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ABSTRACT

A MULTI-COUNTRY LINK VECTOR AUTOREGRESSION MODEL 
THEORY AND EVIDENCE 

by
Demirhan Yenigun 

University of New Hampshire, December, 1986

Vector Autoregression <VAR) is an alternative to struc

tural econometric model building, specifically in forecast

ing. The challenge of the VAR technique has been, however, 

limited to models of national and regional economies.

This dissertation extends the scope of the VAR technique 

with the construction of a multi-country Link Vector Autore

gressive (LINK-VAR) model based on eighteen OECD economies. 

It offers a unique way of combining the linkage specifica

tions of global structural econometric models with the VAR 

technique. Each national economy in the LINK-VAR model is 
specified by four macroeconomic variables: output, nominal 

money supply, prices, and a short-term Interest rate. Lin

kages among countries are formulated through link variables 

created from IMF's multilateral trade weighting scheme. The 

dissertation empirically Investigates the extent to which an 

international VAR model can improve forecasting over VAR
xxiv



models which are limited to domestic Influences.

Two alternative linkage mechanisms were developed. The 

first mechanism links the four domestic variables of the 

typical country model to the other countries with a differ

ent link variable: an output link, a money supply link, a 

price link, and an effective exchange rate link. The second 

linkage mechanism includes both a foreign demand variable 

using the output link and an economic/financial price vari
able using the effective exchange rate link in each equation 

of the domestic model. Using monthly data for the period 

July 1972-June 1984, the two versions of the LINK-VAR model 

and individual country closed economy VAR models are esti

mated to generate twelve period ahead ex-post forecasts for 

statistical evaluation.

The results from both linkage experiments emphatically 

suggest that forecasts of domestic variables improve sub

stantially when a linkage mechanism is added to domestic VAR 

models. This argument is more forceful when the forecast 

evaluation focuses on country-by-country comparisons.

X X V



INTRODUCTION

Larg« seal* structural aacrotconoaatric national aodala 
hava baan vldaly uaad for foracaating and aconoaic policy 
analysis by public and privata dacision Makars. Starting 
about 1968, tha scopa of macroaconoaic modal building has 
baan axtandad to world wlda aodala. In part this axtansion 
racognizad tha growing aconoaic intardapandanca aaong coun- 
trias. As a raaady for tha ovarsimpliflad traataant of tha 
foralgn sactor in doaastic aodala, aultl-country structural 
aconomatric aodala hava baan construotad, to explicitly cap- 
tura tha international transmission of aconomic fluctua
tions.

Nevertheless, in recant years there has baan a growing 
controversy concerning tha accuracy and usefulness of struc
tural aconomatric models. Tima series methods hava baan 
introduced by soma economists as an alternative to struc
tural aconomatric modal building. One method which has 
received a substantial amount of interest in tha lata 1970's 
has baan tha vector autoregression (VAR) technique. Several 
studies hava shown that equally accurate short tarn fore
casts could be generated for aconomic variablas using tha 
VAR method. This challenge of tha VAR modeling is becoming 
more and more acceptable even by tha proponents of large- 
scale structural econometric models.

1



□n th« other hand, until now, the iaaue of Incorporating 
the International tranaalaalon of eoonoalc fluctuations Into 
doaeatlc aodala haa not baan addraaaad by tha VAR aodal 
bulldera. Tha acopa of thla ralatlvaly naw tachnlqua had 
baan kapt In tha contaxta of country and regional aodala and 
thara has baan no auccaasful attempt to extend thla aathod 
on a multi-country acala. Disregarding tha International 
affects on doaeatlc economies aaama to be a aarloua limita
tion.

Tha objective of thla study la to build an international 
aacroeeonoaic modal In which Individual country models are 
raprasantad by small-acala "vector autoragraaaiona." This 
reaearch introduces a unique way to develop a vector autore
gressive multi-country modal by combining tha VAR technique 
with a method of specifying aconomic intar-country linkages 
which are utilized by tha structural multi-country modal 
builders. Tha proposed Hultl-country Link Vector Autoregres
sive (LINK-VAR) modal demonstrates tha significance of 
incorporating tha international transmission of aconomic 
fluctuations in projecting aconomic activity in individual 
countries.

This dissertation is traditionally organized. Chapter I 
reviews structural international macroeconomic model build
ing. Chapter II discusses the problems concerning large- 
scale structural econometric models. The theory of vector 
autoregressions is detailed in Chapter III. Chapter IV pre-
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aanta a aurvvy of tha atudlaa which uaa tha VAR aodwllng 
tachnlqua. Chaptar V daacrlbaa tha aaln faaturaa of tha pro- 
poaad LINK-VAR Modal. A dlacuaalon of tha data and tha aodal 
aatlaatlon la providad In Chaptar VI. Chaptar VII la davotad 
to tha praaantatlon and lntarpratatlon of tha raaaarch 
raaulta. Tha final chaptar auaaarlzaa tha raaulta and 
lncludaa aoaa concluding raaarka.



CHAPTER I

AN OVERVIEW OP INTERNATIONAL HACROECONOHETRIC MODELING

Introduction

Sine* the and of World War II, thara has baan a growing 
interaat in lntarnatlonal aconomatric modaling. World wida 
aodala hava baan built to study tha lntardapandanca of aco
noaic activity among countriaa and raglona. Tha aodala that 
wara built bafora 1968 wara basically daaignad to analyze 
tha atructura of lntarnatlonal trade.1 Thay wara davalopad 
bacauaa of tha lnharant intaraat in tha flow of raaourcaa 
from country to country (or from ragion to ragion) and, to 
ractify tha ovaraimpllflad apaclflcation of tha foraign aec- 
tor in national aodala.* Aaong thaaa aarly aodala tha 
atudiaa of Hatzlar (1930), Polak (1934), Backaraan (1936), 
Tinbargan (1962) and Woollay (1963) lnvastlgatad tha trana- 
aiaalon of short—tara fluctuations aaong countriaa.

Tha first and probably tha moat aabltioua work in lntar
natlonal aodallng was tha Project LINK, which opanad tha way

■ Saa for instance Taplin (1967 > for an axcallant survay 
of world trada aodala.

* In aoat national aodala foraign sector la spacifiad as 
axoganoua or as a function of doaeatlc variables.
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s
to the construction of larg* acala and datallad world mod- 
•la. It was established In 1968 undar ths diraction of R.A. 
Gordon, B. Hlckaan, L. Klsln and R- Rhoabsrg and Is tha 
largast and aost ambitious lntarnatlonal modallng effort to 
data. * Tha Project Link was tha first attampt that undartook 
tha building of a world modal by linking axlstlng national 
short-run structural aconomatric aodala. Tha pionaaring Pro- 
jact LINK and most of tha afforts that followed, all 
included national or regional disaggregation of tha world 
economy with linkages and interactions among tha regions 
emphasizing tha different aspects of tha world economy. A 
nummary of tha main features of tha major macroaconomatrlc 
link models is presented in Table 1.1, which is an update of 
a similar table that appeared in Hickman (1983, p.4). It 
should be noted that, in addition to tha six major models 
presented in Table 1.1, there are also other modeling 
efforts that should be mentioned such as the Netherlands

* There has been a growing literature on the progress of 
Project Link since it was established in 1968. The detailed 
exposition of the model can be found in three volumes edited 
by Ball <1973a>, Waelbroeck (1976), and Sawyer (1979). The 
different aapects of the model and its performance has been 
discussed in Ball (1973b), Hickman (1973), Klein and Van Peet- 
ersen (1973), Horiguchl (1973), Waelbroeck (1973), Klein and 
Keith (1974a, 1974b), Hickman and Schleicher (1978), Klein,
Hickman and Filatov (1983). For the most recent developments 
in Project LINK see Hickman and Klein (1989). Hickman and 
Klein (1985) report that recently some 39 new models for 
developing countries have been added into the model. These 
models have been built at the University of Pennsylvania using 
some guidance from Third World scholars.



TABLE 1.1. A SUMMARY OF HATH FEATURES OF HAJOR MULTI~
COUNTRY MODELS

MODEL HUMBER OF PRINCIPAL PRINCIPAL PURPOSES OF MODEL
REGIONS ENDOGENOUS EXOGENOUS

<NO. OF VAR.> VARIABLES VARIABLES

PROJECT
LINK

32 
(6* OOO)

Regional aacro 
varlablaa (GNP, 
prlcaa, aaploya., 
trada balancaa), 
trada flova and 
prlcaa, axchanga 
rataa

Raglonal 
policy var
lablaa, popu
lation, oil 
prlcaa.

1. Ex-anta Foracaating of 
vorld trada, GNP, Inflation, 
balanca of trada,
2. Slaulatlon atudlaa of 
lntarnatlonal tranaalaalon 
aachaniaa and pollelaa.
3. Long-run alaulatlon of tha 
world aconoay.

OECD
INTERLINK
HODEL

31 
<1* 400)

Raglonal aacro 
varlablaa (GNP, 
prlcaa, aaploya.) 
trada and capital 
flova, intaraat 
and axchanga 
rataa.

Raglonal 
policy var— 
lablaa, popu
lation, oil 
prlcaa.

1. To oxplaln aconoaic llnka 
within OECD and with non-OECD
2. Slaulatlon atudlaa of ln
tarnatlonal tranaalaalon 
aachaniaa.
3. Short-tara foracaating of 
aconoaic activity in OECD 
countriaa.

TSUKUBA-FAIS IS
(600)

Raglonal aaero 
varlablaa (GDP. 
prlcaa, trada 
flova, axchanga 
rataa, Intaraat 
rataa.

Raglonal 
polley var- 
lablaa, 
official 
dlacount rata, 
oil prlcaa.

1. Slaulatlon atudlaa of ln
tarnatlonal tranaalaalon 
aachaniaa.
2. Short and aadlua tara 
projactlona and policy analy.
3. Coaparatlva atudlaa of 
aacroaconoalc bahavlour.

DE5HOS
HODEL

10
<4301

Raglonal aacro 
varlablaa (ONP, 
prlcaa. aaploya,) 
trada flova and 
prlcaa.

Raglonal 
policy var
lablaa,
Intaraat rataa 
axehanga rataa

1. To aodal tha coordination 
of aconoaic pollelaa m  tha 
EEC countriaa.

FEDERAL
RESERVE
HULTI-COUMTRY
HODEL

6
(950)

National accounta 
capital accounta. 
balanca of paya., 
trada and capital 
flova, Intaraat 
and axchanga 
rataa.

Raglonal 
policy var
lablaa, papu
lation, 
oil prlcaa.

1. To aodal tha lntarnatlonal 
Influanca on tha US aeoneay.
2. To aodal US Influanca on 
othar aconoalaa.
3. Ex-anta foracaating of 
vorld trada, GNP, Inflation, 
axchanga and Intaraat rataa.

FAIR
MULTI-COUNTRY
HODEL

42
(900)

Raglonal aacro 
varlablaa (GNP, 
prlcaa, aonay, 
balanca of paya.) 
trada and capital 
flova, axchanga 
and Intaraat 
rataa.

Raglonal 
policy var
lablaa, popu
lation, oil 
prleaa.

1. To aatlaata output, prlea, 
Intaraat rata and axchanga 
rata Unkagaa aaong countriaa
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Central Bureau'a METEOR model, the European Economic Commu
nity's COMET and EUROLINK models, and the Economic Planning 
Agency of Japan's EPA World Econometric Model. All of the 
multi—country models are large-scale systems usually linking 
a substantial number of countries and regions, and contain 
hundreds of endogenous variables. They differ significantly 
In methodology, scope, purpose, and stage of development. In 
order to see the differences and similarities between the 
major models of Table 1.1, a brief discussion of the main 
features and linkage mechanisms of each model will be pre
sented below, followed by an asseament of their overall 
characteristics.

Project LINK

Project LINK is an ongoing International research pro
ject which brings structural national econometric models of 
eighteen developed market economies, eight centrally planned 
socialist countries, and five regions of less developed 
countries (LDCs) Into a model of the world economy and world 
trade. The individual models and research institutions 
involved in the project are listed In Table 1.2.

The Project LINK model provides Integrated projections 
for the vorld and Individual economies and, at the same 
time, studies the international transmission of policies and 
other 'shocks' to the world economic system. It is a unique



TABLE 1.2 THE PARTICIPANTS OF THE PROJECT LINK

COUNTRY THE INSTITUTION CONSTRUCTINGTHE NATIONAL HODEL

OECD COUNTRIES
Auatralia......... Univaraity of MelbourneAustria........... Institute of Advanced Studies, Vienna
Belgium...... . Free University of Brussels
Canada............ University of Toronto
Denaark........... Central Bureau of Statistics, CopenhagenFinland........... Bank of Finland, Helsinki
France............ INSEE, ParisGermany (West)..... Bonn University
Greece............ Center for Econ. Plan, and Res. , AthensItaly............. University of BolognaJapan............. Kyoto University
Netherlands. ....... Central Planning Bureau, The HagueNorway............ LINK Central, PhiladelphiaSpain..............Universldad Autonoaa de Madrid
Sweden............ Stockholm School of EconomicsSwitzerland....... University of LausanneUnited Kingdom.... London Business SchoolUnited States..... U. of Philadelphia, Wharton EFA, Phil.
CENTRALLY PLANNED COUNTRIES
Bulgaria.......... United Nations
Czechoslovakia.... United NationsGermany (East).... University of LodzHungary........... Market Research Institute, Budapest
Poland............ United Nations
Romania........... United NationsSoviet Union...... Wharton EFA, PhiladelphiaPeople' Republic
of China.......... Stanford University
DEVELOPING REGIONS
Africa.............United Nations
Asia............... United Nations
Latin America..... United NationsMiddle East....... United Nations
Pacific Far East. . . United Nations

Sources The Outlook from Project Link, unpublished memo. Institute For Policy Analysis, University of Toronto, p.S.
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affort In bringing tog*th*r tha axlating larga-acala, coun
try Mlntalnvd national aodala which hava baan conatructad 
by varloua national raaaarch cantara around tha globa. In 
thla raapact. It haa tha advantaga that aach national aodal 
la conatructad and run by aodalara familiar with tha apaclal 
charactarlatlca and propartlas of thalr own aconomiaa. Tha 
national aodala of Davalopad Karkat Econoalaa (DMEa) In Pro- 
jact LINK ara larga—acala, dynamic, dlaaggragatad modala and 
vary conaldarably In taraa of aiza and apaclflcatlon. Tha 
daaand alda of tha modala ara charactarlzad by tha Kaynaalan 
lncoaa—axpanditura approach and. In moat of tha modala, 
monay la an Important dataralnant of aggragata damand 
through Intaraat rataa or raal balancaa. Tha aupply— alda of 
tha modala ara typically formulatad by labor aupply aqua
tion* and production functlona with capacity utilization 
conatralnta. Monay wagaa ara axplainad by domaatlc prlcaa 
ualng a mark-up hypothaala, am wall aa by oil and othar raw 
matarlala prlcaa couplad with a atructural labor markat 
Phlllipa curva.

Tha raglonal aodala for LDCa ara modalad dlffarantly 
than tha DHEa aodala. Output la aupply dataralnad by produc
tion functlona which lncorporata capital atock and non—fual 
inporta In tha non—oil axportlng countriaa. On tha daaand— 
alda, fixad lnvaatmant la partly dataralnad by importa, 
whila importa thamaalvaa ara conatrainad by foraign—axchanga 
raaarvaa axcapt for tha oll-axporting countriaa. Domaatlc
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prices are primarily determined by monetary balances and 
Import prices, with the nominal money supply assumed to be 
exogenous.

The models of the centrally planned countries are also 
supply oriented. The domestic price level Is a function of 
unit labor costs and Import prices.

These three blocks of countries are linked into a world 
system predominantly through their trade, endogenizlng all 
trade prices and quantities through a central trade model. 
Hickman and Klein (1985) report research efforts towards 
Integrating monetary and exchange rate linkages into the 
LINK model.

OECD INTERLINK Model

INTERLINK la a large-scale multi—country model developed 
by OECD mainly as a tool for short-term forecasting and pol
icy analysis.* A recent version of INTERLINK is presented in 
OECD (1982). This version brings together relatively 
detailed medium size structural models (approximately one- 
hundred and forty equations each) for each of the twenty 
three OECD countries with reduced—form models for each of

* See OECD (1982) for a detailed presentation of equations 
and parameter values. The different aspects of the model have 
been discussed in OECD (1979, 1980, 1983). The trade model 
which is an Integral part of the OECD model Is discussed In 
Samuelson (1973).
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the eight non—OECD raglona. World trade end financial lin
kage aodela link the OECD countriee to the non—OECD regiona. 
An illuatration of the etructure of INTERLINK ie provided in 
Exhibit 1.1.■

The OECD member country models are basically Keynesian 
Income—expenditure models which include blocks of equations 
determining the main components of demand; prices and wages; 
the distribution of income and output; and, employment and 
key financial variables. The supply—block determines employ
ment, industrial production, unit labor cost, productivity 
and a measure of GNP gap. The eight non—OECD region models 
are much less detailed including neither domestic expendi
ture nor income distribution equations. Trade volumes and 
prices are the model's most significant linkage channels. 
These are determined by a world trade model which la inte
grated into the INTERLINK system. Within each country model, 
import volumes and export prices are determined as a func
tion of domestic demand, costa and international competi
tiveness. The international financial linkage block is 
designed along the same basic principles as the world trade 
model. In this case, the linkage channel is net interna
tional capital flows, which for each country are a function

■ The twenty three OECD country models are for Australia, 
Austria, Belgium and Luxembourg, Canada, Denmark, Finland, 
France, Germany, Greece, Ireland, Iceland, Italy, Japan, Neth
erlands, New Zealand, Norway, Portugal, Spain, Sweden, Swit
zerland, Turkey, United Kingdom and USA.



EXHIBIT 1. 1. THE BASIC STRUCTURE OF THE OECD INTERLINK
HODEL

Modala ol 
8 non-OECD 

( • f io n t

M odd l ol 
23 OECD 
countfiai

Source: OECD (1983), p. 65.
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of short-term interest rate differentials, the expected rate 
of currency depreciation/appreciation, and foreign current 
account balances. Changes in the exchange rate, interest 
rate, and money supply for any single country feed via capi
tal flows to other countries affecting their exchange rates 
and interest rates through the system.

TSUKUBA—FA1S Model

TSUKUBA—FAIS Model was developed in 1974 by the Univer
sity of Tsukuba and the Foundation for the Advancement of 
International Science (FAIS). The model has been most com
monly used for simulation studies of international transmis
sion of domestic economic policies, the assessment of the 
international impacts of oil—price increases, and the analy
sis of the Impact of floating versus fixed exchange—rate 
regimes. •

The demand—side of the model for the developed countries 
is specified by the Keynesian income—expenditure approach. 
The supply-side of each model includes the potential GNP 
which is determined by a production function and serves as a

* TSUKUBA—FAIS Model covers eight developed countries 
(Australia, Canada, Federal Republic of Germany, France,
Italy, Japan, United Kingdom, and United States), five major 
developing countries (Brazil, India, Indonesia, Iran and South 
Korea) and two remaining regions (i.e., the socialist and 
other developing regions.) See Shishido (1980) for the exposi
tion of the model, also see Shishido (1983) for the discussion 
on the use of the model for long-term analysis.
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target, lor demand management policies.

The money aupply In the developed countrlea la apecilled 
aa a lunctlon ol the balance ol paymenta aurplua (or deli- 
cit), government aurpluaea (or delicits), the private demand 
lor Inveatment and the monetary policlea ol the central 
bank. In the developing countrlea money aupply la treated aa 
exogenoua. Prlcaa In both developed and developing countrlea 
are explained by the rate ol capacity utilization, the aup
ply ol money. Import prlcea and price expectatlona.

The linkage mechanlam In the TSUKUBA-FAIS Model la 
through commodity trade llov matrlcea lor tvo commodity 
groups (primary and manulactured». Importa are determined by 
Income, import and domestic prlcea, and exchange ratea, 
while global aupply and demand models determine exports and 
Importa lor each region. Exchange rates are endogenous lor 
developed countrlea and are determined by relative prlcea, 
current balances, expected real rates ol interest, and mar
ket intervention by the central bank. Exchange ratea are 
treated aa exogenoua in the developing country models.

DESMOS Model

DESMOS Model la a multi—country linked ayatem developed 
to study the coordination ol economic policies in the Euro
pean Economic Community (EEC) countrlea. Unlike Project LINK 
the national country models are amall—acale and the econo-



IS
miaa of •■ch country ara daacrlbad by aiRilar aquationa.7 
The modal la daaignvd In taraa of four block* of aquationa 
formulating tha intardapandanca of rami varlablaa and prlcaa 
In EEC countriaa, vhara tha aconomic activity outaida of EEC 
countriaa la traatad aa axoganoua.

Thara la an lncom* and axpanditur* block rapraaantlng 
tha damand—alda, which la charactarizad by tha Kaynaaian 
approach. Tha factor daaand block conatitutaa tha aupply— 
aide and la repraaanted by factor demand aquationa with a 
aingle production function and capacity utilization con- 
atralnta. Tha waga-prlca block linka wagaa to both unamploy- 
mant and prlcaa by Phillip* curvaa and axplalna prlcaa by 
coat—puah formula*.

Tha linkaga batwaan EEC countriaa ara rapraaantad by tha 
trada block. Each countriaa' importa ara dataralnad by ita 
output and by ita ralativa prlcaa. Import* ara than allo- 
catad aa axporta by bllataral trad* flow aquationa. Tha 
DESMOS Modal apaclflcally atudlaa tha machanlama through 
which policy lnatrumanta affact tha aconomiaa of tha EEC 
countriaa. It alao atudlaa how tha modal'* dynamic multipli-

7 DESMOS (Link in Graak) Modal waa firat built by Dr. M. 
Grinwi* covaring tha aix initial EEC countriaa. DESMOS II. 
which 1* an axtanaion of tha initial modal waa built by Dr. 
A. Dramai* covaring tha nln* EEC countriaa aa of 1974 (Bal- 
glum, Danmark, Fadaral Republic of Garmany, Franca, Iraland, 
Italy, Luxamburg, Natharlanda and Unltad Kingdom. Sa* Dra
mai* and Waalbroack (1974) for a datallad axpoaition of tha 
modal.
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trs might bt U M d  to formulate a coordinated aconomic policy 
for EEC.

Tha Fadaral Raaarva Multi—Country Modal

Tha Fadaral Raaarva'a Multi—country Modal (HCM) la a 
ayatam of llnkad national macroaconomic modala for fiva 
major induatrial countriaa with an abbravlatad modal for tha 
rest of the world.* The HCM la a short—run model and the 
simulations are limited to an eight quarter horizon. Tha 
model is daaignad to study tha lntarnatlonal transmission of 
aconomic pollelaa among tha flva major countriaa. Dynamic 
multlpllara ara calculated for a fiscal shock originating In 
aach of tha flva countriaa in pra—linkage (closed—economy) 
and poat—linkage (open—economy> modaa. Tha basic atructuraa 
of aach national modal hava substantial similarities, how
ever, there ara several differences which largely reflect 
tha differences in institutional detail. Each country in tha 
system is modeled as fiva markets, domestically produced 
goods, labor, monay and short-term and long-term bonds, with 
varying degrees of complexity.

Tha demand—side of tha goods market is modeled using tha

* Tha flva country macroaconomatrlc models ara for Canada, 
Fadaral Republic of Germany, Japan, tha United Kingdom and tha 
United States. Sea Kwack, Sung, Berner, Clark, Hernandez—Cata, 
Howe and Stevens (1963) for a discussion of tha theoretical 
structure and simulation properties of the model.
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Xtynaalan lneoaa-axpandltura approach. Tha aupply—alda la 
rapraaantad by tha potantlal GNP, which la ralatad to tha 
capital atock and potantlal aaployaant via a Cobb—Douglaa 
production function with capacity utilization conatralnta.

Domaatlc prlcaa ara explained by mark—upa ovar wage 
coata, changaa In labor productivity, and tha coat of 
Importa. Waga rata In manufacturing and tha unamploymant 
rata ara datarminad In tha labor markat. Tha rata of changa 
in nominal wagaa la a function of tha unamploymant rata and 
tha expected rata of inflation. Tha rationala behind tha 
aquationa of tha labor markat la that bacauaa of minimum 
waga lawa and tha axlatanca of union contracta, wagaa do not 
adjuat rapidly, tharafora, thara la an axcaaa labor aupply 
in tha markat.

In tha monetary aactor, tha demand of tha commercial 
banka for free raaarvaa dapanda on tha abort—term intaraat 
rata and tha official dlacount rata. For a given atock of 
tha unborrowad baaa, tha ahort—term Intaraat rata will 
adjuat ao aa to equalize tha axlating aupply with direct and 
indirect demand for baaa monay.

Tha International llnkagea between tha countriaa ara 
apaclfiad in conalderable detail in tha MCH. Llnkagea 
through trada and capital flowa, aa wall aa changaa in 
lntarnatlonal raaarvaa, axchanga rataa and prlcaa, ara 
included In tha modal.
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Fair Multi—country Model

Fair Multi—country Modal which contain* aquationa for 
forty four countriaa, diffara from pravioua aodala in tha 
following waya: (1) It accounta for axchanga rata linkagaa
batwaan countriaa along with tha uaual trada linkagaa. (2)
In tha thaoratical modal tha concapta of atock and flow 
effacta are completely integrated. <3) Tha core number of 
countriaa in tha model la larger than tha other modala and 
the all data ara quarterly. <4> Unlike tha pravioua link 
modala, 1.a., Project LINK, where axiating national modala 
ara linked together. Fair linka amall acala national modala 
which ara vary aimilar in thair apaciflcation.*

Each country la aaaumad to produce one good (a one eec- 
tor approach) and tha demand for importa la a function of 
prlcea, income, and intaraat rataa. Standard demand for 
monay and the term atructura aquationa ara aatlmatad for 
each country. Tha demand for monay ia a function of tha 
ahort—term intaraat rata and income. Tha long-term intaraat 
rata ia a function of currant and lagged ahort—term intaraat 
rataa and an expected future inflation term.

• Sea Fair (1979b, 1982, 1983, 1984) for a detailed expo-
•ition of tha modal and tha davalopmanta over tha yaara.
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An Assessment of The H« lor Multi—country Models

The most common aaptct of the multi—country modala in 
the pravioua aactlon, im the way in which economic atruc- 
turei are repreaented in each national econometric model.
The demand—aide of the modele are characterized by the 
Keynesian income—expenditure approach where, the aggregate 
demand is broken into four major components; personal con
sumption, gross private domestic investment, exports, and 
Imports. The equations representing these components are 
specified under the assumptions of the Keynesian framework.

The supply-side of the models is typically formulated by 
labor supply equations and production functions with capac
ity utilization constraints. Honey wages are typically 
explained by domestic prices and the mark-up pricing 
hypothesis. Oil and other foreign prices as well as labor 
markets are analyzed with the help of the Phillips curve.

The novel element in international modeling ia the way 
each national econometric model is linked to the other 
national econometric models, i.e., the linkage mechanisms. A 
common feature of all the link models is the linkage through 
trade flows, which allows for the domestic shocks to be 
transmitted abroad through the resulting changes in import 
demands and export prlcea of the initiating country. Foreign 
and domestic price linkages as well as exchange rates and
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other monetary linkages are an integral part of the linkage 
mechanism among the countries. A selected summary of the 
linkages in the multi—country models is presented in Table 
1.3 which is a modified version of Hickman's (19S3, p.12) 
table on linkages in multi—country models.

The trade linkages in the multi—country models are typi
cally represented by a world trade model. This world trade 
model usually determines exports from a central trade—share 
matrix that allocates each region's imports to the various 
exporting regions. Thus, the world trade identity (the sum 
of all exports must equal the sum of all importa) is satis
fied in the simultaneous solution of the link model. A 
simple flow-chart showing the trade linkage mechanism in a 
hypothetical two—country model is presented in Exhibit 1.2. 
The trade linkage mechanism has two important aspects.
First, from the point of view of each country's model, inte
gration with the world trade model makes each country's 
exports endogenous. Second, from the point of view of the 
world trade model, integration with single country models 
results in making each country's domestic economic activity 
endogenous as well. For Instance, a disturbance to the home 
country's exports could lead to changes in the home coun
try's economic activity with domestic multiplier effects. 
This in turn, induces changes in the home country's Imports, 
thereby affecting the partner country's exports and the lev
els of economic activity. Aa a result, the link models.



TABLE 1.3. A SUHHARY OF THE LINKAGES IN THE MAJOR HULTI-
COUHTRY MODELS

HODEL TRADE LINKAGES PRICE LINKAGES EXCHANGE RATE MONETARY LINKAGES
LINKAGES

PROJECT
LINK

laporta dttvnlnrd 
by doaaatle lncoaa 
doaaatle A foreign 
prlcaa. Endoganoua 
ahara aatrlx 
dlatrlbutaa 
laporta aa axporta

Export and donee- 
tic prlcea ara 
aarkupa over 
factor coate Incl
uding oil*unit la
bor coata 4 laport 
prleaa alao affec
ted by aoney.

Developed count.t 
deteralned by 
relative prlcaa* 
currant aceounta* ~ 
and intaraat rata 
dlfferentlele* -

OECD
INTERLINK
MODEL

Xaporta dataralnad 
by doaaatle lncoaa 
laport 4 doaaatle 
prlcaa and inter- 
natlonal coapetl- 
tlveneee. Endoge- 
noua ahara aatrlx 
dlatrlbutaa la— 
porta aa axporta.

Exporta and donee, 
prleaa ara aarkupa 
over factor coata 
including laporta.

OECD countrlvai 
Dataralnad by 
relative prlcaa* 
current accounta* 
and Internet rate 
dlfferentlele.

Money aupply la 
affected by 
changaa In 
foreign reaarvea.

TSUKUBA-
FAIS
HODEL

laporta dataralnad 
by Incone* doaea— 
tie 4 laport prlca 
and axchanga rata. 
Endoganoua ahara 
aatrlx dlatrlbutaa 
laporta aa axporta

Exporta and doaea. 
prleaa dataralnad 
by laport prlcaa* 
capacity utiliza
tion* and aoney.

Developed count, i 
Dataralnad by 
relative prlcea* 
current accounta* 
lntereat ratea* 
and central bank 
intervention.

Money aupply la 
affected by 
changaa In foreign 
reaarvea to extent 
deteralned by In
tervention polley

DESMOS
MODEL

laporta dataralnad 
by doaaatle lncoaa 
relative prlcaa. 
Endoganoua ahara 
aatrlx dlatrlbutaa 
laporta aa axporta

Export and doaea. 
prlcaa dataralnad 
by vagee and
laport prleaa.

Exchange rataa 
ara exogenoua.

FEDERAL
RESERVE
MULTI-
COUNTRY
MODEL

Bilateral gooda 
and aervlea flova 
dataralnad by 
lncoaa* prleaa and 
exchange ratea.

Export and doaea. 
prlcea are aarkupa 
over vagee.changaa 
In labor produc
tivity and laport 
prlcaa.

Exchange rate 
equlllbriatea the 
balance of 
payaenta.

Net foreign eaaete 
of central bank 
affect eonetary 
baaa to extent de
teralned by 
intervention.

FAIR
MULTI-
COUNTRY
MODEL

laporta dataralnad 
by prlcea* lncoaa* 
Intaraat rataa and 
eeelth. Exoganoue 
ahara aatrlx dla- 
trlbutee laporta 
aa axporta

Export and doaea. 
prlcaa dataralnad 
by lncoaa* laport 
prleaa and inte
ract ratea*

The apot rata la 
dataralnad by ovn— 
country and US 
Intaraat rataa* 
lncoaea and 
prlcaa.

Intaraat ratea de
teralned by cent
ral bank reaction 
function vhleh In- 
cludea US lntereat 
ratea In aoae na
tional aodala.



EXHIBIT 1.2. THE INTERNATIONAL LINKAGES OF ECONOMIC ACTIVITY 
IN A TWO COUNTRY HODEL

A  - autonom ous domestic 
expend itu re  

M  =  im po tls  
X -  u p o f i i  
V =  GNP (GDP)

TOO *  tota l dom estic 
demand

h = home country 
p partner coun try

 T -

TODTOO,

Source: OECD (1979), p. 10.
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through the trad* linkage mechanism, take into account not 
only tha diract own country effect* of changaa in policy 
variable*, but also both tha auccaeding round* of effect* 
resulting from changaa induced in th* other country'* eco
nomic activity and th* affect* of change* in policy vari
able* in the other countries of th* ayatem. A mathematical 
representation of th* working* of trad* linkage* for a 
hypothetical simple two—country model 1* presented in Appen
dix A.

With the exception of the Fair model, trade linkage*
constitute the basis of the linkage mechanism in multi-
country model*. Linkage* among countries with respect to
exchange rate*, Interest rat**, and price* appear to be more
Important than th* trade linkage* in the Fair model. This 1*
due to the fact that the primary purpose of the Fair model
1* to estimate the economic linkage* among countries using
relatively small national country model*. A* Fair <1982,
p.509) indicate*t

The advantage of the present approach 1* that the person 
constructing the individual models knows from th* begin
ning that they are to be linked together and this may lead 
to better specification of the linkages.... Whether this 
possible gain in th* linkage specification outweighs the 
loss of having to deal with small models of each country 
is an open question.

In recent years, the importance of linkages other than 
trad* linkages has been recognized and has already been 
Incorporated in some of th* existing international models.
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For instance, a recent version of the OECD's XHTERLINK model 
has introduced a financial linkage model along the same 
basic principles as the world trade model. In the case of 
financial linkages, net international capital flows consti
tute the linkage channel. Changes in the exchange rate, 
interest rate, and the money supply for any single country 
feed through capital flows to other countries, affecting 
exchange rates and Interest rates throughout the system. The 
financial linkage model, therefore, ensures consistency of 
net capital flows in the world balance of payments accounts.

Hickman and Klein (19&5) reported that specification of 
financial linkages has been the recent development in Pro
ject LINK. A considerable amount of work has been done for 
the LINK model in modeling exchange rate equations for the 
major industrial countries and the research efforts continue 
on the estimation of capital flows.

In concluding this chapter, the following observations 
can be made about the state of structural international eco
nometric modeling> <i> There has been an increasing amount
of research done in the area of structural international 
macroeconometrlc modeling over the last fifteen years. (2) 
The novel element in structural international econometric 
modeling is the specification of linkages among countries 
and regions. (3) Until recently, the international linkages 
in most multi—country models had been based only on trade 
linkages. <4> The most recent development in the area of
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international modeling la the specification of more elabor
ate linkages among country models by introducing financial 
and exchange rate llnkagee. <S> The multi—country economet
ric models, Juat like Individual country econometric modela, 
are uaed for abort-term and long-term forecaating and policy 
analyaia.

The next chapter will focua on the problem* of large- 
scale structural macroeconometric modeling effort* and dis
cuss the recently suggested alternative model building tech
niques.



CHAPTER II

PROBLEMS IN STRUCTURAL ECONOMETRIC MODELS 

Introduction

The previous chapter via devoted to a review of the 
Important aspects of the major multi-country structural 
macroeconometric models, which are constructed by first 
building national models and then linking them through dif
ferent linkage mechanisms. The methodology used in both 
international and national model building is usually 
referred to as the 'structural' approach. It is structural 
in the sense that the models are built as a system of equa
tions representing the structure of the economy, where each 
equation deals with a different sector. In order to build 
such models, the model builders first need some 'a priori' 
knowledge as to how the structure of the economy can be 
represented. In other words, what they need is a 'coherent' 
economic theory explaining the behavior patterns of economic 
agents within the economic system. The economic theory would 
indicate which variables should be included in which equa
tions, thus allowing the model builders to Impose some 
restrictions on the specification of the models. Prior to 
the estimation process, the model builders should make sure

26
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th* model* are 'Identified* so that given the reduce-form 
coefficient* of the model, the atructural form coefficient* 
can be found. Once the model 1* fully identified, it can be 
eatimated and u*ed for forecasting and policy analysis.

In recent year*, there ha* been a substantial amount of 
discussion about th* accuracy and usefulness of structural 
macroeconometric models. Several studies have addressed auch 
issues as th* size and purpose of th* models, assessment of 
forecasting accuracy, as veil as general evaluation and com
parison of alternative models.* One area of concern vas the 
inability of large scale macroeconometric models to produce 
accurate forecasts. Unlike in the 1950'* and 1960's, the 
predictive performance of these large-scale models started 
deteriorating in the 1970's as most models predicted eco
nomic activity veil belov actual rates. The emergence of 
simultaneous high rates of unemployment and inflation could 
not be forecasted and explained by these models. Nor# 
recently, th* strong recovery out of th* 1982 recession vas 
significantly underpredicted by most large-scale models.a

Th* breakdovn of th* predictive pover of structural 
macroeconometric models in recent years created skepticism

1 See for instance, Kmenta and Ramsey <1981), Spivey and 
Wrobleski (1979), HcNees (1973a, 1973b, 1974, 1975, 1981, 1983,
1985, 1986), Fair (1979a), Zarnovltz (1978).

a See Hakklo and Morris (1984), p.2.



28
about, th* construction and use of these modal*. In a major 
study, Sim* (1980a) challenged th* u** of large acal* struc
tural macro*conom*tric modal* for for*ca*ting and policy 
•valuation on *mpirical ground*. Another group of econo- 
miata, which b*cam* known a* th* "new classical *conomi*t*a, 
attacked th* th*or*tical foundation* of larg*-*cal* struc
tural nacroecononctric modal*, specifically th* K*yn**ian 
theory on which most models are based.*

Lucas (1978) argued that these models do not take into 
account the structural changes that may result from policy 
changes. Thus, the models cannot be useful for conditional 
forecasting and policy analysis. Furthermore, Granger (1981) 
criticized the estimation techniques and statistical testa 
used by the model builders of the structural models. For the 
purposes of our study, the discussion on the problems of 
structural econometric models will be limited to only the 
Sims' and Lucas' critiques.

The Sims' Critique of Laroe-Scale Hacroecononetric Models

Sims, in his major study, "Macroeconomics and Reality", 
criticized the structural macroeconomic models in the way

J The reference here is to the 'rational expectations, 
school whose leading advocates are Thomas Sargent, Nell 
Wallace and Robert Lucas. See for instance, Sargent and Lucas 
(1978), Sargent (1973) and, Sargent and Wallace (1976).
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they are identified by their builders. Sims (1980a, p.1> 
wrote:

..the style in which their builders construct claims 
for a connection between these models and reality- the 
style in which "identification" is achieved for these 
models cannot be taken seriously.... the restrictions 
imposed in the usual style of identification are neither 
essential to constructing a model which can perform 
these functions nor innocuous.
Sims raised three basic issues concerning his objection 

to the way structural econometric models are built: (1) 'A
priori' restrictions; (2) Dynamic aspects of the models and 
exogeneity assumptions; and <3) Treatment of expectations.

*A Priori Restrictions*

The structural equations in an econometric model are 
specified using 'a priori' knowledge about what the struc
ture of the economy could be. This a priori information is 
claimed to be the economic theory, which explicitly suggests 
a certain set of relationship between the variables of 
interest. Using this theory in model specification implies 
that certain variables will be Included in certain equations 
and not included in some others. In other words, if some 
explanatory variables appear on the right hand side of some 
equations and not in the others, this would indicate that 
their coefficients are restricted to zero thus excluding 
them from the other equations. Sims <1980a, p.4> argued that 
some of the restrictions that are imposed are well founded
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and theoretically juetiiied and gave the following example
for much reetrictione:

The idea that weather affects grain supply and not 
(much) grain demand, while the ethnic and demographic 
structure of the population affects grain demand but not 
(much) grain supply, is a powerful source of identifying 
restrictions.
Sims (19SOa, p. 4) claimed that only a few of the equa

tions are specified by using only theoretically justified 
restrictions and most of the restrictions in the large 
macroeconometric models are "normalizations rather than 
truly structural distinctions".*
Sims (1980a, p. 3) wrote.

If large blocks of equations, running across "sectors" 
of the model which are ordinarily treated as separate 
specification problems, are in fact distinguished from 
one another only by normalization, what "economic 
theory” tells us about them is mainly that any variable 
which appears on the right-hand aide of one of these 
equations belongs in principle on the right-hand-side of 
all of them. To the extent that models end up with very 
different sets of variables on the rlght-hand-sldes of 
these equations, they do so not by invoking economic 
theory, but (in the case of demand equations) by invok
ing an intuitive, econometrician's version of psycholog
ical and sociological theory since constraining utility 
functions is what is Involved here.

