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Yrj6 O. Vartia* ~nd Pentti L.I. Vartia**

'A 'nbte 'ori Upward bi~~ 'in 'th~ 'Btink df 'Finland

'currency 'index

Introduction

",

The Bank of Finland currency index intends to reflect the average

change in the exchange rates of the currencies most important 1n

Finland's foreign trade; see Pu~o (1978). According to the'

Currency Act which came into fo'Tce on November 1, 1977, the

currency index should be an expression of the external value of

the Finnish mark. The principles of calculati6n of t]le currency

index and its fluctuation limits are to be confirmed by a Cabinet

Decision, on the proposal of the Bank of Finland. The methoJ of

calculating the currency index was' specified in a Cabir-et

Decision which entered into force on November 1, 1977, and hasn't

. been changed since. The currencies included in the index arc the

currencies of th0se countries which, in each of the last three

cnlend3r years, have accounted for at leas't onc percent of the

total value of Finnish commodity trade. (A currency not quoted

by the nank of Finlanc.l and 110.1: generall)' used in Finlandfs

fo :.\.~ ign 'L rade W:l th the country concerned is rep IJce,;i in the

*
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currency index ~y the q~otcd currency ,most used in that

trade.) The ratio between the exchang~ rate for the current

period and the base period rate ii.dctermined for each

currency included in the index. These ratios are weighted

together by the corresponding countries' shares in Finland's

foreign tradc,1)" The weights are calculated as arithmetic

averages of the shares for t,he base period and the last four

full quarters for which official foreign trade statistics

have been released; see Puro (1978).

in symbols, the currency index P~974' comparing the base year

1974 and the observation pe~io~ s (a given day), may be

written:

(1) s
Pl974 =

r 1 '1974r "Of (\'i .
. It. 11=

s
h' p.

+ vi.) (--~--"'l)
,1. pI9'.'

i

where p~ is the exchange rate of tbe ith currency for the
1

observation period sand p ~ 974 is the mean exc.h3nge r'ate of
1

the same currency during the base period 1974. The weights

w~974 and w~ are the shares of the corresponding country In
1 , 1

Finland's foreign trade (co~nodity imports and exports)

respectively. in 197'1- and. in the last four full quarters for

which the data is available.

1) Our an;tlyslS 15 also related to the exch(lJlr;(~ rat.e index of
tht' C<.'ntl.';d Bnllk or Sh'cdcn; ~cc Fr;ln~~cn, MJrkn\'J::~ki anu
RO~(,l\ht'l'g (l~)~~ll)" WL~t1is;n"rcc 'with them on SOIl!C noint~~, ,
(011l.;I.'1'nin): the' ~·;lt..inn:llj"::.;ltion nf tht' index nUillhcr for~liul:.t .
o~· t}H,~ H.iL:-.bal1k's currency 'index, p,:lrt.i.cl,l:1rly "'itlr thL'.il·
\"1('\\' ('h:lt onlv l'xc}WllPC r~ltc In~lil.·,c::; of t]w arithil!etic
t Yl'e ;; h lJ U 1d h ~~ II ~; cd. .. .



Figure 1:

3

Monthly avcTagc~ of the nank of fo:illland currency index
and its fluctuation limits Ca copy from the Bank of
Finland Monthly Bulletin)

The currency index for a longer period, say a month, is

calculated as an average of'the daily figures. The yearly

average of the currency index for,e.g., the calendar year

1977 is thus

(2) p1977
1974

= 1: L pS
r 1977 1974

where T is the number of days in 1977 for which "the index

was calculated and the sUIllmation is over all such days. Since

the trade shD-res w! for the last four full quarters of the
1

most important trading countrjes are slowly changing
. -t

characteristIcs, the yearly aver~gc P'974 for any calenJar

year t is very accurately approiimated by the following yearly

currency index

(3)
11.1974

= :L "-l h' .. 12 11=

t
\dlC'l'C' p. ::

.l
1" s. 1;'l'I"P· 1 S t 1('

