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Yrjo 0. Vartia* and Pentti L.I. Vartia**

‘A note on upward bias ‘in ‘the BanK of Finland

‘currency index

1s Introduction

L)

)

fhe Bank of Finland currency index intends to reflect the average
change in the exchange rates of the currencies mecst important in
Finland's foreign trade; see Pﬁro (1978). According to the
Currency Act which came into fo%ce on November 1, 1977, the
currency index should be an expression of the external value of
the Finnish mark. The wrinciples of calculation of fhe currency
index and its fluctuation limits are to be confirmed by a Cabinet
Decision, on the proposal of the Bank of Finland. The method of
calculating the currency index was specified in a Cabinet
Décision which entered into force on Novembcrz1, 1977, and hasn't
been changed since. The currencies included in the index are the
currencics of thcese countries which, in cach of the last three
CQlcndar yéars, have accounted for at least one percent of the
total value of Finnish commodity trade. (A currency rct quoted

by the Rank of Finland and not generally used in Finland's

forcign trade with the country concerned is replaced in the
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curfency index by the quoted currency most used in that
trade.) The ratio between the exchange rate for the current
period and the base period rate is.determined for each
currency included in the index. Thesc ratios are weighted
together by the corresponding countries' shares in Finland's
foreign tradcj). The weights are calculated as arithmetic
averages of the shares for Qhe base period and the last four
full quarters for which official foreign trade statistics

have been relecased; see Puro (1978).

In symbols, the currency index P?974, comparing the base year
1974 and the observation period s (a given day), may be
written:

s
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where pi is the exchange rate of the ith currency for the

1974

observation period s and P; is the mcan exchange rate of

the same currency during the base period 1974. The wecights
1974' h 5 N ) . 2 4 3
Wy and wy are the shares of the corresponding country in
Finland's foreign trade (commodity imports and exports)
respectively in 1974 and in the last four full quarters for

which the data is available.
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1) Our analysis is also rclated to the exchanse rate index of
the Central Bank ol Sweden; sec Franzén, Markewski and
Rosenberg (1980). We disugree with them on some points
concerning the vationalication of the index number formula
of the Riksbunk's currency- index, parvticularly with their
view that only exchange vate indices of the arithaetic
type should be used.



Figurc 1: Monthly avervages of the Bank of Finland currency index
and its fluctuation limits (a copy from the Bank of
Finland Monthly Bulletin)
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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

P =z = ¥ P

% -1977 1 -
’
: 1974 Ty1977 1974 -

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

was calculated and the summation is over all such days. Since
the trade shares WE for the last four full quarters of the
most important trading countrics are slowly changing
characteristics, the yearly average §$974 for any calendar
ycar t is very accurately approximated by the folléwing yecarly

currency index

t

I . .
. t 1. 1974 t., Pi
3) Pro7q = E (v * wi) (—rg7q) >
i=1 5

1

s 1 b e B ¢ .
where P o= Txpi is the average exchange rate of the ith

currcncy in the year t and wE is the trade share of the



corresponding country in the same calendar year t. In (3)

all the data comes from.two periods, the base yeaf 1974 and
the obscervation ycar t, while, e.g., in (1) three pecriods

are involved 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 (5), which will
“very accurately approximatc.the yearly average of the daily
currency indices

=t

_ 1.5
(4) Pig74 = T

P .
- 1974

Weintend to demonstrate that the Bank of Finland currency
index has the unfortunate 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).

24 Some topics in index number theory

The pricc relatives p}/pg = ﬂS(i) of the exchange ratcs of
various currencics from the base year tO to some obscrvation
year t may be aggregated into a currcency index PS in various
.ways. In the simplest methods some well-known weighted average
(c.g., arithmetic, geomectric or harmonic) is used, while the
weiphts w. are valuc sharcs of some kind of the currencies
cither for the basc yecar or for the obscrvation ycar. We do
not discuss here whether, instead of the trade sharves of the

currencies, some other shaves (e¢.g., import or export sharves



or contract shares) should be used1). The choicce of the type

of sharcs on which the weights of the currencies are bascd

is an important but difficult. question, which affeccts the
meaning and scope of the currency index, but this problem is
put aside in the present paper. We consider herc only trade-
weighted currency indices and show how the results are affccted