* Sims<1980a,p.2) explains what he means by "normaliza
tion" in the following way "If a parameterization we derive from 
economic theory (which is usually what we mean by a "structural 
form” for a model) fails to be identified, we can always trans
form the parameter space so that all points in the original par
ameter space which imply equivalent behavior are mapped into the 
same point in the new parameter space. This is called normaliza
tion. The obvious example is the case where, not having an iden
tified simultaneous equation model in structural form, we esti
mate a reduced form Instead.”
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The large-scale structural models are typically speci

fied one equation at a time. Since the equations of the 
model are not considered as a system In the process of spe
cification, the theoretical foundation of the restrictions 
on the entire system may be much leas reasonable than the 
restrictions on any one equation alone. As a result the 
final specifications of the equations In the large macroeco- 
nometrlc models sometimes do not actually represent the eco
nomic theory behind their formulations.

In essence Sims seems to argue that structural model 
builders are more concerned with empirical aspects of model 
building rather than the theoretical ones. The model speci
fication In most cases Is done without paying much attention 
to what economic theory suggests. Furthermore, since speci
fication Is done equation by equation, the restrictions 
imposed on any equation alone might not be Justified in the 
context of the model as a whole.

Dynamic aspects of large-scale structural econometric models 
and exoceneltv

Sims claimed that model builders. In their efforts to 
make their large macroeconometric models dynamic. Imposed 
'spurious a priori' restrictions. Since most of these models 
make the assumption that markets do not clsar instanta
neously, they have to Incorporate lagged dependent variables
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In -the specification of many equations. Identification in 
the presence of lagged dependent variablee and aerially cor
related residuals doea not poae a serious problem if the 
exact lag lengtha and ordera of the aerial correlation in 
the model are known a priori. Since economic theory doea not 
provide any information on lag lengtha or ahspea of lag dls- 
tributions, theae atructurea cannot be known a priori. 
Therefore, aome of the reatrlctiona that are lmpoaed in 
terms of lag structures are often times unfounded.

Another issue concerning econometric model building is 
as Sims (1980a, p.5) pointed out is the labeling of certain 
variables as strictly exogenous "by default rather than as a 
result of there being good reason to believe them atrictly 
exogenous." Some of the variables are treated aa exogenous 
because explaining them would require additional equations, 
thus complicating the model even further, which might not be 
necessary for the purposes of the model (e.g., agricultural 
prices, volume of exports, etc.> Some other variables are 
treated aa exogenous because these variables are policy 
variables (e.g., money supply, government spending, etc. >. 
There is a problem with this approach since it can be argued 
that theae variables could have endogenous components. In 
other words, given the fact that the policy makers base 
their decisions on how they perceive the economic environ
ment, it is doubtful that these policy variables would 
strictly be exogenous. Sims made the claim that a statist!-
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cal ttit for exogeneity for many of these variables would 
indicate that moat of them are In fact not exogenoua.

Treatment of Expectations

A third issue that Sima brought forth waa tha traatmant 
of axpactatlona In larga acala macroaconomatrlc modala. Sima 
made the claim that tha axpactatlona of tha households or 
businesses about the future of the economy which enter Into 
structural econometric models are not specified correctly. 
Since expectations of economic agents are not readily 
observable, expectations raise a difficult problem for model 
builders. A careful and wall thought out specification of 
expectations may very well complicate the model and make 
identification very difficult. On tha other hand, simplify
ing the treatment of expectations, as it is done with many 
zero restrictions might make the identification easier, but 
undermines the reliability of the model. Sims (1980a, p.6>
stressed this point with an example:

However certain we are that the tastes of consumers in 
the U.S are unaffected by the temperature in Brazil, we 
must admit that it is possible that U.S consumers, upon 
reading of a frost in Brazil in the newspapers might 
attempt to stockpile coffee in anticipation of the 
frost's effect on price. Thus variables known to affect 
supply enter the demand equation and vice versa, through 
terms in expected price.
Sims' critique of the treatment of expectations in 

structural models is not necessarily a re-lteration of the
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position of th* so called "new classical" economists (l.e,
rational expectations). As Sims (1980a, p.6) argued.

Whether or not one agrees that economic models ought 
always to assume rational behavior under uncertainty, 
l.e, "rational expectations,” on* must agree that any 
sensible treatment of expectations is likely to under
mine many of the exclusion restrictions econometricians 
had been used to thinking of as most reliable.
Given the above problems, Sims claimed that structural 

econometric models are still useful, as structural identifi
cation restrictions do not greatly affect the estimated 
reduced form. Therefore, even a badly mlsspecifled model can 
still be helpful for forecasting and policy analysis.
Sims (1980a, p. 12) wrote.

When a policy variable is an exogenous variable in the 
system, the reduced form is itself a structure and is 
identified. In a supply and demand example, if we con
template introducing an excise tax into a market where 
none has before existed, then we need to be able to 
estimate supply and demand curves separately. But if 
there has previously been an excise tax, and it has 
varied exogenously, reduced form estimation will allow 
us accurately to predict the effects of further changes 
in th* tax. Policy analysis in macro models is more 
often in the latter mode, projecting th* effect of a 
change in a policy variable, than in th* mode of pro
jecting the effect of changing the parameters of a model 
equation.
He finally referred to what has became known as the 

"Lucas Critique” as a more fundamental problem with struc
tural econometric models.

Lucas (1976) argued that structural relationships may
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change over time as the expectations of the economic agents 
change In response to changes In economic policies. If the 
economic agents alter their historical behavior patterns In 
response to new economic policy changes, the usefulness of 
large scale structural econometric models as a tool for 
forecasting and policy analysis would be drastically 
reduced. This Is due to the fact that a change in behavior 
patterns would indicate a change In the relationships 
between the economic variables, thus changing the structural 
parameters of the econometric model. If the structure of the 
economy changes as a result of a change in economic policy, 
the econometric models, based on the assumption that the 
structure of the economy will remain the same after the pol
icy change, would not be able to make accurate predictions. 
Sims <1980a> argued that Lucas' position is correct, how
ever, the seriousness of this problem depends on how rapidly 
the structure of the economy changes In reaction to policy 
changes.

Given the problems outlined by Sims and the Lucas' Cri
tique, Sims (19SOa, p.15) argued that "it should be feasible 
to estimate large scale macro-models as unrestricted reduced 
forms, treating all variables as endogenous.* He suggested 
the use of a system of linear stochastic difference equa
tions, more commonly referred as Vector Autoregression 
(VAR), as an alternative specification. Such specification 
unlike structural econometric models attaches a minimum role
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to economic theory and thus doea not lmpoa# tha theoretical 
reatrlctlons of tha structural models. Tha lntarasting 
aspect of thasa type of modals, as Hakkio and Morris <1984) 
have suggested, is that both Keynesians and Monetarists 
could use tha same modal to predict tha future course of tha 
economy regardless of tha fact that they have a different 
view about the structural relationships among economic var
iables.

In concluding this chapter concerning structural econo
metric models, those issues specifically raised by Sims and 
Lucas can be summarized as: <1) structural models impose
restrictions which are not theoretically justified. (2) lag 
structures and exogeneity assumptions in these models are 
spurious. <3) expectations treatments are too simplified.
(4) structural models cannot account for structural changes.

As an alternative to structural econometric model buil
ding, Sims introduced the Vector Autoregression (VAR). The 
next chapter is devoted entirely to the discussion of the 
VAR technique.



CHAPTER III

THE VECTOR AUTOREGRESSION TECHNIQUE 

Introduction

In recent years 'tlme-serles models' Introduced by Box 
and Jenkins (1970) have become a popular modeling strategy 
for economic and business forecasting.1 A time series model 
Is built to capture the systematic patterns In the past 
movements of a particular variable and use this Information 
to predict future movements of that variable. This modeling 
technique, unlike structural econometric models, does not 
seek to explain the structural behavior of economic vari
ables but does reproduce their past behavior In order to 
predict the future.

Vector Autoregression (VAR), Introduced by Sims (1980a), 
Is a particular form of a multl-varlate time series model. 
This technique was popularized by the researchers at the 
Federal Reserve Bank of Minneapolis. Since Sims' seminal 
study there has been an ever growing literature concerning 
the VAR technique. The theory of VAR has been outlined In

1 For a detailed exposition of tlme-serles analysis 
refer to Box and Jenkins (1970). A less technical presenta
tion Is provided In Plndyck and Rublnfeld (1981).
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Sima (1980a, 1982), Lltterman <1979, 1980, 1982), and
Sargent. (1979). Relatively simplified expositions can be 
found in Gordon and King (1982), and Hakkio and Morris 
<1984).

The exposition of the VAR Models in this chapter 1s 
organized as follows: The next section outlines the basic 
features of VAR models and it is followed by a section 
describing uses of VAR models. The last part of the chapter 
is devoted to the discussion on the relationship between 
structural econometric and VAR models.

Vector Autoregression (VAR) Models

Similar to structural econometric models, a VAR model is 
built as a system of equations that can be used particularly 
to forecast the future paths of economic variables. Like 
other time series models, VAR relies exclusively on the sys
tematic patterns in the past behavior of economic variables. 
'Autoregression', in the context of this technique refers to 
the fact that the current value of a variable is generated 
by its past values. 'Vector autoregression', refers to a 
process where the current values of a vector of variables 
are generated by the past values of that vector. Thus, a VAR 
model is a dynamic equation system where each variable 
included in the system is allowed to depend upon not only 
its own past, but the past of the other variables in the
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system.

An n-variable and m** order VAR model can be represented

X, = Z, * E A. X,., * e. (3.1)
a a 1 AMI 1 ■ I Man a ■ 1 n ■ I

E(e,) = O

ECe,e,.) = £

E ( e, ea • ) 3 0 t ^ s

where X, la a vector of n-variables which depends on itt 
past as given by £ Ai X. - ( and another vector Z> which 
captures the deterministic component of X, . 2, is a
linear function of an nxz matrix of parameters, B. For 
instance, if there is a constant and trend in the equations 
in which case z = 2, B = < B», Bi ) and Z« = B„ * Bi t.a

«  s  1 M a t

e, is the vector of random disturbance terms and £ is the 
varlance-covariance matrix of e's.

The different features of the VAR technique can be ana
lyzed with a simple example. Assume a two variable, first 
order VAR model:

X, = Z. «• £ A. X, ♦ e, (3.2)
t a I I s 1 i « 1 t m a SHI Sal

* See Litterman (1979), p.105.
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where X* contains two major macroeconomic variables H = 

Money Supply and Y = GNP, Z, has a constant term for each 
equation and e» is the vector of disturbance terms. This 
system can be written in matrix form asi

- • -
M, m= ♦
Y. y

i . . _

b
d

M* . ,
Y. - ,

r iu«♦
V*

(3. 3)

where m, y, a, b, c, d are coefficients to be estimated. 
Equation (3.3) would have the following scalar form.

M* s m
Y, = y

a M,
c M* _ ,

♦ b Y.
♦ d Y, _ .

u.
V,

(3. 4) 
(3. 5)

VAR Models, as represented above are reduced form models 
where each endogenous variable is determined by constants 
and pre-determlned endogenous variables. Therefore VAR mod
els resemble the structural models. However, the relation
ships that are specified in VAR models do not stem from eco
nomic theory as in the case of structural models. The role 
of economic theory in the specification of VAR models is 
fairly limited. In fact, this aspect of VAR models made some 
economists to classify these types of models as 'atheoreti- 
cal'.J A VAR model can be viewed aa an unconstrained reduced

1 See Cooley and LeRoy (1985).
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form of an underlying but unknown, structural system of 
equations. Economic theory becomes Important In the selec
tion of variables. VAR models Impose fewer restrictions com
pared to Structural Econometric Models (SEM), since they are 
not based on economic theory as explicitly as the SEMa are. 
The order of the VAR process. I.e., the lag structure, is 
determined by using statistical criteria. The coefficient 
estimates of individual right-hand side variables do not 
have any direct economic meaning. On the other hand the 
Joint explanatory power of the lag structure of each vari
able can indicate the relationships between the variables 
which constitute the system.

In the two variable example represented by Equations 
(3.4) and (3.5) each variable was allowed to be determined 
by its own past and the past of the other variable in the 
system, but not by the current value of the other variable! 
An order of one was assumed to make this example very 
simple. If for instance there is evidence to believe that 
the money supply is exogenous to the system, the VAR model 
can be modified. If M is exogenous, it means that the coef
ficient of Y, . i (c) is restricted to be zero and M is deter
mined only by its own past. There are cases where some vari
ables are in fact only determined by their own past but at 
the same time can determine other variables in the system. 
This kind of variables can be classified as 'driving vari
ables', such as H in this example. On the other hand, the
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variables which Influence and at -the same -time are Influ
enced by the other variables, Y in this example, can be 
classified as 'responding variables'. It Is Important to 
note that the selection of driving variables are made based 
on statistical testing and not due to prior beliefs based on 
economic theory. This point will be elaborated more In part 
three of this chapter.

USES of VAR Models*

The VAR models are reduced form equation systems of 
underlying but unknown, structural system of equations.
Since the structures are unknown, VAR models can not be used 
for conventional policy analyals, which la the task exclu
sively claimed by SEMs. On the other hand there are several 
significant uses of VAR models which make this modeling 
strategy a powerful competitor to the traditional SEMs. In 
this section the uses of VAR models will be presented under 
four broad categories as: Unconditional and conditional 
forecasting; tests for causality; the moving average repre
sentation of VAR and Impulse response analyals; and variance 
decomposition and exogeneity.

* In this section all the uses of VAR technique is discussed 
In order to give a complete survey of the literature on the 
theory of vector autoregression. The section which Is relevant to 
the empirical research of this dissertation is the first part 
presented under the heading 'Unconditional and Conditional Fore
casting with VAR Models."
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Unconditional and Conditional For*e««tina with VAR Models

The most practical u m  of VAR models ia in the area of busi
ness and economic forecasting. Since VAR models are exclusively 
designed to capture the systematic patterns in the historical 
data with a fairly flexible specification, they are very useful 
in projecting the future paths of variables, assuming the past 
patterns will recur in the future. The simple two variable model 
described by Equations <3.4> and (3.5) can be utilized to demon
strate the use of VAR models in forecasting. Excluding the con
stant terms for simplicity, the simplified system can be 
written as:

M. — a Mi _ , 4- b Y* - , * u. (3. 6>
Y, = c W. + d Y, - , V* <3. 7>

u. -v N ( 0, <T„« )
v« -w N < 0, <T„ ■ >

This model can now be used to generate unconditional 
forecasts for k period-ahead using all the current and past 
Information on H and Y. The values of H and Y at one period- 
ahead will be:

H, * i s a Hi + b Y« * Ui . i (3. S )
Y. * , = c M, + d Y, + v, ., < 3.9 >
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The optimal linear forecast of M*.i and Y« *■, given all 

the information available at time t, t-1, t-2, ... is the
conditional expectation of M(.i and Y*.,

H, . , = E, < H, .,) - a H. + b Y, (3.10)
Y, „ , = E, < Y, . , ) = c M* * d Y. (3. 11 )

where the expected value of the unanticipated component in 
each equation at time t is zero, E, ( u,.,) = E, ( v,., > -
O. Using the chain rule of forecasting, according to which 
forecasts of M. .i and Yt., are used to generate forecasts 
for H,„* and Y».*, etc., the future values of M and Y can be 
generated. The values of M and Y in k periods ahead will be:

N« ., = a M> . k« t * b Yt ., - 1 + u* ,, (3. 12)
Y, . k “ C Kt, k - i + dYt.n-a * V| * k (3.13)

Taking the expectation of H,*k and Yt.k conditional on 
all information available at time t yields k period-ahead 
forecasts for m and Y,

Hi , k ’ E, C Ht . i. ) — a Mt. t - ■ + b Yt * k - t (3.14)
Yt . k - E. ( Y,.« ) = c Ht ,k - i ♦ d Yt . k. i (3.15)

Et ( U| . k ) = Et ( Vt , k ) a O.
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where, the expected value of the future unanticipated compo
nent In each equation at time t la zero. Therefore, once 
the two variable model le eatlmated and the values for par
ameters a, b, c, and d are found, theae values can be used 
to generate optimal linear forecasta of the variables of 
Interest, H and Y. Since for k period-ahead forecasts only 
the Information available at the time t Is used, then the 
forecasta for M and Y are unconditional.s Note that even If 
there Is a reason to believe M Is a driving variable for the 
system < assuming b - 0 ) the model will still generate 
unconditional forecasts. The forecasted values of M will 
depend only upon Its own past and the forecasts of Y will 
depend on the past values of both variables H and Y.

VAR models can also be used to generate conditional 
forecasts. For Instance the two variable model can produce k 
period-ahead forecasts for Y given assigned future values 
for M. In this case the future path of Y la generated using 
the chain rule of forecasting where future values Instead of 
forecasted values of H are used.

3 Hakklo and Morris (1984,p.18> Indicates that the term 
"conditional” takes on a different meaning when It refers to 
"forecast" than when It refers to "expectation". Note that, 
the conditional expectation of for Instance Ht * n at time t 
conditional on all information available at time t is 
referred as the unconditional forecast of Ht.*.
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Tecta for- C«u»>Xltv

VAR models can be used to determine the direction of 
causality between economic variables. This can be shown by 
using the simple model represented by Equations <3.6) and 
(3.7) which are reproduced below:

M« = a M. - i *■ b Y» - i » Ut (3.6)
Yt = c Mt - t * d Yt - , * Vi <3.7)

For instance, according to Granger (1969), if in the M 
equation the coefficient of the lagged Y, b, is statisti
cally not different from zero and in the Y equation the 
coefficient of the lagged M, c, is statistically different 
from zero, there is a unidirectional causality from M to Y. 
Unidirectional causality runs from Y to M if the reverse is 
true ( i.e., both b f 0, c - O ). Feedback between Y and M
exists if b j) O and c  ̂O. There is no relationship between
M and Y if b = O and c = 0.

Hovino Average Representation of VAR and Impulse Response
Analysis

A different way to present the information contained in 
a VAR model is the Vector Moving Average (VMA) representa-
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tlon. Referring again to the two variable first order VAR
model described by Equetions <3.6> and (3.7) and reproducing
them again as Equations (3.16) and (3.17) with the addition 
of Equation (3.16) which illustrates the variance co- 
variance matrix of the error terms:

M* = a Ht - i ♦ b Yt . t ♦ u» (3.16)
Y, = c H, «■ d Y . + v, (3.17)

E u* U% V* ■ E = at t cr, .
V* L am > a, ,

Each variable is determined by its own past and the past 
values of the other variables. In each equation there is a 
disturbance term accounting for the une xpla ined variation. 
Since the right-hand-side variables include observations 
only prior to the current period, u and v capture the con
temporaneous contributions to the dependent variable in each 
equation. For the current period, at time t, the contempora
neous disturbance term is called the 'innovation' or 'shock' 
to the dependent variable, since this term represent that 
part of the dependent variable that is not predictable from 
the information on the past history of the variables in the 
system. The (VMA) representation of a VAR model is a trans
formed system, where the dependent variables are determined 
by current and lagged values of the innovations in the sys
tem. The VHA representation exists only if the VAR process



Is invertible. That is, if the VAR process is invariant with 
respect to time, i.e, stationary.*

The moving average representation for the model can be 
obtained by recursive substitution using Equations (3.16) 
and (3. 17).

Hr = ui * a u> - i ♦ < a* ♦ be) u, -« * .
♦ b v»- i * (ab ♦ bd> v, .* + ....

Y, = c Ui . i + (ac * cd > u, -« *■ ..
+ v, ♦ d  v, - t * (be * d* > v, -« +

The above VMA representation can be used to study the 
effects on each variable of given innovations to each of the 
variables. For instance the effects of M innovations on M as 
veil as on Y can be analyzed. This VMA representation pro
vides a time path for any given variable resulting from the 
effect of any given innovation. This time path of effects of 
one innovation on one variable is called an 'impulse 
response' function. There will be an impulse response func
tion for each variable given an innovation of one variable. 
For instance H has an impulse response function for its own 
Innovation and for an Innovation in Y, etc.

* Statlonarlty is a very Important pre-requisite for time 
series analysis. If the characteristics of a tlme-serles proc 
change over time, it is often difficult to represent the time 
series over past and future Intervals of time by a single alg 
braic model. See Pindyck and Rubinfeld (1961), p.497-496.

(3.19)

(3.20)
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The impulse response function will be meaningful under 

the assumption that the Innovations across the equations are 
contemporaneously uncorrelated. If u and v are correlated 
then their effects can not be Isolated. For simplicity* 
assume that the variance of u, and v, equal 1 and the 
covariance equals r7. Then, If u* Increases by 1, v, will 
Increase by r and Y« will increase by r. The resulting 
impulse response function for Y will not only have changes 
due to u, but at the same time will have changes due to v as 
well. Therefore, if u and v are correlated, changes in u 
will change v so that a change in v cannot be attributed 
entirely to an M innovation.

A solution to this problem requires a transformation of 
the system to another system with uncorrelated innovations. 
This can be done by premultiplying both sides of Equations 
<3.16) and (3.17) by the unique triangular matrix with units 
on the main diagonal that diagonallzes the error variance- 
covariance matrix.

Assuming again, that the variance of ut and v« equal to 
one and the contemporaneous correlation between the innova
tions in the system to be r, (3.18) can be rewritten as.

7 Note that if the variance of u« and v, are assumed 
to be 1, the covariance of u* and v, will equal to the 
correlation coefficient between u and v.

Cov (Ui V| )
r > ----------- * Cov(u« v, )

c. <r.
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E u. u, V, s E s Si i Si a = 1 r (3.21)
V L J c* t S|| r 1

Given the Choleeky decomposition of C*

E = H* * ' H* 1

where H~1 Is a lower triangular matrix

1 O
and H

1 O
r J’l-r* -r / /I-r* 1 / V 1-r*

_ _ .

The transformed model can be obtained by premultlplying 
both sides of Equations (3.16) and (3.17) by H.

M* ■ a H« _ t * b Y» - i » Wi

Y, = r H« ♦ (c-ra) M» - t + <d-rb) Y. _ i 
w, = u.
z, = (-rut * v*) / Xl-r*
E (w. z. ) > 0 and E(w. ) = E <z, ) = 1.

(3.22) 
J"1 -r* z. (3.23)

(3.24)
(3.25)
(3.26)

Equations (3.22) and (3.23) form a recursive system of 
equations, where M and Y are jointly determined. The contem- 
parenous value of M Is a determinant of Y and the correla-

* See Hakkio and Morris (1984), p. 14.
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t±on betvten the b o  called 'orthogonallzcd Innovations' w  

and z equals zero.
Consider the effects of a one unit Increase In u In the 

transforsed model. An Increase In u will Increase v by r 
as Indicated In Equation (3.20). According to Equation 
(3.25), since u Increases by 1, -ru decreases by r and v
increases by r which amounts to a no change in z. In other 
words, z and w are not contemporaneously correlated and 
according to Equations (3.24) and (3.25) the variance of w 
and z equals 1 regardless of the variance of u and v.

The same transformation can be examined with a moving 
average representation. After recursive substitutions Equa
tions (3.22) and (3.23) will yield,

N« = w, * (a*br)Wt-i * (a* »bc+br (a*d) ) w, _ * ♦ ... (3.27)
b/l-r*z.-t + b(a+d)Vl-r,zl - « + ...

Y» = rw, * (c-*dr)w,-t * ( c( a*d )+r (bc*d* > ) w, - « +. . (3.28)
♦ Vl-r*z» * d/l-r*z»-t * (bc+d* ) J"l-r* z« -« ♦ ...

Since w and z are not correlated an increase of, for 
example, one unit in w, increases Y by r units. Therefore in 
the transformed model the effect of given innovations can be 
isolated and impulse response functions can be generated.

The innovations w and z of the transformed model of 
Equations (3.22) and (3.23) using the conditional expecta
tions formula, can be represented as.
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w. - M. - E < H, I Hi-i, Y, _ , ) <3. 29)
z. = < Y, - E <Y, I M, , H , Y .  . i ) ) / J"l-r* (3.30)

Notice that the information available in the two equa
tion* are different, z. depend* not only on the lag* of M 
and Y but it also depend* on the contemporaneous value of H. 
These orthogonalized Innovation* can be compared with the 
innovations of the model before the transformation.

The Innovations in Equations <3.16) and (3.17) can be 
defined as,

u, * M, - E < N, I N, - , , Y, . , ) <3.31)
vt = Y* - E < Y, I M, - , , Y, . , ) <3.32)

The information set for both innovations is the same. 
This comparison indicates that the transformed system will 
have a set of equation* conditional on different information 
sets. Furthermore, thi* transformation is not 'unique' and 
the outcome depends on the ordering of the variable*. For 
instance, if the order of the variables is reversed in the 
two equation system and the same tranaformation is made, a 
different information set for each orthogonalized innovation 
will be obtained. The resulting recursive system will have 
contemporaneous values of Y in the M equation and not vice 
versa. The immediate implication of the non-uniqueness of
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the transformation is a different impulse response pattern 
emerging from each possible ordering of the variables. This 
could be a serious drawback, particularly if the innovations 
in the initial model are highly correlated.

The impulse response analysis is in fact the most con
troversial aspect of VAR models. This problem will be dis
cussed further in the last section of this chapter.

Variance Decomposition and Exogeneity

The moving average representation of a VAR model can 
also be used to determine the degree to which a set of 
variables is exogenous with respect to another set of vari
ables. It was indicated earlier that the effect of any given 
innovation on any given variable can be traced out as the 
Impulse response function. The Impulse response functions 
are in fact a decomposition of the values of the variables 
in the system, into components due to the various innova
tions to these variables. The variation in the system can 
also be decomposed into components in terms of the k-period- 
ahead forecast error variances, due to the variation in the 
innovations.

Referring back to the VMA representation of the trans
formed model in Equations (3.27) and (3.28), two steps ahead 
values and forecasts of M and Y can be written as;
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Mt . » = w, . , + (a*br>Wi., * < a* «bo»br < a+d ) ) w, * ... (3.33)
+ bJ’l-r^z*.! + b (a+d > J"1-r* z, ♦ ...

Hi.• = Ei ( Mi., > = (a*+bc+br(a+d)>wt + ...
+ b (a+d)/1-r*Zi ♦ ...

Yi.« = rvi.i *<c+dr)w,*t +<c (a+d>+r<bc+d*>)«■ +.. (3.34)
+ /l-r*Zi.« + d/l-r*zi.t + ( bc+d* ) J"1-r* zt + ...

Yi.■ = Ei ( Y»., ) = <c(a+d> ♦ r(bc+d“ ))wi + ...
+ (bc*d*)/l-r*z, + ...

where conditional expectation of the 1 and 2 step ahead 
unanticipated components at time t equal to zero.

Ei (wi . , ) — E, ( w, . i ) = Ei (z, . , ) 3 Ei (z, . i ) 3 O.

The two step forecast errors are,

H« ., - Hi., 3 w, . ■ ♦ <a+br)Wi.t + b/l-r*zt.i (3.35)
Yi.« - Yi.« 3 rwt.i * <c*dr)Wi., ♦ J'l-r'z,*, ♦ d/l-r*z,., (3.36)

The variance of the two-step ahead forecast errors, 
given from Equation (3.25) that the variance of the 
innovations are 1 and their covariance is 0.

E <H,., - H... )• 1 ♦ < a+br )• + b*(l-r*> (3.37)
E (Y... - Y,., )• 3 r* + < c+dr >• ♦ (l-r») + d*(l-r*> (3.30)
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Using Equations <3.37) and <3.38) one can determine the 

decomposition of the variance of the two-step-ahead forecast 
errors. For instance the percentage of the variance of the 
two-step-ahead forecast error of M explained by the M inno
vation, w, is.

Variance explained by 
H innovation
Total variance of the 
two-step-ahead forecast 
error of M

The percentage of the variance explained by the Y inno
vation ( z ) in H is given by.

Variance explained by 
Y innovation
Total variance of the 
two-step-ahead forecast 
error of H

Suppose thst M is strictly exogenous with respect to Y. 
According to Equation (3.4) this would imply that the coef
ficient of Y«.i is equal to zero < b = O ). Substituting 
this into Equation (3.39) one can find that 100 percent of 
the variance of the two-step ahead forecast error in M is 
explained by the M innovation. Similarly, substituting zero 
for b in Equation (3.40) it can be found that zero percent 
is explained by the Y innovation. These two cases are in

lOO * <b« <1-r* ))
-------------------------  (3.40)
1 * <a+br>* * b* <l-r* )

lOO * < 1 ♦ < a*br >• >-----------------------  <3.39)
1 ♦ (a+br)* * b* <l-r* )
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fact, •xamplaa for the extreme case of strict exogeneity. 
Equations (3.39) and (3.40> therefore, show that the degree 
of exogeneity of a variable In terms of another can be 
determined by computing the percentage of the expected k-pe- 
rlod ahead squared prediction error of a variable produced 
by an Innovation In another variable.

The variance decomposition of the forecast errors of the 
variables of a VAR model provide useful Information as to 
which variables have relatively bigger Influence on other 
variables In the system. As In the case of Impulse response 
analysis however, variance decomposition analysis runs Into 
the same problem. Different ordering of variables may Imply 
different decomposition of the forecast error variances.

The Relationshio Between Structural 
Econometric Models and VAR Models

It was Indicated in the section on VAR models that there 
are certain similarities between structural econometric mod
els (SEN) and VAR models. In fact any SEM can be viewed as a 
special case of a VAR model. Zellner and Palm <1974) and 
Zellner (1979) have demonstrated that any SEH Is a 
restricted vector time-series model. In building both SEMs 
and VAR models certain restrictions are imposed when speci
fying the models. The restrictions imposed by the SEHs are 
based on some economic theory, while VAR imposes restrlc-



57
tlons mainly baaed on atatistlcal criteria. The key differ
ence la that given a same alze model. In terms of number of 
variables, VAR Imposes less restrictions than SEM. This can 
be Illustrated with a simple example. Given the following 
structural demand-supply model.

Supply Q« = a„ ♦ ai P. ♦ a« P« - i * u, (3.41)
Demand Qt = bo + b, P, ♦ bo Z, + v, (3.42)

where Q measures quantity; P, price; Z, an exogenous 
variable (say population); and u and v are the disturbance 
terms. This model assumes that the quantity supplied of a 
product Is determined by Its price at the current period and 
at the previous period. The quantity demanded, on the other 
hand, Is determined by the price at the current period and 
the number of willing buyers (population). This la a rela
tively typical text-book example of a demand-supply model. 
The reduced form of the system given market equilibrium can 
be represented as:

Qt - C o  + ci Z, Co P* - i w, (3.43)
Pt 3 do ♦ di Z, ♦ do P* - i *■ Zi (3.44)

bi ( bo - a o  ) S o  bi
where cs = bo ♦   , Ci =*-------  ,a, -b, si -b,
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b, ba bt(Ut-V') b0-a«
c. = -------- ♦ b« , »i =   + u« , do = --------

a* — bt at -bi B| -bt
B o  ba Ui -v*

d, =   , do *   , zi * --------
Bt —bt at -bi Bt -bt

Once Equations (3.43) and (3.44) are estimated the val
ues for the reduced form coefficients can be found. Using 
the relationships between the reduced form coefficients and 
structural form coefficients specified above, the structural 
coefficients can be calculated.

A VAR model can be specified for the same set of vari
ables under certain assumptions. Making the same assumption 
for Z* , to be exogenous, including only its current value 
into the system and assuming that the VAR process is of the 
first order, the model can be written as:

Q i -  oto + a i  Z i  + a .  P i - . + a» Q t - > ♦ e,
P i — Bo + B i Z i  + Bo P i -  i  + fl»  Q t - i *  e«  i

(3.45)
(3.46)

Equations (3.45) and (3.46) can be written in matrix 
notation as.

■ - - -
Q i Oto otl a« ot, Z i •  l •

= ♦ P i -i ♦ ( 3 .
P . Bo B. B . B , Q t - 1 •  t t
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The reduced form of the structural model described by 

Equation 0.43) and <3.44) can also be represented In matrix 
notation as;

- - - " “
Q. c* C l Cm Z, V*= ♦ ♦
P. d„ d. d. Pt- . 2|

_ _ - _

Comparing Equations <3.47) and <3.48), It Is evident 
that Q«.t Is not a right hand side variable In <3.48). That 
is, the SEM has the same reduced form equations except for 
the fact that the coefficients on Qt-■ are restricted to 
zero. If In the VAR specification the coefficients of Q«-i 
are restricted to zero, = 8, = O, then the VAR model
becomes Identical with the reduced form of the SEN, Equation 
<3.48). Therefore, this example Illustrates that the SEM is 
more restrictive than the VAR given the same set of vari
ables In model specification.

The VAR model in Equation <3.47) compared with the 
reduced form model of the SEM model in Equation <3.47) is 
not the true reduced form of the SEH since it Includes Q*.i. 
Thus, we can view the VAR model as an unconstrained reduced 
form of an underlying but unknown, structural system of 
equations.10 This 1s the 'atheoretlcal' aspect of the VAR

1° Note that Z* is Included in the VAR model as an exogenous 
variable for the purpose of making the two models comparable. 
Normally, this would be justified only if Z» Is found exogenous 
after conducting the test for exogeneity.
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modeling technique, where the underlying structural model is 
assumed to be unknown.

The VAR approach has some advantages over SEHs con
cerning data, accuracy and cost. VAR models are typically 
small-scale models built with few major economic variables, 
hence, less data are needed to construct and use them. The 
size aspect also becomes important in terms of coat in model 
building. The cost of a VAR model is much less than a typi
cal SEM in terms of labor time and computer use for both 
model construction and model use to generate forecasts. VAR 
models often provide equally accurate or, at times, more 
accurate forecasts than SEMs without a need for subjective 
adjustment.* *

On the other hand, the VAR approach has some limita
tions. The most significant limitation of the VAR approach 
is the problem of 'overparameterization'. VAR models are 
constrained in terms of number of variables that can be used 
in model building because, as Sims (1980a, p.16) indicated, 
"If every variable is allowed to influence every other vari
able with a distributed lag of reasonable length without 
restriction, the number of parameters grows with the square 
of the number of variables and quickly exhausts degrees of 
freedom.■ Overparameterization can be a serious problem even 
if the model builder is interested in a model with only a

“  See Litterman <1986).
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few variables. The lag structure of the model which is 
determined by statistical criteria may contain information 
about not only the systematic patterns in the historical 
data but also some random relationships which would not 
recur. As a result, often times, the VAR models suffer from 
'overfitting' and the coefficients of the model have some 
extra useless information that would disturb the forecast 
performance of the variables. This problem, obviously, 
becomes more serious as the size of VAR models Increases.

One way of dealing with the problem of overparameteriza
tion is to enter fewer lags on the right-hand-side of the 60 
equations. This approach could be useful if there is no 
relevant Information in longer lags. However, if longer lags 
contain important information, then excluding longer lags 
could result in 'underparameterization'. In this case, the 
model is misspeclfied since it does not incorporate all the 
relevant information that exists in the historical data.

A second way to deal with the problem of overparameter
ization is to use Bayesian estimation technique which 
imposes restrictions on the coefficient estimates. This 
method was first suggested by Sims <1980a> and developed as 
well as applied in the studies made by Lltterman <1979,
1981, 1982, 1984, 1986). The Bayesian approach uses the
prior beliefs of the model builder on the probability of 
future path of the economy in imposing restrictions. These 
restrictions are not based on economic theory as in the case
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of SEMs . They ere b a n d  on the idee that more recent lags 
are more likely to be useful in forecasting than less recent 
lags. Instead of excluding the longer lags, with this 
approach the equations ere specified such that "the parame
ters are assumed to have means of zero except the coeffi
cient on the first lag of the dependent variable which is 
given a priori mean of one. • * * In essence, these kinds of 
restrictions are similar to a coefficient weighting scheme, 
where the recent lags are given more weight than longer lags 
in estimation and forecasting. This type of models, commonly 
known as the Bayesian Vector Autoregressions <BVAR), seems 
to overcome the problem of overfitting and, as HcNees (1986) 
has reported, a BVAR model developed by the Federal Reserve 
Bank of Minneapolis constitutes a major challenge to subjec
tively adjusted SEMs.

A second limitation of VAR models is that they are 
designed exclusively for forecasting and not for policy ana
lysis in the traditional sense. The VAR models are not redu- 
ced-forms of identified SEMs and therefore they can not be 
used to make Inferences about the structure of the economy. 
For instance, they can not be used to generate dynamic mul
tipliers from changes in different policy variables like the 
SEMs. Sims (1982, 1986) and Lltterman (1984) took exception
to this position and claimed that VAR models can be used to

11 See Lltterman (1986), p.29.
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analyze the outcome of different policy measure* similar to 
SEMs. According to this view, VAR models can be used to gen
erate conditional forecasts on some given policy measure, 
which would permit the investigator to study the likely 
impacts of unexpected shocks or changes in policy actions to 
the economy. Lltterman (1964, p.35) stated that before a 
VAR model can be used for policy analysis, 'a policy mea
sure' in the context of a VAR should be defined.

As it turns out, we can answer this kind of policy ques
tion if we can define a type of shock that represents 
the contemporaneous impact of a one-time Fed action, 
such as an unexpected open market operation. Once we 
have defined that shock, we can use the impulse response 
functions to map out the entire dynamic impact of this 
shock, which we call a Fed policy action. We then define 
what we usually refer to as monetary policy as a 
sequence of Fed policy actions. Finally, by summing up 
the dynamic response caused by a sequence of policy 
actions, we generate the response of the system due to 
the impact of that monetary policy. (Italics are the 
author's >

In essence the innovation accounting and impulse 
response analysis as described above is the method used to 
do policy analysis in the context of VAR models. As indi
cated in the previous section this kind of a policy analysis 
is some what problematic, since the results of impulse 
response analysis are sensitive to ordering of the vari
ables. Also, since VAR models do not allow for policy 
instruments like the SEMs, they can not answer such ques
tions, as HcNees (1966, p.7) indicates, "should an innova
tion in the interest rate equation be regarded as a change
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in policy or a change in money demand?"

A third limitation of VAR models is that they are as 
vulnerable as the SEMs to the Lucas critique. The time in
variant coefficients of a VAR model could not capture the 
structural change due to policy changes just like SEMs.
There are conditions however, in which the Lucas critique is 
not seriously applicable, and a VAR model can produce accu
rate forecasts. If the proposed future values of policy 
variables are similar to the actual past values of these 
variables the coefficients of the model will not be altered. 
As a result the forecasting accuracy will be preserved.13 If 
there has been a structural change, however, one way to get 
around the problem is to allow the parameters of the model 
to vary according to time. Lltterman (1979), Sims <1982) and 
Doan, Lltterman, and Sims (1983), showed that time variation 
of parameters can be Incorporated into VAR models and the 
forecasting accuracy can be improved.

Given the advantages and limitations of VAR models, can 
they be seen as a complete alternative to SEMs? HcNees 
<1988, p.15) seems to have the appropriate answer to this 
question.

It would seem more fruitful to regard the two approaches 
less as rivals than as complementary tools that can shed 
different kinds of light on our murky view of what the 
future will be like and what we can do about it.

ta See Hakklo and Morris (1984), p.18.
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This chapter has presented the most important aspects of 

the VAR technique. It was shown that VAR models can be used 
for: (1) unconditional and conditional forecasting; <2>
tests for causality between variables; (3) Impulse response 
analysis; and, <4> variance decomposition and exogeneity. 
Also, the similarities of SEMs and VAR models as well as the 
advantages and disadvantages of the VAR technique over the 
SEMs has been discussed. A literature survey of major empir
ical VAR studies will be presented in the next chapter.



CHAPTER IV

A SURVEY OF THE VECTOR AUTOREGRESSION LITERATURE

Introduction

Following the pioneering etudy by Sins (1980a), there 
has been a growing interest in the VAR technique. Since 
then. It has become a widely accepted new approach to eco
nomic model building. Models of different scope, size, and 
lag structures have been built by using the VAR technique, 
addressing a variety of different Issues In many areas of 
economics. The purpose of this chapter Is to survey the VAR 
literature by dividing the empirical studies into two broad 
categories In terms of the scape of analysis, as national 
and regional studies.

National Studies

A substantial amount of work has been done in recent 
years in the area of VAR modeling of national economies. An 
up to date survey of different aspects of the VAR studies is 
presented In Table 4.1, which Includes: the data frequency, 
number of variables under Investigation, the names of the 
variables, and the purpose(■> of the model(s>.
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TABLE 4.1. A SURVEY OF DIFFEREHT ASPECTS OF VECTOR-
AUTQREGRESSIOH STUDIES

STUDY MODEMS) DATA
FREQUENCY 

(NUMBER OF VAR.