J.
av(,)rngc CXL:h~l11gc r~l to of the ith

(:urrC\l\.·Y i.n tJI(,' year t J t 1',"an Iv. .>
1

the traJe 5h,lro of the
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corresponding country in the same calendar year t. In (3)

all the data comes from two periods, the base year 1974 and.

the observation year t, while, e.g., in (1) three periods

arc invol.ved because of the practical difficulties related

to the availability of relevant data. In the following we will

analyse the yearly currency index P~974 of (3), which will

. very accurately approximate the yearly average of the daily

currency indices

(4)
-t
P1974

1 s
= r LP1974

t
'.

weintend to demonstrate that the Bank of Finland <;urrency

index has the unf~Jtunate feature of a permanent upward bias

compared to, e.g., fisher's ideal index and to other unbiased

indices. This is most easily done by analysing the implied

yearly currency indices (3).

·2. Some topits in index number theory

Tl . l' t / 0 t ( . ) f }le prIce re atlves p. p. = TI O lot le exchange rates of
1 1

various curr'encics from the base year to to some observation

t b t d . t . 1 I)t. .)'e:I1' m"l)' c aggreg~I·C· 111 0 a currency 111C~CX ci HI varIOUS

. 'oJays. In the simplest me thods some \ve] l-knc.n·;n weighted average

(c.g., arithmetic, geometric .01' h:J.nnonic:) is used, whUe the

,,",eights Iv. arc vallle 5h,11" 0 5 of some kind of th8 ·cur rcnc j cs
J

C it hel' ro!' the h:lse y('ar 01' for tho ohscrvatioll YO:1 r. Wc Llo

not disCLl:.~'; here whether, i nstc:lll of the traJe sha l'(:~S of the

<,'\1 r n'ne i (\~; , S011\e other sha rl'~.i (o.g. import or export s l111l'l) S,
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or contract sharos) should be used'). The choice of the type

of shares on whicll the weights of the c~rrencjcs are based

is an important but difficult .. questlon, which affects the

meaning and scope of the currency lndex, but this problem is

put aside in the present paper. We consider here only tr:Jdc-

weighted currency indices and show how the results are Jffected

by the 'choice 'of th(~ index nunibcr forrriula. Wc will demonstrate,

in particular, that the choice/ of the index number formula for

the Bank of Finland currency index is an unfortunate one, since

the formula will produce, in any data, upwards biased results

compared to index number formulas which may be classified as

superlative in index theory. qUI' analysis is based on the

results of Vartia (1978). Our r~sults will not depend on the

length of t.he observation period or ·on the type of shares on

which the weights are based. For the sake of simplicity we wilJ

. 0 t' 2consider only consecutive years. t, ,t, ... as observation

. d d h 1 0 1 2 '. f h' .perIo s, an' t e Slares w., w. ~ w. , .•• 0- t e varIOUS currenCIes
111

a. will here be trade sh~res calculated from COTflTI!ocli ty 'imports
1 '

from and commodity exports to the country having the currency

a i . The exchange rate pi is the mean "price" of the currency

a. in
1

1T~(i)

finnish marks during the year t and the "price relat ivc"

. t 0= p./p. -indiecltcs the relative change in the price of the
11'

currency a i from the base year to to yc.ar t. The stJtist:i.caJ

un.i t s ;:n' c l 11c n cur I'e n c i e s a 1 ) . . . ,a [l n d ,..rc 11 ;.1 vc' the v c c t () r s
n

(5) n~ = (n~(l), ... ,n~(n))



(6)
t t t

\'i = (,.." 1 ' . . . ) Wn )
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of price relatives and value shares for any year t.

Specifically, for the base year to, °'IT =
°

(1, ... ,1) and

(7)

Weighted arithmetic, geometric and harmonic means of positive

numbers xl""xn with positive weigh~s c1, ... ,cn are defined

and de~oted respectively

A(x,c) -(8)

(9) G(x, <;:)

n n
L c.x./ L c.

