genetic agorithms, see Goldberg (1989) and Michdlewicz (1996).

* Asfor examples seeFar (1934, 1994).

®Thisenergy modd isprovided in K osska (1994).

> Formulation of thistwo-level CES production fundtionisbased on Lu and Kaya (1989).
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Teble 1l Edimation Resuit of the USMonetary Pdlicy Reaction Function

Vaidde Codffident t-daidic pveue

oo 3721 5100 0000
o 0045 17640 0000
o0 0134 5068 0000
o 1646 11315 0000
Ad.R 0923
SE 0517
DW. 0773

Edimationtechnique: Ordinary leet suares
Sample 1986:1-1997:3

Table2 Parameters Computed by Genetic Algarithms

0o 01 0 03 A
1991:1 2991 30045 0144 30.7% 0600
1991:2 2626 3085 0124 434% 0.700
1991:3 4816 308% 0164 41646 0700
1991:4 3721 2749% 0124 39.79%6 0600
19921 4086 30045 0144 434% 0500
19922 3721 2749% 0144 41646 0500
1992:3 3721 2.19%5 014 41646 0.700
19924 2626 30045 0144 3796 0700
1993:1 4451 30045 014 434% 0100
19932 3721 28345 0134 45346 0600
19933 3721 29.19% 014 4719 0600
19934 33% 274% 0124 30.7% 0500

19941 336 28345 0124 41646 0.700
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1994:2
1994:3
19944
19951
19952
19953
19954
1996:1
1996.2
1996:3
19964

4086
3721
4816
4086
4451
4086
3721
3.356
2991
372
3356

30.8%
2714%
30045
30045
30045
30045
2919%
2714%
30045
30045
30045

0124
0124
0104
0104
0114
0104
0124
0124
0124
0124
0114

45346
41646
471%
37946
4349%
30.7%
4349%
41646
45346
471%
37946

0.600
0.700
0500
0500
0600
0300
0300
0100
0100
0100
0.700

FHgurel Actud and Predicted Vduesof RFFUSA (1991:1-1996:4)

8.000

7.000

6.000

5.000

percernt per annum

4.000

3.000

2.000

\

‘\

\

v

1991:1

1992:1

1993:1

1994:1

1995:1

1996:1

—— RFFUSA
—=— RFFUSA_GA

Note RFFUSA_GA =thefedard fundsratethat iscomputed by genetic dgorithms
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