VARIABLES

)

PURPOSES OF MODEL

ASHEMFELTEft 
AND CARD 
(1962)

Model f o r  th e  
U.S. la b o r 
s a rk e t

Q u a r te r ly

<4>

Vagee, P r ic e s , 
U neaployaent ra te .  
In t e r e s t  ra te

S tu d y in g  a l te r n a t iv e  la b o r  
s a rk e t so d e ls  f o r  U.S.

BRANSON 
(1984,1965)

Models f o r  U.S. 
Weat Gerseny, 
UK, Japan

Q u a r te r ly
and

M onth ly

<6 and 7>

E f fe c t iv e  Exchange 
R ate, R e la t iv e  P r i 
ces, Money, C u rre n t 
Account B e l . , I n t e 
re s t  Rate, Reserves 
In d u s t r ia l  Prod.

A na lyz in g  th e  d e te m ln e t lo n  
o f  Exchange Rates.

CLARZDA AND
FRIEDMAN
(1964)

Model f o r  U.S.

(6 )

Roney, N o n -fin a n — 
c i a l  c r e d i t .  Budget 
D e f i c i t ,  ONP, GNP 
D e f la to r ,  In te r e s t  
Rate

U n c o n d itio n a l and Condi
t io n a l  fo re c a s t in g  f o r  
In t e r e s t  ra te .

DOAN,LITTERHAN 
AND SZHS
(1963)

Model f o r  U.S. M onth ly

(10)

Honey, S tock P r ic e s , 
I n t e r e s t  Rate, F lo v  
o f  T o ta l Debt,GNP 
GNP D e f . , F e de ra l 
O u tla y s , F e de ra l 
R e ce ip ts , In v a n to r . 
T rade W eighted 6.

U n c o n d itio n a l and Condi
t io n a l  fo re c a s t in g  f o r  
10 a a jo r  sacroecon os ic  
v a r ia b le s .

DWYER
(1962)

Model f o r  U.S. Q u a rte r ly

(6  and 6)

P r ic e s , GNP, Debt 
h e ld  by F e de ra l Res 
Debt h e lp  by p u b l ic  
I n t e r e s t  ra te .  
Honey.

T e s tin g  d i f f e r e n t  hyp o th e s is  
on th e  r e la t io n s h ip  
be tveen i n f l a t io n  and 
governaent d e f ic i t s .



TABLE 4.1 (Continued>

STUDY HODEL(S) DAT* VARIABLES PURPOSES OF MODEL
FREQUENCY

(HUMBER OF VAR. >
ECKSTCIM
(1984)

Model tor  U.S Annuel

(2  >

C o tto n  c ro p  eree. 
R e la t iv e  p r ic e .

M o d e llin g  th e  a g r ic u l tu r a l  
su p p ly  w ith  a b l - v a r ia te  
VAR so d e l.

ECKSTEIN, 
SCHULTZ AND 
NOLAN 
(1985)

Model ( f i r  
Sweden

Annuel

(10)

Crude b i r t h  ra te ,  
I n f e n t  death ra te ,  
Mon—In fa n t  death  r .  
C rop f ie ld s ,  wages, 
Mean te n p e ra tu re  
f o r  th e  fo u r  season 
Rain.

S tu d y in g  th e  s h o r t - r u n  f lu c 
tu a t io n s  In  f e r t i l i t y  and 
s o r t a l l t y  in  p re —in d u s t r ia l  
Sweden.

FACKLER AND
KRICGER
(1986)

Model f o r  U.S.

(5 )

BMP, Honey, In te 
re s t  ra te ,  GNP Def. 
T o ta l c r e d i t .

U n c o n d itio n a l s h o r t—te r n  
fo re c a s t in g  f o r  th e  f i v e  
sa c ro  v a r ia b le s .

FISHER
(1981)

Models f o r  U.S. 
V est Geraeny, 
end Jspsn (6  end 8)

T u l l  ssp. surp./G NP 
Honey, I n f la t io n ,  
P r ic e  v a r ia b i l i t y ,  
BNP, In t e r e s t  ra te ,  
and fo u r  o th e r  
p r ic e  v a r ia b le s .

S tu d y in g  th e  r e la t io n s h ip  
between i n f l a t io n  and p r ic e  
v a r i a b i l i t y  in  U .S ., Beraany 
and Japan*

FRIEDMAN
(1981)

Models f o r  U.S.

(2 , 3 ,4 )

BNP, F in a n c ia l v a r . 
( f o r  2 v a r . ) p lu s  
P ric e  ( f o r  3 v a r . )  
p lu s  I n te r e s t  r a te  
( f o r  4 v a r . )

To show th a t  c r e d i t  s a rk e t, 
sh o u ld  be in c o rp o ra te d  in  
aaeroeeonoeie  a n a ly s is  and 
Honey la  n o t th e  s o le  re p 
re s e n ta t iv e  o f  f in a n c ia l  
v a r ia b le s .



TABLE 4,1 (Continued)

STUDY MODEMS> DATA VARIABLES PURPOSES OF MODEL
FREQUENCY

<NUMBER OF VAR. )

GORDON AMD
KING
(1962)

H od*Is  l o r  U.S. Q u a r te r ly

(7 )

GNP, O u tpu t r a t io ,  
P r o d u c t iv i t y ,  R e la
t i v e  P r ic e  o f  lo o d  
and energy, R e la t. 
P r ic e  o l  X eporte , 
GNP D e i, E l le c t lv e  
Exchange Rate.

To coapare th e  dynaa le  re e -  
ponee p a t te rn *  o l  p r le e e  
and o u tp u t ue ing  SEM and 
VAR a o d e l* .

HSIAO
(1979)

Modal l o r  
Canada.

Q u a r te r ly

<2>

ONP, Honey (M l end 
H2>

S tu d y in g  th e  c a u e a llty  
between aoney and incoae 
i n  Canada.

HAKKIO AND 
MORRIS 
<1964>

Model f o r  U.S. Q u a r te r ly

(3 )

ONP, Money and 
P r ic e .

A t h e o r e t ic a l  and e e p lr le a l  
e x p o e lt io n  on VAR eo d e lln g  
te ch n iq u e .

KUHCU
<1963)

N o d tla  l o r  U.S. 
UK, Moot G e r .t 
Franee and 
Canada

M onth ly

<7)

Exchange ra te e , 
Money d l l l e r e n t l a l ,  
Incoee d l l l e r e n t l a l  
X n te re a t r a te  d i l l .

S tu d y in g  th e  exchange ra te  
■oveaente ue ing  VAR aode la  
a p p lie d  t o  l i v e  p a ir *  o l  
e o u n tr le a .

LEXDERMAN
(1964)

M odal* l o r  
C o lua b la  and 
Mexico

Annual

(3 )

ONP, Money and 
P rlo e .

S tu d y in g  th e  dynea lc  i n t e r -  
re la t lo n e h lp e  aaong eoney 
g row th , i n f l a t io n  and o u tp u t 
g row th  l o r  C o loab la  and 
M exico.

6
9



TABLE 4.1. (Continued)

STUDY HODEL(S) DATA VARIABLES PURPOSES OF MODEL
FREQUENCY

<NUMBER OF VAR.>
LITTERHAN
(19791

Hodela f o r  U. S. Q u a r te r ly  

( 3 ,6 .1 1 . IS )

GNP# Honey# P rice# 
In te r e e t  ra te#  
Im p o rt p rlcea#  
Vagea# Coaponenta 
o f  GNP (Cona# I n v . , 
E xport*#  Gov. S p .)

S tu d y in g  th e  ueee o f  VAR 
ao de ia  v l t h  n e v e ra l d i f 
fe r e n t  e ls e  VAR modela.

LITTERHAN
(1 9 *1 )

Model f o r  U.S. Q u a r te r ly

<7>

GNP# ONP D e f . , 
Unemployment ra te#  
Honey# Invea taen t#  
In te re a t  ra te# 
change In  In v e n to — 
r le a .

S tu d y in g  th e  fo re c a a tln g  
accu racy o f  a VAR nodel 
ua ln g  Bayealan R e e t r lc t lo n e  
on th e  c o e f f lc le n ta .

LITTERHAN
(1982)

Model f o r  U. S. M onth ly

<7>

Output# P rlcea# 
In te re a t  ra te#  
Honey# S tock  P rice# 
T o ta l n o n f ln a n c la l 
debt# change In  
bualneaa X nven to - 
r le a .

B u ild in g  a e h o r t- ru n  fo r e 
c a a tln g  model v l t h  Bayealan 
r e a t r lc t lo n a  on th e  e o e f-  
f l c le n t a .

LITTERHAN 
( 1984b , 1984b)

Model f o r  U. S. M onth ly

(47)

F e d e ra l Reaerve
Bank o f  H in n e a p o lla  
M o d e l.(S e c to ra l va r 
f o r  8 m a jo r e e c to ra  
core# p roduc tio n#  
labor#  fina nce#  Gov 
Cona# t ra d e  and P r l .

S h o r t- te rm  and Long-te rm  
F o re c a a tln g  and P o lic y  
a n a ly a le  u a ln g  th e  K lnneoota  
F e d e ra l Reaerve BVAR Model.

LITTERHAN
(1986)

Hodol f o r  U.S.

<7>

GNP# GNP Def# Unemp 
Honey# Invaetm ent# 
In te re a t  ra te#  
ehenge In  In v e n to 
r ie d

S h o r t- te rm  fo re c a a t ln g  v l t h  
a BVAR model and eompariaon 
o f  fo re c a a t ln g  perform ance 
v l t h  m a jo r SEHe.

70



TABLE 4.1. (Continued)

STUDY . HODEL'S) DATA VARIABLES PURPOSES OF MODEL
FREQUENCY

(NUMBER OF VAR. >
LUPOLETTI AND 
WEBB
<1904>

Model f o r  U.S. Q u a r te r ly

(S>

M onetary base, ONP, 
GNP D ef, C a pa c ity  
u t i l i s a t i o n  ra te .  
I n t e r e s t  r a te .

S h o r t- te rm  fo re c a s t in g  v l t h  
a VAR aode l and com parison 
o f  fo re c a s t perform ance 
v l t h  SEMs.

MEESE AND
ROGQFF
(1983)

Exchange Rate 
Models i o r  U.S. 
p a ire d  e l t h  
V est Germany, 
UNO and Japan

M onth ly

( I l k

S pot exchange ra te ,  
I n t e r e s t  ra te d o n g  
and s h o r t  t e r n ) .  
M onetary aggrega tes  
(H l-B ,M 2 ,e tc > , 
t ra d e  ba lanee

Comparison o f  fo re c a s t in g  
accu racy  o f  v a r io u s  s t r u c 
t u r a l  and tlm e -o e r le a  
exchange ra te  models.

HILLER, SUPEL 
AND TURNER 
(1980)

Model f o r  U.S. 
( g iv in g  p ro m i-  
nanoe t o  th e  
r o le  o f  energy 
p r ic e s )

Q u a r te r ly

<121

4 d r iv in g  v a r ia b le s  
(Gov D e f i c i t ,  Honey 
In t e r e s t  r a te ,  CPI 
(e n e rg y ))  A respon
d in g  (GNP Components 
C ,I,Q ,(X -H ) and Sup 
Coap. <V, Esp, CPX.hou

E s tim a tin g  th e  E f fe c ts  o f  
th e  0 1 1 -P ric e  Shock on th e  
U.S Economy.

MORRIS
(1984)

Model f o r  th e  
U.S. la b o r  
m arket.

Q u a r te r ly

(3 )

P r o d u c t iv i t y ,  Han 
ho u rs  vorked and 
C a p ita l  s to c k

S tu d y in g  th e  re tu rn s  to  
la b o r  v i t h  a la b o r  m arket 
VAR model.

PORTER AND 
OFFENBACHER 
<1983k

Model f o r  U.S. Q u a r te r ly  

<2 ,3.4>

ONP, GNP D ef, 
F in a n c ia l aggre
g a te s , I n t e r e s t  
r a te

E m p ir ic a l com parisons o f  
c r e d i t  and m onetary agg
re g a te s  ta r g e t t ln g  f o r  
m onetary p o lle y .



TABLE 4*1. (Continued)

STUDY MODEL'S) DATA VARIABLES PURPOSES OP MODEL
FREQUENCY

'NUMBER OF VAR.>

SARACOGLU
(1964)

Hodele f o r  U.S 
V»at C trM n y , 
Franco, Japan,
UK.

M onth ly

<6>

Money a to c k , Mone
ta r y  baa*. O u tpu t, 
P r le e , In te re a t  
r a te .

S tu d y in g  th e  re a l In te re a t  
r a te  d e ta ra ln a t io n  ua lng  
VAR a o d e lln g .

SCHLCQEL
(1963)

Modal f o r  U.S. Q u a r te r ly

(4 )

GNP, GNP D ef, 
I n t e r e a t  ra te ,  
U neaployaent r a te

F o re c a a tln g  th e  le n g th  and 
ln te n a l t y  o f  re ceae lone  and 
re e o v e r le a .

SIMS
'1960a)

H od*la  f o r  U.S. 
and Maat Gara.

(6 )

GHP, Money, P r ic e , 
Uneaployaent ra te ,  
Wagee, Ia p o r t  p r ic e

F o re ca a tln g  and P o lic y  ana- 
ly a la  ua lng  a e ix - v a r la b le  
u n re a t r lc te d  VAR ao de l.

SIMS 
' 1960b)

Hodala f o r  U.S M onth ly  

(3  and 4>

O u tp u t, Money, 
V h o le a a le  p r lc e a , 
In te r e a t  r a te

E v a lu a t in g  th e  a o n e ta r la t  
ln te r p r e ta t lo n a  on econoa lc  
a c t i v i t y  ua lng  VAR aode le .

SIMS
(1961)

Modal f o r  U.S. Q u a r te r ly

C9)

Money, GNP, P r ic e , 
U neaployaent ra te ,  
I a p o r t  p r lc e a , 
Vagea, In v e a ta e n t, 
Gov. Spending, 
In te r e a t  ra te

F o re c a a tln g  and P o lic y  ana- 
ly a la  u a ln g  a n in e -v a r ia b le  
VAR ao d e l.



TABLE 4-1. (Continued)

STUDY HODEL<S> DATA VARIABLES PURPOSES OF MODEL
FREOUENCY

(HUMBER OF VAR.>

SIMS
(1962)

Model f o r  U. S. Q u a rte r ly

(3  and 6)

GNP, GNP Daf, Honay 
X n ta ra a t ra ta ,  
F a d a ra l e x p e n d itu re  
F a d a ra l ravanuaa

F o ra ca a tln g  and P o lle y  ana— 
ly a ia  u a ln g  a th r e e - v a r ia b le  
and a e lx - v a r la b le  VAR 
ao d e l.

TAKATOSHI 
(19041

Exchange R it»  
Modal f o r  
Yan /  D o lla r

M onth ly

(3 )

Exchange ra ta ,  
J n ta ra a t ra ta a  ( in  
U.S and Japan)

T e n tin g  uncovered In ta ra a t  
p a r i t y  In  th e  fo re ig n  
exchange earfcet.

TAYLOR
(1960)

Modal f o r  U.S. Q u a r ta r ly GNP, GHP Daf, Eft, 
axchanga ra ta .

To coapara th e  dyn ae ic  re e — 
ponae p a tte rn a  o f  p r ic a a  
and o u tp u t ua ln g  a VAR nodal

HELLS AND 
EVANS
(1982,1983)

Modal f o r  Mav 
Zealand

Q u a r ta r ly

<9>

P r lv a ta  a a c to r  
O u tp u t, E ap loyaan t, 
vagee, p r lc a ,  aonay 
Oov. Spandlng, 
Ia p o r t  p r ic a a . 
E x p o rt p r ic a a , 
Exchange ra ta

F o ra c a a tln g  and P o llo y  ana— 
ly a ia  u a ln g  a n in e -v a r ia b le  
VAR noda l f o r  th e  Nev 
Zaaland econoey, and 
co a p a rln g  I t  v i t h  an SEN. 
A l te r n a t iv e  approach to  
a la u la t ln g  VAR e o d e lo .(1983)

HEBB
<1984)

Modal f o r  U.S. Q u a rta r ly

<9>

GNP, H ona tary baaa, 
C a p a c ity  U t i l .  Rata 
GNP Daf, In ta ra a t  
r a ta

S h o rt—te r a  fo re e a a tln g  v i t h  
a f i v e - v a r ia b le  VAR noda l, 
and coa parie one  v i t h  SEN 
on fo ra c a a t ln g  accu racy.
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As Table 4.1, Indicates the VAR technique vaa used to 

study such diverse issues as the relationship between infla
tion and government spending by Dwyer <1982) and the short- 
run fluctuations in fertility and mortality in preindustrial 
Sweden by Eckstein, Schultz and Wolan <1985). The majority 
of the studies concern the U. S economy but other industrial
ized countries like West Germany, France, United Kingdom, 
Canada and Japan as well as developing countries like Mexico 
and Columbia have also been studied.

Host of these studies used the VAR technique as a tool 
for unconditional and conditional forecasting of economic 
activity. The most ambitious VAR modeling effort to date has 
been the BVAR Model for the U.S economy developed at the 
Federal Reserve Bank of Minneapolis under the supervision of 
Robert Litterman.1 At its current stage this model has 47 
monthly variables that are distributed among eight economic 
sectors: Core, production, labor, financial markets, con
sumption, government, international trade, and price. Exhi
bit 4.1, shows the the main interactions among the sectors 
in the model. This model is used for forecasting as well 
as projecting the likely impact of both, unexpected shocks 
and the changes in Federal Reserve policies on the economy.

The estimation of the model was done using Bayesian

1 A detailed exposition of the model is presented in Amlri- 
zadeh (1985).



EXHIBIT 4.1. THE BASIC STRUCTURE OF THE FEDERAL RESERVE 
BAHK OF MINNEAPOLIS BAYESIAN VECTOR AUTOREGRESSION MODEL OF

THE US ECONOHY

TIM Main InMraeUeni al Our ModaTs VtriaMm

iM

Source: Amirizadeh (1985), p.21.

R vriud  July&1966
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restrictions, as discussed in the previous chapter, in order 
to deal vith the overparaneterization problem. The model has 
been successfully used to forecast economic activity often 
times better than the major SEMs. McNees (1966, p.16) has 
reported, "Experience to date suggests that BVAR-generated 
forecasts can present a strong challenge to conventional 
practice and serve as a powerful standard of comparison of 
other forecasts”.

Less detailed VAR models have also claimed successful 
forecasting performances in other studies. Litterman (1979, 
1961, 1962) has built several different size models for the
U.S. economy and reported accurate forecast performances. 
Lupoletti and Webb (1984) showed that their small VAR model 
produced forecasts that are competitive with those issued by 
three well-known commercial forecasting services. Chase 
Econometrics, Data Resource Incorcopated (DRI) and Wharton 
Associates over the period 1970 through 1983. Webb (1984) 
has compared forecasts from a major consulting service, 
American Statistical Association-National Bureau of Economic 
Research (ASA-NBER), a survey of professional forecasters, 
and a VAR model for the U.S. economy. He has found that at a 
four-quarter horizon, the VAR model's predictions were more 
accurate than both the consulting service and the profes
sional forecasters' forecasts for real GNP and more accurate 
than the consulting service for inflation and the Interest 
rate. He also reported the interesting result that only the
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VAR model predicted the 1982 recession.
The uee of the VAR technique for policy analysis «as 

shown in several studies by Sims (1980a, 1981, 1982), Lit-
terian (1979, 1984a, 1984b, 1986) and Doan, Litterman and
Sima (1983) with VAR modela of different sizes. The impulse 
response analysis which is the method used in studying the 
impact of different policy measures was also used to study 
specific issues concerning different markets of the U.S. 
economy. Ashenfelter and Card (1982), and Morris (1984) stu
died the labor market. Friedman (1981), and. Porter and 
Offenbacher (1983) focused on the financial markets. Eck
stein modeled the agricultural supply. Branson (1984, 1985),
Kumcu (1983), and Saracoglu (1984) investigated the foreign 
exchange markets.

There has also been studies focusing on specific rela
tionships between some major macroeconomic variables. Dwyer 
(1982) tested different hypotheses on the relationship 
between inflation and government deficits. Fisher (1981) 
studied the relationship between inflation and price variab
ility in U.S. and Germany. Taylor (1980), and, Gordon and 
King (1982) looked at the dynamic response patterns of 
prices and output.
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Regional Studies*

Studies have also been made in extending the challenge 
of VAR models in regional economics. An up to date survey of 
the major regional VAR studies are presented in Table 4.2, 
which is designed in a similar fashion as Table 4.1.

Anderson (1979) pioneered the VAR modeling effort in a 
regional context and demonstrated that VAR technique can be 
used exclusively for forecasting regional economic activity. 
The regional VAR models have typically been built with only 
a few regional or State variables. In all of these models 
the influence of the national economy on the regions are 
accounted for by entering several national variables on the 
right'hand-side of the model's equations. Thus, the national 
variables constitute driving variables, which influence the 
responding regional variables and these national variables 
are not influenced by the regional variables in return.

This chapter has presented a brief literature survey on 
the VAR modeling technique at the national and regional/ 
state levels. The next chapter will focus on the original 
research of this thesis, the proposed multi-country VAR

■ Although the section on regional studies has no bear
ing on the empirical work of this dissertation it is 
included to complete the literature aurvey on empirical 
studies with the VAR technique.



TABLE 4.2. A SURVEY OF DIFFERENT ASPECTS OF REGIONAL 
VECTOR AUTOREGRESSION STUDIES

STUDY MODEMS) HUMBER OF VARIABLES PURPOSES OF MODEL
(DATA FREOUENCY) VARIABLES

re g io n . n e t. R eg iona l N a tio n a l

ANDERSON
41979)

Modal l o r  th a  
N in th  F a dara l 
Raaarva
D la t r l c t .  '

(Q u a r ta r ly )

3 4 E ap loyaant 
la b o r  f o r .  
P a r.In co a a  
R a ta ll  
S a laa, 
P r ic a .

E a p l. , 
la b o r  f o r  
P r ic a ,
GNP.

S h o rt—te ra  fo ra c a a t ln g  f o r  
th a  re g io n a l v a r la b la a , 
and eo apariaon  o f  f o r e -  
caa ta  v i t h  a ta ta  SEHe.

AHIRIZADEH 
AND TODD 
41984)

F lv a  a ta te  
aode la  l o r  th a  
N in th  Fadara l 
Raaarva
D la t r l c t ,

(Q u a r ta r ly )

4 4 E ap loyaant
2 P araona l
Incoaa
v a r la b la a ,
R a ta ll
a a la a .

GNP, GNP
Daf,
Honey,
In ta ra a t
Rata.

S h o r t - te ra  fo ra c a a t ln g  f o r  
th a  re g io n a l v a r la b la a .

HOEHN AND 
BALAZSY 
(1983a,1963b)

Modal l o r  th a  
S ta ta  o f  Ohio

(Q u a r ta r ly )

10 14 4 E ap l. va r 
Labor fo r e  
P ara . In c .  
R a ta ll  Sa. 
Hoiia. S ta . 
Houra, 
P rle a a .

GNP, GNP 
D af, P r l .  
C o in . In .  
Lead I n . , 
In ta ra a t  
r a ta .  La. 
fo rc a , a te

S h o r t - te ra  fo ra c a a t ln g  f o r  
th e  re g io n a l v a r la b la a .

HOEHN, ORU8EN 
AND FORBY 
(1984a,1984b)

Modal f o r  th a  
S ta ta  o f  Taxaa

(M on th ly )

7 13 O utpu t,
2 Cap v a r . 
P r le a , Lab 
fo r c a .  Par 
Incoaa, 
R a ta ll  
a a la a .

C o in . In .  
Laad. In . 
O u tpu t, 
E np ., 
Honey, 
In ta ra a t  
r a ta ,a te .

S h o r t - te r a  fo ra e a a tln g  f o r  
th e  re g io n a l v a r la b la a .

NINAL AND 
RATHER
41982,1983)

Modal f o r  th a  
S ta ta  o f  Mav 
York

(M on th ly )

4 3 R a ta ll  Sa. 
E ap loyaant 
P r ic e , 
O u tpu t.

O u tpu t,
2 P rica a ,
P araonal
Incoaa,
In te r a c t
ra ta .

S h o rt—ta r a  fo ra c a a t ln g  f o r  
th a  re g io n a l v a r la b la a .
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TABLE 4.2. (Continued)

STUDY HODEL(S) NUMBER OF VARIABLES PURPOSES OF MODEL
(DATA FREOUENCY) VARIABLES

raglon. n*t. Raglan*! Ration*!
RUPRIANOV
AND LUPOLLETTI
(19B4)

Modal f o r  th a  
F i f t h  Fadara ! 
Raaarva
D la t r l c t .  ■

(Q u a r ta r ly )

2 3 M o n-ag rl.
•a p lo y a a n t
P araonal
ln o o a * .

O u tpu t.
Nonay,
In ta ra a t
r a t * .

S h o rt—ta r a  fo ra e a a tln g  o f  
ra g lo n a l v a r la b la a .

LXTTERRAN AMD 
8UPEL 
(1963)

Modal f o r  th a  
S ta ta  o f  
H lnnaaota

4 In d iv id u a l  
ta x ,  Corp. 
ta x .  Salaa 
ta x ,  Par. 
Incoaa

K aacu rlng  th a  U n c a r ta ln ty  
in  H in n a a o ta 'a  Ravanua 
Fo racaa ta .
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model, which integrates the linkage mechanising suggested by 
multi-country structural macroeconometric models with the 
VAR technique.



CHAPTER V

A MULTI-COUNTRY LINK VECTOR AUTOREGRESSIVE MODEL

Introduction

In a world which is becoming progressively more interde
pendent, the main concern of model builders in recent years 
has been to capture the impact of the transmission of inter
national economic fluctuations on individual economies. The 
pioneering Project LINK, and other studies that followed 
were designed for the purpose of linking individual coun
try's structural econometric models through different lin
kage mechanisms. These models have been widely used for 
forecasting and policy analysis for individual countries in 
the context of the world economy.

On the other hand, as Indicated in Chapter IV, in recent 
years the VAR approach to model building has challenged the 
construction of large-scale structural econometric models. 
This relatively new technique has been succesfully used in 
modeling and forecasting economic variables in a variety of 
different areas in economics as shown in Chapter IV. So 
far, the VAR technique has been used only in the context of 
country or domestic regional models and there has been no 
published study on building and estimating multi-country VAR

82
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models. The recognition of the Increasing Importance of 
International transmission of economic fluctuations, which 
brought about the development of the link econometric mod
els, clearly Indicates that, at this stage building a multi
country VAR model should be the next step in International 
modeling.

This dissertation is extending the scope of the chal
lenge of the VAR technique to the international sphere with 
the construction of a  multi-country link vector autoregres
sive (LINK-VAR) model. With the LINK-VAR model, this paper 
tets the the following important proposition: Can a multi
country VAR model outperform the individual country VAR mod
els without linkages? That is, does the forecasting perfor
mance of economic variables improve when one moves from a 
closed-economy VAR specification to an open-economy VAR spe
cification where the international influences are accounted 
for?

The first section of this Chapter outlines the basic 
features of the LINK-VAR model. In the second section the 
specific linkage mechanisms which connect the individual 
country models to one another are discussed.

The LINK-VAR Bultl-Countrv Model

Using the VAR technique in a global context is very 
problematic. As indicated in the previous chapter, one of
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the limitations of the VAR technique is that, the number of 
parameters to be estimated increases substantially with the 
number of variables, which leads to an overparameterized 
model. In terms of a world system this limitation would make 
the estimation virtually Impossible, since such a model 
would require the specification of each variable as a func
tion of the past history of not only the domestic variables 
but also the past history of the variables in all other 
countries Included in the model as well. With this approach 
it will not be feasible to build a model with even a few 
variables that represent each individual country. For 
instance, a ten country VAR model where each country is spe
cified by four major variables, with six lags for each vari
able, will have 240 parameters to be estimated in each equa
tion. Thus, a multi-country VAR model could be built only 
with an alternative model specification which would deal 
with the overparameterization problem.

In this dissertation the proposed method of building a 
multi-country VAR model reduces the overparameterization 
problem to a managable level. This Wulti-Country Link VAR 
(LINK-VAR) model is built by Integrating the linkage mecha
nisms suggested by multi-country structural models builders 
with the VAR national models. The proposed LINK-VAR is an 
eighteen country system and each national economy is speci
fied by four major macroeconomic variables, 1.e, output (Y), 
nominal money supply <M), prices <P>, and Interest rates (R)



85
as well as by 'link variables'. Therefore, each equation in 
each country VAR system has the general form:

a h h  » h

X i  * 5 Z« + E A i  X t  - i  + £  B,  I ,  .  k * e ,  ( 5 .  1 )
4 M 1 J ■ t 4 M 4 441 k > 1 4 M 4 4 ■ I 4ai

where,
X is the vector of the four domestic variables <Y,H,P,R)
L is the vector of international link variables
Z is the vector of constants and time trend (See Equation

< 3 .  1 ) >

A is the matrix of coefficients for the past history of 
domestic variables 

B is the matrix of coefficients for the past history of link 
variables

e is the vector of random disturbance terms 
i is the equation number 1=1,...,4 
h is the country number h=l,....,18
j is the lag number for domestic variables J = 1 .....   m
p is the lag number for link variables k»l,....... ,p

It can be seen that the LINK-VAR Model is composed of 
eighteen four-equation country models linked through a set 
of international variables. The link variables provide the 
the connection between each individual country's domestic 
economy with the rest of the countries in the system, 
thereby accounting for the impact of the international econ
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omy on every aspect of the domestic economy. Notice that if 
the link variables are excluded from Equation <5.1) the 
LINK-VAR reduces into eighteen separate four-variable VAR 
Individual country models. That la, without the link vari
ables the typical country model becomes a closed-economy, 
pre-link model where the domestic economic activity is 
determined by the interaction of the national variables as 
illustrated in Exhibit 5. 1.

The Linkage Mechanisms

Based on the review of the major international models in 
Chapter II, it is evident that the most common feature of 
all the international models has been the linkage mechanism 
through trade flows. The trade linkages are typically repre
sented by a world trade model which determines exports from 
a central trade-share matrix that allocates each region's 
imports to the various exporting regions. This set up allows 
each country to be influenced by other countries through the 
channel of trade volume that exists between them. For 
instance, changes in import demands in one country will be 
transmitted to the trading partners as changes in their 
exports, which in turn affects the economic activity in 
their country. In the absence of a trade model, the exports 
in each country model will be considered exogenous and there 
would be no links through trade flows.
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EXHIBIT 5.1. AH ILLUSTRATION OF THE CLOSED-ECONOMY 
(PRE-LINK) MODEL FOR THE TYPICAL COUHTBY IN LINKtVAB.

r"* Y

1 J.
T i

T I
T L

P
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In the context of the LINK-VAR model, a mechanism that 

would serve as a trade model to link the Individual coun
tries together through their trade Is needed. Such a mecha
nism can be designed by Introducing a trade flows weighting 
scheme, which would measure the comparative importance of 
the typical country economy in relation to each of the other 
seventeen economies. This weighting scheme can then be used 
to construct variables, which would capture the interna
tional economy from the standpoint of the typical country. 
That is, for the typical country model represented in Exhi
bit S.1, to become a part of the LINK-VAR Model, it has to 
be connected to the rest of the seventeen countries in the 
system with variables which account for the degree of open
ness of the typical country to the other countries. For 
this purpose, several link variables have been introduced to 
capture the effects of international influence upon domestic 
economic activity in each country. The standard practice in 
constructing weights has been to use commodity trade flows. 
In this study, an existing multilateral trade weighting 
scheme was selected rather than building either a bilateral 
or a global one. It is taken from the Multilateral Exchange 
Rate Model (MERH) of the International Monetary Fund (IMF).1 
The weights of HERM measure the effect on the home country's

1 The Multilateral Exchange Rate Model is discussed in 
Artus and Rhomberg (1973) and a revised version of the model 
is presented in Artus and HcGuirk (1981). The MERM weights 
are taken from Artus and McGuirk (1981), pp.30-31.
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trade balance measured In home currency of a change of one 
percent In the price of each foreign currency in terme of 
the home currency. That is, the weight of openness of coun
try h relative to country i, w* i , can be represented as,

V m i — Wn * / E W, i (5. 2)
» f t

where, W„, is the effect of a change of one percent in 
the price of currency h in terms of currency i on the trade 
balance of country h measured in its own currency and 
deflated by the induced change in the average of its export 
and import prices in its own currency, calculated from the 
IMF's model. To calculate these weights, MERM uses informa
tion about the entire structure of trade, including both 
bilateral and third-market relations. MERM also includes the 
commodity composition of trade, associated price elastici
ties of demand and supply and the effects of exchange rate 
changes on wages. As Rhomberg (1976, p.102) has aptly 
pointed out the MERH weights derived from this model are 
much more comprehensive than weights based simply on trade 
flows between countries.

The selection of IMF's weighting scheme, therefore, 
overcomes the problem of measuring the degree that each 
country is exposed to other countries' economic fluctua
tions. The MERM weights are obviously not the perfect 
weighting scheme one can use for such purposes, as the
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impact of capital flows are completely left out from thia 
measurement. As in the case of structural multi-country 
macroeconometric models, leaving out the financial linkages 
and focusing only on merchandise trade can constitute a 
challenging limitation. However, building a world-wide 
model, similar to MERM, which would Incorporate capital 
flows in order to calculate financial weights, is out of the 
scope of this thesis. Therefore, the linkage mechanisms used 
in this study Include only the trade weighted linkages. For 
the purposes of this study it is Justified to assert that 
these weights provide some information as to the openness of 
each country to the rest of the other countries in the eigh
teen country system.

Four link variables have been derived by using the MERM 
weights.

Output Link Variable

Monev Link Variable

(5. 4)

Price Link Variable

<5. 5>
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Effective Exchange Rate Link Variable

Fh . > v.i Ei * Vn a E> i + .... + w» . E. , (5.6)

where.
V. Ya > , • ., Y. . II & ST * output variable of each country.
H. , , *,• • , M. , = the money variable of each country.
P.. , P« « , . • , P. . = the price variable of each country.
Ei • , Ea t , . . , E, . = the bilateral exchange rate variable

of each country.
vk,, w«•,.., wk, » MERH weights and w„ » = O.

The output link variable Is assumed to capture the 
openness of the typical country model In terms of output 
fluctuations In the other countries. The money link captures 
the changes In monetary policies In the other countries. The 
fluctuations In the International prices are accounted for 
by the price link. The effective exchange rate link captures 
the movements in the domestic exchange rates In relation to 
the exchange rates of the other countries. Among the link 
variables the output link and the effective exchange rate 
link variables have a more straight foreward economic mean
ing.

The output link variable, in essence, represent the for
eign demand on the home countries exports, which is what the 
trade model in structural international macroeconometric
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models determines. For instance, a change in the output of 
the typical country will influence its imports from the 
trading partners, which would then influence the exports of 
the trading partners and therefore would affect the output 
in the trading partner countries.

The interpretation of the effective exchange rate is 
also straightforward. The index of effective exchange rate 
measures the average change of the typical country's 
exchange rate against all other currencies.* It, therefore 
captures the effects of exchange rate movements on the trade 
balance of the typical country.

Honey Link is a variable that has not been used before 
in world-wide models and constitutes one of the novelties 
Introduced in this thesis. In a world characterized by 
interdependence and coordination/harmonization of policies, 
the Influence of changes in monetary policy in one country 
on other countries can not be captured directly by focusing 
only on the trade flows. Similarly for the price link, the 
transmission of inflationary pressures would be more readily 
observed through the prices of tradable goods and not domes
tic prices. The aim here is to define some sort of a global 
money supply and a global inflation rate variables that each 
country faces. It is, therefore, desirable for the purposes 
of this study to capture the influence of both monetary pol

• See Rhomberg (1976), p. 88.
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icy and inflation in the rest of the countries upon the typ
ical country. With their limitations regarding the weighting 
scheme, it can be argued however, that a great deal of the 
international influence of money and prices can be captured 
by the proposed money link and price link variables. 1

With the output, money, price and effective exchange 
rate variables two different sets of possible linkages among 
the countries were conslderd and were called (1) Linkage 
Mechanism A, (2) Linkage Mechanism B. In both specifications 
the link variables represent the influence of the other sev
enteen countries on the typical country economy and are 
exogenous, to the typical country model. The link variables 
are assumed to be the driving variables and influence the 
domestic variables which are the responding variables. The 
link variables in turn are not directly affected by these 
responding variables.

Linkage Mechanism A

The first linkage mechanism that is considered here, 
links the typical country model to the rest of the countries

* Camara and Hufl <1982) constructed similar price and 
money variables and called them 'effective relative price 
indices' and 'effective money supply Indices' respectively 
Their study focused on the causality among exchange rates, 
relative prices and money supplies in a multi-country con
text.
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with a different link variable for each domestic variable. 
Each equation includes the past history of all domestic 
variables plus the past history of one link variable. The 
output link is entered only in the output equation, the 
money link is entered only in the money equation, the price 
link is entered only in the price equation and effective 
exchange rate link enters only in the Interest rate equation 
as illustrated in Exhibit S.2. The rational behind such a 
speciflcation is the belief that each domestic variable is 
predominantly influenced by the corresponding International 
variable. Obviously, this does not mean that for example, 
the money link variable would not influence the domestic 
output, or that the effective exchange rate link variable 
would not influence the domestic prices. The model specifi
cation focuses particularly on the direct effects of each 
link upon the domestic variable. Notice that for every 
domestic variable, there is a directly corresponding inter
national variable with the exception of interest rate. 
Interest rate is linked through the effective exchange rate 
link variable. The appropriate variable for linking the 
interest rate equation in the same line with the other 
equations should be an international interest rate variable, 
which is not readily available. The effective exchange rate 
link variable seems to be a resonable proxy for interna
tional short-term interest rate variations assuming that 
short term fluctuations in the exchange rates can predom-
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R V H T R T T  5 . 2 .  AM ILLUSTRATION OF THE OPEN-ECONOHY 
(POST-LINK) MODEL FOR THE TYPICAL COUNTRY IH LINK-VAR. 

(LINKAGE MECHANISM A)

S X
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inantly be explained by biletaral interest rate differen
tials. The equations of a typical country model in LINK-VAR 
under the Linkage Mechanism A can be represented as follow:

The Output Equation for the Typical Country:

Y = a ♦ b Y ♦ b Y +..... ♦ b Y (5.7)i ■ i i « - t i • > -1 i • • - ■
* c M * c M +...... *■ c M

I 1 i - I l i f e - *

+ d  P ♦ d  P * ...............*  d  PI 1 « - I ! • « - •  I # I - ■
* f R * f R +......♦ f RI 1 I - I II I - t
* g V * g V +..... * g Vi i «-i i* t - ■ ii ■-•
* r T * ei ■«

where,

Y is output
M is money
P is price
R is interest rate 
T is time.
V is the output link variable
e is the random disturbance term
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The Money Equation for the Typical Country:

M = a + b Y ♦ b Y *......+ b Y <5.8)« • II I - I II t • I • ■ * - ■
+ c M + c H * ♦ c M

• i % - i • a « - a a ■ i - ■

* d P ♦ d P + + d P
* i » - i a a • - a <■ i - •

+ f R ♦ f R + + f R
a i  t  -  i  i t  « - •  i «  t  * «

♦ g S ♦ g S + + g S
■ i  » -  i  i t  t - 1 a » • -  p

+ r T ♦ e
a a t

where,
Y, M, P, R, and T are as defined above.
S ia the money link variable 
e la the random dlaturbance term

The Price Equation for the Typical Country :

P = a + b Y ♦ b Y +..... ♦ b Y <5.9)
i a J i t - .  a a t - a  , . f m

+ c M * c H *...... * c M
a i t - t aa i -a J • i - •

+ d P «■ d P ♦...... ♦ d P] I I - I )l I - I !■ t - •
♦ f R ♦ f R +...... + f R

II k - I 1C I * t 3 • t - *

♦ g Z ♦ g Z +*..••+ g Z
at i - i ic t > • i« t -•

♦ r T ♦ *
a a «
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where,
Y, M, P, R, and T are aa defined above.
Z is the price link variable 
e Is the random disturbance term.