. 11.1 . 1 1
.1= 1=

, , 1
n c. l.c.

= ( TT X. 1) 1:::
" 1 11:::

n n
exp((r: c .. logx.)/L C;)

'1 1 J.·1~1=:: ].=

(IO) H (x, c) -'
I

n n
L c./ L (c./x.)

. 1 1 . 1 1 11.= 1=

n _] n
= ( r: CoX .. / L c.)
'Ill 'l l
1= 1=

-1

It is well known, that for all x's and c's,

( 11 ) A (x , c) ~ G(X , c) ::: 1I (x ,"c )

ldth equality j f allll only if all x's are cqu81. Applying ( 11)

to X. 'If ~ (i) nIhl
0 get for the b~ ~~ ~ - rC':11' ~~.~ i f~!~~£0..- c, = '-v . wcJ ]. 1

arithmetic, ~coll1ctric and k!nnonic indices



(12)
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"Laspeyres"

(13) l t 0 expeL o t CY "Log-Laspcyres"= C(TT O'''''" ) = wi log TT O 1 )

t 0 o t C)
-1 -1

(14) Lh = I-I ( TT 0 ,'''' ) - (L wiTT a l ) "Harmonic
Ln sp'c)' Te s"

the inequality

or shortly L:::.e.::: Lh in the notation of Vartia (1978).

Similarly, the observat:i.on:xear'·ieighted indices

(16)

(17)

.(18 )

satisfy

Pl
. t t r t= A (TTa' 'I[ ) .- L wilro(i)

t t expel: '''f log TT.~ (i))P = G(TTO'W ) :=.

-1 -1
t t t. t (. )P = H(TTO'W ) :=. (L ''I i TT 0 l )

"palgrave"

"Log--Paasche"

"Paasche"

or shortly Pf::p';::Lh. In the "thrce tined fork::," (L,.f,Lh)

<lIlt! lrt,p,p) of thc basc- and obscrvat.ion--yc8r weighted
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indices only Land P have a basket intcrpretutioll 1). Very

few gcnerrllly used index nurnber formulas (except Lasl'eyrcs

and Paasche) have a basket interpret3tion, and thus it is

often not qui te le~imita te to speak of a "currency kl S kct 11

in connection with currency indices. For instance .. neither

the Bank of Finland index nor the Riksbank's currency index

has a currency basket interpretation. It may be that the

Bank of Finland currency index (4) (or rather (3)) was meunt

to be

index

an approximation to and Edgeworth type of currency

t t 1974 t 1974 1974 t .
P1974 = P .(q +q )/p o(q +q), WhICh ha~

a basket interpretation, but that the currency baskets qt

were confounded with the value shares tw • In currency index

literaturc, the vector of value shares is not infrequently

treated as if it were a currency basket.

1) Let v. be the valuc,in Finnish marks, of foreign tradt
1 .

(exports and h';.Jorts) with a country haviEg tJ1C currericy

a. and let p. be the price of currency a· in terms of
1 1 . 1

Finnish mnrks. ThclI, q. = v./r)·, or the ,:aluc of fOI'(~i9,n
1. 1 1 . ~

trade with the country having the currency 8. in this
l n

country's own currency. Now, v· = p.q. and w. - v.1 ~ v.
1 1 1 1 1 i~l J

o t 0Por L~speyres' index we h~ve L = r w. (p./p.) =
~ 1 1

L 0 ( t I 0) 1\' (J = L t 0 I '[, 0 0 to, 0 0 lie reViP i f\ "v i Pi q i ., Pi q i = P 0 q / p < q •

qO 0.; (qO". <. ,qO) i"s a b~lsc year basket cr currcne:ics, the
nO.

amount of every currency ([i l"cprcscntll"!g t~~_...!2.~!_~~C _Y_{~'_~iX

fo!.:.c i.J';!.:_.!-'!:.~~£_.~ir:h tlw .('~ l'csr..O!~~~~l~_~:~L~l~1..UJ~.:..TllllS, c. g. ,
ptoqO i.s the v<l1uc o[ 'the hasc;-yc:ll' baskl~t of currl~llciu~
o 'rq at the ob:,Cl"I':ltion-'pc'riod cxchange L!tes p .