by the choice of thc¢ index numbér formula. We will demonstrate,

in particular, that the choice of the index number formula for
the Bank of Finland currency index 1s an unfortunate one, since
the formula will produce, in any data, upwards biased results
compared to index number formulas which may be classified as
“supcrlative in index theory. Our analysis is based on the
results of Vartia (1978). Our results will not depend on the

length of the obscrvation period or .on the type of shares on

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

. : - 0 1 2 :
consider only consecutive years t , t , t“,... as observation

. p - 0 1 2 - o : . -
periods, and the shares Wi Wop Wiseeo of the various currencics

ai~wi11 here be trade shares calculated from commodity imports
from and commodity exports to the country having the currency
a,. The exchange rate p§ is the mean "price'" of the currency

ay in Finnish marks during the year t and the '"price relative"
tooy o o t, 0 . . . o
ﬂo(l) = pi/pi indicates the rclative change in the price of the

. 0 o .
currcncy a; from the base year t~ to ycar t. The statistical

units arc the n currencics RN and we have the vectors

]

(5) e = (g (1), e, (n)

1]

t, 0  _t,.0
(pl/pi""’Pn/nn)

1) For instonce, the Laspeyres-type curvency index (1970=100)
published by ETLA since 1974 uses cxport shaves; sce Subdoanne
Re=R1s6.



(6) WE o il

of price rclatives and value shares for any ycar t.

Specifically, for the base year tO, ﬂg = (1,...,1) and

(7) w = (wl,...,w

Weighted arithmetic, geometric and harmonic means of positive

numbers Xq9eesXy with positive weights Cyseee5Cpy are deiined

and denoted respectively

n n
(8) A(x,c) = X c.x./ ¥ c.
i=1 * Y i=1 1
-
n C1 Zci n n
(9) G(X:(‘:) = (W ] ) = exp(( T = log Xi)/z c.)
i=1 i= i=1 ~
n n
(10) H(},\,C) = i-}:—.lci/izl(ci/xi)
n _1 D =5
= (X c;x;7/ T c:)

It is well known, that for all x's and c's,
(11) A(x,c) > G(x,c) > H(x,<c)

with cquality i€ and only if all x's are equal. Applying (11)

t,. 0 . .
to x, = u0(1) and c; = w; we get for the basc-yecar weighted

- e -

arithmetic, geometric and harmonic indices



(12) L = A(ng,wo) = I wgng(i) "Laspeyres'
(13) £ = G(NS,WO) = exp(Z wglog nS(iD "Log-Laspeyres'
-1 -1
(14) Lh = H(ng,w0)=:(2 wgng(i) ) "Harmonic
- Laspecyres"
the inequality
(15) AcnE w0y 2 60l w?) > S Wb,

or shortly L>4£>Lh in the notation of Vartia (1978).

Similarly,the observation-year weighted indices

16) PL = A(ht,wt) = T w?kt(i) “"Palgrave"

0 i°0
17 p = G(ng,wt) = exp(i‘wglogné(i)) "Log-Paasche"
(18) P = H(Hg,wt) = (X wzﬂg(i) ) "Paasche"
satisfy
(19) A(nt,wt):>G(nt,wt):>H(nt,wt),

0 = 0 = 0
or shortly P£>p>Lh. In the “"three tined forkz'" (L,l,Lh)

and (PC,p,P) of the base- and observation-year weighted



indices only L and P have a basket interpretution1). Very
few generally uscd index number formulas (except Laspeyres
and Paasche) have a basket interpretation, and thus it is
often not quite lecgimitate to specak of a "currcncy basket"
in conncction with currency indices. For instance, ncither
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 mecant

to be an approximation to and Edgeworth type of currency

t,, 1974, t,, 1974 1974
1974 = P tla " +a)/p ’

a basket interprectation, but that the currency baskets qt

index Pt *(q

t .
+q '), which has
were confounded with the valué shares wt. In currency index
literaturc, the vector of value shares is not infrequently

treated as if it were a currency basket.