The Interest Rate Equation for the Typical Country:

a ♦ b Y ♦ b Y *..... ♦ b Y (5.10)
4 4 1 1 - 1  41 t 4 * I • *

♦ c M * c M ♦..... ♦ c M*i •—i
+ d P ♦ d P «■..... + d P

4 t 4 — 1 4 • t - • 4 4 t - 44

* f R * f R f..... f f R
4 1 t-l 41 I - a 41 I - •

+ g F ♦ g F ♦..... * g F
*1 t-l 4 1 4 - t 4 • t — 41

+ r T * e

where,
Y, M, P, R, and T are ae defined above.
F is the effective exchange rate link variable, 
e is the random disturbance term.
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Linkage Mechanism B

The second linkage mechanism that Is considered includes 
linkages through only two link variables, the output link 
and the effective exchange rate link. Unlike Linkage Mecha
nism A, Linkage Mechanism B Is more general and. It allows 
for the two link variables enter In every equation of the 
typical country model as shown in Exhibit 5.3. The output 
link variable represents the output fluctuations in the 
other economies of the system and the effective exchange 
rate link variable represents movements In financial and 
price variables. Thus, there is an international output 
variable and an international price variable in every equa
tion of the typical country model. In essence, this type of 
a linkage mechanism is very similar to the way regional mod
els are linked to national models as illustrated in Table 
4.2. One could think of individual countries as a specific 
region of the international economy where the international 
variables, which are exogenous to the single country model, 
will enter on the right-hand-side of every equation. The 
equations of th typical country model in LINK-VAR under the 
Linkage Mechanism B are represented below;
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EXHIBIT 5.3. AN ILLUSTRATION OF THE OPEN-ECONOHY 
<POST-LINK) MODEL FOR THE TYPICAL COUNTRY IN LINK-VAR. 

(LINKAGE HECHAKISH B)

DOMESTIC VARIABLES

4-

LINK VARIABLES

INTERNATIONAL INFLUENCE
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The Output. Equation for the Typical Country:

Y = a + b Y * b Y ♦..... + b Y C5.ll>t i iift-i i< i-« *. »-.
* c M + c H * * c M

I 1 « - I I * t - « l a  I - •

d P + d P * + d P
1 1 t - I I t t - ■ la t - a

♦ f  R ♦ f  R *  * f  R
I l k - 1  I t  I - I l a  I - a

+ g V g V ♦ + g V
i i t - i it i - 1 it i - ■

+ 8 F * 8 F *.....+ 8 F
1 1 t - I It i - l  It • ' t

+ r T + e
i it

where,

Y is output 
M is money 
P is price
R is interest rate 
T is time.
V is the output link variable.
F is the effective exchange rate link variable, 
e is the random disturbance term.
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The Honey Equation for the Typical Country:

M = a + b Y * b Y  ♦ b Y <5.12)» • •i «-i i■ > - •
+ c M + c H...... +.....* c M11 I - I t« I - • I ■ I • »

+ d P ♦ d P * + d PII l-l II I • •

+ f  R t- f  R................... ♦ ............... ♦ f  RI 1 1-1 • ■ I ~ ■ I M t-l

+ g V ♦ g V ♦ ♦ g V• i «-i it i-i ii i -1
♦ s F * a F ♦ ♦ a F

■i i - i it i - i  • i t - i

+ r T + e

where,
Y, H, P, R, and T are a« defined above.
V la the output link variable.
F la the effective exchange rate link variable,
e la the random disturbance term.
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The Price Equation for the Typical Country:

P = a ♦ b Y + b Y *..... + b Y (5.13>* » » » . - i  3m t-m
♦ c M + c M ♦..... ■*■ c M

I l » - 1 I I  l - •  l a  I - ■

* d P ♦ d P *..... ♦ d P
I I  I - I I I  I - I I a I - ■

* f  R ♦ f  R ♦ ...............♦ f  R
j 1 t - |  2ft | - c 2 ■ t - a

♦ g V * g V + * g V
1 1 < - l I I  I - I l a  I - a

+ a F + a F *..... * a F
j i i - i  i  -  •  l a  « -  i

+ r T  ♦ e

where,
Y, M, P, R, and T are aa defined above.
V is the output link variable.
F la the effective exchange rate link,
e la the random dieturbance term.



104

The Interest Rate Equation for the Typical Country:

R = a * b Y * b Y *..... «■ b Y <5.14)
* 4 4 1 I • I 4 1 l - l  4 ■ » - ■

♦ c M ♦ c M *..... * c II
« 1 t - I 4 1 I - 1 « » * - ■

♦ d P * d P ♦..... * d P
4 ft t - t 4 « t - l  4a * - a

± R + f R..... ♦......* f R
4 » * - I 4 1 t - I 4 a * - a

+ g V * g V ♦ ♦ g V
4 1 t - t 4 4 4 - 4  A p t - p

* a F ♦ a F ♦..... ♦ a F
4 4 I > I 4t I •« 4 4 4 -4

* r T ♦ e

where,
Y, M, P, R, and T are as defined above.
V la the output link variable.
F Is the effective exchange rate link variable,
e Is the random disturbance term.

In concluding this chapter, the basic features of the 
LINK-VAR model can be summarized as: <1) The LINK-VAR model
Is an eighteen country system where each country model la 
specified with four major macroeconmlc variables (output.
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money, price and Interest rale); (2) The country models In 
the LINK-VAR are linked through two different linkage mecha
nisms; <3> Linkage Mechanism A considers four link variables 
linking the corresponding four domestic variables; and, <4) 
Linkage Mechanism B is more general and considers only two 
link variables in every equation of the typical country 
model.

In the next chapter the data, the estimation, and the 
model selections of LINK-VAR will be discussed in detail.



CHAPTER VI

DATA, ESTIMATION AND MODEL SELECTIONS 

Introduction

The LINK-VAR is a monthly model covering eighteen major 
OECD countries (Australia, Austria, Canada, Denmark, Fin
land, France, Germany (West), Ireland, Italy, Japan, Nether
lands, Norway, Spain, Sweden, Switzerland, United Kingdom, 
and the United States). Each country model In LINK-VAR Is 
specified by four major macroeconomic variables (output, 
money, price, and Interest rate) except for Spain and Fin
land which are represented by the first three since compa
tible interest rate series for both countries are not avail
able.

This section is organized in the following way: The 
first section gives the description of the data used in the 
study. The estimation procedure of the LINK-VAR model is 
discussed in the second section. The third section presents 
the model selections for the individual country specifica
tions in the LINK-VAR. The summary of the results from the 
model selections constitute the last section of this chap
ter.

106
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Data D»«crlptlon

It la evident from the aurvay of VAR modala In Chaptar 
IV that tha moat common varlabla uaad to rapraaant output la 
Real GNP. It ahould ba notad that tha majority of tha 
national atudlaa uaad quarterly data. Quartarly aarlaa for 
GNP are available for tha aome of tha weatern induatriallzed 
countries. Since GNP series are not compiled on a monthly 
basis, a proxy la needed to repraaent output. In this study 
the standard practice vaa followed and tha seasonally 
adjusted Index of Industrial Production, which is tha most 
common proxy for tha economic activity in monthly studies, 
was used.

Monthly aarlaa for tha narrow definition of money (Ml) 
is readily available for the majority of industrialized 
countries. Tha Ml series was selected as tha money variable, 
except for Sweden and Switzerland where a more consistent 
series M2 exists.

For the price variable in the LINK-VAR, the Consumer 
Price Index for all items (1980*100) was used. It is taken 
as a proxy for the broader price variable, the GNP Deflator.

The interest rate variable is the least homogenous mea
sure across the countries since there are a variety of dif
ferent rates one could consider. According to major interna
tional studies, a comparable short term rate for each coun
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try can be found aa long aa conalatent data arc available.‘

With fev exceptions the source of the data is OECD's 
Main Economic Indicators; Historical Statistics 19S4-19Q3 
and the various issues of monthly Main Economic Indicators. 
The data for the Effective Exchange Rate Link variable were 
taken directly from IMF's International Financial Statistics 
Data tape (Series AMX). A detailed description of the data 
and their sources are discussed in Appendix B.

The standard practice in VAR studies is to use some 
transformation on the data in order to work with stationary 
series. This could be done by either using growth rates or 
differencing the data. Another standard practice, which is 
the one adopted in this study, is to estimate the equations 
in logs except for variables that represent percentage 
rates, such as the unemployment rate and the Interest rate, 
and Include a trend variable in every equation. Therefore, 
in this study all of the variables except Interest rate were 
used in log form.

Estimation of LINK-VAR

The country models in the LINK-VAR were estimated by 
using the ordinary least squares technique. In a reduced-

1 IMF and OECD, in their monthly publications have 
selected those representative short-term rates for interna
tional comparisons. See Appendix B, for the exact description 
of the Interest rate data.
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form equations model, such as the system of equations in a 
VAR model, the model can be estimated with techniques that 
account for cross-equation correlation of disturbance terms 
in order to gain efficiency in the coefficient estimates.* 
However, if all equations have the same explanatory vari
ables, the ordinary least squares will provide equally effi
cient estimatea of the coefficients.*

The sample period used for the estimation was 1972:01- 
1984:06 for the majority of the countries where the histori
cal data were available. Due to data limitations for some of 
the series the estimation period for Austria, Denmark and 
Norway was started in 1973:01 and for Sweden in 1975:01.

Ex-post forecasts were generated for 1984:07-1985:06. As 
actual data were available until 1985:06, the intention was 
to have a twelve month forecast horizon covering the last 
twelve observations of the available data. The estimations 
were done in two stages; (1) Pre-Link Estimations and <2> 
Post-Link Estimations. After each estimation, twelve-month 
forecasts were generated and used to determine the best 
model specifications.

• See Kmenta (1971), pp.517-520.
* See Ibid. , p. 521.
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Pre-Link <cloned-economy) Eatlm«tionB

In the first stage, the eighteen Individual country mod
els of LINK-VAR were estimated as closed-economy systems to 
establish an appropriate pre-link model for each country, 
before studying the impact of International fluctuations. As 
indicated In Chapter III, the key task in building a VAR 
model is the choice of the lag structure which is selected 
based on some statistical criteria.

One way of determining the lag length is to use a test 
which would evaluate alternative lag structures based on 
goodness of fit in the sample period. Sima (1980a) suggested 
an asymptotic Xa teat where shorter lag structures are 
tested as restrictions on longer lags. Hakklo and Morris 
(1984) showed how to use such a test with a simple three 
equation model.

A second way to choose the lag structure is to use some 
statistical criteria measuring the predictive accuracy of 
the model with alternative lag lengths. It is quite often 
the case that goodness of fit does not guarantee predictive 
accuracy, especially in multi-equation models.* Since the 
purpose of this study is to build a forecasting model, the 
latter kind of lag selection, seems to be more appropriate.

* See, for instance Plndyck and Rublnfeld (1981), p.361.
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One criterion that is widely used for evaluating fore

casting accuracy is the root-mean-square error < RMSE) which 
is given by,

T
RMSE = 1/T Z < Yf - Y* )• <6.1)

t = i ‘ •

where, Yr is the forecasted value of Y, Y* is the actual
value of Y and T is the number of forecast periods.

The lag structure which provides the least RMSE for each 
variable is selected as the optimum lag length for the 
model. Obviously, RMSE is a good measure to make single 
equation lag selections. However when a system of equations 
is considered, RMSE criterion could easily lead to inconclu
sive results. When, for example, six competing models are 
being evaluated regarding lag structures, equation by equa
tion comparisons could easily lead to very mixed results. It 
is possible to find that the lag structure in model one has 
the best output forecast, model two has the best money fore
cast, model three has the best price forecast and model four 
has the best interest rate forecast. From such a set of 
results it would be very difficult to select the optimum 
model specification. Since our purpose is to select the lag 
structure for the whole system using post-sample prediction 
performance, a criterion which would provide a comparison of 
different specifications not only by single equation but 
also in a system of equations is needed. To this end, a
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criterion vae developed In this study, the 'mean standard 
total error' <MSTE) of prediction. MSTE Is simply a standar
dized measure of the average prediction error of different 
equatlon-systems and can be represented as:

1 . RMSE.t
MSTE, = ( --- E < ------------------  > <6.2)

n  J - *
<1/n > E RMSE.j

j - »

where RMSE.j Is the root-mean-equare-error from equation 
1 In model specification j, and 1= 1,..., m Is the number of 
variables, and j=l,..., n Is the number of alternative lag 
structures.

From Equation <6.2) one can see that MSTE is the mean of 
the sum of the standardized error of each equation where the 
standardized error is calculated as the ratio of each RMSE 
to the average RMSE. The specification which produced the 
least MSTE was usually selected as the optimum lag struc
ture. It Is recognized that MSTE could be biased In case of 
an explosive forecast in one or more variables, neverthe
less, when this Is not the case, it can be a very useful 
criterion in determining the lag structure. The MSTE measure 
was not the only criterion used In making the lag structure 
selections in this study, at times subjective judgement was 
used where ever It was felt to be necessary.

In the Pre-Link estimation stage, each country model was



113
estimated using six alternative lag structures in quarterly 
Intervals, i.e., three, six, nine, twelve, fifteen, and 
eighteen months. For each lag structure twelve-period-ahead 
forecasts were generated. These results are reported in 
Table 6.1 for each country. Twenty four lags were also 
tried, but due to the fact that it produced explosive fore
casts in some countries, these results were not included in 
the tables. The forecasts generated by all the selections 
were strictly unconditional forecasts, where only the infor
mation up to the period 1984:06 was used. The first stage of 
estimations was completed by selecting the best closed- 
economy specification for each of the eighteen countries in 
LIHK-VAR.

Post-Link (Ooen Economy) Estimations

In the second stage of estimations, each country model 
was estimated as open-economy (post-link) systems by intro
ducing the link variables into the best closed-economy 
specifications that were selected in the first stage. Post- 
Link Estimations were done for the two different linkage 
mechanisms that were introduced in Chapter V. As in the clo- 
sed-economy case, it can be argued that each country model 
would have a different lag structure in terms of the link 
variables. That is, it is reasonable to believe that the 
transmission of international fluctuations would take longer
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for some countries than for others. For this reason alterna
tive lag structures with equal size for the link variables 
were considered. One could argue that the Influence of the 
international economy on each variable may differ in terms 
of lag lengths. For instance, one could expect a faster 
International Impact on Interest rate than on output which 
would mean that the post-link specification should consider 
disproportianate lag structures for each equation In the 
typical country model. Only symmetric lag structures were 
considered and disproportionate lag structures were not 
tried for the purposes of the study. There is reason to 
believe that the results could have been improved if the 
latter strategy were followed. The possible combinations of 
disproportianate lag structures are so numerous that the 
gain in such an exercise might be undermined by the amount 
of computations necessary.

Twelve-period-ahead forecasts were generated from each 
post-link specification and the optimum post-link lag 
structure was selected based on the forecast performance. In 
the case of post-link forecasting the forecasts were condi
tional on the given values of the link variables. In ex-post 
forecasting experiments, the common practice is to use the 
actual values of the exogenous variables over the forecast 
horizon. This practice was followed in the case of the LINK- 
VAR estimation. It is Important to note that unconditional 
forecasts can still be generated if the exogenous variables.
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I.e., -the link variables In Individual country models, are 
forecasted by using their own past history up to the end of 
the estimation period. This process assumes that each coun
try is a 'small open economy*. The link variables have an 
influence upon each country but they are not affected by 
each country's model. One therefore, can generate ex-ante 
forecasts by using this approach.

Model Selections for Each Country Model in LINK-VAR

Initially a pre-link (closed economy) specification was 
made for each of the eighteen countries. Then, the linkage 
mechanisms were introduced into the selected pre-link speci
fication and the best post-link (open-economy> specification 
was determined. The MSTE criterion was generally followed in 
these selections and in some country specific cases other 
special considerations where taken into account. In the pre
link model the lag structure which yielded the lowest MSTE 
and relatively lower RMSEs in at least two equations, com
pared to other specifications, was selected. Where the MSTE 
measures for several specifications were very close, the lag 
structure of the lowest order (i.e., smaller number of lags) 
was chosen in order to gain some degrees of freedom.

In the post-link model the lag structure which firstly 
yielded the lowest MSTE and secondly the larger number of 
equations with relatively lower RMSEs, compared to the best
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pre-link specification, was selected. More emphasis was 
given to equation by equation comparisons since the purpose 
was to find the post-link specification which improves more 
equations than the pre-link specification. In most cases the 
lag structure with the lowest MSTE had also the most number 
of improved equations over pre-link. The selected specifica
tions are reported in country Tables 6.1 for the pre-link,
6.2A for post-link A, and 6.2B for post-link B. A brief dis
cussion of how the selection was made for each country la 
provided below.

Australia

The six lags specification was chosen as the optimum for 
Australia, Table 6.1.1. This lag structure has the lowest 
MSTE measure and it has at least three equations with lower 
RMSEs compared to the rest of the specifications. Six lags 
has also the best output and interest rate forecast, second 
best money forecast, and third best price forecast. Table 
6.1.1 also indicates that output and price predictions are 
better at short (three, six) and long (eighteen) lags. On 
the other hand, interest rate predictions deteriorate as 
more lags are introduced, while money predictions are better 
between six to fifteen lags.

The best post-link selection under the linkage mechanism 
A for Australia was the fifteen lag specification. Table
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6.2A.1. Although It has the second lowest MSTE It compares 
well with the eighteen lag specification with the lowest 
MSTE. Fifteen lags has better output and money forecasts and 
eighteen lags has better price and Interest forecasts. Among 
other reasons fifteen lags was selected over other specifi
cations because it compares better with the pre-link speci
fication. Output and money forecasts of fifteen lags are 
almost the same as the pre-link, price forecast is signifi
cantly improved and interest forecast is slightly worse. 
Table 6.2A.1 also indicates that price forecasts are 
improved as more lags are introduced and they are better 
than the pre-link prediction for price for every specifica
tion. Money predictions can not be improved over the pre
link prediction at all. Interest rate forecast is better 
than the pre-link forecast only at twenty one lags. Finally, 
the output forecast is slightly improved only at fifteen 
lags.

Twelve lags was selected for the post-link specification 
for Australia under the linkage mechanism B, Table 6.2B.1. 
This lag structure has the lowest MSTE and has at least 
three better equations than all the other possible alterna
tives. Table 6.2B.1 indicates that price predictions can be 
improved over the pre-link in all cases. Interest rate pre
diction can not be improved. Output forecasts improve up to 
eighteen lags, while money improves only at eighteen lags.
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AUSTRALIA
TABLE 6. 1. 1

SELECTING THE BEST PRE-LINK(CLOSED-ECONOMY) SPECIFICATION: 
Twelve Months Ahead Forecast Errors of VAR Specification 
with Alternative Lag Structures.

(1)
Number of 
Lags

(2)
Output

(3)
Money

(4)
Price

(5)
Interest

(6)
MSTE

1 TO 3 .01692 .02549 .01026 1.73300 .93677
1 TO 6 * .01346 .01546 .01862 1.45100 .83936
1 TO 9 .01693 .01464 .02138 1.53600 .92680
1 TO 12 .02246 .01840 .02073 2.01500 1.10582
1 TO 15 .02266 .01778 .02353 2.07300 1.14746
1 TO 16 .01482 .02347 .01203 2.79900 1.04379

• Selected pre—link(closed—economy) specification.
Column (1) represents the number of lags of each variable in 
each equation.
Columns (2> — <5> are root—mean—square errors from post—sample 
forecasts, measured in the same units as the variables.
Column (6) represents the mean standardized total error, 
where the standardized error in each equation is calculated 
as the ratio of each root—mean—square error to the average 
root—mean—square error. (See equation (6.2)).
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AUSTRALIA
TABLE 6.2A.1

SELECTING THE BEST POST—LINK(OPEN—ECONOMY) SPECIFICATION: 
Twelve Months Ahead Forecaat Errora of VAR Specification 
with Alternative Lag Structures for the International 
Linke. (Linkage Hechanian A)

(1)
Number of 
Link Lags

(2)
Output

<3>
Money

(4)
Price

(5)
Interest

(6)
MSTE

Selected ‘ 
Pre-Link

.01346 .01546 .01862 1.45100

1 TO 3 .01452 .01968 .01225 1.74800 1.05713
I TO 6 .01452 .02296 .01138 1.88000 1.08590
1 TO 9 .01445 .02439 .00960 1.99100 1.06532
1 TO 12 .01381 .02939 .01239 1.84500 1.16414
1 TO 15 * .01300 .01555 .00763 1.76600 .85971
1 TO 18 .01575 .02149 .00388 1.46300 .81700
1 to 21 .01685 .03205 .00857 1.28200 1.05202
1 TO 24 .01459 .02709 .00467 1.60500 .89202

* Selected pre—link<closed-economy) apeclflcation from 
Table S.1

• Selected post—link(open—economy) apeclflcation.
Column (1> repreaenta the number of laga of each variable in 
each equation.
Columna (2>— <5) are root—mean—aquare errora from poat—simple 
forecasts, meaaured in the aame unite aa the varlablea.
Column (6) repreaenta the mean atandardized total error aa 
explained in Table (6.1).



120

AUSTRALIA
TABLE S.2B.1

SELECTING THE BEST POST-LINK<OPEN-ECONOHY) SPECIFICATION] 
Twelve Month® Ahead Forecast Errora of VAR Specification 
with Alternative Lag Structures for the International 
Links. (Linkage Mechanism B)

< 1)
Number of 
Link Lags

(2)
Output

(3)
Money

(4)
Price

(5)
Interest

(6)
MSTE

Selected 1 
Pre-Link

.01346 .01546 .01862 1.45100

1 TO 3 .01216 .01644 .00926 1.77500 .66268
1 TO 6 .01271 .02354 .00690 2.07700 .89410
1 TO 9 .01574 .03007 .00231 2.09600 .85492
1 TO 12 • .01115 .01559 .00800 1.78900 .80062
1 TO 15 .01135 .01575 .00819 1.94700 .83166
1 TO 16 .01332 .01399 .01004 1.75000 .87827
1 TO 21 .02739 .04397 .00449 2. 18500 1.23467
1 TO 24 .03797 .05125 .01145 1.84100 1.63809

1 Selected pre—link(closed—economy) specification from 
Table 6.1

* Selected post—link(open—economy) specification.
Column (1> represents the number of lags of each variable in 
each equation.
Columns (2)— (5) are root—mean—square errors from post—sample 
forecasts, measured in the same units as the variables.
Column (S> represents the mean standardized total error as 
explained in Table (6.1).



121

Austria

The pre-link selection for Austria was three lags. Table 
6. 1.2. It provides the least MSTE and also has at least two 
better equations than the two alternative specifications, 
nine lags and twelve lags, with second and third lowest MSTE 
values. An equation by equation comparison Indicates that 
three lags has the best price forecast, second best output, 
third best Interest and fourth best money forecast, yielding 
a reasonably balanced forecast performance. An overall 
assessment of the pre-link specifications Indicate that out
put and price forecasts deteriorate as more lags are Intro
duced. Further more, money predictions are better at longer 
lags and the Interest rate forecasts are the best within six 
to nine months.

Three lags was selected for the post-llnk specification 
under linkage mechanism A, Table 6.2A.2. Three lags has the 
lowest MSTE and has at least two better predictions than all 
the other alternatives. Lags six Is also a relatively good 
specification. The overall results for this case Indicate 
that, price and output are Improved at every possible lag 
structure, money can not be Improved by the post-llnk speci
fication at all.

The selection for the post-llnk specification under 
linkage mechanism B was nine lags. Table 6.2B.2. This selec-
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AUSTRIA
TABLE 6.1,2

SELECTING THE BEST PRE-LINK(CLOSED-ECONOMY> SPECIFICATION: 
Twelve Months Ahead Forecast Errors of VAR Specification 
with Alternative Lag Structures.

(1)
Number of 
Lags

(2)
Output

(3)
Money

(4)
Price

( 5 ) 
Interest

(6)
MSTE

1 TO 3 * .02984 .07031 .01361 .26410 .74253
1 TO 6 .02888 .08510 .01632 .32010 .84572
1 TO 9 .03615 .07619 .02162 .13980 .78436
1 TO 12 . 03853 .06867 .02312 .15530 .79221
1 TO 15 .05197 .02635 .05197 . 74900 1.47095
1 TO 18 .08314 .05865 .04633 .53870 1.47095

• Selected pre—link(closed—economy) specification.
Column (1) represents the number of lags of each variable in 
each equation.
Columns (2)—<5) are root—mean—square errors from post—sample 
forecasts, measured in the same units as the variables.
Column (6) represents the mean standardized total error, 
where the standardized error in each equation is calculated 
as the ratio of each root—mean—square error to the average 
root—mean—square error. (See equation (6.2>).
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AUSTRIA
TABLE 6.2A.2

SELECTING THE BEST POST-LINK<OPEN-ECONOHY) SPECIFICATION: 
Twelve Months Ahead Forecast Errors of VAR Specification 
with Alternative Lag Structurea for the International 
Links. (Linkage Mechanism A)

< 1) (2) (3) (4) (5) (6 >
Number of 
Link Lags

Output Money Price Interest MSTE

Selected 1 
Pre—Link

.02984 .07031 .01361 .26410

1 TO 3 * .02256 .03618 .00970 .30950 .87615
1 TO 6 .02266 . 05371 .00767 .45080 .93895
1 TO 9 .02185 .06615 .00719 .63030 1.03996
1 TO 12 .02046 .07379 .00548 .75830 1.05084
1 TO 15 .02001 .07425 .00750 .77200 1.1220S
1 TO 18 .02069 .07011 .00665 . 64220 1.02868
1 TO 21 .02048 .06116 .00912 .52620 1.02463
1 TO 24 .01958 . 06702 .00540 .54520 .91874

1 Selected pre—link(closed—economy) specification from 
Table 6.1

* Selected post—link(open—economy) specification.
Column (1) represents the number of lags of each variable in 
each equation.
Columns (2>— (5) are root—mean—square errors from post—sample 
forecasts, measured in the same units as the variables.
Column (6) represents the mean standardized total error as
explained in Table (6.1).
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AUSTRIA
TABLE 6. 2B. 2

SELECTING THE BEST POST-LINK(OPEN-ECONOHY) SPECIFICATION: 
Twelve Months Ahead Forecast. Errors of VAR Specification 
with Alternative Lag Structures for the International 
Links. (Linkage Mechanism B)

(1)
Number of 
Link Lags

(2 > 
Output

(3 > 
Honey

(4 > 
Price

(5)
Interest

(6)
MSTE

Selected 1 
Pre-Link

.02984 .07031 .01361 .26410

1 TO 3 . 03028 .05802 .01679 .18640 1.06132
1 TO 6 .02723 .03095 .01386 .35470 .91555
1 TO 9 * .02879 .02596 .00964 .60630 .92726
1 TO 12 .03275 .02928 .00365 .88990 .96977
1 TO 15 .03826 .03301 .00513 .75800 .99698
1 TO 18 .03640 . 05307 . 00680 .43060 .95140
1 TO 21 .03401 .07242 .01113 .24640 1.04583
1 TO 24 .04186 .09146 .00910 .21790 1.16426

1 Selected pre—link<closed—economy> specification from 
Table 6.1

• Selected post—link(open—economy) specification.
Column (1> represents the number of lags of each variable in 
each equation.
Columns (2)— <5> are root—mean—square errors from post—sample 
forecasts, measured in the same units as the variables.
Column (£) represents the mean standardized total error as
explained in Table (6.1).
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tlon has the second lowest HSTE and was preferred over lag 
six with the lowest HSTE. Nine has two better, one almost 
the same and one worse forecast compared to six. Further 
more, nine lags has three better predictions, output, money 
and price, than the pre-link specification and no other lag 
structures has this advantage. Table S.2B.2 also indicates 
that there is an uneven distribution of international influ
ence on individual variables under the linkage mechanism B. 
Output is slightly Improved only at six and nine lags. Money 
is improved within first eighteen lags. Price is improved 
between nine and twenty four lags, while the interest rate 
is improved within the first three and between twenty one 
and twenty four lags.

Belgium

Six lags was selected as the best pre-link selection for 
Belgium, Table 6.1.3. Six lags yields the lowest HSTE value 
and at least two better predictions than nine lags, which 
has the second lowest HSTE. This specification also provides 
a balanced forecast performance with the best price and 
interest rate forecasts and third best output and money 
forecasts. From the overall picture it can be observed that, 
the best output and interest rate predictions are within the 
first nine lags. At the same time, the best money forecast 
is provided at eighteen lags, while the best price forecasts
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are at six and nine lags.

The linkage mechanism A post-link selection was six 
lags. Table 6.2A.3. Note that, six lags was chosen as the 
best specification although it has the sixth lowest HSTE 
value. Table 6.2A.3 Indicates that three and six lags speci
fications improve three equations (output, money and inter
est rate) over the pre-link selection but at the same time 
generate very bad predictions for price. As a result the 
MSTE values for three and six lags are biased due to the 
huge forecast errors in price. Six lags was selected as the 
best selection acknowledging the failure in the price fore
cast. Table 6.2A.3 also shows that, price forecast can not 
be improved over pre-link although longer lags reduces the 
forecast error. Money predictions are better except for the 
twenty four lags. Interest rate forecasts deteriorate after 
twelve lags, while output forecasts are relatively better at 
three and six lags.

Under linkage mechanism B, the post-link selection was 
fifteen lags, which has the fourth lowest MSTE, Table 
6.2B.3. The problem encountered in linkage mechanism A seems 
to appear again, where the forecasts of output, money and 
interest rate can be Improved with a deteriorating price 
forecast. Fifteen lags is the only specification where a 
better forecast for output, money and interest rate can be 
obtained simultaneously. Output forecasts are better except 
for twenty four lags. Money forecasts are better at all
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BELGIUM
TABLE S.1.3

SELECTING THE BEST PRE—LINK(CLOSED—ECONOMY) SPECIFICATION: 
Twelve Months Ahead Forecast Errors of VAR Specification 
with Alternative Lag Structures.

(1)
Number of 
Lags

(2)
Output

(3)
Money

(4)
Price

(5)
Interest

(6)
MSTE

1 TO 3 .02963 .02526 .00699 1.72100 1.10731
1 TO 6 • .03261 .01992 .00354 1.20000 .82530
1 TO 9 .03206 .01929 .00372 1.28500 .83541
1 TO 12 .03937 .02276 .00630 1.89600 1.14555
1 TO 15 .03564 .02271 .00574 1.20600 .98281
1 TO 18 .03485 .01835 .00608 2.23400 1.10362

• Selected pre—link(closed—economy) specification.
Column <1) represents the number of lags of each variable in 
each equation.
Columns (2>—(S) are root—mean—square errors from post—sample 
forecasts, measured in the same units as the variables.
Column (6> represents the mean standardized total error, 
where the standardized error in each equation is calculated 
as the ratio of each root—mean—square error to the average 
root—mean—square error. (See equation (6.2)>.
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BELGIUM
TABLE 6.2A.3

SELECTING THE BEST POST-LINK<OPEN-ECONQMY> SPECIFICATION: 
Twelve Months Ahead Forecast Errors of VAR Specification 
with Alternative Lag Structures for the International 
Links. (Linkage Mechanism A)

(1)
Number of 
Link Lags

(2)
Output

(3)
Money

(4)
Price

( 5 ) 
Interest

(6)
MSTE

Selected 1 
Pre-Link

.03261 .01992 .00354 1.20000

1 TO 3 .02227 .01610 .03708 .61600 1.09770
1 TO 6 • .02410 .01490 .03271 .58000 1.02125
1 TO 9 .03755 .01560 .02114 .54400 .95602
1 TO 12 .03710 .01500 .01457 1.20700 .98749
1 TO IS .03393 .01687 .01200 1.25400 .96202
1 TO 18 .03240 .01800 .00744 1.52300 .95625
1 to 21 .03220 .01894 .00413 1.78700 .97567
1 TO 24 .03660 .01999 .00478 1.82600 1.04360

1 Selected pre—link(closed—economy) specifIcstlon from 
Table 6.1

• Selected post—link(open—economy> specification.
Column <1) represents the number of lags of each variable In 
each equation.
Columns <2>— (5) are root—mean—square errors from post—sample 
forecasts, measured in the same units as the variables.
Column (6) represents the mean standardixed total error as
explained in Table (6.1).
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BELGIUM
TABLE 6. 2B. 3

SELECTING THE BEST POST-LINK(OPEN-ECONOHY> SPECIFICATION> 
Twelve Month* Ahead Forecast Errors of VAR Specification 
with Alternative Lag Structures for the International 
Links. (Linkage Mechanism B)

(1) (2) (3) (4) (5) (6)
Number of 
Link Lags

Output Money Price Interest MSTE

Selected 1 
Pre—Link

.03261 .01992 .00354 1.20000

1 TO 3 .02136 .01478 .00419 2.08100 .82420
1 TO 6 .02014 .01339 .01096 2.15500 .89452
1 TO 9 .02600 .01385 .01695 2.51000 1.09536
1 TO 12 .02683 .01592 .01985 1.31000 .99839
1 TO 15 * .02475 .01798 .02194 1.15800 1.01921
1 TO 18 .02453 .01670 .02500 1.30500 1.06029
1 TO 21 .02898 .01339 .02267 1.37000 1.02494
1 TO 24 .03507 .01324 .02206 1.44000 1.08309

1 Selected pre—link(closed—economy) specification from 
Table 6.1

* Selected post—link(open—economy) specification.
Column (1) represents the number of lags of each variable in 
each equation.
Columns (2>—(S) are root—mean—square errors from post—ssmple 
forecasts, measured in the same units as the variables.
Column (6) represents the mean standardized total error as
explained in Table (6.1).
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lags. Price predictions can not be Improved at all, while 
Interest rate predictions are bad except for the selected 
fifteen lags.

Canada

The pre-link selection for Canada was very straight 
forward. The best specification was three lags, which has 
the lowest MSTE and at the same time has lower RMSEs for 
every variable. Table 6.1.4. A systematic pattern can be 
seen in all equations where longer lags deteriorate the 
forecast performance, except for price which shows some 
fluctuations in RMSEs.

The post-link selection under linkage mechanism A was 
three lags which indicated a relatively rapid international 
influence over the domestic economy. Table 6.2A.4. Three 
lags has the lowest MSTE measure and has at least three bet
ter forecasts than nine lags, which has the second best 
MSTE. As in the case of the pre-link selections, the output 
and money forecasts get worse as more lags are introduced. 
Price forecasts are better up to twelve lags, while interest 
rate prediction errors fluctuate at longer lags.

Linkage mechanism B yield the same selection, three 
lags. Table 6.2B.4. At three lags, MSTE measure is the low
est and at least three equations have the lowest RMSEs.
Table 6.2B.4 also indicates that output prediction errors
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CANADA
Table 6.1.4

SELECTING THE BEST PRE-LINK<CLOSED-ECONOHY> SPECIFICATION: 
Twelve Month* Ahead Forecast Errors of VAR Specification 
with Alternative Lag Structures.

<1)
Number of 
LagB

(2)

Output
(3)

Money
<4)

Price
(5)

Interest
< 6 ) 

MSTE

1 TO 3 * .02913 .02213 .02071 1.05600 .52235
1 TO 6 .04039 .04562 .03147 2.66200 .93227
1 TO 9 .04284 .04449 .03356 2.60400 .95137
1 TO 12 .04949 .07318 .03181 2.23600 1.05907
1 TO 15 .06402 .07449 .03203 2. 98200 1.21423
1 TO 18 .07221 .08268 .02949 3.49000 1.32071

• Selected pre—link(closed—economy) specification.
Column (1> represents the number of lags of each variable in 
each equation.
Columns <2>— (5) are root—mean—square errors from post—sample 
forecasts, measured in the same units as the variables.
Column (6> represents the mean standardized total error, 
where the standardized error in each equation is calculated 
as the ratio of each root—mean—square error to the average 
root—mean—square error. (See equation <6.2)>.
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CANADA
Table 6.2A.4

SELECTING THE BEST POST—LINK < OPEN-ECONOHY > SPECIFICATION: 
Twelve Months Ahead Forecast Errors of VAR Specification 
with Alternative Lag Structures for the International 
Links. <Linkage Mechanism A)

(!) (2) (3) (4 > (5) (6)
Number of 
Link Lags

Output Honey Price Interest MSTE

Selected ‘ 
Pre—Link

.02913 . 02213 .02071 1.05600

1 TO 3 * .01716 .01432 .00728 1.77300 .61969
1 TO 6 .02015 .03716 .00776 1.54800 .74002
1 TO 9 .02206 .02701 .00497 1.80400 .67642
1 TO 12 .02949 .04359 .00519 2.76000 .95733
1 TO IS .04643 .04297 .01443 1. 56200 1.13595
1 TO 18 .03727 .06676 .02084 1.36500 1.29916
1 TO 21 .03565 . 06305 .01481 1.82200 1.29572
1 TO 24 .03665 .07896 .01364 1.94800 1.27571

1 Selected pre—link<closed—economy> specification from 
Table 6.1

• Selected post—link(open—economy) specification.
Column (1) represents the number of lags of each variable in 
each equation.
Columns (2)—(5) are root—mean—square errors from post—sample 
forecasts, measured in the same units as the variables.
Column <6) represents the mean standardized total error as
explained in Table (6.1).
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CANADA
TABLE 6. 2B. 4

SELECTING THE BEST POST-LINK<OPEN-ECONOHY> SPECIFICATION: 
Twelve Months Ahead Forecast Errors of VAR Specification 
with Alternative Lag Structures for the International 
Links. (Linkage Mechanism B)

(1) (2> (3) (4) (5) (6)
Number of 
Link Lags

Output Money Price Interest MSTE

Selected 1 
Pre-Link

.02913 .02213 .02071 1.05600

1 TO 3 « .01188 .03471 .02731 .76070 .71904
1 TO 6 .01302 .04200 .02560 .79930 .79100
1 TO 9 .01368 .05298 .03005 .92360 .87807
1 TO 12 .01910 .08957 .02774 1.55100 1.22544
1 TO IS .01732 .06775 .03124 1.26400 1.07793
1 TO IB .01650 .07345 .03138 1.16000 1.06599
1 TO 21 .01661 .07394 .03260 1.26600 1.10314
1 TO 24 .01786 .07206 .03208 1.39600 1.13939

1 Selected pre—link<closed—economy> specification from 
Table 6.1

• Selected post—link<open—economy) specification.
Column (1> represents the number of lags of each variable in 
each equation.
Columns (2)— (5) are root—mean—square errors from post—sample 
forecasts, measured in the same units as the variables.
Column (6) represents the mean standardized total error as
explained in Table (6.1).
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are lower, money and price prediction errors are higher than 
pre-link errors at all lags. Interest rate forecasts are 
better within the first nine lags.

Denmark

The pre-link selection for Denmark was three lags.
Table 6.1.5. Although three lags has the third lowest MSTE, 
it has at least two lower RMSEs compared to six lags and 
eighteen lags. Since relatively accurate forecasts can be 
generated with fewer lags, three lags seemed to be the best 
choice. The RMSEs for individual equations indicate that the 
forecast performance is better at first six lags and at fif
teen and eighteen lags.

The post-link, linkage A selection for Denmark was six 
lags, which has the lowest MSTE, Table 6.2A.5. Twelve lags 
which has a very close MSTE measure is not preferred, since 
three lags have lower forecast errors for at least two vari
ables. The forecasting performance can be improved over pre
link selection for all four variables at all lags except for 
three lags, indicating that international variables are cru
cial for better forecasts.

Table 6.2B.5 shows that the significant improvement by 
the linkage mechanism A can not be maintained by the linkage 
mechanism B. The selection is nine lags, which has the low
est HSTE but can generate better forecasts for only output.
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DENMARK
TABLE S.1.5

SELECTING THE BEST PRE-LINK<CLOSED-ECONOHY) SPECIFICATIONt 
Twelve Months Ahead Forecast Errors of VAR Specification 
with Alternative Lag Structures.