S :i Ill.i 1a rl y \\' c kl\; e rot' t h(; f' a a s c he' c; i II d C' x :

, 1 (L-·l -1 1 1 0 1
P = 0: \" i (p j I Pjl ) = 11 0 q / P •q •

_. v· /V.
J.
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There1<l t i vc cl.:i. f fer en cc S 0 f the bus eye a r \<l C i gh t c cl i Jl (}j c. e 5

depend on the variance

t t 0of the price log-changes logTIO(i) = log(p./p.). If all prIce
1 1.

relatives p~/p~ happen to be the same, the log-changes
1. 1.

log (p~/p~) of the prices coincide with the log-change of the

price index log!, which now also equals log L ~hd logLh. As

shown in Vartia (1978), the relative differences of the base

year weighted indices satisfy

(21)
L . -.e.' 1 2

log.t ~ log Lh ~oJ -2 sOp .

Similarly, the observation year weighted inJ.iccs satisfy

(22)

where

p.e. p
log 'p' Ri log 'p

1 2
~ -- s

2 tp'

(23) 2 t t t t 2
S t P = L Wi ( log n0 ( i) - log G (IT 0 ,'-: ))
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Usually the variunces S~p and S~p of the price log-cl)[lngc~; (Ire

almo s t equal. The re la t i ve cli fferencc be U",een Log- J.:J s peyrc s

1 arid Log-Paaschc p

. .
(24) log (p/f)

1 t 0 t 0 log t 0
~ E -Z(w. +Vl.) log (w./w.) (Pi/Pi)1 1 ]. 1

t
vI

t
1 t 0 v. p.

= E 2(\'1· +1'0/;) [ log(-!) - log (--) ] log (~)
1 1 v~ VO 0p.

1 1

depends on changes in the prices of the currencies and in

the value shares w
1
, = v. /E v.' = v. Iv (or values v

1
·). Actual 1)',

]. J 1

log(p/f) is approximately equal to the covariance c8v(LllCJg vi'

~log p.) between the log-changes in values and tJlose in pricc~
1

I t
as calculated with the mean weights Z(w i

the value of this covariancc,

o+ w.). Regardless of
].

r;;---" . '--.
,ILl) o t· 0 .- .. t to· -1 -1 "Fisher"(25) F = = \ CE wi(Pl/Pi))(~ wi(Pi/Pi) )

~\ Cl 0 t log , t, 0))
11 T(j n ;qv:: :::. 1 "(26) .t = = cxp L 2" (w. + w. ) lPi/ Pi .1 ].

and a third member in tile family of J.)ie,~crt's (197Ij,. 1~)7D)

supcr]~ltivc indicl-'s,

(27) / Lh • l).C,' /
- .__._------_._--.,

'" \ l' )_.. 0 C' t / () ) -1 ) -1 Cy- t C' t. / 1I).)\\'. p., [). 1- \\'. r· ]J.
1 J. l 1 1 .I "

fll'l'· ,'1] 1 \' l' l" , ell- ' : n :ar y eqllil~:

( ., \')
~"

r-·---···'
Vloh -pr.
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This follows from the relative positions of the relevant

indices in the "base-year fork" (L',)"Lh) antl in th,e

"observntion-year fork" (Pi,p,P)' and. from the fact t.hat

s~p ~ s~p' An index number formula is unb~i~sedi[ it. l:i es

(like the indices of (28)) in the middle of the followillg

figure constituted by the bnse-ycar nnd observation-year forks.