1) Let vy be the value,in Finnish marks, of foreign trade
(exports and iwmports) with a country having the currcncy

a; and let P; be the price of currency a, in terms of

Finnish marks. Then, A =V /p , or the valuc of forecign
trade with the country hﬂVlnc Lho currency a. in this
; n

country's own currency. Now, Wy = p.q. and W, = vi/ LoV,

: ) i=1

. 0

For Laspecyrces’ index we have L = E w (p /pl) =

0, ,« .0 0 0 ' t 0,0 0 .,
z Vg(p?/p,)/L Vi = % p 145 / 1 L = Dpeat/pieg. lierc
qO = (q1,...,q ) is a basc ycar basket ¢f currencics, the

amount of every currency q representing the buase vear

fnlclvn trade with the }0trpbppnding country. Thus, ec.g.,

p -q is the volue of the basc-yecar basket of currencices
0 . . i

q at the obscrvation-period cxchnngc Pates P

Similavly we have lor the Pauasche's index:

P = (F w}(p!/p?)"')" = pleg 7pt gl

s /AT



The relative differcnces of the basc year wecighted indices

depend on the variance

2

(20) sOp

0, . t,. t _0..2
= X wi(logno(l)-log(S(nO,w ))

0 t, 0 2
z w;(log (p;/p;) - logt)

of the price log-changes logwg(i) = 1og(p§/pg). If 211 price
relatives pg/pg happen to be the same, the log-changcs

log (pE/pg) of the prices coincide with the log-change c¢f the
price incex log®, which now also equals log L and logLh. As
shown in Vartia (1978), the relative differences of the base-

year weighted indices satisfy

L e 2
(21) logy ~logyy ™ %SOP

Similarly, the observation year weighted indices satisfy

PE p ., 1.2
(22) log-—p—- Nlogp ™ —-St.p >
where
: 2 o AP t
(23)  sgp = T wi(logmj(i) - log € (nf,w5))”

t t, 0 2
X wi( log [pi/ui) -Jogp)™ .
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_ . . 2 . B
Usually thc variancces SOp and btp

almost cqual. The rclative difference between Log-laspeyres

of the price log-changes arc

£ and Log-Paasche p

I
™M

. t 0 0
(24) log (p/2) Ovi-wi) log (pg/pi)

- t t 0
~ T %(WE'FWQ) log (wi/wg) log (pi/pi)

t t

V. /1 P
= et o) [1ogcd) - 10g(5) 1 1og (=)
2.8 1 0 V0 pU

5. 3

depends on changes in the pri;es of the currencics and in

the value shares w; = vi/2\3'=vi/v (or values vi). Actually,
log(p/L) is approximately equal to the covariance cov(Alog'vi,
Alog pi) between the log-changes in values and those in prices

as calculated with the mean weights %(wg + wg). Regardless of

the value of this covariance,

(25) F = VLP = V/Eg wg(pffpg))(i“wi(pi/pg)-l)_l "Fisher"
(26) t = \/f,p\ = exp (Z% (wg + wb lop (1);’,92)) "TOorngvist?

and a third member in the family of Diewert's (1970, 1978)

superlative indices,

(27) VTt - Vo W i h e wieialy,

are all very ncarly ecqual:

————

28 Py t o VOLK-DLO,
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This follows from the relative positions of the relcvant
indices in the "basc=ycar fork" (L,%,Lh) and in the
"observation-year fork'" (P2,p,P) and from the fact that
s2 x 32 . An index number formula is unbiased if it lies
Op tp —

(like the indices of (28)) in the middlc of the following

figure constituted by the base-ycar and observation-yecar iorks.

Figure 2: The geometry of the index number problem

base year focrk observation year fork
) —~< " log PL
log L ;» e l1 2
i 1 2 ®tp
-1 .2
EfOp 0 < )t log P
S -, PR,
109’ 5 3> [+ 1 2 .
1 2 Stp
1.2 ' |
2 S0p o < log P
lJog 1Lh - ® 5

® denotes the point of gravity around which the
unbiased index numbers gather

The index number formulas F,t and vLh<P% arc evamples of

: . N . . 1 L
superlative .and unbiased index number foyrmulas 7, which

(excluding cxceptionul cases of very uncqual price changes)

1) Most of the index numbers which Fisher (1922, p. 255)
cmpirically assiencd to his groups of excellent or
superlative index numbers may be shown to be unbiascd

in our scense. These include, in addition to Pisher's

ideal indux F = 125, at least 124, 126, 1265 323, 32h,
1125, 1124, 1153, 1154 ,°71325, 1353, 253, 2564, 2353, 53253
8053, 8051 in Fishor's numbering system; cf. also Fisher
(1922, p. 205). Unbiased indices invented alter Fisher
include, eog., Stuvel's (1957) index, scce van Yzoren (19568),
Dicwert? s (1976, 1978) indicos and Sato-Vavtia index, sce
Saro (1970) and Vavtia (1970, 19706, 19470b).