(1)
Number of 
Lags

(2)
Output

(3)
Money

(4)
Price

(5)
Interest

(6)
MSTE

1 TO 3 * .04996 .05350 .01615 4. 30800 .84765
1 TO 6 .05532 .05996 .00314 6.01200 .79579
1 TO 9 .04967 .08317 .01877 7.86700 1.14522
1 TO 12 .04636 .08921 .03187 7. 17000 1.27599
1 TO 15 .04693 .05800 .03610 6.31200 1.20494
1 TO 16 .05758 .06460 .00513 3.21100 .73047

• Selected pre—link(closed—economy) specification.
Column <1) represents the number of lags of each variable In 
each equation.
Columns (2)— (5) are root—mean—square errors from post—sample 
forecasts, measured in the same units as the variables.
Column (6) represents the mean standardized total error, 
where the standardized error in each equation is calculated 
as the ratio of each root—mean—square error to the average 
root—mean—square error. (See equation (6.2)).
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DENMARK
TABLE 6.2A.5

SELECTING THE BEST POST-LINK<OPEN-ECONOHY> SPECIFICATION: 
Twelve Months Ahead Forecast Errors of VAR Specification 
with Alternative Lag Structures for the International 
Links. (Linkage Mechanism A>

< 1) (2) (3) (4) (5) (6)
Number of 
Link Lags

Output Money Price Interest MSTE

Selected 1 
Pre—Link

.04996 .05350 .01615 4.30800

1 TO 3 .05018 .01939 .00719 1.66200 .90291
1 TO 6 * .04549 .01717 .00581 1.08000 .73474
1 TO 9 .04547 .03137 .01216 2.09600 1.20013
1 TO 12 .04347 .02593 .00370 1.30400 .74826
1 TO 15 .04405 .02775 .01035 1.90900 1.07626
1 TO 16 .04285 .03460 .00550 1. 98500 .96478
1 TO 21 .04255 .04756 .00747 2.39100 1.18663
1 TO 24 .04096 .05077 .00538 2.81800 1.18629

1 Selected pre—link<closed—economy> specification from 
Table 6.1

• Selected post—link(open—economy) specification.
Column <1) represents the number of lags of each variable In 
each equation.
Columns (2>— (5) are root—mean—square errors from post—sample 
forecasts, measured in the same units as the variables.
Column <6) represents the mean standardized total error as
explained in Table (6.1).
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DENMARK
TABLE 6.2B.5

SELECTING THE BEST ROST—LINK<OPEN—ECONOMY> SPECIFICATION: 
Twelve Months Ahead Forecast Errors of VAR Specification 
with Alternative Lag Structures for the International 
Links. (Linkage Mechanism B)

(1) ( 2 > (3) ( 4 ) (5) (6 >
Number of 
Link Lags

Output Money Price Interest MSTE

Selected 1 
Pre—Link

.04996 .05350 .01615 4.30800

1 TO 3 .04590 .06869 .02257 4.38800 .98270
1 TO 6 .04696 .07870 .02436 S. 10200 1.09349
1 TO 9 * .04534 .07137 .02646 2.04600 .86274
1 TO 12 .05379 .u6071 .03822 1.80200 .91933
1 TO 15 .05409 .05562 .03990 2. 52600 .95739
1 TO IS .05859 .04757 .03622 4.19700 1.02844
1 TO 21 .05145 .02552 .04981 4.87700 1.03225
1 TO 24 .05967 .02961 .05310 5.03500 1.12366

1 Selected pre—link(closed—economy) specification from 
Table 6.1

• Selected post—link(open—economy> specification.
Column (1) represents the number of lags of each variable In 
each equation.
Columns (2)— (5) are root—mean—square errors from post—sample 
forecasts, measured in the same units as the variables.
Column (6> represents the mean standardized total error as
explained in Table (6.1).
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and Interest rate, compared to the pre-llntc selection. The 
International Influence represented by the link variables 
seems to be asymmetrical. Output forecasts are better within 
nine lags, while money forecasts are better between eighteen 
and twenty four lags. Price prediction errors get larger 
with longer lags and Interest rate prediction errors are 
smaller between nine and eighteen lags. As a result none of 
the Individual specifications yield better forecasts for all 
four variables over the pre-link selection.

Finland

Finland has one of the two three equation country models 
In LXNK-VAR. The three lags specification which has the sec
ond lowest HSTE was selected as the best pre-link specifica
tion, Table 6.1.6. Although Lags fifteen and eighteen have 
equally low HSTE values, three lags was preferred In order 
to gain degrees of freedom. Table 6.1.6 also Indicates that 
the prediction errors for money Increase with longer lags, 
while output and Interest rate prediction errors shows some 
fluctuations.

Twenty four lags, which has the lowest HSTE was chosen 
as the best linkage A specification. Table 6.2A.6. The money 
and price forecasts are better, while the output forecast Is 
worse compared to the pre-link specification. In fact, the 
output prediction errors are higher than pre-link for every
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FINLAND
TABLE 6.1.6

SELECTING THE BEST PRE-LINK(CLOSED-ECONOMY) SPECIFICATION: 
Twelve Months Ahead For*ct«t Errors of VAR Specification 
with Alternative Lag Structures.

< 1 > (2) (3) (4) <5> (6 >
Number of 
Lags

Output Honey Price Interest HSTE

1 TO 3 * .03884 .03721 .01128 .87923
1 TO 6 .04261 .04261 .01591 --- 1.07851
1 TO 9 .04601 .06699 .01224 --- 1.13157
1 TO 12 .03742 . 07775 .01355 --- 1.15146
1 TO 15 .02682 .07553 .00810 --- .88415
1 TO 18 .03258 .07200 .00669 --- .87508

• Selected pre—link<closed—economy) specification.
Column <1) represents the number of lags of each variable in 
each equation.
Columns <2>— (5) are root—mean—square errors from post—sample 
forecasts, measured in the same units as the variables.
Column (6) represents the mean standardized total error, 
where the standardized error in each equation is calculated 
as the ratio of each root—mean—square error to the average 
root—mean—square error. (See equation <6.2)).
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FINLAND
TABLE 6. 2A.6

SELECTING THE BEST POST-LINK(OPEN-ECONOMY) SPECIFICATION: 
Twelve Month* Ahead Forecaat Errora of VAR Specificatiem 
with Alternative Lag Structure* for the International 
Links. (Linkage Mechanism A)

< 1) (2) (3) <4) (5) (6)
Number of 
Link Lags

Output Money Price Interest MSTE

Selected ' 
Pre-Link

.03884 .03721 - 01128 ---

1 TO 3 .05584 .03545 .02187 --- 1.08777
1 TO 6 .06106 .04044 . 02265 --- 1.17649
1 TO 9 .06159 .05183 .02265 --- 1.27117
1 TO 12 .05848 .03438 .01773 --- 1.00907
1 TO 15 .05303 .04879 .01040 --- .93775
1 TO 18 .04945 .04188 .01048 -- - .86176
1 TO 21 .04867 .04730 .01210 ---- .93426
1 TO 24 * .04173 .03227 .00976 --- .72172

1 Selected pre—link(closed—economy> specification from 
Table 6.1

• Selected post—link(open—economy) specification.
Column (1> represents the number of lags of each variable in 
each equation.
Columns (2) — (5> are root—mean—square errors from post-sample 
forecasts, measured in the same units as the variables.
Column (6) represents the mean standardized total error as
explained in Table (6.1).
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FINLAND
TABLE 6. 2B. 6

SELECTING THE BEST POST-LINK<OPEN-ECONOHY) SPECIFICATION: 
Twelve Month* Ahead Forecast. Error* of VAR Specification 
with Alternative Lag Structure* for the International 
Link*. (Linkage Mechanise B>

<1> (2) (3) < 4 > (5) (6 )
Number of 
Link Lags

Output Money Price Interest MSTE

Selected 1 
Pre-Link

.03884 .03721 .01128

1 TO 3 * .05071 .04428 .00488 .88469
1 TO 6 .05277 .04751 .00521 .93792
1 TO 9 .05505 .05583 .00551 --- 1.02275
1 TO 12 .05490 .05538 .00544 1.01464
1 TO 15 .05599 .05520 .00565 1.03308
1 TO 18 .05859 .05954 .00534 1.05649
1 TO 21 .06483 .05717 .00439 1.01776
1 TO 24 .05888 .04680 .00622 1.03268

1 Selected pre—link<closed—economy) specification from 
Table 6. 1

* Selected post—link(open—economy) specification.
Column <1> represents the number of lags of each variable in 
each equation.
Columns (2>— (5) are root—mean—square errors from post—sample 
forecasts, measured in the same units as the variables.
Column (6) represents the mean standardized total error as
explained in Table 6.1.
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lag structure. Price forecasts Improve after twelve lags and 
money forecasts get better at three, twelve and twenty four 
lags.

The three lag specification which has the lowest HSTE 
was selected as the best post-link model under linkage mech
anism B, Table 6.2B.6. Three lags has also the lowest RHSEs 
for every variable compared to the other alternative speci
fications. When compared to pre-link selection there is 
improvement only in the price forecasts at every lag, while 
both output and money have larger RHSEs at all lags.

France

The pre-link selection for France was three lags. It is 
a relatively straight forward choice since three lags has 
the lowest HSTE accompanied with lower prediction errors for 
at least three variables. Table 6.1.7. The forecast errors 
get bigger between six and twelve lags, drop slightly for 
fifteen lags and reach to the largest values at eighteen 
lags.

The post-link, linkage A, selection for France was six 
lags, which has the lowest HSTE, Table 6.2A.7. In fact the 
HSTE values for lags three, six, nine, twelve and fifteen 
are very close. All four equations Improve over the pre-link 
selection, except interest rate in lags 12. The Improvement 
over pre-link is at all lags for output, price and money.
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FRANCE
TABLE 6.1.7

SELECTING THE BEST PRE-LINK<CLOSED-ECONOHY> SPECIFICATION: 
Twelve Months Ahead Forecast Errors of VAR Specification 
with Alternative Lag Structures.

(1)
Number of 
Lags

( 2 > 
Output

(3)
Honey

< 4) 
Price

(5)
Interest

(6)
HSTE

1 TO 3 • .03796 .04616 .02956 1.76100 .78247
1 TO 6 . 04483 .05140 .03523 2.09600 .87218
1 TO 9 .05127 .05227 .03523 3.10700 1.02932
1 TO 12 .05692 . 04907 .03504 4.06200 1. m o o

1 TO 15 .05502 .04614 .02995 3.15500 .97500
1 TO 18 .07090 .04764 .03312 5.03500 1.23007

• Selected pre—link<closed—economy> specification.
Column <1) represents the number of lags of each variable in 
each equation.
Columns <2> — (S) are root—mean—square errors from post—sample 
forecasts, measured in the same units as the variables.
Column (6) represents the mean standardized total error, 
where the standardized error in each equation Is calculated 
as the ratio of each root—mean—square error to the average 
root—mean—square error. (See equation (6.2>).
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FRANCE
TABLE 6.2A.7

SELECTING THE BEST POST-LINK(OPEN-ECONOHY) SPECIFICATION: 
Twelve Months Ah«*d Forecast Errors of VAR Specification 
with Alternative Lag Structurea for the International 
Links. (Linkage Mechanism A)

(1)
Number of 
Link Lags

(2 > 
Output

(3 > 
Money

(4 > 
Price

(5)
Interest

(6 > 
HSTE

Selected ‘ 
Pre—Link

.03796 .04616 .02956 1. 761

1 TO 3 .03051 .01980 .01851 1.74200 .94705
1 TO 6 • .02940 .01962 .01789 1.44000 .88983
1 TO 9 .02849 .01969 .02003 1.49800 .91551
1 TO 12 .02812 .01908 .02061 1.78400 .94771
1 TO IS .02686 .01964 .02049 1.74000 .93688
1 TO 18 .02983 .02209 .02363 2.05600 1.07005
1 TO 21 .02986 .02052 .02369 2.59200 1.11897
1 TO 24 .02988 .02030 .02428 2. 99300 1.17400

1 Selected pre—link<closed—economy> specification from 
Table 6.1

* Selected post—link(open-economy> specification.
Column (1> represents the number of lags of each variable in 
each equation.
Columns (2)— <5> are root—mean—square errors from post—sample 
forecasts, measured in the same units as the variables.
Column (6) represents the mean standardized total error as
explained in Table 6. 1.
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FRANCE
TABLE S. 2B. 7

SELECTING THE BEST POST-LINK(OPEN-ECONOHY) SPECIFICATION: 
Months Ahead Forecast Errors of VAR Specification 

with Alternative Lag Structures for the International 
Links. (Linkage Mechanism B)

(1) (2) (3 > (4) (5) (6 >
Number of 
Link Lags

Output Money Price Interest MSTE

Selected 1 
Pre—Link

.03796 .04616 .02956 1.76100

1 TO 3 .04248 .02994 .02180 2.29600 1.25230
1 TO 6 .04113 .02912 .02005 1.93800 1.15751
1 TO 9 .03928 .02697 .01987 1.86500 1.10810
1 TO 12 .03714 .02455 .01741 1.66100 1. 00361
1 TO 15 .03570 .02134 .01465 .95470 .81693
1 TO 18 .03781 .02036 .01618 1.23500 .88279
1 TO 21 * .03266 .01544 .01560 1.22600 .78455
1 TO 24 .02549 .01526 .02265 2. 34600 .96441

1 Selected pre—link<closed—economy) specification from 
Table 6.1

• Selected post—link(open—economy> specification.
Column (1) represents the number of lags of each variable in 
each equation.
Columns (2) — (5) are root—mean—square errors from post—sample 
forecasts, measured in the same units as the variables.
Column (6) represents the mean standardized total error aa
explained in Table 6.1.
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The results reported In Table 6.2A.7 show that International 
linkages are crucial In Improving the forecast performance.

The post-link, linkage B, selection was twenty one lags 
which again has the lowest HSTE, Table 6.2B.7. The HSTE val
ues for fifteen, eighteen and twenty one lags are very 
close. Further more, the RHSEs for all of the variables are 
smaller than the pre-link selection. Overall money and price 
forecasts are better for all the lags. Output forecasts are 
better between twelve and twenty four lags, while Interest 
rate forecasts are better between twelve and twenty one lags 
Indicating a balanced Improvement over the pre-link selec
tion.

Germany (West)

Six lags which has the lowest HSTE was the pre-link 
selection for Germany, Table 6.1.8. Six lags has also a 
fairly balanced forecast performance with the best Interest 
forecast, second best money and price forecasts, and the 
fourth beat output forecast. The RHSEs for the money vari
able Increases consistently over longer lags. The same Is 
true for price and Interest rate after nine lags. Output 
RHSEs seems to fluctuate as more lags are Introduced.

The post-link, linkage A selection was three lags which 
has the second lowest HSTE, Table 6.2A.8. Nine lags can also 
he selected since the forecast performance is slightly worse
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for output and money and slightly better for price and 
interest rate. Table 6. 2A. 8 indicates that, in comparison 
with the pre-link selection, output and money RHSEs are 
lower for short lags (three and six for output and three, six 
and nine for money), price RHSEs are lower and interest rate 
RHSEs are higher at all lags.

Six lags which has the lowest HSTE was the selected 
post-link specification under the linkage mechanism B, Table 
6 . 2B.8 . It is the only specification which has the lower 
RHSEs in all four cases compared to the pre-link selection.
It has also the best forecast for money, price and interest 
rate and second best forecast for output. Table 6.2B.8 also 
shows that, compared to the pre-link specification output 
forecasts can be improved with up to fifteen lags and the 
only lag specification that improves money, price and inter
est rate is the six lags.

Ireland

Nine lags was chosen as our pre-link specification which 
has the second lowest HSTE, Table 6.1.9. Fifteen lags has 
the lowest HSTE however as indicated before a comparable 
lower order lag structure seemed more appropriate. Nine lags 
has the best interest rate forecast, the second best output 
forecast, third best money forecast and the worst price 
forecast. This specification does not have a well balanced
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GERMANY (WEST)
TABLE 8.1.8

SELECTING THE BEST PRE—LINK(CLOSED—ECONOMY) SPECIFICATION: 
Twelve Month* Ahead Forecast Errors of VAR Specification 
with Alternative Lag Structures.

(1 >
Number of 
Lags

(2)
Output

(3)
Money

(4)

Price
(5)

Interest
(6)

MSTE

1 TO 3 .03559 .00993 .00632 .91200 .72838
1 TO 6 * .04108 .01193 .00472 .28500 .60010
1 TO 9 .04164 .02623 .00417 .85600 .80375
1 TO 12 .05002 .03405 .00565 1.81700 1.15502
1 TO 15 .03543 . 03944 .00587 1.47000 1.05752
1 TO 18 .03972 .05632 .00949 3.02700 1.65522

• Selected pre—link(closed—econony) specification.
Column (1) represents the number of lags of each variable In 
each equation.
Columns (2)— (S) are root—mean—square errors from post—sample 
forecasts, measured In the same units as the variables.
Column (6) represents the mean standardized total error, 
where the standardized error In each equation is calculated 
as the ratio of each root—mean—square error to the average 
root—mean—square error. (See equation (8.2)).
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GERMANY (WEST)
TABLE S.2A.8

SELECTING THE BEST POST-LINK<OPEN-ECONOMY> SPECIFICATION! 
Twelve Months Ahead Forecast. Errors of VAR Specification 
with Alternative Lag Structures for the International 
Links. (Linkage Mechanism A)

(1) (2 > ( 3 > (4) (5) (6 >
Number of 
Link Lags

Output Money Price Interest MSTE

Selected 1 
Pre—Link

.04108 .01193 .00472 .28500

1 TO 3 « .02098 .01040 .00432 1.09400 .84719
1 TO 6 .03901 .01079 .00430 .54000 .76692
1 TO 9 .04137 .01090 .00405 .34600 .70215
1 TO 12 .04128 .01895 .00425 .59800 .89455
1 TO 15 .04341 .02271 .00673 .74560 1.12204
1 TO 18 .04440 .02804 . 00680 .71300 1.18219
1 TO 21 .04367 .03553 .00511 .80190 1.21652
1 TO 24 .04438 .03404 .00662 .78300 1.26846

1 Selected pre—link(closed—economy) specification from 
Table 6.1

* Selected post—link(open—economy) specification.
Column (1> represents the number of lags of each variable in 
each equation.
Columns (2>— (5) are root—mean—square errors from post—sample 
forecasts, measured in the same units as the variables.
Column (6) represents the mean standardized total error as
explained in Table 6.1.
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GERMANY (WEST)
TABLE 6.2B.8

SELECTING THE BEST POST—LINK<OPEN—ECONOMY) SPECIFICATION: 
Tvelve Months Ahead Forecast Errors of VAR Specification 
with Alternative Lag Structures for the International 
Links. (Linkage Mechanism B>

(1> (2) (3) (4) (5) (6)
Number of 
Link Lags

Output Money Price Interest MSTE

Selected 1 
Pre—Link

.04106 .01193 .00472 .28500

1 TO 3 .01755 .01853 .00502 1.13700 .73599
1 TO 6 * .03143 .00907 .00419 .26160 .52612
1 TO 9 .03708 .01822 .00561 1.97500 .98571
1 TO 12 .03399 .01622 .00579 3.00200 1.07761
1 TO 15 .03782 .01147 .00615 2.71700 1.OOlll
1 TO ia .05746 .01641 .01543 .89270 1.29385
1 TO 21 .05458 .01503 .00637 1.08300 .95314
1 TO 24 .05018 . 02088 .00701 3. 97800 1.40842

* Selected pre—link(closed—economy) specification from 
Table 6.1

• Selected post—link(open—economy) specification.
Column (1) represents the number of lags of each variable in 
each equation.
Columns (2> — (5) are root—mean—square errors from post—sample 
forecasts, measured in the same units as the variables.
Column (6) represents the mean standardized total error as
explained in Table 6. 1.



151
forecast, performance as a whole, which Is also true for all 
the other alternative specifications as well. When each 
variable Is studied separately, one can see that there are 
no significant patterns in forecast performance when more 
lags are Introduced Into each equation.

Three lags was selected as the best post-link, linkage A 
specification. Table 6.2A.9. Three lags has prediction 
errors lower than other alternative specifications for at 
least two variables Table 6.2A.9 also indicates that com
pared to pre-link selection output and price forecasts can 
be improved and money forecasts can not be improved at all 
alternative lags. Interest forecasts on the other hand are 
either slightly better or slightly worse at each lag struc
ture.

Six lags which has the lowest MSTE was the post-link, 
linkage B selection for Ireland, Table 6.2B.9. It also has 
at least three better forecasts compared to the alternative 
specifications. Similar to linkage A, the output and price 
forecasts are better, while money forecasts are worse than 
the pre-link selection at all lags. Interest rate forecasts 
are better at every lag structure except for nine and 
twelve.

Italy

The pre-link selection for Italy was six lags which has
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IRELAND
TABLE 6.1. 9

SELECTING THE BEST PRE—LINK<CLOSED—ECONOMY) SPECIFICATION: 
Twelve Honths Ahead Forecast Errors of VAR Specification 
with Alternative Lag Structures.

(1)
Number of 
Lags

< 2 ) 
Output

(3)
Honey

(4 ) 
Price

( 5 > 
Interest

< 6) 
HSTE

1 TO 3 . 05355 .04617 .02400 2.39300 1.08279
1 TO 6 .05045 .04374 .02267 2. 86700 1.09137
1 TO 9 * .04090 .04184 .02790 1.50300 .93137
1 TO 12 .04017 .04839 .02281 1.99600 .96722
1 TO 15 .05076 .03530 .01978 1.96000 .91001
1 TO 18 . 04686 .03989 .02298 2.55000 1.01723

* Selected pre—link(closed—economy> specification.
Column (1) represents the number of lags of each variable In 
each equation.
Columns <2>— <5> are root—mean—square errors from post—sample 
forecasts, measured In the same units as the variables.
Column (6) represents the mean standardized total error, 
where the standardized error in each equation is calculated 
as the ratio of each root—mean—square error to the average 
root—mean—square error. (See equation <6.2)).
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IRELAND
TABLE 6.2A.9

SELECTING THE BEST POST-LINK<OPEN-ECONOMY) SPECIFICATION: 
Twelv# Mont ha Ahead Forvcaat Error a of VAR Spacif lotion 
with Alternative Lag Structuraa for tha Intarnational 
Linka. <Linkaga Hachanlan A)

< 1)
Number of 
Link Lags

(2)
Output

(3 > 
Honey

(4)
Price

(5)
Interaat

(6)
MSTE

Selected 1 
Pra—Link

.04090 .04184 .02790 1.50300

1 TO 3 * .03411 .05780 .01458 1.45200 .90735
1 TO G .03377 . 0G493 .01834 1.42400 . 97682
1 TO 9 .03490 .OG279 .02208 1.50200 1.03447
1 TO 12 .03700 .05300 .02049 1.51900 . 99059
1 TO 15 .03810 .05408 .01878 1.55400 .98780
1 TO 18 .03790 .05506 .02274 1.18100 . 97628
1 TO 21 .03701 .06083 .02167 1.45100 1.02714
1 TO 24 .03501 .05923 .02460 1.79100 1.09956

1 Salactad pra—link(cloeed—economy) apacification from 
Table 6.1

• Salactad poet—link(open—economy) apacifIcation.
Column <1> rapraaanta tha number of laga of each variable in 
each aquation.
Columna <2>— <5> are root—mean—aquara arrora from poat—aampla 
foracaata, maaaurad in tha aama unite aa tha variablaa.
Column <6) rapraaanta tha mean etandardized total error aa
explained in Table G. 1.
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IRELAND
TABLE 6.2B.9

SELECTING THE BEST POST-LINK(OPEN-ECONOMY) SPECIFICATIONS 
Twelve Months Ahead Forecast Errors of VAR Specification 
with Alternative Lag Structures for the International 
Links. (Linkage Mechanism B)

(1)
Number of 
Link Lags

(2)
Output

(3)
Money

(4)
Price

(5)
Interest

( 6 > 
MSTE

Selected ‘ 
Pre—Link

.04090 .04184 .02790 1.50300

1 TO 3 .03174 .05622 .01450 1.46400 .98133
1 TO 6 • .03059 .06306 .00799 1.44800 .85839
1 TO 9 .03201 .05370 .00873 1.62600 .88519
1 TO 12 .03323 .05277 .01274 1.74100 .99459
1 TO 15 .03583 .06015 .01489 1.35200 1.01173
1 TO 18 .03625 .07215 .01443 .99930 .98111
1 TO 21 .03934 .12420 .01460 1.17700 1.21189
1 TO 24 .03706 .12070 .00900 1.21900 1.07577

1 Selected pre—link(closed—economy) specification from 
Table 6. 1

• Selected post—link(open—economy> specification.
Column (1> represents the number of lags of each variable in 
each equation.
Columns (2)— (5) are root—mean—square errors from post—sample 
forecasts, measured In the same units as the variables.
Column (6) represents the mean standardized total error as
explained in Table 6.1.
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the second lowest MSTE, Table 6.1.10. Six lags was preferred 
over eighteen lags since six lags which forecasts equally 
well has fourty-elght more degrees of freedom. The overall 
performance of the pre-link specifications for Italy Indi
cates that forecasts of shorter <three, six, nine) and 
longer (eighteen) lags are relatively better for all vari
ables In the country system.

The post-llnk, linkage A selection for Italy was six 
lags which has the lowest MSTE, Table &.2A.10. Six lags has 
at least two better forecasts than fifteen lags, and has 
four better forecasts than nine lags. Table 6.2A.10 Indi
cates that, all four variables can be forecasted better with 
the link variables at all alternative lags. This result 
shows the significance of International Influence over the 
domestic economy In the case of Italy..

The post-llnk, linkage B selection for Italy was fifteen 
lags which has the lowest MSTE, Table 6.2B.10. Fifteen lags 
has at least three better predictions than any of the alter
native specificatlona. Further more similar to linkage A, 
the forecast errors are reduced for all the variables at all 
lags when the link variables are Introduced Into the domes
tic model. The Improvement in forecasting performance under 
linkage B is even more significant than the linkage A per
formance.
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ITALY
TABLE 6. 1. IQ

SELECTING THE BEST PRE-LINK(CLOSED-ECONOHY> SPECIFICATION: 
Twelve Hontha Ahead Forecast Errors of VAR Specification 
with Alternative Lag Structural.

(1> (2) (3) (4) (5) (6)
Number of 
Lags

Output Money Price Interest MSTE

1 TO 3 .07174 .07217 .04532 5.54600 .85141
1 TO 6 * .07937 .06610 .04038 5. 66500 .83387
1 TO 9 .07725 .OS663 .06327 8.84300 .98317
1 TO 12 .14610 .08401 .07549 11.79000 1.43565
1 TO 15 .08946 .06547 .07653 8.76900 1.10636
1 TO i a .03924 .04265 .06190 8.17700 .78953

• Selected pre—link<closed—economy) specification.
Column <1) represents the number of lags of each variable in 
e a c h  equation.
Columns (2)— (5) are root—mean-square errors from post—sample 
forecasts, measured in the same units as the variables.
Column (6) represents the mean standardized total error, 
where the standardized error in each equation is calculated 
a a  the ratio of each root—mean—square error to the average 
root—mean—square error. (See equation (6.2)).
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ITALY
TABLE 6.2A.IQ

SELECTING THE BEST POST-LINK(OPEN-ECONOMY) SPECIFICATION: 
Twelve Months Ahead Forecast Errors of VAR Specification 
with Alternative Lag Structures for the International 
Links. (Linkage Mechanism A)

< 1)
Number of 
Link Lags

(2)
Output

(3)
Money

< 4 > 
Price

(5)
Interest

(6)
MSTE

Selected 1 
Pre—Link

.07937 .06610 .04039 5.66500

1 TO 3 .06133 .02583 .02325 4.79500 1.10777
1 TO 6 • .03129 .01625 .02319' 3.62100 .79254
1 TO 9 .04051 .02930 .02893 3.73800 .99401
1 TO 12 .04152 .03854 .02997 3.60100 1.07158
1 TO 15 .04314 .03672 .02268 3.36400 .97214
1 TO IB .04739 .03798 .02827 3.53700 1.05619
1 TO 21 .03601 .03337 .02575 3.25800 1.00235
1 TO 24 .03566 .03935 .02906 3.11300 1.00342

1 Selected pre—link(closed—economy) specification from 
Table 6. 1

• Selected post—link<open—economy> specification.
Column (1) represents the number of lags of each variable In 
each equation.
Columns (2>— (5) are root—mean—square errors from post—sample 
forecasts, measured In the same units as the variables.
Column (6) represents the mean standardized total error as
explained in Table 6. 1.
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ITALY
TABLE 6.2B.IQ

SELECTING THE BEST POST-LINK(OPEN-ECONOMY> SPECIFICATION! 
Twelve Months Ahead Forecast Errors of VAR Specification 
with Alternative Lag Structures for the International 
Links. <Linkage Mechanism B)

<1) (2) (3) (4) (5) (6 >
Number of 
Link Lags

Output Money Price Interest MSTE

Selected * 
Pre—Link

.07937 .06610 .04038 5. 66500

1 TO 3 .06755 .05939 .03151 3. 95200 2.27221
1 TO 6 .02775 .02570 .01112 1.05600 .79976
1 TO 9 .03603 .02801 .00523 .61200 .67801
1 TO 12 .03303 .02849 .00675 .81640 .72940
1 TO 15 * .02978 .02368 .00815 .39790 .61494
1 TO 18 .03724 .02992 .00677 .42180 .69298
1 TO 21 ,03486 .03057 .01813 1.28700 1.06113
1 TO 24 .03008 . 03014 .01969 1.78800 1.15156

1 Selected pre—link(closed—economy) specification from 
Table 6.1

• Selected post—link(open—economy) specification.
Column (1> represents the number of lags of each variable in 
each equation.
Columns (2>— (S) are root—mean—square errors from post—sample 
forecasts, measured in the same units as the variables.
Column (6> represents the mean standardized total error aa
explained In Table 6. 1.
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Japan

The pre-link selection for Japan was six lags which has 
the lowest HSTE, Table 6.1. 11. Six lags has lower RNSEs for 
at least three variables than the alternative specifica
tions. This specification also has the best output and money 
forecast, second best interest rate forecast and fifth best 
price forecast, yielding a forecast performance which is 
fairly balanced with the exception of price. One can also 
observe that price forecasts improve significantly and money 
and interest rate forecasts deteriorate as more lags are 
introduced. Output forecasts do not show any observable pat
tern.

The results for the post-link, linkage A selections 
indicate that the link variables do not add any significant 
information on to the pre-link selection except for the 
price variable, Table 6.2A.11. Output predictions are 
slightly worse, money prediction errors are almost doubled, 
while interest forecasts are explosive. Aa a result, making 
a selection under these circumstances seems to be quite 
arbitrary. In this ease, eighteen lags was selected which 
has the second lowest HSTE and has a relatively better bal
anced forecast performance.

The results for the post-llnk, linkage B selections 
were similar to the linkage A selections were the link var-
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JAPAN
TABLE 6.1. 11

SELECTING THE BEST PRE-LINK(CLOSED-ECONOHY> SPECIFICATIONS 
Twelve Months Ahrad Forecast Errors of VAR Specification 
with Alternative Las Structures.

(1)
Number of 
Lags

(2)
Output

(3)
Money

(4)
Price

(5)
Interest

(6)
MSTE

1 TO 3 .01175 .01898 .01253 .22900 .92798
1 TO 6 * .01073 .01773 .01046 .21900 .82912
1 TO 9 .01367 .01830 .00957 .23260 .86512
1 TO 12 .01472 .03064 .00632 .43740 1.06038
1 TO 15 .02749 .02057 .00538 .21500 .96989
1 TO 18 .01526 .04320 .00541 .67830 1.34751

• Selected pre—link(closed—economy> specification.
Column (1> represents the number of lags of each variable In 
each equation.
Columns (2>— (S> are root—mean—square errors from post—sample 
forecasts, measured in the same units as the variables.
Column (6) represents the mean standardized total error, 
where the standardized error in each equation Is calculated 
as the ratio of each root—mean—square error to the average 
root—mean—square error. (See equation (6.2)).
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JAPAN
TABLE 6.2A.11

SELECTING THE BEST POST-LINK(OPEN-ECONONY) SPECIFICATION: 
Twelve Month* Ahead Forecast Errors of VAR Specification 
with Alternative Lag Structure* for the International 
Link*. (Linkage Mechanism A)

< 1 > (2) (3) ( 4 > (5) (6)
Number of 
Link Lags

Output Honey Price Interest MSTE

Selected 1 
Pre—Link

.01073 .01773 .01046 .21900

1 TO 3 .01167 .02338 .0091S .87200 .85816
1 TO 6 .01614 .02566 . 01184 .99790 1.05891
1 TO 9 .01727 .02581 .00914 1.07700 1.02798
1 TO 12 .01674 .02414 .00945 1.13500 1.02485
1 TO IS .01337 .03072 .00543 1.16100 .92240
1 TO ia * .01116 .02775 .00709 1.12500 .89119
1 TO 21 .01181 .03061 .01245 1.14900 1.07444
1 TO 24 .01178 .03733 .01170 1.27300 1.14207

1 Selected pre—link(closed—economy) specification from 
Table 6.1

• Selected post—link(open—economy> specification.
Column (1) represents the number of lags of each variable in 
each equation.
Columns (2>— (S) are root—mean—square errors from post—sample 
forecasts, measured In the same units as the variables.
Column (6) represents the mean standardized total error as
explained in Table 6.1.
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JAPAN
TABLE 6.2B.11

SELECTING THE BEST POST-LINK<OPEN-ECONOMY> SPECIFICATIONt 
Twelve Honth* Ahead Forecast Error* of VAR SpecifIcation 
with Alternative Lag Structures for the International 
Links. (Linkage Mechanlaia B)

(1) (2) (3 » (4 > (5) (6 >
Number of 
Link Lags

Output Honey Price Interest HSTE

Selected ‘ 
Pre—Link

.01073 .01773 .01046 . 2190

1 TO 3 .01830 .02361 .00601 1.19800 .90581
1 TO 6 • .03017 .01397 . 00627 1.43200 .97448
1 TO 9 .03197 .01539 .00916 1.47200 1.12093
1 TO 12 .03326 .01430 .00691 1.44000 1.03468
1 TO IS .03137 .01898 .00711 1.22900 1.03399
1 TO 18 .02176 .02227 .00634 1.33900 .96580
1 TO 21 .01481 .03361 .00667 . 96300 .96055
1 TO 24 .01226 .03500 .00709 1. 16100 1.00376

1 Selected pre—link(closed—economy> specifIcation from 
Table 6.1

* Selected post—link(open—economy> specification.
Column (1) represents the number of lags of each variable In 
each equation.
Columns (2>— (5> are root—mean—square errors from post—sample 
forecasts, measured in the same units aa the variables.
Column (6) represents the mean standardized total error as
explained in Table 6. 1.
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lables do not. make a significant Improvement over the fore
casting performance of the pre-link selection. Table 
6.2B.11. Only price predictions are better at all possible 
lags, while money forecasts are Improved at six, nine and 
twelve lags. Six lags was chosen since It has two lower pre
diction errors over the pre-link selection.

Netherlands

The pre-link selection for Netherlands was three lags, 
which has the second lowest HSTE and generates at least two 
better forecasts than the alternative specifications. Table 
6. 1.12. The lag structures for Individual variables seems to 
substantially differ, yielding an asymmetrical lag structure 
as a model. Output forecasts Improve with longer lags while 
money and price forecasts gets worse as more lags are Intro
duced. Further more. Interest rate forecasts do not have an 
observable pattern.

The post-llnk, linkage A results Indicate an Interesting 
pattern. Table 6.2A.12. Money, price and Interest rate fore
casts gets better and better as more post-llnk lags are 
Introduced. On the other hand, output forecasts do not have 
a significant pattern while their forecast errors are lower 
at all lags compared to the pre-link selection. The lowest 
MSTE values can be observed at lags twenty four, twenty one 
and eighteen. Twenty four lags, which has the lowest MSTE
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and also haa at least three better forecasts than the alter
native lag structures aeema to be the appropriate aelectlon. 
Given how Insignificant the ahorter link laga are, an exper
iment vaa conducted with a lag atructure of laga twelve to 
twenty four. The reaulta indicate that money and lntereat 
rate forecasts can be improved further without a subatantial 
deterioration in the forecaats of output and price. In fact, 
the twelve to twenty four laga provided better forecaata for 
all four variables when compared to pre-link selection.

Very similar reaulta were encountered for linkage B, 
Table 6.2B.12. The same trend an be detected in money, 
price and interest rate forecasts where, longer lags provide 
better predictions. On the other hand, output predictions 
unlike the linkage A can only be improved at shorter laga. 
Twenty four lags which haa the lowest HSTE and alao has at 
leaat three better forecaats than the alternative lag struc
tures was the selection under linkage mechanism B. The same 
experiment was repeated with laga twelve to twenty four and 
this time money and price predictions improved without a 
substantial loaa in output and interest rate forecasts. 
Notice that twelve to twenty four lag specification has 
three Improved forecasts over the pre-link selection, one 
more than the alternative lag structures that were tried.
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NETHERLANDS
TABLE 6.1.12

SELECTING THE BEST PRE-LINK<CLOSED-ECONOHY) SPECIFICATION: 
Twelve Months Ahead Forecast Errora of VAR Specification 
with Alternative Lag Structures.

(1)
Number of 
Lags

(2)
Output

(3)
Money

(4)
Price

(5)
Interest

(6)
HSTE

1 TO 3 * .04755 .06404 .01310 3. 76600 .95166
1 TO 6 .05725 .09665 .00967 4.46500 1.02593
1 TO 9 .03909 .llllO .01147 6. 03300 1.04361
1 TO 12 .03226 .10810 .01126 4.94700 .93179
1 TO IS .02693 .11420 .01641 5. 65100 1.04215
1 TO ia .02222 .11700 .01676 4.54900 1.00465

• Selected pre—link(closed—economy) specification.
Column (1) represents the number of lags of each variable In 
each equation.
Columns (2)— (5) are root—mean—square errors from post—sample 
forecasts, measured In the same units as the variables.
Column (6) represents the mean standardized total error, 
where the standardized error In each equation 1s calculated 
as the ratio of each root-mean-square error to the average 
root—mean—square error. (See equation (6.2)).
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NETHERLANDS
TABLE 6.2A.12

SELECTING THE BEST POST -LINK(OPEN-ECONOHY) SPECIFICATIONs 
Twelve Month* Ahead Forecast Error* of VAR Specification 
with Alternative Lag Structure* for the International 
Links. (Linkage Hechaniaa A)

(1 > (2) (3) (4) (5 > (6)
Number of 
Link Lags

Output Honey Price Interest HSTE

Selected ' 
Pre—Link

.04755 .08404 .01310 3. 78800

1 TO 3 .04185 .11090 .01876 6.10100 1.20312
1 TO 6 .04282 .10090 .01819 5.62100 1 . 14824
1 TO 9 .04440 .10430 .01833 5. 33600 1 . 15529
1 TO 12 .04287 .10340 .01420 5.44800 1 . 06380
1 TO 15 .04414 .09803 .01313 5.19900 1 . 02314
1 TO 18 .04412 .09122 .00609 4.89600 •84482
1 TO 21 .04784 .08622 .00406 4.67800 •80056
1 TO 24 * .04377 .08371 .00349 4.71800 •76104
12 TO 24 .04481 .07539 .00875 3.33000
1 Selected pre—link(closed—economy> specification from 

Table 6. 1
* Selected post—link(open—economy> specification.
Column (1) represent* the number of lags of each variable in 
each equation.
Columns (2> — (5> are root—mean—square errors from post—sample 
forecasts, measured in the same units as the variables.
Column (6) represents the mean standardized total error as
explained in Table 6. 1.
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NETHERLANDS
TABLE 6.2B. 12

SELECTING THE BEST POST-LINK(OPEN-ECONOHY) SPECIFICATION i 
T»elv* Months Ahead Forecast Errors of VAR Specification 
with Alternative Lag Structures for the International 
Links. (Linkage Mechanism B)

(1) (2 > ( 3 > (4 > (5) (6 >
Number of
Link Lags

Output Money Price Interest MSTE

Selected * 
Pre-Link

.04755 .08404 .01310 3.78800

1 TO 3 .04046 .11650 .02141 5.75500 1. 18439
1 TO 6 .04483 .12320 .01732 5. 74200 1. 14147
1 TO 9 .04452 .12480 .01756 5.49800 1. 34620
1 TO 12 .05032 .12330 .01530 5.21700 1. 10151
1 TO 15 .05100 .12260 .01502 5.34900 1. 10526
1 TO 18 .04802 .11440 .01096 4.43800 •94433
1 TO 21 .05738 .09879 .00257 2. 62500 •69628
1 TO 24 * .06249 .09506 .00381 1.79700 •69216
12 TO 24 .06457 .07938 .00187 1.84000
1 Selected pre—link(closed—economy) specification from 

Table 6.1
* Selected post—link(open—economy> specification.
Column (1) represents the number of lags of each variable in 
each equation.
Columns (2>— (S> are root—mean—square errors from post—sample 
forecasts, measured in the same units as the variables.
Column (6) represents the mean standardized total error as
explained in Table 6.1.
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Norway

The pre-link selection for Norway was three lags, which 
has the lowest MSTE and alao has at least two better fore
casts than the closest alternative six lags. Table 6. 1.13. 
The results from all the alternative specifications do not 
seem to Indicate any observable pattern as to the lag struc
tures. The forecast errors for each variable fluctuate with 
a different frequency.

Three lags which has the lowest MSTE was the post-llnk, 
linkage A selection for Norway, Table 6.2A.13. Three lags 
specifIcation haa also the best forecasts for all the vari
ables. The forecasts for money and Interest rates deterio
rate with longer lags. On the other hand, output and price 
forecasts are better at shorter (three, six) lags and at 
longer (twenty one and twenty four) lags.