Figure 2 : The geometry of the index 'number problem

base year fcrk observation year fork

0 -:: log pI

1 t 2log L ~~ e
- t -- s

2 tp
,1 2

~-s log P2 t Gp 0 ~ -
---~- -- t

log £.. ;l>- e 1 2
t 2" Stp

1 2
~- S log2 ~ Up 0 ---e:::: p

Jog Lh 6)

@ denotes the point of gravity around which tfie
ri~)iased index numbers gather

The index numbi~r formulas F, t and ~l'i 3YC e.~:(lmpJ.es of

'1 t' 1 l' .1" t f ~ 1) "super Cl lye ,UllC un.noscu lliUCX nUITI)cr :o:t.'lnuJ.J,~~ ,\\'nl.C!l

(cxclutlin!1 exception;)l cases of vory.unequal pl'j.ce Ch:lllgC':;)

1) ~lo~;t oC t.he index JlwIIhcrs l ...hiL~h Fisher (19:'2, p. 2SS)
empiric(11)' ~lS.5j:-:\lcd to hi.:'> group::; of c:XCC'JJvl\t OJ'

sup c r 1 a t i. v c i 11ll (' X n 1I 111 beL'; III a y bC's h 0 IY'/l t 0 b C i.ll1 h j; I ~'c d
in our ~~ensc. Tlll'~;C ·incJudl'. in ~lddit1011 to I;J'~Tl~~-i-,Ts-
. I J '1 [" 1 ') - 1 ' 'I .) 1 ! .) L 1 ')' ~ " '" '') r1 ( C a I Jll C' X " ':: _:l, ..l t C' ~1st ... '1, I ....' • 0" (\, ,) _, :1, :\ _ .1 ,
1 1") -) 1 1 .) '1 1 1r, ' 1 1 r- cl • 1 - ) -, 1 - [. ~' ') 10 r - ') I r ,1 ; -:' [" - c ~; J -_., .,', .. ,) , ,,"l, ,) _ .~ , ,) J ..1" ,. r .l~») ,. .l' ~ ~ •.1 .) .), ,) " ... ,1 •

li,OS:;, B()S,~ in Fi~;\h";l"S 1H:!:ibcrin\~ system; cf ...11:";0 1:'lshc;'
(1~)2.~, p. ~()S). 1IIlhjl1~,c,1 inllicc~ :i~n'cntcd <ICtCl' Fis!ll'1'
include'. ('.f~., Stl.l\'c.·l'~; ("1~)S7) index) 'Sf.'l' V~l!1 YZL'l'cn (I~)~):)),

J>iCh'l'I't's tI l1 7(,) I~)'/B) indic':·; and ~;;lin-\'i1l'ti;i illdc'x. ~iel'

~; a l: () (I ~l 7ll) ~1 Il d \-':11' t i a ('i ~ :' '!, 1 ~ I " (i) E~ '7 (d I) • '
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almost coincide with each other. In this connection it i.s

worth while to point out that F:isher's (1922) content iOIl

that Laspeyres formula (12) is approximately equal to t}l~SC

unbiased indices does not usually hold. None of the indices

in (L,R-,Lh) or (PR-,p,P) can be gcnerally recommended. The

biases of L,R-,p and P are usually only moderate, whereas p~

and Lh are usually clearly biased upwards and downwards l"CSPCC-

tively. It is possible, however, that even Palgrav0' s ordilwi ily

upwards biased formula (16) is more accurate than, e.g.,

Laspeyres' or Paasche's fOYIil.ulas; see Vartia (1978) and Silltola

d V t · (19'78").an ar ·l.a

B . f . d ·t t 0 - 1 -1ut l' Paasce's 1n ex P = 0:: ''I. (p./p.) ) . in Fisher's formula
111

F = /PT. is -replaced by Palgrave's index PSi, = l:: w~(pI/p~), a nel':

index number fermula

(29)

is definedl). Because Pt> P ahJClys and because

(30) log (p.c.jP)

l) This fUrJnula ",as used by [lcci.llc'nt instC(ld.of r:j:-;);c'r-'s
fonlllla .in calcu1(iting the fi.l1(d Ul1i L value ilhlic(':.;
( 19 5 i~ ". i 0 II ) l) C Fin n i ~; h for C' j g 11 t r;\ des t (\ t i :; L le:·;, ~ c C