.

b

¥
3

’
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almost coincide with cach othicr. In this connection it is

wprth while to point out that Fisher's (1922) contcntion

that Laspeyrcs formula (12) is approximately equal to these
unbiased indices deoes not usually hold. Nonc of the indices

in (L,%,Lh) or (P2,p,P) can be generally rccommendcd. The

biases of L,%,p and P are usually only moderatec, whereas PR

and Lh are usually clearly biased upwards and downwards respec-
tively. It is possible, however, that even Palgrave's ordinorily
upwards biased formula (16) is more accurate than, e.g.,
Laspeyres' or Paasche's formulas; see Vartia (1978) and Sihtola

and Vartia (1978).

T =1

in Fisher's formula

)

F = V/PLL is replaced by Palgrave's index P& = I w?(p?/pg), a new

But if Paasce's index P = (I Wg(pg/pg)—

index number fermula

e R P T TR
(29) VPL-L = V(X w;(p;/p;)(Z wi(p;/p;))

. ; 1
is defineal). Because PL>P always and because

Z

(30) 1og (PL/P) = Stp

1) This formula was used by accident instcead of Fisher's
formula in calculating the finpal unil value indices
(1954=100) ol Tinnish forcign trade statislics, se¢
Kujander (1965, 19537) and Vartia (1979).

\
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we have
(31) pL-L> VP.L =F

always and

VPLL 1.2

(32) 1Og—‘“-I-_r-‘°— ,N 'Z'Stp .

.This shows that V P£-L is always biased upwards compared
to Fisher's ideal index,the relative difference betwcen
vV PL.L and F being half of the new price variance s%p.
The bias, compared to any unbiased index number formula

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

a constant but increases with increasing dispersion of the

price reclatives.

Because the arithmetic mean is always greater than or eqgusl

to the gcometric mean, we have
(33) 2pe+1)> VPLL>F.

Thus the bias of the arithmetic mean of Palgrave PL and

Laspeyres L

(4 gLe1) = 3Evii/e]) ¢ frvie/e

i
™M
By =
o~
=
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— e,

is of thc same order of magnitude as ;ho bias of VvV PL-L:

FELAL) o '
(35) log T & 7Stp .
3 Conclusions

s & - t -5
Equation (35) shows that the currency index P1974 of (3) and,
thercfore, the Bank of Finland currency index (4) arc upwards
biased compared to Fisher's ideal index (or any other unbiuscd
indcx number formula) calculated from:- the same data. It can
also be inferred that, if the Bank of Finland currency index

s . ) _ o . e i

P1974 is kept constant, the corresponding currency index
calculated frem Fisher's (or any unbiascd) formula will slowly
drift downwards as thc price relatives have a tendeiicy to
disperse more from each other. Thus the policy of keeping the

Bank of Finland currency index constant mcans, in fact, a graduczl

revaluation of the Finnish Mark. When writing this in July 798§,
‘ 8 Y

0

the upward bias is about 1.5 %. This means that, according to
the official currency index, the Finnish mark is shown to e

devalued since 1974 by 1.5 percentage points more thian 1is

1)

actually the case 7. Thus a devaluation of 1.5 % would now he

necessary in order for the propecrly mecasured cxternal vaiuce

—————

1) This bLius ts exclusively the result of the unfovtunate choice
of the index nowber fovmula. LI, instead of the trade weiohie,
contract weilghts (giving rthe shaves of dilferent currencics
in foreien trade contracts) and an usihiased indox number
formula woe-e usced, the discrepancy wonld increuane to 3
percentage points.



of
of the official but biased indcx.
in
be about 750 million marks a year.

The ceteris paribus

the Vinnish mavk to agrece with the recently obtained valuc
increasce

export carnings corresponding to such a dcvaluation would

A properly calculated (unbiased) index has temporarily cven

been below the confirmed official

for the external value of the Finnish mark

errors of this order of magnitude

lower fluctuation
see figure
ant i1

are not irrelev S

Timit

3.

That

clear

from the heated political discussion concerning the 2 percent

revaluation in the spring of 1980.
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