Three lags was the selection for post-llnk, linkage 
mechanism B, Table 6.2B.13. Three lags specification has 
the lowest MSTE and also has at least three better predic
tions than all the competing alternatives. The same observa
tion can be made for money and Interest rate, where their 
forecast performance deteriorate at longer langs. The output 
and price forecast errors fluctuate in an asymmetrical fash
ion. Table 6.2B.13 also indicates that, link variables do 
not improve the output and money forecast over the pre-link 
selection.
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NORWAY
TABLE 6.1.13

SELECTING THE BEST PRE—LINK(CLOSED—ECONOMY) SPECIFICATION! 
Twelve Months Ahead Forecaat Error* of VAR SpecifIcation 
with Alternative Lag Structurea.

(1)
Number of 
Laga

(2)
Output

(3)
Honey

(4)
Price

(5)
Interest

(6)
MSTE

1 TO 3 * .03323 .06534 .02639 1.58000 .87023
1 TO 6 .02979 .05856 .03171 1.82000 .87288
1 TO 9 .02220 .05934 .04495 3.05800 1.02481
1 TO 12 .02798 . 05399 .04542 2.77900 1.02357
1 TO 15 .03432 .05484 .03943 3.40500 1.09830
1 TO 16 .04257 .05946 .03767 2.77600 1.11021

• Selected pre—link(cloaed-economy) epecification.
Column (1) repreaenta the number of laga of each variable in 
each equation.
Columna (2)— (5) are root—mean—aquare errora from poat—eample 
forecaata, neaaured in the aame unlta aa the variables.
Column (6) repreaenta the mean standardized total error, 
where the standardized error in each equation la calculated 
as the ratio of each root—mean—aquare error to the average 
root—mean—aquare error. (See equation (6.2)).
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NORWAY
TABLE 6.2A.13

SELECTING THE BEST POST-LINK(OPEN-ECONOHY> SPECIFICATION: 
Twelve Month* Ahead Forecast Errors of VAR Specification 
with Alternative Lag Structures for the International 
Links. (Linkage Mechanism A)

(1)
Number of 
Link Lags

(2 ) 
Output

(3)
Money

(4)
Price

(5)
Interest

( 6 > 
MSTE

Selected ‘ 
Pre—Link

.03323 .06534 .02639 1.58000

1 TO 3 * .05373 .05692 .00596 .82400 .66605
1 TO & .05766 .05832 .00852 .98830 .76612
1 TO 9 .06938 .07541 .01738 .98130 1.04769
1 TO 12 .06873 .07292 .01718 .98370 1.03320
1 TO 15 .06669 .08407 .01431 1.15200 1.03239
1 TO IB .06127 .08489 .01178 1.59600 1.03733
1 TO 21 .05776 .08558 .01275 2.29600 1.16358
1 TO 24 .05752 .08718 .01127 2.97800 1.25364

1 Selected pre—link(closed—economy) specification from 
Table 6. 1

• Selected post—link(open—economy) specification.
Column (1> represents the number of lags of each variable in 
each equation.
Columns (2>— (5) are root—mean—square errors from post—sample 
forecasts, measured in the same units as the variables.
Column (6> represents the mean standardized total error as
explained in Table 6. 1.
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NORWAY
TABLE 6.2B.13

SELECTING THE BEST POST-LINK<OPEN-ECONOHY> SPECIFICATION: 
Twelve Month* Ahead Forecast Error* of VAR Specification 
with Alternative Lag Structure* for the International 
Link*. (Linkage Hechanlam B)

(1) (2) (3) (4) (5) (6 >
Number of 
Link L a g s

Output Honey Price HSTE

Selected 1 
Pre-Link

.03323 .06534 .02639 1.58000

1 TO 3 * .04641 .09679 .01565 1.02500 .80402
1 TO 6 .04105 .10700 .01590 2.13400 .90353
1 TO 9 .04518 .11190 .01361 2.21400 .91250
1 TO 12 .04249 .11210 .01385 2.21800 .90138
1 TO 15 .04137 .11220 .01334 2.38600 .90354
1 TO 18 .03633 .11310 .01955 3.21900 1.0444S
1 TO 21 .03603 .11720 .02124 3.94300 1.14409
1 TO 24 .06021 .12641 .02519 4.22300 1.38650

1 Selected pre—link(cloaed—economy) specification from 
Table 6.1

* Selected post—link(open—economy> specification.
Column <1> represent* the number of lags of each variable In 
each equation.
Columns <2>— (5) are root—mean—square errors from post—sample 
forecasts, measured In the same units as the variables.
Column (S) represents the mean standardized total error as
explained In Table S. 1.
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Spain

Three lags was selected as the pre-link selection for 
the three equation model of Spain, Table 6.1.14. Three lags 
selection has the lowest HSTE and also has at least two bet
ter forecasts than alternative specifications. Honey pre
link forecasts gets worse at longer lags. Price forecasts 
deteriorate after twelve lags. Output forecasts do not show 
a significant pattern.

The results for post-llnk, linkage A, indicate that the 
output and money forecasts can not be improved with the link 
variables and only the price forecasts can be bettered.
Table 6.2A.14. Therefore, the selection was the one with the 
minimum HSTE. Three lags yields the lowest HSTE and has at 
least two better forecasts than the other alternatives.

The post-link, linkage B, selection for Spain was three 
lags which has the lowest HSTE, Table 6.2B.14. This selec
tion has also at least two better predictions than the 
alternative specifications. Table 6.2B.14 also Indicates 
that output prediction errors fluctuate in an unpredictible 
way and money prediction errors get bigger while the price 
prediction errors get smaller at longer lags.
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SPAIN
TABLE S.1.14

SELECTING THE BEST PRE-LINK<CLOSED-ECONOMY) SPECIFICATION: 
Twelve Month* Ahead Forecast Errora of VAR Specification 
with Alternative Lag Structure*.

(1)
Number of 
Lags

(2)
Output

(3)
Honey

(4)
Price

(5)
Interest

(6)
MSTE

1 TO 3 * .02144 .06422 .01657 --- .83522
1 TO 6 .02624 .06323 .01353 .84737
1 TO 9 .02613 .07086 .01285 --- .85901
1 TO 12 .02050 .11980 .01979 --- 1.06673
1 TO 15 .01861 .12880 .02278 --- 1.12360
1 TO i a .02233 .14870 .02402 1.26807

• Selected pre—link(closed—economy) specification.
Column (1) represent* the number of lags of each variable In 
each equation.
Columns <2>— <5> are root—mean—square errors from post-sample 
forecasts, measured In the same units as the variables.
Column (6) represents the mean standardized total error, 
where the standardized error In each equation is calculated 
as the ratio of each root—mean—square error to the average 
root—mean—square error. (See equation (6.2)).
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SPAIN
TABLE S.2A.14

SELECTING THE BEST POST-LINK<OPEN-ECONOHY> SPECIFICATION: 
Twelve Month* Ahead Forecaat Error* of VAR Specification 
with Alternative Lag Structure* for the International 
Links. (Linkage Hechania* A)

(1) (2 > < 3 ) (4) ( 5 > (6 >
Number of 
Link Lags

Output Money Price Interest MSTE

Selected ‘ 
Pre—Link

.02144 .06422 .01657

1 TO 3 * .03129 .09159 .00859 .78659
1 TO 6 .04294 .09236 .00901 --- .87645
1 TO 9 .05052 .09667 .00883 --- .94411
1 TO 12 .05207 .09936 .00565 --- .86457
1 TO 15 .05627 .08194 .02090 --- 1.26512
1 TO IB .06473 .09637 .01509 1.20605
1 TO 21 .05561 .07859 .01475 1.07188
1 TO 24 .06110 .08219 .01004 .98525

1 Selected pre—link(closed—economy) apecification from 
Table 6.1

• Selected post—link(open—economy> apecification.
Column (1> represent* the number of lag* of each variable in 
each equation.
Column* (2> — (5) are root—mean—square errors from post—sample 
forecasts, measured in the same units as the variables.
Column (6) represents the mean standardized total error as
explained in Table 6.1.
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SPAIN
TABLE S. 2B. 14

SELECTING THE BEST POST-LINK<OPEN-ECONOHY) SPECIFICATION: 
Twelve Months Ahead Forecast Error* of VAR Specif Ication 
with Alternative Lag Structures for the International 
Links. (Linkage Mechanism B)

(1) (2) (3) (4) (5) (6)
Number of 
Link Lags

Output Honey Price Interest MSTE

Selected 1 
Pre—Link

.02144 .06422 . 01657

1 TO 3 * .02685 . 03061 . 01098 .67458
1 TO 6 . 03436 - 03835 . 01117 . 77995
1 TO 9 .03970 .05543 .00613 .75666
1 TO 12 .04125 .10390 . 01253 1. 13988
1 TO 15 . 03434 .11820 . 01731 --- 1. 26504
1 TO ia .04088 .11990 . 01861 --- 1. 36847
1 TO 21 .02791 .11860 . 01238 1. 07001
1 TO 24 .04248 .09179 . 00684 .94542

1 Selected pre—link (closed—economy) specification from 
Table 6.1

* Selected post—link(open—economy> specification.
Column (1) represents the number of lags of each variable in 
each equation.
Columns <2>— (5) are root—mean—square errors from post—sample 
forecasts, measured in the same units as the variables.
Column (6) represents the mean standardized total error as
explained in Table 6.1.



176

Sweden

The pre-link selection for Sweden we* three lag* which
has the lowest MSTE, Table 6.1.IS. The three lag specifica
tion also has the second best output, money and interest 
rate forecast and third best price forecasts. The results 
also indicate that there is no observable pattern in RHSEs 
of individual variables at alternative specifications.

The post-link, linkage A selection for Sweden was three
lags which has the lowest MSTE, Table 6.2A.IS. Six, nine, 
twelve and fifteen have close MSTE values, however three 
lags has at least two better forecasts than all of them. The 
money and price predictions cannot be improved and the 
interest rate predictions can be improved over the pre-link 
selection at all lags. Output forecasts are relatively bet
ter at shorter lags.

The post-link, linkage B selection for Sweden was twelve 
lags which has the lowest MSTE with at least three better 
forecasts than the close alternatives. Table 6.2B.15. The 
output and price forecasts do not get better with the addi
tion of the link variables, but the interest rate forecasts 
do. The money forecast is improved only at twelve lags.



177

SWEDEN
TABLE 6. 1. 15

SELECTING THE BEST PRE-LINK<CLOSED-ECONOMY> SPECIFICATIONt 
Twelve Month* Ahead Foreceat Error* of VAR Specification 
with Alternative Lag Structure*.

(1)
Number of 
Lags

(2 > 
Output

(3)
Money

(4)
Price

(5)
Interest

(6)
MSTE

1 TO 3 * .03017 .02242 .01236 2. 63400 .74807
1 TO 6 .03382 .01376 .02304 1.81700 .84900
1 TO 9 .04475 .03655 .01124 2. 65000 .91822
1 TO 12 .02881 .05766 .00927 3.37600 .99477
1 TO IS .07341 .04593 .01588 4.41100 1.35837
1 TO IB .04749 .02494 .00879 7.58700 1.13156

• Selected pre—link(cloaed—economy) apecifIcation.
Column (1) represent* the number of lag* of each variable In 
each equation.
Columns (2>— (5) are root—mean—square error* from post—aample 
forecast*, measured in the same unit* a* the variable*.
Column <6> represent* the mean standardized total error, 
where the standardized error In each equation 1* calculated 
as the ratio of each root—mean—square error to the average 
root—mean—square error. (See equation <6.2)>.
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SWEDEN
TABLE S.2A.15

SELECTING THE BEST POST-LINK<OPEN-ECONOHY) SPECIFICATION: 
Twelve Montha Ahead Forecaat Errora of VAR Specification 
with Alternative Lag Structurea for the International 
Llnka. (Linkage Hechanlaa A>

(1) (2) (3) (4) (5) (6)
Number of 
Link Laga

Output Honey Price Intereat HSTE

Selected 1 
Pre-Link

.03017 .02242 . 01236 2.63400

1 TO 3 * .02797 .02377 . 01493 1.83500 .94639
1 TO 6 .02708 .02544 .01628 1.75700 .95828
1 TO 9 .02860 .02918 .01446 1.81200 .98424
1 TO 12 .03264 .03182 .01660 1. 36300 .99217
1 TO 15 .03010 .03276 .01805 1. 34600 .99651
1 TO 18 .03027 .03563 .02029 1. 25500 1.03714
1 TO 21 .03391 .03627 .01619 1. 27800 1.01784
1 TO 24 .03268 .03510 .02389 1. 04200 1.06764

1 Selected pre—link(cloeed—economy) apecifIcation from 
Table G.1

• Selected poat—link(open—economy> apecifIcation.
Column (1) repreaenta the number of laga of each variable In 
each equation.
Columna <2> —(5) are root—mean—aquare errora from poat—aample 
forecaata, meaaured In the aame unlta aa the varlablea.
Column (6) repreaenta the mean atandardlzed total error aa
explained In Table 6. 1.
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SWEDEN
TABLE 6.2B.IS

SELECTING THE BEST POST-LINK(OPEN-ECONOHY) SPECIFICATION: 
Twelve Months Ahead Forecaat Errors of VAR Specification 
with Alternative Lag Structures for the International 
Links. (Linkage Mechanism B)

(1) (2) (3) (4) (5) (6)
Number of 
Link Lags

Output Money Price Interest MSTE

Selected * 
Pre-Link

.03017 .02242 .01236 2. 63400

1 TO 3 .03549 . 02329 .01793 1.60200 .90211
1 TO 6 .03643 . 02253 .02277 1.42500 .91256
1 TO 9 .03496 . 02101 .02373 1.43200 .89684
1 TO 12 * .03195 .02047 .02741 1.35300 .86703
1 TQ 15 .03543 . 03544 .03286 1.50800 1.12S76
1 TO IB .03517 .03206 .03235 1.44900 1.07790
1 TQ 21 . 03016 .02501 .04317 1.60300 1.09154
1 TO 24 .03249 .03230 .03762 1.44900 1.10624

1 Selected pre—link(closed—economy) specification from 
Table 6.1

* Selected post—link(open—economy) specification.
Column (1) represents the number of lags of each variable In 
each equation.
Columns (2)— (S) are root—mean—square errors from post—sample 
forecasts, measured In the same units as the variables.
Column (6) represents the mean standardized total error as
explained In Table 6.1.
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Switzerland

Three laga which has the lowest MSTE was selected as the 
best pre-link specification. Table 6.1.16. Three lags has 
the best money prediction, second best price and interest 
rate prediction and the third best output prediction. The 
twelve lags specification which has the second lowest MSTE 
and three better forecasts than the three lags specification 
was not selected. It seemed more appropriate to have a model 
with much fewer lags which can almost do as good as a model 
with longer lags. Table 6.1.16 also indicates that there are 
no significant patterns in RMSEs at different lag struc
tures.

The post-link results under linkage mechanism A are 
reported in Table 6.2A.16. The results indicate that none of 
the forecasts of Switzerlands can be improved with the link 
variables. The prediction errors of all variables at all lag 
structures are bigger than the prediction errors of the pre
link selection. When this is the case, the choice of a lag 
structure becomes almost arbitrary. The twelve lag 
specification was selected since it has the lowest MSTE. 
Experiments were conducted with different lag structures and 
only the results from the selection with lags six through 
twelve reported. This particular specification reduced the 
prediction errors of all four variables and also output and
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interest rate forecasts got better than the corresponding 
pre-link forecasts.

A similar picture can be observed for the forecasts 
under the linkage mechanism B, Table 6.2B.16. All four vari
ables are again forecasted better without the link vari
ables. The post-link specification which has the lowest MSTE 
was chosen following the selection criteria of this study. 
Experiments with different lags yielded interesting results. 
For example, the lags twelve to twenty four specification 
reduces the RMSEs drastically in every variable and in fact 
output and interest rate forecasts are once again, better 
than the corresponding pre-link forecasts.

United Kingdom

Nine lags was selected as the pre-link selection for 
United Kingdom, Table 6.1.17. The nine lags specification 
has the second lowest MSTE and is slightly inferior to the 
fifteen lags specification. Similar to the case of Switzer
land an exception was made for United Kingdom and a selec
tion with fewer parameters to estimate was selected. Table 
6.1.17 also Indicates that output forecasts gets better at 
nine and fifteen lags, the best money forecasts is at eigh
teen laga, the price forecasts improve after fifteen lags, 
while interest rate forecasts are almost the same for all 
specifications.
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SWITZERLAND
TABLE 8.1.16

SELECTING THE BEST PRE-LINK<CLOSED-ECQNQHY> SPECIFICATION: 
Twelve Months Ahead Forecast Errors of VAR Specification 
with Alternative Lag Structures.

(1)
Number of 
Lags

(2)
Output

(3)
Money

<4>
Price

(5)
Interest

< 6 > 
MSTE

1 TO 3 * .01264 .00843 .00507 .40540 .82638
1 TO 6 .01254 .01999 .00533 .40640 1.00585
1 TO 9 .01254 .01704 .00527 .42960 .97402
1 TO 12 .00959 .01844 . 00488 .38190 .89417
1 TO IS .01551 .01784 .00543 .42510 1.04511
1 TO 18 .01853 .02076 .00622 .55120 1.25302

* Selected pre—link(closed—economy) specification.
Column <1> represents the number of lags of each variable In 
each equation.
Columns <2)— (5) are root—mean—square errors from post—sample 
forecasts, measured In the same units as the variables.
Column <6) represents the mean standardized total error, 
where the standardized error In each equation Is calculated 
as the ratio of each root—mean—square error to the average 
root—mean—square error. (See equation (6.2)).
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SWITZERLAND
TABLE 6.2A.IS

SELECTING THE BEST POST-LINK<OPEN-ECONOMY> SPECIFICATION: 
Twelve Month* Ahead Foreeaat Error* of VAR Specification 
with Alternative Lag Structure* for the International 
Link*. (Linkage Mechanism A)

(1) (2) (3) ( 4 > (5) (6)
Number of 
Link Lags

Output Honey Price Interest MSTE

Selected 1 
Pre—Link

.01284 .00843 .00507 .40550

1 TO 3 .02917 .03248 .01152 .59500 .90172
1 TO 6 .0302S .03124 .01094 .59730 .89043
1 TO 9 .02614 .03136 .01157 .59030 .87060
1 TO 12 * .02295 .02901 .01008 .53350 .77966
1 TO 15 .03062 .03356 .01455 .62660 .98998
1 TO 18 .03512 .03549 . 01660 .65100 1.07867
1 TO 21 .04461 .03612 .01520 .73480 1.16531
1 TO 24 .05615 .04550 .01512 .75360 1.32362
6 to 12 .00848 .02076 .00850 .15030
1 Selected pre—link<closed—economy> specification from 

Table 6. 1
* Selected post—link(open—economy> specification.
Column (1> represents the number of laga of each variable In 
each equation.
Columns (2)— (5> are root—mean—square errors from post—sample 
forecasts, measured In the same units as the variables.
Column (G) represents the mean standardized total error as
explained In Table 6.1.
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SWITZERLAND
TABLE 6.2B.16

SELECTING THE BEST POST-LINK(OPEN-ECONOMY) SPECIFICATION: 
Twelve Months Ahead Forecast Errors of VAR Specification 
with Alternative Lag Structures for the International 
Links. (Linkage Mechanism B)

(1) (2) (3) < 4 ) (5) (6)
Number of 
Link Lags

Output Honey Price Interest MSTE

Selected 1 
Pre—Link

.01264 .00843 .00507 .40550

1 TO 3 * .03714 .07236 .01435 .57440 .72235
1 TO 6 .05010 .07646 .01690 .77950 .87848
1 TO 9 .05343 .08335 .01963 .82790 .95812
1 TO 12 . 06193 .07496 .02577 1.00800 1.07944
1 TO 15 .06146 .07224 .02588 1.01500 1.07095
1 TO 18 .06241 .07079 .02721 1.02500 1.08634
1 TO 21 .05139 .06658 .03526 .95890 1.08269
1 TO 24 .05538 .06438 .03616 1.02800 1.12164
12 TO 24 .00859 .02209 .01938 .10900
1 Selected pre—link(closed—economy> specification from 

Table G.1
* Selected post—link(open—economy> specification.
Column (1> represents the number of lags of each variable in 
each equation.
Columns <2)— (5) are root—mean—square errors from post—sample 
forecasts, measured in the same units as the variables.
Column (6) represents the mean standardised total error as
explained In Table 6.1.
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The linkage mechanism A forecasts indicate that intro

ducing longer lags improve the predictions of all four var
iables Table 6.2A.17. The twenty four lags specification 
which has the lowest MSTE has also the best price and inter
est rate forecast, second best money forecast and third best 
output forecast. The relatively poor forecasting performance 
in shorter lag structures, led to experimenting with differ
ent specifications which emphasize the longer lags. One such 
specification is the twelve to twenty four lags model where 
only the output and interest rate predictions show signifi
cant improvement.

The post-link, linkage B selection was the twenty one 
lags specification which has the lowest MSTE, Table 6.2A.17. 
A similar pattern can be observed as in linkage A, where 
longer lags Improve forecast performance except for output. 
The results from an alternative lag structure (twelve - 
twenty four) is also reported where output prediction error 
is reduced but the other three prediction errors get larger.

United States

The pre-link selection for United States was the nine 
lags specification which has the lowest MSTE, Table 6.1.18. 
This lag structure also yields the best output and interest 
rate, the second best price and the third best money fore
casts. Table (6.1.18) also Indicates that the forecast
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UNITED KINGDOM
TABLE 6. 1. 17

SELECTING THE BEST PRE-LINK(CLOSED-ECONOMY) SPECIFICATION: 
Twelve Months Ahead Forecast Errors of VAR Specification 
with Alternative Lag Structures.

(1)
Number of 
LBgs

(2)
Output

(3)
Money

(4)
Price

(5)
Interest

(6)
MSTE

1 TQ 3 .01583 .04597 .02018 1.20200 1.14289
1 TO 6 .02124 .04997 .00799 1.26700 1.00685
1 TO 9 * .01481 .04472 .01256 1.21900 .96866
1 TO 12 .01665 .04742 .01332 1.18500 1.01858
1 TO 15 .01389 .04742 .00933 1.16600 .89282
1 TO 18 .02094 .04004 .00982 1.19100 . 97019

• Selected pre—link(closed—economy) specification.
Column <1> repreaenta the number of laga of each variable In 
each equation.
Columns (2> — (5) are root—mean—square errors from poat-sample 
forecasts, measured In the same unlta aa the variables.
Column (6) represents the mean standardized total error, 
where the standardized error In each equation Is calculated 
as the ratio of each root—mean—square error to the average 
root—mean—square error. (See equation (6.2)).
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UNITED KINGDOM
TABLE 6.2A. 17

SELECTING THE BEST POST-LINK<OPEN-ECONOMY> SPECIFICATION: 
Twelve Month* Ahead Forecast Errors of VAR Specification 
with Alternative Lag Structures for the International 
Links. (Linkage Hechaniaa A)

(1) (2) (3) (4) (5) (6)
Number of 
Link Lags

Output Honey Price Interest MSTE

Selected * 
Pre—Link

.014S1 .04472 .01256 1.21900

1 TO 3 .04640 .05378 .03810 1.83600 1.34722
1 TO 6 .04032 .04982 .03873 1.82900 1.29479
1 TO 9 .04638 .04275 .02081 1.51500 1. 01990
1 TO 12 .04767 . 04259 .01501 1. 40000 .93679
1 TO IS .03720 . 04353 .01899 1. 55200 .95224
1 TO 18 .03550 .04388 .01296 1.78400 .90624
1 TQ 21 .03943 . 03736 .00960 1.34000 .78101
1 TQ 24 * .03829 .03990 .00752 1.33400 .76181
12 to 24 .01362 .04343 .02047 1.17600
‘ Selected pre—link(closed—economy) specification from 
Table 6.1

• Selected post—link(open—economy ) specification.
Column (1) represents the number of lags of each variable in 
each equation.
Columns (2> — (5) are root—mean—square errors from post—sample 
forecasts, measured in the seme units as the variables.
Column (6> represents the mean standardized total error as
explained in Table 6. 1.
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UNITED KINGDOM
TABLE 6.2B.17

SELECTING THE BEST POST-LINK<OPEN-ECONOMY> SPECIFICATION: 
Twelve Month# Ahead Forecast Errors of VAR Specification 
with Alternative Lag Structures for the International 
Links. (Linkage Mechanism B)

(1) (2) (3) (4) (5) (6)
Number of 
Link Lags

Output Money Price Interest MSTE

Selected ‘ 
Pre—Link

.01481 .04472 .01256 1.21900

1 TO 3 .06124 .04635 .00452 1.35400 .80149
1 TO 6 .06325 .04698 . 00873 1.61110 .97252
1 TO 9 .06973 .04547 .00980 1.81500 1.00788
1 TO 12 .0698S .04599 .01020 1.88600 1.03092
1 TO 15 .07317 .02986 .01671 1.85500 1.07622
1 TO 18 .09166 .02491 .02496 1.85500 1.28852
1 TO 21 * .09024 .03761 .00436 1.68200 .87918
1 TO 24 .10570 .02201 .00933 1.72900 .94328
12 TO 24 .05930 .02258 . 02307 3.83200
1 Selected pre—link(closed—economy> specification from 

Table 6.1
» Selected post—link(open—economy> specification.
Column (1) represents the number of lags of each variable in 
each equation.
Columns (2) — (5) are root—mean—square errors from post—sample 
forecasts, measured in the same units as the variables.
Column (6) represents the mean standardized total error as
explained in Table 6. 1.
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errors get. larger and larger after nine lags and practically 
becomes explosive at eighteen laga.

The nine lags post-link, linkage A specification which 
has the lowest MSTE was selected for United States, Table 
6.2A.18. This lag structure provides at least two better 
forecasts than the other close alternatives, six and twelve 
lags. The output prediction error is at its minimum at nine 
lags and it increases with longer lags. The money and price 
forecast errors fluctuate at alternative lags without show
ing a significant pattern. The interest rate forecasts are 
better at shorter lags than longer lags.

The nine lags post-link specification was selected again 
under the linkage mechanism B, Table 6. 2B. 18. The nine lags 
specification has the lowest MSTE and has at least two bet
ter forecasts than close alternatives. The output forecast 
can only be improved over the pre-link selection at nine 
lags. The money forecasts cannot be bettered over the pre
link at all lags. On the other hand, price and Interest rate 
prediction errors can be reduced drastically at all alterna
tive lag structures.

The Summary of Model Selection Results

A summary of the model selection results for all the 
eighteen countries that are included in LINK-VAR are
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UNITED STATES
TABLE 6.1.IS

SELECTING THE BEST PRE-LINK(CLOSED-ECONOHY> SPECIFICATION: 
Twelve Month* Ahead Forecast Error* of VAR Specification 
with Alternative Lag Structures.

(1)
Number of 
Laga

< 2 > 
Output

(3> 
Honey

(4)
Price

(5)
Interest

(6)
MSTE

1 TO 3 .03287 .01168 .02785 2.78100 .66970
1 TO 6 .03877 . 01708 .02565 2.80500 .72723
1 TO 9 * .02363 .01755 .01934 2.46700 .59575
1 TO 12 .03887 .02901 .01441 2.74500 .73880
1 TO 15 .13520 .03725 .03353 6.32100 1.57335
1 TO 18 .13331 .03449 .03683 8.46300 1.69516

• Selected pre—link<closed—econoay> specification.
Column (1) repreaenta the number of lags of each variable In each equation.
Columns <2> — (5) are root—mean—square errors from post—sample 
forecasts, measured In the same units as the variable*.
Column (6) represents the mean standardized total error, 
where the standardized error In each equation la calculated 
aa the ratio of each root—mean—square error to the average 
root—mean—square error. (See equation (6.2)).
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UNITED STATES
TABLE 6.2A.IB

SELECTING THE BEST POST—LINK(OPEN—ECONOMY > SPECIFICATION: 
Twelve Months Ahead Forecast Errors of VAR Specification 
with Alternative Lag Structures for the International 
Links. (Linkage Mechanism A)

(1 > (2) (3) (4) (5 > (6)
Number of 
Link L a g s

Output Money Price Interest MSTE

Selected * 
Pre—Link

.02363 .01755 . 01934 2. 46700

1 TO 3 .02497 .02837 .01469 1.67000 1. 00878
1 TO 6 .02127 .02734 .01293 1.40900 .89124
1 TO 9 * .01702 .02967 .01178 1.43000 .85068
1 TO 12 .02193 .03222 .01091 1.43000 .90639
1 TO 15 .02575 .03198 .01463 1.55100 1.02756
1 TO 18 .02418 .02908 .01756 1. 65900 1. 05585
1 TO 21 .02924 .02830 .01679 1.86100 1.11807
1 TO 24 .03325 .03120 .01370 1. 94600 1. 14143

1 Selected pre—link<closed—economy) specification from 
Table 6.1

* Selected post—link(open—economy> specification.
Column (1) represents the number of lags of each variable In 
each equation.
Columns (2> —(5> are root—mean—square errors from post—sample 
forecasts, measured In the same units as the variables.
Column (6) represents the mean standardized total error as
explained in Table 6.1.
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UNITED STATES
TABLE 6.2B.IB

SELECTING THE BEST POST-LINK<OPEN-ECONOMY) SPECIFICATION: 
Twelve Months Ahead Forecast Errors of VAR Specification 
vlth Alternative Lag Structures for the International 
Links. (Linkage Mechanism B)

(1)
Number of 
Link Lags

(2)
Output

(3)
Honey

( 4 ) 
Price

(5)
Interest

(6)
MSTE

Selected * 
Pre-Link

.02363 .01755 .01934 2.46700

1 TO 3 .03668 .01825 .00551 .81180 .92062
1 TO 6 .02912 .01806 .00575 .81280 .88321
1 TO 9 * .02039 .02339 .00520 .85680 .87571
1 TO 12 .02830 .02735 .00556 .85930 .98820
1 TO 15 .04511 .01796 .00409 .95110 .93353
1 TO is .04607 .01716 .00374 1.08500 .94777
1 TO 21 .06159 .02463 .00534 1.06300 1.20225
1 TO 24 .06021 .02641 .00519 1.22300 1.24871

1 Selected pre—link(closed—economy) specification from 
Table 6.1

• Selected post—link(open—economy) specificstion.
Column (1) represents the number of lags of each variable in 
each equation.
Columns (2>— (5) are root—mean—square errors from post—sample 
forecasts, measured in the same units as the variables.
Column (6) represents the mean standardized total error as
explained in Table S. 1.



193
reported In Table 6.3. From alternative pre-link specifica
tions, the three lags was selected for ten countries, the 
six lags specification for five countries and the nine lag 
specification for three countries. This result Indicates 
that relatively few lags are needed to specify national 
country models using the VAR technique.

It is less straight forward to interpret the post-link 
lag structures. Given the location and the degree of openness 
of each country in LINK-VAR, one would expect to observe the 
international influence at different lag structures. In some 
countries, the international economic fluctuations improves 
the forecasting performance at very short lags as in for 
instance Canada while in some others the link variables help 
forecasting at much longer lags as in for example, Nether
lands. The post-link model selections are entirely based on 
forecasting performance therefore inferences about the exact 
timing of the transmission mechanism of international fluc
tuations can not be made easily. LINK-VAR is built exclu
sively as a forecasting model and it has to be evaluated in 
terms of its forecasting performance. The post-link results 
are also based on the specific lag structures that were 
imposed on each country model. The timing of the interna
tional influence on specific macroeconomic variables may 
vary considerably. Thus, experimenting with dlsproportianate 
lag structures or lag structures emphasizing the longer lags 
could provide the researcher with improved forecasts.
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TABLE 6. 3
SUMMARY OF THE MODEL SELECTION RESULTS

(1) <2> (3) < 4 >
Country Pre—Link Post—Link A Poet—Link B

Selection Selection Selection

1. Australia 1 to 6 1 to 15 1 to 12
2. Austria 1 to 3 1 to 3 1 to 9
3. Belgium 1 to 6 1 to 6 1 to 15
4. Canada 1 to 3 1 to 3 1 to 3
5. Denmark 1 to 3 1 to 6 1 to 9
6. Finland 1 to 3 1 to 24 1 to 3
7. France 1 to 3 1 to 6 1 to 21
a. Germany (West) 1 to 6 1 to 3 1 to 6
9. Ireland 1 to 9 1 to 3 1 to 6
10. Italy 1 to 6 1 to 6 1 to 15
11. Japan 1 to 6 1 to ia 1 to 6
12. Netherlands 1 to 3 1 to 24 1 to 24
13. Norway 1 to 3 1 to 3 1 to 3
14. Spain 1 to 3 1 to 3 1 to 3
15. Sweden 1 to 3 1 to 3 1 to 12
16. Switzerland 1 to 3 1 to 12 1 to 3
17. United Kingdom 1 to 9 1 to 24 1 to 21
ia. United State* 1 to 9 1 to 9 1 to 9
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In this chapter the estimation results from the pre-link 

and post-link modes of the model LINK-VAR vas presented. In 
the next chapter, the focus will be on the statistical and 
the visual comparison of the forecasts from cloaed-economy 
specification with the open-economy specifications.



CHAPTER VII

INTERPRETATION QF RESULTS 

Introduction

In the previous chapter, the methodology of model 
selection was presented and Individual country model selec
tions were reported for both pre-link and post-llnk specifi
cations of the LINK-VAR model. In this chapter a detailed 
evaluation of the forecast performance of these selected 
specifications will be offered. The forecast comparison of 
the pre-link and two post-llnk specifications will be made 
by considering each country separately. An overall evalua
tion of the proposed LINK-VAR model will be presented In the 
next chapter.

The standard practice for VAR studies Is, to present 
only results of forecasting experiments or Impulse responses 
and variance decompositions, depending on the purpose of the 
study. The coefficient estimates of Individual equations are 
usually not reported. There is a very valid reason for this 
exclusion. As Sims (1980a, p.20) suggested, unlike struc
tural econometric models, "autoregressive systems .... are 
difficult to describe succinctly Cand] it Is especially dif
ficult to make sense of them by examining the coefficients

196
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in -the regression equations themselves". His point Is based 
□n the fact that the equations In the VAR system do not rep
resent a structure, thus the Individual coefficient esti
mates do not have any economic meaning. Following this stan
dard practice, only the forecast evaluations are reported 
below, without presenting coefficient estimates, and their 
related statistics.

This chapter la organized In two sections: The first 
section discusses the forecast evaluation criteria utilized 
in this study. The second and the last section presents the 
forecast performance of the LINK-VAR model.

The Criteria for Forecast Evaluation*

The model selections of CHAPTER VI were generally based 
on the Root-Mean-Square-Error (RMSE) and the Mean Standard 
Total Error (MSTE) criterion. In comparing the forecasts 
from the pre-link selection versus the forecasts from the 
two post-llnk selections some additional criteria were used. 
The forecasting performance was evaluated based on the fol
lowing criteria; (1> Heart Error; (2) Mean Absolute Error;
(3> Root-Mean-Square-Error; (4) Theil’s Inequality Coeffi
cient; (5) The decomposition of Theil's Inequality coeffi-

1 Undoubtedly there Is a multitude of forecast evalua
tion criteria one can consider. The criteria used here are 
outlined in Plndyck and Rubinfeld (1981), p.360-367.
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cient In terms of bias, variation, and co-variation; and <6> 
A visual comparison emphasizing ho» veil the turning points 
can be forecasted. These criteria and their implications for 
forecast evalustlon are presented belov.

The Mean Error <ME) can be represented by:

T
ME = 1 / T ( E < Y' - Y* ) (7.1)

t = l

ME is simply the average of the total deviations of 
forecasted values from the actual values. The problem in 
interpreting ME is that at times it may be close to zero 
although the forecast errors are large (if large positive 
errors cancel out large negative errors). To avoid this 
problem the common practice is to look at the next crite
rion, the Mean Absolute Error (MAE). MAE can be represented 
a s :

T
MAE = 1 / T E | Y' - Y* I (7.2)

t=l ' *

MAE is the mean of the absolute value of the forecast 
errors. It is therefore, useful to report both ME and MAE 
and check whether they are equal in magnitude. If they are, 
this would indicate a systematic under or over shooting of 
the forecasted values.
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The next criterion, RUSE la a more popular forecast 

evaluation statistic than MAE since It penalizes large Indi
vidual errors more heavily than the MAE. The formula for 
RMSE is:

T
RMSE = 1 / T E ( Y' - Y* )* (7.3)

t = l * •

Another useful statistic which is related to the RMSE is 
the Theil's Inequality coefficient or simply Theil's U 
coefficient which can be defined as:

J" C 1 / T Z ( Yr 
t = l •

Y* )• 3
U = <7. 4)

T T
■r C 1 / T Z < Yr )•!■*■ V Cl / T Z < Y« )<

t=i * t=l *

where the numerator is simply the RMSE. The Thell-U 
coefficient always falls between O and 1 due to the scaling 
of the denominator. If the forecasts are perfectly accurate 
< y» = Y* ), U will equal to O. If the forecasts are always 0t i
when the actual values are non-zero (or vice versa), U will 
equal to one. U will be one also If, the forecasted values 
are positive (negative) when actual values are negative
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< positive).

Finally, the Theil~U coefficient can be decomposed Into 
three parts representing the proportions of Inequality as 
bias proportion, variance proportion, and co-variance pro
portion. * This decomposition Is very useful In breaking the 
forecast error into Its characteristic sources as the three 
components sum up to 1. The bias proportion measures the 
systematic error, the variance proportion measures the fore
casts ability to duplicate the variability in the actual 
values, and the co-variance proportion measures the unsys
tematic error. In terms of forecast performance, the rela
tively more worrisome components are bias and variance and 
for any value of U > O, the most desirable distribution of 
the error proportions la the bias and the variance compo
nents to be zero and the covariance component to be one.

Small forecast errors are only one desirable measure of 
forecast accuracy. Another important criterion is how well a 
forecasting model can predict the 'turning points' in the 
forecast period. A forecast with a relatively high, for 
instance, RMSE compared with a competing forecast with a 
relatively low RMSE could be more desirable If the former 
could predict the downturns or upswings better than the lat
ter. Therefore, the ability to reproduce turning points or

• See Plndyck and Rublnfeld <1961), p.365 for a mathe
matical exposition of how Thell-U coefficient can be decom
posed into three parts.
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fast changes In the actual data la a very significant crite
rion for forecast evaluation. This criterion requires a 
visual comparison of the forecasts from competing models.

The Forecast Performance of LINK-VAR

Using this multitude of forecast evaluation criteria the 
forecast performance of pre-link and post-link specifica
tions were evaluated for the forecast period 1984:07- 
1985:06. The evaluation at times was difficult, when mixed 
results were obtained from the prediction assesment crite
ria. At these instances a certain amount of Judgement was 
necessary to decide on which forecast to choose. The summary 
statistics for the ex-post forecast evaluation are reported 
in individual country Tables 7.1 and 7.2. A visual compari
son of forecasts from pre-link and two post-link specifica
tions against the actuals are provided in individual country 
Exhibits 7.1, 7.2, 7.3 and 7.4.

Australia

The comparison of pre-link and post-link forecast per
formance for Australia are reported in Tables 7.1.1, 7.1.2
and Exhibits 7.1.1, 7.2.1, 7.3.1, and 7.4.1.

Forecasts for the output variable are generally good 
from all three specifications. Both post-link selections
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AUSTRALIA
TABLE 7. 1. 1

THE COMPARISON OF PRE-LINK<CLOSED-ECONOMY) VERSUS POST-LINK
<OPEN-ECONOMY) FORECAST PERFORMANCE FOR OUTPUT AND MONEY.

(1)
Summary
State.

< 2 ) 
Output

(3)
Money

pre
link

post 
link a

post 
link b

pre
link

post 
link a

post 
link b

Mean
Error -. 0012 . 0033 -.0002 . 0049 . 0014 . 0044

Mean
Absolute
Error

. 0106 . 0097 . OlOO . 0134 . 0135 . 0122

Root- 
Mean—Sq. 
Error

. 0135 . 0130 . 0112 . 0155 . 0156 . 01S6

Theil's
Ineq.
Coeff. . 0015 . 0014 . 0012 . 0008 .0008 . 0008

Fraction 
of Error 
due to 
a > Bias . 0083 . 0625 . 0004 . lOOl . 0079 . 0791

b > Diff. 
Var.

. 0724 . 0162 . 2123 . 0121 . 0058 . 1638

c)Diff. 
Co—var

. 9193 . 9213 . 7874 . 8878 . 9863 .7570 1
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AUSTRALIA
TABLE 7. 2. 1

THE COMPARISON OF PRE-LINK<CLOSED-ECONOMY> VERSUS POST-LINK
(OPEN—ECONOMY) FORECAST PERFORMANCE FOR PRICE AND INTEREST.