Ll j ~\ nder (1 ~) () S, 19 :i '/) all d \.' ,11' t i. a l.l 9 7~)) •
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wc have

always and

(32) VPl·L ' 1 210 g --,- R:J - sF I 2 tp

. Thi s shows that J Pt· L is always bi ased upwards compare cl

to Fisher's iaeal index~the relative difference between

~I and F being half of the new price varia~ce s~p'

The bias, compared to any unbiased index number formula

is of the same order of mDgnitude. The upward bias is not

a constant but increases with increasing dispersion of the

price relatives.

Because the arithmetic mean is always grealer than or equol

to the geometric mean, we have

(33) ~ (Pt + L) > /PM> F

Thus the bias of the arithmetic meun of P<1lgrrr\!I.? P.t rind

L ;l S pc)' res L

(34)

~1(1' 0')1 tin'" .. 'z h' i. -l Wi· \. Pi! ('.i )
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---~

f I or /~01' of mngni tuuc: as the bias of ,/ P,e.· Lis 0 t le s allle u-_

(35)

3.

1
""2" (Pt + L)

log p F'3

Conclusions

tEquation (35) shows that the currency index P1974 of (3) anJ,

there fore, the Bank of Finland currency index (4) Cl re UPh';: n! s

biased compared to Fisher's ideal index (or any other unhj~,scd

index number formula) calculated from· ~he same datu. It c~n

also be inferred that, if the,Bank of Finland currency index

sP'974 is kept constaht, the c~rrcsponding currency index

calculated from Fisher '.s (or any unbiased) formula "Jill ~jlO\'lly

drift dO'.\'TI\·:ards as the price relatives hClve a t.endency to

dispel'se more from each other'. Thus the policy of keeping the

Bank of Finland currency index constant means, iJl fac~, a gradu:l

revaluation of the Finnish Mark. When writing th2~; in July '19Sfi,

the upward bios is about 1.5 %. This mC<.LJ1S that, <lccol.bng to

the official currency index, the Finnish T1!JTk is sho\\'n to h.:

deva1ued since 1974 by 1.S p8rcent~:ge pojnt,:; 11101'8 th::ll lS

actually the' case 1). Thus a devaluation Cif 1.5 0
" ,,'ouId nOl. be-

nee e s s a r)' J, nor cl c r f 0 1- the pr Cl per 1 y mcas u r C II ex t C' I' tl :11 ': ~t 1 U ('

1) This hi,is LS exclu:;i\rc]y tht' rcslIJtof the unlol'tllil:ILI.' l·!l'.)ic(·
of th\.' indc~: Tllll;:hcr [nrlllllLt. lr, in:=:I(:~ld or t'hl~ ll':ldc \.. ('i~~hi::.
contract \\vir:ht~ (~~i\,jn;~ rh'~' :;harl~s ()('" di.CrC1'('nt ClIl'rCIl":C';

.i n fort'i Pi! t l"ilcli..' con l r:\\·.t,~:) :i [](l iin l!;;I) i:l ;;ed i.l1d,'.\ 11llll1hc r., . . .

(lH'illtlLI \\'\"l' :l:-l'd, tl\(~ d iSCl'l'Pill\C.Y HOldd. iIlCi'Cil:.C to ~)

{1(' l'l: en t:1 g\~ po i.n l:; •
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of the Finnish mark to agree with the recently obt~liJlcd value

of the official but biased index. The ceteris parihll~-~ :iJ1CreaSl'

iri export earnings corresponding to such a devaluation would

be about 750 million marks a year.

A properly calculated (unbiased) index has tCffiDorarily even

been below the confirmed offitial lower fluctuation limit

for the external value of the Finnish mark, sce figure 1. Ihat

errors of this order of magnitude are not irrelevant is clear

from the heated political discussion concerning the 2 pelcent

revaluation in the spring of 1980.
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