Price InterestSummary
Stats.

post 
link a

post 
link a

post 
link b

post 
link b

pre
link

pre
link

Mean
Error 80670154 OOG2 0063 3616 3308

Mean
Absolute
Error

0154 0063 0067 1.2840 1.3910 1.5880

Root- 
Mean— Sq 
Error

00760186 0080 1.4510 1.7660 1.7890

Theil's
Ineq.
Coeff. 0008 0543 0633 06530019 0008

Fraction 
of Error 
due to 
a )Bias 6843 6689 6259 0622 2057 0342

3133 3037 3572 4898 7208

02740023 0169 1229 3005 2450



EXHIBIT (7 .1 .1 )  FORECASTS FOR OUTPUT
PRE-LINK VS. POST-LINK (AUSTRALIA)

4,52 -

4.5 -

4.59 -

4.57 -

4.55
5401 2 3 4 5 6 5407 5 9 10 11 12 5501 2 V*

c Actual 4 Pre *  Past A A Past B
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EXHIBIT (7 .2 *1 )  FORECASTS FOR MONEY
PRE-LINK VS. POST-LINK (AUSTRALIA)

10.07 
10.06 
10.05 
10.04 
10.03 
10.02 
10.01 

10 
9.99
9.95 
9,97
9.96 
9.95 
9.94 
9.93 
9.92 
9,91

9.9 
9.09
9.56
9.57 
9.56 
9.55

6401 2 3 4 5 6 5407 5 9 10 11 12 5501 2 3 4 5 6

E Actual + Pre 4 Post A A Post 0
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EXHIBIT ( 7 .3 .1 )  FORECASTS FOR PRICE
PRE-LINK VS. POST-LMK (AUSTRALIA)

4.99 -

4.92
6401 2 3 4 5 6 6407 6 9 10 11 12 6501 2 3 4 5 6

Q Actual- + Pre *  Post A & Post B
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EXHIBIT ( 7 .4 .1 )  FORECASTS FOR INTEREST
PRE-LINK VS. PQ5T-UNK (AUSTRALIA)

15 -

14 “

15 -

12 -

n Actual + Pre « Post A 4  Post B
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show some Improvement over the pre-link selection. The 
improvement is more significant under the linkage mechanism 
B. The post-link forecasts can generate the variation in the 
actual data better than the pre-link forecast.

Money is also forecasted very veil by all three speci
fications. The summary statistics indicate very close fore
cast errors. By Including the link variables, the forecasts 
are neither improved nor made worse.

The post-link specifications generate relatively better 
forecasts of price than the pre-link specification. The 
pre-link forecasts systematically underpredict and both 
post-link forecasts systematically overpredict the actual 
price data. The magnitude of the errors of pre-link forecast 
is however, more than twice the errors of the post-link 
forecasts. A comparison between the post-link A forecast and 
post-link B forecast indicate that they are almost the same.

The interest rate predictions Indicate that pre-link 
forecast have relatively lower forecast errors than both 
post-link forecasts. On the other hand the decomposition of 
the Theil-U coefficient as well as, the visual comparison 
indicate that pre-link forecast is not superior to both 
post-link forecasts. Both post-link A and post-link B pre
dictions overshoot the actual values in the first six months 
but after that they do reasonably well. The pre-link fore
cast although more accurate within the first six months, can 
not pick up the variation in the actual Interest rate values
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as well as both post-link forecasts (specifically in the 
last six months). Therefore, all three forecasts could be 
considered equally accurate.

Out of the four variables that constitutes the model for 
Australia output and price forecasts can be improved without 
losing anything from the forecasts of money and Interest 
rate. This outcome indicates that the forecast performance 
from the Australian model can be improved when the interna
tional Influence is accounted for.

Austria

The comparison of pre-link versus post-link forecast 
performance for Austria are reported in Tables 7.1.2,
7.2.2 and Exhibits 7.1.2, 7.2.2, 7.3.2, and 7.4.2.

The best output forecast for Austria is the one gener
ated by the pcst-link A, specification. Post-link A predic
tion has the lowest forecast errors and also reproduces the 
movements in the actual data better than the pre-link fore
cast. Post-link B, is the second best forecast showing a 
marginal Improvement over the pre-link forecast.

The money variable is forecasted better by both post
link specifications than the pre-link specification. In fact 
the pre-link forecast misses the mark for the entire period. 
The best forecast is provided by the post-link B specifica
tion which has almost one third of the forecast errors of
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AUSTRIA
TABLE 7.1.2

THE COMPARISON OF PRE-LINK<CLOSED-ECONOMV) VERSUS POST-LINK
< OPEN—ECONOMY) FORECAST PERFORMANCE FOR OUTPUT AND MONEY.

(1
Summary
Stats.

(2)
Output

(3)
Money

pre
link

post 
link a

post 
1 ink b

pre
link

post 
link a

post 
link b

Mean
Error -. 0159 -. 0047 . 0210 -.0682 -. 0291 -. 0142

Mean
Absolute
Error

. 0254 . 0202 . 0231 . 0682 . 0292 . 0222

Root- 
Mean—Sq. 
Error

. 0298 . 0226 .0288 . 0703 . 0362 . 0260

Theil's
Ineq.
Coeff.

. 0032 . 0024 . 0031 . 0066 . 0034 . 0024

Fraction 
of Error 
due to 
a )Bias . 2852 . 0425 . 5302 . 9415 . 6451 . 2970

b)Diff. 
Var.

. 0134 . 5296 . 3944 . 0032 . 1455 . 2040

c)Diff. 
Co—var

. 7013 . 4279 . 0753 . 0553 . 2095 . 4990
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AUSTRIA
TABLE 7.2.2

THE COMPARISON OF PRE-LINK(CLOSED-ECONOMY> VERSUS POST-LINK
(OPEN-ECONOMY) FORECAST PERFORMANCE FOR PRICE AND INTEREST.

(1 )
Summary
Stats.

Mean
Error

Mean
Absolute
Error
Root- 
Mean—Sq. 
Error
Theil's
Ineq.
Coeff.
Fraction 
of Error 
due to 
a )Bias

bJDiff.
Var.

clDlff. 
Co—var

pre
link

-. 0123

0123

. 0136

0014

aiaa

1167

0646

(2)
Price

post 
link a

. 0064

0074

. 0097

OOIO

4406

5162

post 
link b

. ooas

. 0087

. 0096

. OOIO

7644

1026

0432 I .1130

(3)

Interest

pre
link

2478

2478

. 2641

. 0170

. 8799

0152

1049

post 
link e

2759

. 2759

. 3095

. 0199

. 7947

0790

1263

post 
link b

. 5489

. 5489

. 6063

. 0397

. 8196

1108

0697



EXHIBIT (7 .1 .2 )  FORECASTS FOR OUTPUT
PRE-LMK V5. PCST-LINK (AUSTRfc)

4.72

4.71 -

4.7 -

4.65 "

4.67 -

4.65 -

.4.64 -

4.62 "

6401 2 5 4 5 6 0407 5 10 11 12 5501 2 5 4 5 69

□ Actual + Pre *  Past A A Past B
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EXHIBIT (7 .2 .2 )  FORECASTS FOR MONE?
FRE-LINK VS, PCST-LINK (AUSTRIA)

5.4

5.36 -

v

C3— .5.3 -

C 65 6 5407 5 44 q 10'6401 2

a Actual + Pre PC'5t A 4 F'C5t B
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4.55

EXHIBIT ( 7 .3 .2 )  FORECASTS FOR PRICE
FRE-LINK V3, POOT-LINK (AU3TRA)

s

y
y  m — 4

4.55 “

4.64 -

4.53 -

4.52 “

4.51 -

4,5

A  s/
_ y y

y ' m

0"

jar -e

■ Si--~

//  -a
M  «k
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5401 2 3 4 5 6 5407 5 9 10 11 12 6501 2 3 4 5 6

C Actual 4 Pre Post A Pest B
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EXHIBIT (7 .4 .2 )  FORECASTS FOR INTEREST
FRE-LINK VS. FOOT-LINK (AUSTRIA)

'7̂..

Xr-_.

t i 1--- 1----1----!----1--- 1 r
1 2 - 3  4 5 6 540? 5 9 10 11 12 5501 2 3 4

Actual + FTc 4 P c 't A 4 pest 5
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the pre-link selection. The improvement over the pre-link 
forecasts in both post-link cases is considerable.

The price variable is again forecasted better with the 
post-link specifications. The pre-link forecasts overshoot 
the actual values for the entire period. This is true for 
the last ten months for the post-link B forecasts as well. 
However, the magnitude of the forecast errors for the post- 
link B, specification is lower for the entire forecast 
period. The post-link A forecasts are right on the mark for 
the first six months and the last six months are underpre
dicted. The post-link B prediction has a slight edge over 
the post-link A prediction.

The pre-link forecast of the interest rate is marginally 
better than post-link A forecast and much better than the 
post-link B forecast. The Interest rate values for the 
entire period remained fairly constant and all three fore
casts underpredicted the Interest rate for the entire 
period. The forecasts of post-link A is slightly closer to 
the actual than the pre-link forecasts for the first eight 
months. The summary statistics indicate that the magnitude 
of the errors were fairly small for all the forecasts. This 
is also seen from the comparison of the actual magnitudes 
and forecasted magnitudes. For instance, the actual value 
for the interest rate at 1985:06 (where the distance between 
the actual and the forecasted values is the maximum) is 
7.91, the pre-link forecast is 7.61 and the post-link A
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forecast is 7.40, indicating how accurate the forecasts 
really are.

The results for Austria indicate that output, money and 
price forecasts can be improved significantly by both 
post-link specifications. Only the interest rate forecast is 
not improved over the pre-link selection. As a result, by 
taking the international influence into account one can 
substantially improve the forecast accuracy of the pre-link 
(closed-economy> model.

Belgium

The forecast comparison of the pre-link and post-link 
specifications for Belgium are presented in Tables 7.1.3, 
7.2.3 and Exhibits 7.1.3, 7.2.3, 7.3.3 and 7.4.3.

All three specifications forecast the output fairly 
well. The post-link forecasts show some Improvement over the 
pre-link forecast. In terms of the summary statistics 
post-link A has the lowest errors, however post-link B, has 
the least bias and can reproduce the movements in the actual 
output better than the others.

Post-link A forecast of money is again the best fore
cast. Excluding the erratic Increase in the last three 
months in the actual money, both pre and post link forecasts 
overpredict. However, the forecast errors are smaller in 
both post-link forecasts than the pre-link forecast.
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BELGIUM
TABLE 7. 1. 3

THE COMPARISON OF PRE-LINK<CLOSED-ECONOMY) VERSUS POST-LINK
(OPEN—ECONOMY > FORECAST PERFORMANCE FOR OUTPUT AND MONEY.

< 1)
Summary
Stats.

(2)
Output

(3)
Money

pre
link

post 
link a

post 
link b

pre
link

post 
link a

post 
link b

Mean
Error . 0227 . 0128 . 0214 -. 0160 -.0019 -. 0115

Mean
Absolute
Error

. 0246 . 0198 . 0214 . 0177 . 0117 . 0138

Root- 
Mean—Sq. 
Error

. 0326 . 0241 .0248 . 0199 . 0149 . 0160

Theil's
Ineq.
Coeff.

. 0035 . 0026 . 0027 . 0014 . 0011 . 0013

Fraction 
of Error 
due to 
a > Bias . 4826 . 2821 . 1304 . 6480 . 0165 . 4116

b > Diff. 
Var.

. 4062 . 4732 . 3049 . 0585 . 6662 . 0162

c)Diff. 
Co—var

. 1112 . 2446 . 5647 . 2935 . 3173 . 5722
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BELGIUM
TABLE 7. 2. 3

THE COMPARISON OF PRE-LINK<CLOSED-ECONOMY) VERSUS POST-LINK
(OPEN-ECONOMY> FORECAST PERFORMANCE FOR PRICE AND INTEREST.

< 1)
Summary
Stats.

(2)
Price

< 3 ) 
Interest

pre
link

post 
link a

post 
link b

pre
link

post 
link a

post 
link b

Mean
Error . 0004 . 0274 -. 0194 -.9407 . 0297 -. 6028

Mean
Absolute
Error

. 0029 . 0274 . 0194 . 9407 . 5017 . 9660

Root- 
Mean—Sq. 
Error

.0035 . 0327 . 0219 1.2000 . 5802 1.1580

Theil' a
Ineq.
Coeff.

. 0004 . 0033 . 0022 . 0545 . 0275 . 0534

Fraction 
of Error 
due to 
a)Bias . 7026 . 6150 . 7640 . 6150 . 0026 . 2708

b)Dlff. 
Var. . 1766 . 1150 . 1981 .1150 . 4279 . 0112

c > Dlff. 
Co—var . 1206 . 2700 . 0179 . 2700 . 5695 . 7180
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EXHIBIT (7 .2 .3 )  FORECASTS FOR MONEY
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EXHIBIT (7 .4 .3 )  FORECASTS FOR INTEREST
PRE-LINK VS. POST-LINK (BELGIUM)
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The price variable is forecasted very veil by the pre- 

link selection and the addition of the link variables does 
not help at all. Post-link A forecast explodes in the down
ward direction and the post-link B forecast explodes in the 
upward direction.

Post-link A forecasts for the interest rate is far supe
rior over both post-link B and pre-link specifications. This 
result can be seen both statistically (where post-link A, 
has the lowest errors) and graphically (where post-link A 
replicates the actual movement in the interest rates over 
the twelve month horizon.

Under both link mechanism forecasts of three variables 
are Improved, output, money, and interest rate, indicating 
the significance of International fluctuations on the fore
cast performance.

Canada

The comparison of pre-link versus post-link forecast 
performance for Canada are reported in Tables 7.1.4, 7.2.4.
and Exhibits 7.1.4, 7.2.4, 7.3.4 and 7.4.4.

Both post-link forecasts for output are better than the 
pre-link forecast for the entire twelve months period. The 
post-link B, specification generates the most accurate pre- 
diction. Both post-link forecasts are much less biased and 
the forecast errors can be attributed almost entirely to the
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CANADA
TABLE 7. 1.4.

THE COMPARISON OF PRE-LINK<CLOSED-ECONOMY) VERSUS POST-LINK
(OPEN-ECONOMY) FORECAST PERFORMANCE FOR OUTPUT AND MONEY.

( 1 >
Summary
Stats.

Mean
Error

Mean
Absolute
Error
Root- 
Mean—Sq. 
Error
Thell't
Ineq.
Coeff.
Fraction 
of Error 
due to 
a > Bias

b )Dlff. 
Var.

c)Dlff. 
Co—var

( 2 > 
Output

(3)
Money

pre post post pre post post
link link a link b link link a link b

-. 0220 -. 0061 . 0031 -. 0193 -. 0108 -. 0308

. 0267 . 0153 . 0096 . 0193 . 0115 . 0308

. 0291 . 0172 . 0119 . 0221 . 0143 . 0347

. 0031 . 0018 . 0013 . 0033 . 0021 . 0051

. 5703 . 1265 . 0666 . 7631 . 5664 . 7892

. 1371 . 1822 . OOOl . 0339 . 0385 . 0982

. 2926 . 6913 . 9333 . 2030 . 3951 . 1126
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CANADA
TABLE 7. 2. 4

THE COMPARISON OF PRE-LINK<CLOSED-ECQNOMY> VERSUS POST-LINK
<OPEN-ECONOMY> FORECAST PERFORMANCE FOR PRICE AMD INTEREST.

< 1 >
Summary
Stats.

(2)
Price

(3)
Interest

pre
link

post 
link a

poat 
link b

pre
link

post 
link a

post 
link b

Mean
Error -. 0167 -. 0066 -. 0248 -. 4800 1.6130 -. 0593

Mean
Absolute
Error

. 0187 . 0068 . 0248 . 9050 1.6130 . 6801

Root- 
Mean—Sq. 
Error

. 0207 . 0073 . 0273 1.0560 1.7730 . 7607

Thell'a
Ineq.
Coeff.

. 0021 . 0007 . 0028 . 0481 . 0888 . 0353

Fraction 
of Error 
due to 
a >Biaa . 8139 . 8265 . 8259 . 2068 . 8280 . 0061

b > Dlff. 
Var.

. 1704 . 0293 . 1622 . 5154 . 0475 . 6033

c)Diff. 
Co—var . 0157 . 1442 . 0120 . 2779 . 1245 . 3906



EXHIBIT (7 .1 .4 )  FORECASTS FOR OUTPUT
PRE-LINK VS. POST-LINK (CANADA)

4,72

4,71
4,7 -

4,67

& — — fi"4,66

13-- 0

4.6 -

10 11 12 5-501 2 65401 2 5 g4 5

D Actual + Pre *  Po^t A 4 Pest B

LZ
Z



EXHIBIT (7 .2 .4 )  FORECASTS FOR MONEY
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EXHIBIT ( 7 .3 .4 )  FORECASTS FOR PRICE
PRE-LINK VS. POST-UNK (CANADA)
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EXHIBIT (7 .4 .4 )  FORECASTS FOR INTEREST
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co-variance proportion of Inequality.

All three forecasts of money overpredicted the actual 
values for the entire forecast period. The forecast with the 
lovest errors is the post-link A forecast, which also has 
the lowest bias among the three. The monthly fluctuations in 
the actual money variable are completely missed by all three 
predictions. The post-link B forecast is the worst smong the 
three.

The price forecasts present a similar picture, where 
once again all three forecasts overpredicted the actual val
ues, while post-link A forecast has the lowest prediction 
errors. The bias component in all three forecasts are 
almost the same, while the post-link A forecast has the low
est variance proportion. The post-link B, forecast is again 
the worse of the three.

The interest rate in Canada is forecasted fairly well 
except for the eighth month. Although the post-link A fore
cast has the highest forecast errors with the highest bias 
proportion, it seems to be the only forecast that picked up 
the movement in the actual values better than the competing 
alternatives, except for the blip in the eighth month. Both 
the pre-link and post-link B forecasts missed the mark after 
the eighth month and predicted an upswing, when the actual 
values were decreasing. Among the two inferior forecasts, 
post-link B has an edge over the pre-link, in terms of the 
magnitude of forecast errors.
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The results for Canada Indicate that post-link A, can 

improve the forecasts of all four variables over the pre
link selection shoving the significance of the international 
links. On the other hand post-link B generates mixed 
results, improving tvo, output and interest rate, and making 
the other tvo vorse.

Denmark

The forecast comparison of the pre-link and post-link 
selections for Denmark are presented in Tables 7.l.S,
7.2.5 and Exhibits 7.1.5, 7.2.5, 7.3.5, and 7.4.5.

The output variable is forecasted the best by the pre
link selection for the first six months of the forecast 
horizon. The second six months are forecasted relatively 
better by the tvo post-link specifications. The post-link B, 
forecast has a slight edge over both pre-link and post-link 
A forecasts especially in the latter six months period. The 
dovnturn in the seventh and ninth months couldn't be fore
seen by all three predictions.

The beat money forecast is provided by the post-link A 
selection. The pre-link and post-link B forecasts can only 
compete for the first five months of the horizon. After the 
fifth month the post-link A forecast almost duplicates the 
movement in the actual money variable. Post-link B, produces 
the vorst forecast among the three.



233

DENMARK
TABLE 7. 1. 5

THE COMPARISON OF PRE-LINK<CLOSED-ECONOMY> VERSUS POST-LINK
(OPEN—ECONOMY > FORECAST PERFORMANCE FOR OUTPUT AND MONEY.

(1 >
Summary
State.

(2)
Output

(3)
Money

pre
link

post 
link a

post 
link b

pre
link

post 
link a

post 
link b

Mean
Error -. 0173 . 0117 . 0129 . 0392 . 0004 . 0589

Mean
Absolute
Error

. 0315 . 0396 . 0383 . 0460 . 0142 . 0627

Root- 
Mean—Sq. 
Error

. 0500 . 0455 . 0453 . 0535 . 0172 . 0714

Theil'a 
Ineq. 
Coeff.

. 0052 . 0048 . 0048 . 0054 . 0017 . 0072

Fraction 
of Error 
due to 
a )Bias . 1204 . 0662 . 0810 . 5362 . 0005 . 6810

bJDiff. 
Var.

. 2686 . 3579 . 4083 . 4156 . 0165 . 2607

c )Diff. 
Co—var

. 6110 . 5759 . 5107 . 0482 . 9831 . 0583
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DENMARK
TABLE 7.2.5

THE COMPARISON OF PRE—LINK<CLOSED—ECONOMY) VERSUS POST-LINK
(OPEN—ECONOMY) FORECAST PERFORMANCE FOR PRICE AND INTEREST.

< 1) (2 > ( 3 >
Summary
Stats.

Price Interest

pre
link

post 
link a

post 
link b

pre
link

post 
link a

post 
link b

Mean
Error -. 0148 0055 -. 0245 -3.6250 . 1066 -1.1930

Mean
Absolute
Error

. 0148 . 0055 . 0245 3.6820 . 8705 1.7300

Root- 
Mean—Sq. 
Error

. 0182 . 0058 .0265 4.3080 1.0800 2.0460

Theil's
Ineq.
Coeff.

. 0016 . 0006 . 0027 . 1681 . 0495 . 0884

Fraction 
of Error 
due to 
a > Bias . 8426 . 8883 . 8600 .7081 . 0097 . 3404

b)Diff. 
Var.

. 1309 . 0472 . 1265 . 0412 . 0133 . 0242

c)Diff. 
Co—var

. 0265 . 0645 . 0135 . 2508 . 9769 . 6354
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EXHIBIT ( 7 .4 .5 )  FORECASTS FOR INTEREST
PRE-LINK VS, POST-LINK (DENMARK)
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All three price forecasts systematically overshoot the 

actual values, however the post-link A forecast again has 
the lowest forecast errors among them. Post-link A forecast 
is better for the entire forecast period and replicates the 
actual movements in the price variable relatively well. 
Post-link B forecast is the most explosive one, missing the 
mark completely for the entire twelve months.

The pre-link interest rate forecast is explosive and 
overshoots the actual values for the entire forecast hori
zon. Both post-link forecasts are reasonably well and 
post-link A has an edge over the post-link B forecast. The 
blip in the ninth month was not picked up by the post-link 
A, and the post-link B missed the downturn in the tenth 
month. Other than that, both post-link specifications gener
ated very accurate forecasts.

The post-link A specification generated clearly better 
forecasts for three variables, money, price and Interest 
rate and a comparable forecast for output indicating again 
the gains in forecast accuracy from International linkages. 
The post-link B, forecasts are less spectacular generating 
mixed results, improving two (output (marginally) and inter
est rate) and deteriorating the other two.
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Finland

The forecast comparison of pre-link versus post-llnk
selections are presented in Tables 7.1.6, 7.2.6 and Exhibits
7.1.6, 7.2.6, 7.3.6, and 7.4.6.

All three selections overpredicted the output variable 
especially in the last seven months of the forecast horizon. 
The pre-link and the post-llnk A, forecasts are reasonably 
close, where post-llnk A has a slight edge over pre-link in 
the first six months, while the reverse is true for the last 
six months. The post-llnk B forecast is more explosive and 
missed the mark after the second month over the entire 
period.

Money is forecasted fairly well by the post-llnk A 
selection, especially in the last six months. Pre-link and 
Post-link B forecasts are biased in the downward direction 
and have larger forecast errors than the post-llnk A fore
cast.

The best price forecast is generated by the post-link B 
specification. The post-llnk A, specification ranks second 
and although its forecast errors are not significantly lower 
than the pre-link selection, it forecasts the movements in 
the actual prices very well, especlslly in the first six 
months. The post-link B price forecast on the other hand, 
has the lowest errors, it is the least biased and has the
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FINLAND
TABLE 7. 1. 6

THE COMPARISON OF PRE-LINK<CLOSED-ECONONY> VERSUS POST-LINK
(OPEN—ECONOMY) FORECAST PERFORMANCE FOR OUTPUT AND MONEY.

(1)
Summary
Stats.

(2)
Output

<3>
Money

pre
link

post 
link a

past 
link b

pre
link

post 
link a

post 
link b

Mean
Error -. 0309 0334 0449 . 0314 . 0192 . 0380

Mean
Absolute
Error

. 0339 . 0350 . 0459 . 0314 . 0236 . 0380

Root- 
Mean—Sq. 
Error

. 0388 . 0417 . 0507 . 0372 . 0323 . 0443

Theil'a 
Ineq. 
Coeff. . 0041 . 0044 .0053 . 0060 . 0052 . 0071

Fraction 
of Error 
due to 
a)Bias . 8323 . 6407 . 7844 . 7118 . 3522 . 7367

b)Diff.
Var.

. 1345 . 1447 . 0809 . 0226 . 0427 . 0076

c)Dlff. 
Co—var

. 2332 . 2146 . 1347 . 2656 . 6051 . 2556
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FINLAND
TABLE 7. 2. 6

THE COMPARISON OF PRE-LINK(CLOSED-ECONOMY) VERSUS POST-LINK
< OPEN—ECONOMY) FORECAST PERFORMANCE FOR PRICE AND INTEREST.

(1) (2)
Summary
Stats.

Price

pre
link

post 
link a

post 
link b

Mean
Error . 0095 . 0063 . OOIO

Mean
Absolute
Error

. 0095 . 0074 . 0041

Root- 
Mean—Sq. 
Error

. 0113 . 0098 . 0049

Theil's 
Ineq. 
Coeff.

. OOll . OOIO . 0005

Fraction 
of Error 
due to 
a > Bias . 7068 . 4213 . 0438

b )Diff. 
Var.

. 2197 . 4079 . 1761

c)Diff. 
Co—war

. 0735 . 1709 . 7801

pre
link

(3 > 

Interest

post 
link a

post 
link b
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lowest variance proportion of Inequality.

Out of the three variables In Finland, post-llnk A 
improved two, money and price without deteriorating the out
put forecast, indicating a better forecasting performance 
with international linkages. A significant improvement 1s 
observed In the price forecasts with the post-llnk B, with 
the other two forecasts, inferior to the pre-link forecasts. 
Thus, the overall results indicate that only post-link A 
shows substantial improvement over the pre-link selection.

France

The comparison of the pre-link and post-llnk forecast 
performance for France is reported in Tables 7.1.7, 7.2.7,
and Exhibits 7.1.7, 7.2.7, 7.3.7, and 7.4.7.

Both post-llnk forecasts are superior to the pre-link 
forecast in forecasting output. The post-link A specifica
tion has the lowest forecast errors and most of the error in 
the forecast can be attributed to the variance proportion. 
The pre-link forecast is explosive and misses the mark, 
especially in the last eight months of the prediction 
period. Although none of the forecasts predicted the wide 
fluctuations in the actual values, post-link forecasts are 
generally more accurate.

The post-llnk selections have significantly improved the 
forecast of money over the pre-link selection. The pre-link
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FRANCE
TABLE 7.1.7

THE COMPARISON OF PRE-LINK<CLOSED-ECONOMY) VERSUS POST-LINK
< OPEN—ECONOMY) FORECAST PERFORMANCE FOR OUTPUT AND MONEY.

<i>
Summery
Stats.

<2>
Output

(3 > 
Money

pre
link

post 
link a

post 
link b

pre
link

post 
link a

post 
link b

Mean
Error -.0216 -. 0162 0162 -. 0422 -. 0114 -. 0045

Mean
Absolute
Error

. 0322 . 0242 . 0277 . 0422 . 0175 . 0138

Root — 
Mean—Sq. 
Error

. 0380 . 0294 . 0327 . 0462 . 0196 . 0154

Thell'a 
Ineq. 
Coef£.

. 0041 . 0032 . 0035 . 0033 . 0014 . 0011

Fraction 
of Error 
due to 
a )Bias . 3241 . 3025 . 2450 . 8354 . 3358 . 0865

b)Diff.
Var.

. 0756 . 4374 . 1721 . 0217 . 1211 . 2616

clDlff. 
Co—var

. 6004 . 2602 . 5829 . 1430 . 5430 . 6520
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FRANCE
TABLE 7.2.7

THE COMPARISON OF PRE-LINK<CLOSEO-ECONOMY> VERSUS POST-LINK
(OPEN-ECONOMY) FORECAST PERFORMANCE FOR PRICE AND INTEREST.

< 1)
Summary
Stats.

< 2) 
Price

(3)
Interest

pre
link

post 
link a

post 
link b

pre
link

post 
link a

post 
link b

Mean
Error -.0258 -. 0156 -. 0126 -1.5400 -1.2870 -1. 1580

Mean
Absolute
Error

. 0258 . 0156 . 0126 1.5400 1.2870 1.1580

Root- 
Mean—Sq. 
Error

. 0298 . 0179 . 0156 1. 7610 1.4400 1.2260

Theil's
Ineq.
Coeff.

. 0029 . 0018 . 0015 .0758 . 0627 . 0537

Fraction 
of Error 
due to 
a )Bias . 7617 . 7574 . 6487 . 7653 . 7986 . 8923

b > Dif£. 
Var.

. 2324 . 2331 . 3399 . 0003 . 0130 . 0139

c)Diff. 
Co—var . 0058 . 0095 . 0114 .2344 . 1884 . 0938
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forecast is again explosive and overpredicts the money val
ues in the entire period. Both post-link forecasts are 
remarkably accurate, with errors less than half the size of 
the pre-link errors. The decomposition of the Theil-CJ coef
ficient indicates that, most of the forecast errors for the 
post-link predictions can be attributed to the unsystematic 
error component. Also, post-link B forecast has a slight 
edge over the post-link A forecast of the money variable.

All three specifications overpredicted the price move
ments in the twelve months forecast horizon. Both post-link 
forecasts have smaller forecast errors compared to the 
pre-link forecast, where post-link B forecast is the best 
among the three.

The pre-link prediction of the interest rate is once 
again explosive, completely missing the mark. Both post-link 
selections forecasted interest rate fairly accurately. The 
best forecast is again the post-link B forecast, which has 
the lowest errors and also although more biased, it dupli
cates the interest rate movements relatively better than the 
others.

Both post-link specifications improved all four fore
casts over the pre-link specification, showing how signifi
cant it is to have international Influence incorporated into 
the forecasts of domestic variables. All pre-link forecasts 
were explosive and very inaccurate. The best forecasts are 
generated by the post-link B specification.
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Germany (Weet)

The comparison of the pre-link versus post-link forecast 
performance for West Germany is presented in Tables 7.1.8, 
7.2.8 and in Exhibits 7.1.8, 7.2.8, 7.3.8, and 7.4.8.

The output movements in Germany are underpredicted by 
all three specifications. The two post-link selections do 
relatively better than the pre-link selection, generating 
forecasts with smaller errors. Post-link A forecast is the 
best among the three.

There were two one month jumps in the actual money val
ues, the sixth and the ninth months, which was not predicted 
by any of the three speciflcations. Rest of the period was 
forecasted fairly well by both post-link selections, where 
the pre-link selection missed the mark completely for the 
entire forecast horizon. Forecast errors from both post-link 
specifications are fairly close, while post-link B has a 
slight edge over the post-link A prediction.

The price values were forecasted fairly accurately by 
all three specifications, except for the first three months 
of the prediction period. Both post-link forecasts are mar
ginally better than the pre-link forecast especially in the 
first seven months for post-link A, and for the entire 
period for post-link B.
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GERMANY (WEST)
TABLE 7.1.a

THE COMPARISON OF PRE—LINK< CLOSED—ECONOMY > VERSUS POST-LINK
(OPEN-ECONOMY) FORECAST PERFORMANCE FOR OUTPUT AND MONEY.

(1)
Summary
Stats.

(2)
Output

( 3 > 
Money

pre
link

post 
link a

post 
link b

pre
link

post 
link a

post 
link b

Mean
Error . 0397 . 01B8 . 0296 -.0053 . 0052 . 0045

Mean
Absolute
Error

. 0397 . 0188 . 0296 . 0094 . 0064 . 0056

Root- 
Mean—Sq. 
Error

. 0411 . 0210 . 0314 . 0119 .0104 . 0091

Theil's
Ineq.
Coeff. . 0045 . 0023 . 0034 . OOll . 0009 . 0008

Fraction 
of Error 
due to 
a )Bias . 9360 . 8044 .8846 . 1957 . 2504 . 2504

bJDiff. 
Var.

. 0530 . 1065 . 0686 . 0402 . 2553 . 2272

c)Diff. 
Co—var

. OllO . 0891 . 0468 . 7641 . 4943 . 5224



256

GERMANY (WEST)
TABLE 7.2.8

THE COMPARISON OF PRE-LINK(CLOSED-ECONOMY> VERSUS POST-LINK
< OPEN-ECONOMY> FORECAST PERFORMANCE FOR PRICE AND INTEREST.

(1) <2> (3)
Summary
Stats.

Price Interest

pre
link

poet 
link a

post 
link b

pre
link

post 
link a

post 
link b

Mean
Error -. 0032 -. 0018 -. 0028 . 1495 -. 7945 . 0585

Mean
Absolute
Error

. 0037 . 0037 . 0032 . 2363 . 8301 . 2274

Root — 
Mean—Sq. 
Error

. 0047 . 0043 . 0042 . 2851 1.0940 . 2616

Thell'e 
Ineq. 
Coeff. . 0005 . 0005 . 0004 . 0241 .0855 . 0220

Fraction 
of Error due to 
a )Bias . 4644 . 1796 . 4432 . 2752 . 5274 . 0500

b)Diff.
Var.

. 3808 . 5467 . 4772 . 0366 . 2370 . 0543

ODiff. 
Co—var

. 1548 . 2557 . 0796 . 6882 . 2356 . 8958
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EXHIBIT ( 7 .3 .8 )  FORECASTS FOR PRICE
PRE-LINK V3, POST-LINK (GERMANT)
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EXHIBIT ( 7 .4 .8 )  FORECASTS FOR INTEREST
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The Interest rate was predicted remarkably well by the 

post-llnk B selection, especially in the last seven months, 
while both post-llnk A and pre-link entirely missed the 
actual movements. The post-llnk A forecast is in fact the 
worst among the three, exploding after the third month. 
Although, the pre-link forecast has relatively small errors 
its performance in the last seven months of the forecast 
period is fairly bad. The post-link B forecast has not only 
the lowest errors but also it replicates the actual pattern 
of the interest rate much better than the others.

The pre-link forecasts of Germany were improved signi
ficantly by Incorporating the International influence, 
except for price where the improvement is only marginal. 
Post-link B improved all four forecasts and post-link A 
generated better forecasts for three out of four variables, 
output, money and price.

Ireland

The forecast comparison of pre-link and post-link 
specifications for Ireland 1s reported in Tables 7.1.9, 
7.2.9, and in Exhibits 7.1.9, 7.2.9, 7.3.9, and 7.4.9.

The output values were forecasted fairly accurately by 
all three selections. The post-link forecasts are better 
than the pre-link forecast, especially in the last five 
months of the forecast period. Post-llnk B forecast has the
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IRELAND
TABLE 7.1.9

THE COMPARISON OF PRE-LINK<CLOSED-ECONOMY) VERSUS POST-LINK
(OPEN—ECONOMY > FORECAST PERFORMANCE FOR OUTPUT AND HONEY.

< 1)
Summary
Stats.

(2)
Output

(3)
Money

pre
link

post 
link a

post 
link b

pre
link

post 
link a

post 
link b

Mean
Error 0274 . 0043 . 0033 . 0295 . 0523 . 0590

Mean
Absolute
Error

. 0337 . 0269 . 0247 . 0353 . 0523 . 0590

Root- 
Mean—Sq. 
Error

. 0409 . 0341 . 0306 . 0418 . 057a . 0631

Thell's 
Ineq. 
Coeff.

. 0042 . 0035 . 0032 . 0027 . 0038 . 0042

Fraction 
of Error 
due to 
a > Bias . 4494 . 0156 . 0118 . 4962 . 8208 . 8738

b )Dlff. 
Var.

. 2761 . 4398 . 3877 . 0278 . 0005 . 0096

c)Diff. 
Co—var

. 2745 . 5444 . 6004 . 4759 . 1787 . 1167
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IRELAND
TABLE 7. 2. 9

THE COMPARISON OF PRE-LINK<CLOSED-ECONOMY) VERSUS POST-LINK
<OPEN-ECONOMY) FORECAST PERFORMANCE FOR PRICE AND INTEREST.

<1 > (2) (3)
Summary
Stats.

Price Interest

pre
link

post 
link a

post 
link b

pre
link

post 
link a

post 
link b

Mean
Error -. 0224 -. 0125 -. 0021 1.1250 1.1170 1.0140

Mean
Absolute
Error

. 0228 .0146 . 0064 1. 3250 1.2860 1.3130

Root- 
Mean—Sq. 
Error

. 0279 . 0125 . 0080 1. 5030 1.4520 1.4480

Theil'e
Ineq.
Coeff.

. 0027 . 0014 . 0008 . 0597 . 0577 . 0573

Fraction 
of Error 
due to 
a)Bias . 6434 . 7381 . 0676 . 5603 . 5919 . 4980

b)Diff. 
Var.

. 3529 . 2294 . 8629 . 0037 . 0030 . 0072

c)Diff. 
Co—var

. 0038 . 0324 . 0695 . 4360 . 4051 . 5028
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EXHIBIT ( 7 .2 .9 )  FORECASTS FOR MONET
PRE-LINK VS, POST- LINK (IRELAND)
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EXHIBIT ( 7 .3 .9 )  FORECASTS FOR PRICE
PRE-LINK Vo, POST-LINK (IRELAND)
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EXHIBIT (7 .4 .9 )  FORECASTS FOR INTEREST
PRE-LINK VS. POST-LINK (IRELAND)
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.lowest, errors and most of Its forecast error Is attributed 
to the least worrisome, the co-variance proportion.

The changes In the money supply were not forecasted 
accurately by all three selections. The actual values for 
money show wide fluctuations, which were not predicted by 
any of the three alternative specifications. The best fore
cast among these three inaccurate forecasts is the pre-link 
forecast with the lowest forecast errors. The pre-link 
forecast is accurate only at the ninth, tenth and the elev
enth month of the forecast horizon.

Both post-llnk forecasts of price are better than the 
pre-link forecast. Pre-link selection overpredicts price 
after the second month and continues in that way for the 
entire period. Post-llnk A, which reduces the size of the 
pre-link errors to half, also overpredicts the actual val
ues. The post-link B, which has the lowest forecast errors 
underpredicts price in the first five months and overpre
dicts it in the last five months.

All three selections predicted the movements in the 
Interest rate fairly accurately. The forecast errors are 
very close and no selection seems to have a significant 
superiority over the others.

International linkages help the forecast performance in 
Ireland which is indicated by the two better (output, 
price), one almost the same (interest rate) and one worse 
(money) forecasts.
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Italy

The comparison of the pre-link and post-llnk forecast 
performance for Italy Is presented In Tables 7.1.10, 7.2.10
and In Exhibits 7.1.10, 7.2.10, 7.3.10, and 7.4.10.

The output In Italy Is forecasted fairly well by both 
post-llnk specifications, while the pre-link forecast Is 
explosive. The pre-link forecast errors are almost three 
times the size of the post-llnk forecast errors. The rapid 
decline in the seventh and the tenth months were not picked 
up by neither post-llnk selection. A comparison between the 
two post-llnk specifications Indicate that, post-llnk B 
forecast is marginally better than the post-llnk A forecast.

Best money forecasts are generated again by the two 
post-llnk specification, while the pre-link forecast is very 
explosive. Post-llnk A has lower forecast errors than 
post-llnk B, whereas the bias In A (.4252) is significantly 
larger than the bias in B (.094). Post-llnk A duplicates the 
movement in the actual money values slightly closer than 
post-llnk B.

The price variable is overpredicted by the pre-link and 
post-llnk A selections and underpredicted by the post-llnk B 
selection. The most accurate of all is the post-llnk B spe
cification with lower forecast errors and a smaller bias 
component. The post-llnk A specification which overpredicts
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ITALY
TABLE 7.1.IQ

THE COMPARISON OF PRE-LINK<CLOSED-ECONOMY» VERSUS POST-LINK
(OPEN-ECONOMY) FORECAST PERFORMANCE FOR OUTPUT AND MONEY.

(1)
Summary
Stats.

(2)
Output

< 3) 
Money

pre
link

post 
link a

post 
link b

pre
link

post 
link a

post 
link b

Mean
Error -. 0689 -.0162 -. 0169 -.0586 -. 0119 -. 0073

Mean
Absolute
Error

. 0689 . 0247 . 0253 . 0586 . 0160 . 0171

Root- 
Mean—Sq. 
Error

. 0794 . 0313 . 0298 . 0661 . 0183 . 0237

Thell's
Ineq.
Coeff.

. 0086 . 0034 . 0033 . 0026 . 0007 . OOIO

Fraction 
of Error 
due to 
a)Bias , 7542 . 2666 . 3232 . 7868 . 4252 . 0964

bJDiff. 
Var.

. 0200 . 1299 . 0241 . 1443 . 0027 . 1933

c)Diff. 
Co—war

. 2258 . 6034 . 6527 . 0689 . 5721 . 7104
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ITALY
TABLE 7. 2. IQ

THE COMPARISON OF PRE-LINK(CLOSED-ECONOMY) VERSUS POST-LINK
< OPEN—ECONOMY) FORECAST PERFORMANCE FOR PRICE AND INTEREST.

(1 )

Summary
Stats.

Mean
Error

Mean
Absolute
Error
Root- 
Mean—Sq. 
Error
Thell' a
Ineq.
Coeff.
Fraction 
of Error 
due to 
a)Bias

bJDiff.
Var.

c)Diff. 
Co—var

(2)
Price

< 3) 
Interest

pre post post pre post post
link link a link b link link a link b

-. 0341 -. 0205 . 0061 -4. 8770 -3.0720 . 2139

. 0341 . 0205 . 0070 4. 8770 3.0720 . 3208

. 0404 . 0231 . 0081 5. 6650 3.6210 . 3979

. 0039 . 0022 . 0008 . 1668 . 1129 . 0139

. 7134 . 7824 . 5684 .7413 . 7199 . 2888

. 2813 . 2048 . 2593 . 0903 . 0415 . 1519

. 0053 . 0129 . 1723 . 1684 . 2386 . 5593
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the actual values Is still much better than the pre-link 

specification.

The interest rate in Italy was overpredicted by pre-link 

and post-link forecasts, while the post-link B forecast was 

remarkably accurate. Post-link B selection generated the 

lowest forecast errors and almost duplicated the actual 

movements in the interest rate. Although, post-link A pre

diction was explosive, it was still closer to the actual 

values than the forecast of the pre-link selection.

The results of Italy clearly shows the significant gains 

in forecasting by using the link variables. All four fore
casts under both linkage mechanisms are superior over the 

pre-link forecasts, while post-link B has an edge over 

post-link A selection.

Japan

The comparison of the pre-link and post-link forecast 

performance for Japan is reported in Tables 7.1.11, 7.2.11

and in Exhibits 7.1.11, 7.2.11, 7.3.11, and 7.4.11.

Both pre-link and post-link A forecasts of output are 

fairly accurate, while post-link B forecast overpredicts the 

actual values over the entire forecast horizon. There is no 
significant difference between the post-link A and the 

pre-link predictions as indicated by both the summary stat

istics and the illustrations. The post-link B forecast does
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JAPAN
TABLE 7. 1. 11

THE COMPARISON OF PRE-LINK(CLOSED-ECONOHY) VERSUS POST—LINK
(OPEN-ECOHOMY) FORECAST PERFORMANCE FOR OUTPUT AND MONEY.

< i )
Summary
Stats.

(2 > 
Output

( 3 ) 
Money

pre
link

post 
link a

post 
link b

pre
link

post 
link a

post 
link b

Mean
Error -. 0014 . 0007 -. 0260 . 0142 . 0241 . 0091

Hean
Absolute
Error

. 0079 . 0083 . 0260 . 0149 . 0241 . 0112

Root- 
Mean— Sq. 
Error

. 0107 . 0116 . 0302 . 0177 . 0278 . 0140

Thell' s 
Ineq. 
Coeff. .0011 , 0012 . 0031 . 0008 . 0012 . 0006

Fraction 
of Error 
due to 
a) Bias . 0167 . 0045 . 7422 . 6372 . 7549 . 4226

b>Diff. 
Var.

. 1074 . 2212 . 0475 . 2457 . 2320 . 4887

ODiff. 
Co—var

. 8759 . 7743 . 2104 . 1171 . 0131 . 0887
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JAPAN
TABLE 7. 2. 11

THE COMPARISON OF PRE-LINK<CLOSED-ECONOMY) VERSUS POST-LINK
(OPEN-ECONOMY) FORECAST PERFORMANCE FOR PRICE AND INTEREST.

< 1)
Summary
Stats.

(2)
Price

(3 > 
Interest

pre
link

past 
link a

post 
link b

pre
link

post link a
post 

link b
Mean
Error . 0077 -. 0061 . 0045 -. 0572 -1.0270 -1.2130

Mean
Absolute
Error

. 0094 . 0061 . 0057 . 1698 1.0270 1.2130

Root- 
Mean—Sq. 
Error

. 0105 . 0071 . 0063 . 2326 1.1250 1.4320

Theil's
Ineq.
Coeff.

. OOll . 0007 . 0007 . 0177 . 0840 . 1053

Fraction 
of Error 
due to 
a)Bias . 5473 . 7441 . 5139 . 0682 .8346 . 7182

b)Diff. 
Var.

. 3834 . 0063 . 1054 . 0052 . 0774 . 1826

ODiff. 
Co—var

. 0693 . 2495 . 3807 . 9267 , 0881 . 0993
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EXHIBIT (7 * 3 .1 1 )  FORECASTS FOR PRICE
PRE-LINK VS. POST- LINK (JAPAN)
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not show any improvement over the pre-link forecast.

The erratic movements in the actual values of the money 

supply were not predicted by either of the three competing 

forecasts. The best forecast, specifically in the first five 

months, was generated by the post-link B specification. 

Pre-link and post-link A forecasts are both biased in the 

downward direction, while pre-link prediction is better than 

the post-link A prediction.

Both post-link forecasts are substantially better than 

the pre-link forecast of price. The best forecast is the 

post-link B forecast, with the lowest forecast errors. It 

also follows the pattern in the actual aeries very closely, 

with the exception of the fourth and seventh months. The 

post-link A forecast, although replicating the actual move

ments very well, consistently overpredicts. The pre-link 

forecast resembles a straight line extrapolation, which also 

underpredlcts the price movements in the last nine months of 

the forecast period.

The pre-link forecast of the interest rate is by far the 

best among the three. Both post-link forecasts were explo

sive, overshooting the actual values over the entire twelve 

months.

The overall results for Japan indicate that the inter

national linkages help to produce competitive forecasts at 

best. The post-link B forecasts improve two, money and 

price, while making the other two worse. The post-link A
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forecasts compares even less favorably, with only one better 
forecast for price, one 'no change' forecast for output, and 
two worse forecasts for money and Interest rate.

Netherlands

The forecast comparison of pre-link versus post-link 
specifications for Netherlands is reported in Tables 7.1.12, 
7.2.12 and graphically illustrated in Exhibits 7.1.12,
7.2.12, 7.3.12, and 7.4.12.

The movements in the output variable within the first 
six months of the forecast horizon were predicted reasonably 
well by both pre-link and post-link A selections. The wide 
fluctuations in the later part of the prediction period on 
the other hand, were not predicted accurately at all. The 
post-link A forecast, which has the lowest forecast errors, 
is the best among the three. The post-link B forecast has 
higher forecast errors and also biased in the downward 
direction. Both post-link selections predicted the actual 
upswing in the last three months of the horizon, while the 
pre-link selection predicted a continuous downturn.

The money supply forecasts of all three selections are 
completely of the mark, underpredicting the actual values 
over the entire horizon. The post-link A forecast and pre
link forecast have almost the same forecast errors, while 
post-link B has the highest errors among the three.
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NETHERLANDS
TABLE 7.1.12

THE COMPARISON OF PRE-LINK<CLOSED-ECONOMY> VERSUS POST-LINK
COPEN-ECONOMY) FORECAST PERFORMANCE FOR OUTPUT AND MONEY.

(1)
Summary
Stats.

(2)
Output

< 3 > 
Money

pre
link

post 
link a

post 
link b

pre
link

post 
link a

post 
link b

Mean
Error . 0363 . 0308 . 0523 . 0777 . 0764 . 0855

Mean
Absolute
Error

. 0376 . 0342 . 0523 . 0777 . 0764 . 0855

Root- 
Mean—Sq. 
Error

. 0476 . 0438 . 0625 . 0840 . 0837 . 0951

Theil's
Ineq.
Coeff. . 0052 . 0047 . 0068 . 0096 . 0096 . 0109

Fraction 
of Error 
due to 
a > Bias . 5821 . 4966 . 7005 . 8541 . 8321 . 8087

b)Diff. 
Var.

. 1181 . 1610 . 0225 . 0828 . 0590 . 0156

c)Dlff. 
Co—var

. 2997 . 3424 . 2770 . 0631 . 1089 . 1757
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NETHERLANDS
TABLE 7.2,12

THE COMPARISON OF PRE-LINK<CLOSED-ECONOMY> VERSUS POST-LINK
< OPEN—ECONOMY) FORECAST PERFORMANCE FOR PRICE AND INTEREST.

<1> (2) < 3)
Summary
Stats.

Price Interest

pre
link

post 
link a

post 
link b

pre
link

post 
link a

post 
link b

Mean
Error -. 0115 . 0005 -. 0026 -3.6630 —4. 4680 -1. 5510

Mean
Absolute
Error

. 0115 . 0030 . 0028 3.6630 4.4680 1. 6150

Root- 
Mean—Sq. 
Error

. 0131 . 0035 . 0038 3.7880 4.7180 1. 7970

Theil's 
Ineq. 
Coeff.

. 0014 . 0004 . 0004 . 2345 . 2773 . 1276

Fraction 
of Error 
due to 
a )Bias . 7714 . 0229 . 4504 . 9351 . 8965 . 7446

bJDiff. 
Var.

. 1722 . 5772 . 0147 . 0066 . 0336 . 0795

c)Diff. 
Co—var

. 0564 . 4000 . 5349 . 0583 . 0699 . 1758
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EXHIBIT ( 7 . 4 / 1 2 )  FORECASTS FOR INTEREST
PRE-LINK VS, POST-LINK (NETHERLANDS)
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The price variable was forecasted remarkably well by 

both post-llnk specifications. The pre-link forecast Is 
explosive with forecast errors three times the errors of the 
post-llnk selections. The post-llnk A forecast has a slight 
edge over the other post-llnk forecast, specifically In the 
first nine months.

The interest rate forecasts were all explosive. Only the 
post-llnk B selection generated relatively accurate fore
casts. The post-llnk A, which has the highest forecast 
errors is the worse among the three.

The results for Netherlands indicate that link variables 
improve at least two forecasts, while making only one fore
cast worse. Post-llnk A improved the output and price and 
the post-llnk B improved price and Interest rate. In both 
cases there was only one inferior forecast in comparison to 
the pre-link predictions.

Norway

The comparison of pre-link versus post-llnk forecast 
performance for Norway is presented in Tables 7.1. 13, 7. 2. 13
and illustrated in Exhibits 7.1.13, 7.2.13, 7.3.13, and
7. 4. 13.

All three selections overpredicted output, particularly 
in the second half of the forecast period. The pre-link 
forecast which has the lowest prediction errors was the best



292

NORWAY
TABLE 7.1.13

THE COMPARISON OF PRE-LINK(CLOSEO-ECONOMY> VERSUS POST-LINK
(QPEN-ECONOMY) FORECAST PERFORMANCE FOR OUTPUT AND MONEY.

(I)
Summary
State.

< 2) 
Output

(3)
Money

pre
link

post 
link a

post 
link b

pre
link

post 
link a

post 
link b

Mean
Error -. 0221 -.0368 -. 0334 . 0523 . 0452 . 0802

Mean
Absolute
Error

. 0241 . 0385 . 0343 . 0533 . 0470 . 0802

Root- 
Mean—Sq. 
Error

. 0332 . 0537 . 0464 . 0653 . 0569 . 0968

Theil'e 
Ineq. 
Coeff.

. 0035 . OOS6 . 0049 . 0069 . 0060 . 0103

Fraction 
of Error 
due to 
a)Bias . 4422 . 4692 . 5168 . 6400 . 6310 . 6863

b>Diff. 
Var.

. 0216 . 0409 . 0080 . 3326 . 3148 . 3032

c)Diff. 
Co—var

. 5362 . 4899 . 4752 . 0274 . 0543 . 0104
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NORWAY
TABLE 7.2.13

THE COMPARISON OF PRE-LINK<CLOSED-ECONOMY) VERSUS POST-LINK
(OPEN-ECONOMY) FORECAST PERFORMANCE FOR PRICE AND INTEREST.

(1 >
Summary
Stats.

< 2) 
Price

< 3 > 
Interest

pre
link

post 
link a

post 
link b

pre
link

post 
link a

post 
link b

Mean
Error -. 0245 . 0013 -. 0148 -.0139 . 0912 -. 6964

Mean
Absolute
Error

. 0245 . 0048 . 0148 1.3920 . 6440 . 8172

Root- 
Mean—Sq. 
Error

. 0264 . 0060 . 0157 1. 5800 . 8240 1.0250

Theil'a
Ineq.
Coeff. . 0026 . 0006 . 0016 . 0606 . 0335 . 0404

Fraction 
of Error 
due to 
a)Bias . 85B7 . 0509 . 8891 . 7758 . 0123 . 4619

b)Diff.
Var. . 1260 . 7640 . 0741 . 0822 . 1331 . 2650

c)Diff. 
Co—var

. 0153 . 1851 . 0368 . 1421 . 8547 . 2731
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EXHIBIT ( 7 .2 .1 3 )  FORECASTS FOR MONET
PRE-LIN K  VS. POST-LINK (NORWAY)
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EXHIBIT ( 7 .3 .1 3 )  FORECASTS FOR PRICE
PRE-LINK VS. POST-LINK (NOWAY)
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among the three.

The money supply was underpredicted by all three spe

cifications. The post-link A forecast has a slight edge over 

the pre-link forecast, while post-link B forecast is clearly 

the worst.

Both post-link selections generated a better forecast of 

price than the pre-link selection. The post-link A forecast 

is in fact, remarkably accurate with forecast errors five 

times smaller than the pre-link forecast errors. The post

link B forecast, although not as accurate, still has lower 

forecast errors than the pre-link forecast.

The interest rate was forecasted fairly accurately by 

both post-link specifications, whereas the pre-link specifi

cation completely missed the mark. The actual values of the 

interest rate fluctuated widely over the entire twelve 

months and the post-link forecasts, although unable to cap

ture these fluctuations, were reasonably accurate. The post- 

link A forecast which has the lowest forecast errors is the 

best among the three.

Linder the linkage mechanism A, three improved forecasts 

were generated, money (marginal), price and interest rate. 

The post-link B selection produced two better forecasts, 

price and interest rate. Thus, it seems reasonable to con

clude that, incorporating the International Influence into 

the domestic model helped the forecast performance.
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Spain

The comparison of the pre-link and the post-link fore
cast performance for Spain is presented in Tables 7.1.14, 
and 7.2.14 and illustrated in Exhibits 7.1.14, 7.2.14, and
7. 3. 14.

All three selections generated fairly Inaccurate fore
cast of output. The post-link forecasts overpredicted and 
the pre-link forecast underpredicted the actual values over 
the entire forecast period. Although, the pre-link selection 
has the lowest prediction errors, it is hard to claim that 
the pre-link forecast is superior over the post-link fore
casts. All forecasts of output should be considered equally 
bad.

The money forecasts for Spain do not indicate much 
accuracy on the part of either specification. The post-link 
A forecast fluctuates widely, while the actual values do 
not. The pre-link forecast has an upward bias, and the 
post-link B forecast underpredicts the actuals in the first 
nine months. The post-link B prediction with the lowest 
forecast errors can be considered as the beat among the 
three. The post-link a forecast, which has a bias component 
of almost hundred percent is the worst of the three.

Both post-link predictions of price were fairly accurate 
and better than the pre-link prediction. The post-link A
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SPAIN
TABLE 7. 1. 14

THE COMPARISON OF PRE-LINK<CLOSED-ECONOHY) VERSUS POST-LINK
(OPEN—ECONOMY) FORECAST PERFORMANCE FOR OUTPUT AND MONEY.

(1) < 2 > ( 3 >
Summary
State.

Output Money

pre
link

post 
link a

post 
link b

pre
link

post 
link a

post 
link b

Mean
Error . 0161 0219 -. 0182 0614 -. 0621 . 0239

Mean
Absolute
Error

. 0171 . 0264 . 0226 . 0614 . 0662 . 0256

Root— 
Mean—Sq. 
Error

. 0214 . 0313 . 0269 . 0642 . 0916 . 0306

Theil's 
Ineq. 
Coeff. . 0023 . 0034 . 0029 . 0037 . 0053 . 0018

Fraction 
of Error 
due to 
a)Biaa . 5650 . 4883 . 4612 . 9140 . 4602 . 6097

b > Diff. 
Var. . 2050 . 0074 . OOll . 0641 . 2922 . 2522

cJDiff. 
Co—var

. 2300 . 5043 . 5377 . 0219 . 2476 . 1382
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SPAIN
TABLE 7.2.14

THE COMPARISON OF PRE-LINK(CLOSED-ECONOMY) VERSUS POST-LINK
(OPEN-ECONOMY) FORECAST PERFORMANCE FOR PRICE AND INTEREST.

(1) (2 >
Summary
Stata.

Price

pre
link

post 
link a

post 
link b

Mean
Error ~. 0126 . 0073 —  0079

Mean
Absolute
Error

. 0141 . 0073 . 0094

Root- 
Mean—Sq. 
Error

. 0166 . 0086 . OllO

Theil's 
Ineq. 
Coeff.

. 0017 . 0008 . OOll

Fraction 
of Error 
due to 
a)Bias . 5749 . 7137 . 5153

bJDiff.
Var.

. 3225 . 0591 . 2424

ODiff. 
Co—var

. 1025 . 2272 . 2423

( 3 > 
Interest.

pre
link

post 
link a

post 
link b
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EXHIBIT ( 7 .2 .1 4 )  FORECASTS FOR MONEY
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EXHIBIT (7 * 3 .1 4 )  FORECASTS FOR PRICE
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specification generated the most accurate prediction as evi
dent from the low forecast errors.

The overall results for Spain indicate that, the inter
national linkages, in the case of post-link A, helps to one 
variable, does not change one, and does make the third 
worse. The post-link B selection on the other hand, improved 
two out of three forecasts.

Sweden

The forecast comparison of the pre-link and the post
link specifications for Sweden is reported in Tables 7.1.15,
7.2.15, and graphically shown in Exhibits 7.1.15, 7.2.15,
7. 3. 15, and 7. 4. 15.

The actual values of output showed some wide fluctua
tions within the forecast horizon. These movements in the 
actual output were not captured by any of the three alter
native selection. The forecast errors of all three specifi
cations are very close. In terms of the decomposition of 
Theil's inequality coefficient, the post-link B has the most 
favorable distribution of errors.

The money forecasts for Sweden were again not so accu
rate. The one period jump in the sixth month, and the three 
periods decline in the last three months were not captured 
by any of the three selections. The post-link B forecast, 
specifically over the first four months, shows some marginal
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SWEDEN
TABLE 7. 1. 15

THE COMPARISON OF PRE-LINK(CLOSED-ECONOMY) VERSUS POST-LINK
(OPEN-ECONOMY) FORECAST PERFORMANCE FOR OUTPUT AND MONEY.

(1 > (2 > < 3 >
Summary
Stats.

Output Money

pre
link

post 
link a

post 
link b

pre
link

post 
link a

post 
link b

Kean
Error -. 0158 0092 . 0081 . 0116 . 0066 . 0033

Mean
Absolute
Error

. 0218 . 0201 . 0222 . 0144 . 0167 . 0142

Root- 
Mean— Sq. 
Error

. 0302 . 0280 . 0320 . 0224 . 0238 . 0205

Theil's 
Ineq. 
Coeff.

. 0032 . 0030 . 0034 . 0019 . 0020 . 0017

Fraction 
of Error 
due to 
a )Bias . 2744 . 1080 . 0643 . 2685 . 0776 . 0253

b)Diff. 
Var.

. 5789 . 8434 . 4150 . 1189 . 0041 . 0645

c)Diff. 
Co—var

. 1468 . 0486 . 5207 . 6126 . 9184 . 9102
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SWEDEN
TABLE 7.2.15

THE COMPARISON OF PRE-LINK(CLOSED-ECONOMY> VERSUS POST-LINK
(OPEN-ECONOMY) FORECAST PERFORMANCE FOR PRICE AND INTEREST.

(1)
Summary
Stats.

(2)

Price
< 3 ) 

Interest

pre
link

post 
link a

post 
link b

pre
link

post 
link a

post 
link b

Mean
Error -. 0 1  io -. 0131 -. 0249 2.1460 1.4700 1.9810

Mean
Absolute
Error

. OllO . 0131 . 0249 2.2260 1.6670 1.1360

Root- 
Mean— Sq. 
Error

. 0124 . 0149 . 0274 2.6340 1. 9490 1.3530

Theil's
Ineq.
Coeff.

. 0012 . 0015 . 0027 . 1082 . 0779 . 0514

Fraction 
of Error 
due to 
a > Bias . 7858 . 7743 . 8252 . 6635 . 5690 . 0214

b >Diff. 
Var.

. 1252 . 1823 . 1414 . 1824 . 3396 . 2360

c)Diff. 
Co—var

. 0890 . 0634 . 0334 . 1541 . 0914 . 7428
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PRE-LINK VS. POST-LINK (SWEDEN)
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superiority over the post-link A as well as pre-link fore

casts. Both pre-link and post-llnk A predictions can be 

considered equally Inaccurate.

The price variable was consistently overpredicted by all 

three specifications. Pre-link and post-link A forecasts are 

almost Identical, while the post-link B forecast is worse 

than the two. The distribution of error among the fractions 

of the Theil's U coefficient seems to be fairly similar in 

all three forecasts.

The actual Interest rate values showed some erratic 

movements over the forecast horizon. These fluctuations were 

not picked up by any of the three specificatlons. The pr e 

link forecast was completely of the mark. The post-llnk A 

forecast was relatively better than pre-link, while the 

post-llnk B forecast was the best among the three.

An overall assessment of the post-link A forecast per

formance shows that, there was a slight improvement in the 

interest rate forecast without any changes in the other 

three variables. Post-link B on the other hand, was more 

successful and generated two better forecasts and one no 

change forecast with only one inferior forecast over the 

pre-link selection.
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Switzerland

The comparison of the pre-link versus the post' 
link forecast performance for Switzerland Is presented in 
Tables 7.1.16, 7.2.16, and illustrated In Exhibits 7.1.16,
7.2.16, 7.3.16, and 7.4.16.

The pre-link forecast for output, which has the lowest 
forecast errors is the best among the three alternative 
selections. Both post-link forecasts of output are explo
sive. The actual output values showed some fluctuations over 
the twelve month period, which was not captured by any of 
the three specifications. Even the pre-link forecast which 
can be considered the best among the three does not repli
cate the actual movement in the output.

The money supply was forecasted remarkably well by the 
pre-link selection. The pre-link forecast is almost identi
cal to the actual values and even the one period Jumps like 
the one in the sixth month was picked up by this forecast. 
The post-llnk forecasts on the other hand were fairly inac
curate. Among the two post-llnk selections, A has an edge 
over the B.

The price variable was forecasted most accurately by 
again the pre-link specification, while the post-llnk 
selections consistently overpredicted the actual values over 
the entire twelve months period. The pre-link selection
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SWITZERLAND
TABLE 7.1.16

THE COMPARISON OF PRE-LINK<CLOSED-ECONOMY> VERSUS POST-LINK
(OPEN-ECONOMY) FORECAST PERFORMANCE FOR OUTPUT AND MONEY.

( 1)
Summary
State.

(2 > 
Output

(3)
Money

pre
link

post 
link a

post 
link b

pre
link

post 
link a

post 
link b

Mean
Error . 0049 -. 0206 -.0343 -. 0013 -. 0129 . 0592

Mean
Absolute
Error

. 0108 . 0206 . 0343 . 0074 . 0237 . 0601

Root- 
Mean—Sq. 
Error

. 0126 . 0230 . 0371 . 0084 . 0290 . 0724

Theil'e
Ineq.
Coeff.

. 0014 . 0025 . 0040 . OOIO . 0035 . 0088

Fraction 
of Error 
due to 
a)Bias . 1503 .8021 . 8527 . 0226 . 1980 . 6701

b)Dlff. 
Var.

. 6884 . 0099 . 0368 . 0036 . 1395 . 0127

ODlff. 
Co—war

. 1612 . 1880 . 1105 . 9738 . 6625 . 3173
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SWITZERLAND
TABLE 7. 2. IS

THE COMPARISON OF PRE-LINK<CLOSED-ECONOMY) VERSUS POST-LINK
<OPEN-ECONOMY) FORECAST PERFORMANCE FOR PRICE AND INTEREST.

(1 )
Summary
Stats.

Mean
Error

Mean
Absolute
Error
Root- 
Mean—Sq. 
Error
Thell ' s
Ineq.
Coeff.
Fraction 
of Error 
due to 
a)Bias

b)Diff.
Var.

c)Diff. 
Co—var

< 2) 
Price

(3)
Interest

pre post post pre post post
link link a link b link link a link b

-. 0016 -.0083 —  0135 . 3681 -. 4331 -. 4893

. 0045 . 0083 . 0135 . 3681 . 4473 . 5026

. 0051 . OlOl . 0143 . 4055 . 5335 . 5744

. 0005 . OOIO . 0014 . 0447 . 0540 . 0578

. 1005 . 6735 . 8838 . 6240 . 6589 . 7256

. 4180 . 0649 . 0363 . OOOO . 2524 . 2001

. 4815 . 2616 . 0799 . 1760 . 0887 . 0743
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EXHIBIT ( 7 .2 .1 6 )  FORECASTS FOR MONEY
PRE-LINK VS, POST-LINK (SWITZERLAND)
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EXHIBIT (7 .4 .1  6) FORECASTS FOR INTEREST
PRE-LINK  VS. POST-LINK (SWITZERLAND)
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generated a straight line forecast which is more accurate 
than the forecasts of the post-llnk selections.

All three specifications missed the actual interest rate 
movements over the forecast period. The post-llnk forecasts 
exploded in the upward direction, while the pre-link fore
cast exploded in the downward direction. The pre-link fore
cast is the best among the three in terms of the summary 
statist ics.

In all four cases post-link specifications did not help 
improve forecasting any of the four variables. The pre-link 
selection in all four cases generated better forecasts.
These findings were also reported in Tables 6.2A.16 and 
6.2B.16 of Chapter VI. It was argued then that, the trans
mission of international influence could show a different 
lag structure, other than the ones imposed in this study.
For instance, it was shown in Tables 6.2A. 16 and 6.2B. 16 
that, the twelve to twenty four lag structures in fact 
shoved substantial improvement over the pre-link selection. 
Therefore, it would be pre-nature to conclude that, the 
forecast performance of the four variables in Switzerland 
could not be improved with the link variables.
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United Kingdom

The comparison of the pre-link versus the post-link 
forecast performance for the United Kingdom is reported in 
Tables 7.1.17, 7.2.17 and illustrated in Exhibits 7.1.17,
7.2.17, 7.3.17, and 7.4.17.

The pre-link specification generated the best output 
forecast for the United Kingdom. Both post-link specifica
tions generated explosive forecasts, specifically in the 
first four months. The post-link A forecast has an edge over 
the post-llnk B forecast, where the latter has forecast 
errors three times the magnitude of the former's forecast 
errors.

The money forecasts for the United Kingdom were equally 
accurate from all three selections. Both post-llnk forecasts 
were marginally better than the pre-link forecast, specifi
cally In the last four months of the forecast period. 
Post-llnk B has the lowest forecast errors and is slightly 
better than the post-llnk A selection.

The price variable was predicted more accurately again 
by the two post-llnk selections, especially over the last 
four months of the forecast horizon. The best prediction was 
the post-llnk B prediction, which has errors one third the 
magnitude of the pre-link forecast errors.

There were three instances in the forecast period, where
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UNITED KINGDOM
TABLE 7.1.17

THE COMPARISON OP PRE-LINK<CLOSED-ECONOMY> VERSUS POST-LINK
(OPEN-ECONOMY) FORECAST PERFORMANCE FOR OUTPUT AND MONEY*

(1)
Summary
Stats.

(2)
Output

(3)
Money

pre
link

post 
link a

post 
link b

pre
link

post 
link a

post 
link b

Mean
Error -. OlOl -. 0321 -. 0838 . 0297 . 0336 . 0286

Mean
Absolute
Error

. 0125 . 0321 . 0838 . 0324 . 0343 . 0301

Root- 
Mean—Sq. 
Error

. 0148 . 0383 . 0902 . 0447 . 0399 . 0376

Theil's
Ineq.
Coeff.

. 0018 . 0041 . 0096 . 0021 . 0018 . 0017

Fraction 
of Error 
due to 
a)Bias . 4616 . 7022 . 8623 . 4416 . 7094 . 5800

b )Diff. 
Var.

. 3503 . 0023 . 0021 . 4544 . 0842 . 2513

ODiff. 
Co—var

. 1881 . 2955 . 1357 . 1040 . 2064 . 1687
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UNITED KINGDOM
TABLE 7.2.17

THE COMPARISON OF PRE-LINK(CLOSED-ECONOMY> VERSUS POST-LINK
<OPEN-ECONOMY) FORECAST PERFORMANCE FOR PRICE AND INTEREST.

(1)
Summary
Stats.

(2)
Price

(3)
Interest

pre
link

post 
link a

post 
link b

pre
link

post 
link a

post 
link b

Mean
Error . 0069 . 0045 -.0024 -. 2413 -. 3751 . 9020

Mean
Absolute
Error

. ooas . 0055 . 0034 . 9487 1.1600 1.4620

Root- 
Mean— Sq. 
Error

. 0126 . 0075 . 0044 1. 2190 1.3340 1.6820

Theil's 
Ineq. 
Coeff.

. 0013 . oooa . 0004 . 0544 . 0612 . 0792

Fraction 
of Error 
due to 
a)Bias . 2992 . 3599 . 2936 . 0392 . 0711 . 2876

b>Diff.
Var.

. 5241 . 4788 . oooa . 0677 . 1477 . 2862

c )Diff. 
Co—var

. 1767 . 1613 . 7056 . 8923 . 7732 . 4263
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the actual Interest rate values showed a one period jump, 
i.e., the second, the eighth and the ninth months. These 
jumps were practically missed by all three forecasts. The 
forecast errors of all three selections were very close. 
Although, the pre-link selection has the lowest forecast 
errors, the post-link A selection replicates the movements 
in the interest rate substantially better than all three 
selections. Therefore, it can be argued that the post-link A 
forecast is marginally better than the pre-link, as well as 
the post-link B forecasts. The post-link B forecast is not 
really inferior to the pre-link forecast, specifically in 
the first six months.

The results for the United Kingdom indicates that, 
international linkages improve three out of four variables 
under the linkage mechanism A and two variables are improved 
with one 'no change' forecast under the linkage mechanism B. 
Therefore, one can claim that, link variables help increase 
forecast accuracy over the pre-link selection only margi
nally by the post-link B and more decisively by the post
link A selections.
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United States

The comparison of the pre-link versus the post-link 
forecast performance for the United States is presented in 
Tables 7. 1. 18, 7. 2. 18 and illustrated In Exhibits 7.1. 18,
7.2.18, 7.3.18, and 7.4.18.

The pre-link and the post-link A forecasts of output 
overshot the actual values, while the post-link B forecast 
undershot it. The post-link selection generated the lowest 
prediction errors, nevertheless, the post-link B forecast 
replicates the movements in actual output better than any 
other forecast. The pre-link forecast was the worst among 
the three, with the highest forecast errors and the highest 
bias component.

The movements in the money supply were overpredicted by 
all three selections. The most accurate forecast among the 
three was the pre-link forecast. Both post-link forecasts 
were more explosive than the pre-link prediction.

The best price forecast was generated by the post-link 
B specification. Both pre-link and post-link A forecasts 
overpredicted the actual price movements over the last seven
months of the forecast horizon. The post-link B forecast
errors on the other hand, were lower than the pre-link
errors. The post-link B selection generated a forecast with
errors almost one fourth the size of the pre-link errors.
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UNITED STATES
TABLE 7.1.18

THE COMPARISON OF PRE-LINK(CLOSED-ECONOMY> VERSUS POST-LINK
<OPEN—ECONOMY) FORECAST PERFORMANCE FOR OUTPUT AND MONEY.

<1 > < 2 > (3 >
Summary
Stats.

Output Money

pre
link

post 
link a

post 
link b

pre
link

post 
link a

Mean
Error -.0214 -. 0148 . 0144 -. 0163 -.0282

Mean
Absolute
Error

. 0215 . 0148 . 0172 . 0163 . 0282

Root- 
Mean—Sq. 
Error

. 0236 . 0170 . 0204 . 0176 . 0297

Thell's 
Ineq. 
Coeff. . 0025 . 0018 . 0022 . 0014 . 0023

Fraction 
of Error 
due to 
a)Bias . 8211 . 7518 . 4973 . 8639 . 9000

b)Diff. 
Var.

. 0821 . 1068 . OOOO . 0092 . 0606

c)Diff. 
Co—var

. 0989 . 1413 . 5027 . 1269 . 0394

post, 
link b

0224

. 0224

0234

0018

9166

. 0111

0703
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UNITED STATES
TABLE 7. 2. 18

THE COMPARISON OF PRE-LINK<CLOSED-ECONOMY) VERSUS POST-LINK
(OPEN-ECONOMY) FORECAST PERFORMANCE FOR PRICE AND INTEREST.

< 1 )

Summary
Stats.

Mean
Error

Mean
Absolute
Error
Root- 
Mean—Sq. 
Error
Thell's 
Ineq. 
Coeff.
Fraction 
of Error 
due to 
a)Bias

b )Dlff. 
Var.

c)Dlff. 
Co—var

(2)
Price

pre
link

post 
link a

-. 0370

0156

0193

0020

5020

. 4180

0800

-. 0064

0099

0118

0012

2943

5299

1758

poet 
link b

. 0038

0042

0052

0005

5391

0125

. 4484

(3)
Interest

pre
link

-1.8070

1.9970

2.4670

1292

. 5364

. 0434

. 4202

post 
link a

-.6777

1.2840

1.4300

.0796

. 2247

3839

3914

post 
link b

. 3112

. 6814

. 8568

. 0504

. 1319

2362

6319
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The post-link B forecast, also has the lowest bias plus var
iance error among the three.

The interest rate movements were forecasted remarkably 
well by both post-link selections, where the post-link B was 
the best. The decomposition of the Theil's U statistic also 
indicates that, the post-link B forecast has the least com
bination of bias and variance errors. The pre-link forecast 
on the other hand, was very explosive, missing the mark over 
the entire twelve months.

The results for the United States indicate that, post- 
link specifications made a decisive improvement over the 
pre-link specification. Three out of four variables are 
forecasted better with the post-link selections. The only 
inferior forecast to the pre-link selection was the money 
forecast. Among the two post-link specifications, the 
post-link B has an edge over the post-link A specifications 
in all four cases. One could conclude from these results 
that, international influences should be considered in order 
to generate better forecasts for United States.

In this chapter, a detailed comparison of the pre-link 
and the post-link forecast performance for each of the 
eighteen countries in the LINK-VAR model was presented. A 
summary of the results and some concluding remarks will con
stitute the next and the final chapter of this dissertation.



CHAPTER VIII

SUMMARY AND CONCLUSIONS

This dissertation extends the scope of the Vector- 
Autoregressive model building efforts into the international 
sphere with the construction of the Multi-country Link Vec
tor Autoregressive Model (LINK-VAR). This LINK-VAR Model is 
an eighteen country system which combines the novel element 
in structural International macroeconometric models (i.e., 
thr linkage mechanisms) with the VAR technique. The national 
country models in are specified as four variable VAR systems 
and are linked to one another through a set of link vari
ables which are based on the multilateral trade flows among 
the countries. Once built, the LINK-VAR Model was used to 
test the proposition that forecast accuracy of domestic VAR 
models can be improved by integrating the international 
influences into these models.

The complete empirical results of this research have 
been outlined in detail in the previous two chapters. A sim
plified overall evaluation of all models is presented in 
Table 8. 1. A plus sign indicates a superior forecast and a 
negative sign indicates an inferior forecast of the post- 
link specification over the pre-link (closed-economy) speci
fication. The zero sign stands for no significant difference
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TABLE 8.1
A SIMPLIFIED SUMMARY OF THE FORECASTING PERFORMANCE OF THE

LINK-VAR MODEL

COUNTRY
POST-LINK A POST-LINK B

Y M P R model Y H p R model
Australia ♦ 0 4 0 4* 4 O 4 O 4

Austria ♦ ♦ ♦ - ♦ 4 4 4 - 4

Belgium 4 4 - 4 4 4 4 * 4

Canada 4 4 4 4 4 4 - - 4 o

Denmark O 4 4 4 -4 4 - - 4 o

Finland O 4* 4 na. 4 - 4 na. -
France + 4* 4 4 4 4 4 4 4 4

Germany ♦ 4 ~ ■4 4 4 4 4 4

Ireland ♦ - 4 O ■4 4 - 4 o 4

Italy ♦ 4 ♦ ♦ ♦ 4 4 4 4 4

Japan o 4 - - 4 4 - o

Netherlands ♦ o ♦ - ♦ 0 - 4 4 4

Norway - 4 4 ♦ 4 - - 4 4 o

Spain o o ♦ ni. o 0 4 4 na* 4

Sweden 0 0 O +■ 0 0 4 - 4 4

Switzerland
United Kg. - ♦ ♦ 4* •4 - 4 4 o 4

U. S. A. * - 4 4 4 - 4 4 4

io+ lO*- 15 + 9 ♦ 14 + io+ 9 + 13 + io+ 12 ♦

TOTALS 4 - 4 - 2 - 5 - 2 - 5 - a - 5 - 3 - 2 -

4 0 4 O 1 0 2 O 2 O 3 O 1 o O O 3 O 4 O
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between the pre-link and post-link forecasts, as established 
in Chapter VII.

The forecast performance of the LINK-VAR can be evalu
ated variable by variable or country by country. A more 
meaningful assessment would obviously be provided by the 
latter. It would be of interest to a researcher attempting 
to forecast the economic activity in these eighteen coun
tries to know whether the closed-economy specification or 
the open-economy specification for a given country would 
produce more accurate forecasts. Ae Table 8.1 indicates, 
under linkage mechanism A forecast performance has been 
improved in fourteen out of eighteen countries; it has not 
changed in two countries; and forecasts have become worse 
only for two countries. Similarly, under linkage mechanism 
B, twelve countries had better forecasts, five countries had 
equally accurate forecasts and only two countries had worse 
forecasts. The post-link specification was considered supe
rior if at least two variables were forecasted better and at 
least one forecast was not changed. It should be noted that 
there is a variable with an inferior forecast in most cases 
even though the post-link specification is found to be supe
rior over the pre-link specification. A possible reason for 
this finding could be an over-specification of international 
linkages in the case of these variables. Another feasible 
explanation would be that the international Influence on 
some variables might not be as substantial as on some oth-



340
ere. Since the comparison is based on the model as a whole, 
the presence of instances where there is an inferior fore
cast for one variable cannot undermine the significance of 
linkages and the overall results.

The results for Switzerland were quite unique and diffi
cult to explain. The forecasts under both linkage mechanisms 
did not show any improvement over the pre-link forecasts. 
This result could indicate a passible misrepresentation in 
terms of the lag structure for this country's model. As 
demonstrated in Tables 6.2A.16 and 6.2B.16, the post-link 
specifications produced at least two better forecasts than 
the pre-link specification for lags of six to twelve and 
twelve to twenty four periods. These results and those 
reported would seem to suggest that a re-specification of 
the lag structures might be fruitful. A possible re- 
specification considering lag structures that are dispropor- 
tianate regarding the impact of International fluctuations 
on each of the variables of the domestic economy might very 
well improve the forecasting performance even further.

Table 8.1 also shows that the post-link specification 
improved the forecasts for domestic price levels more than 
the forecasts of the other three variables. The price pre
dictions were better in fifteen countries under linkage 
mechanism A and in thirteen countries under linkage mecha
nism B. The output forecasts were better eleven times under 
both linkage mechanisms. Under both linkages the improve-



341
merits In money and Interest rate forecasts were less 
frequent than In the price and output forecasts. The 
improvement in money forecasts were more substantial under 
linkage A than linkage B. The opposite was true for the 
interest rate forecasts.

The overall results prove the Intuitive proposition that 
an open-economy specification, where international fluctua
tions in economic activity are considered, generates more 
accurate forecasts than a closed-economy specification with 
no international linkages among countries. This argument can 
be made more forcefully when the forecast evaluation is 
based on a country by country comparison.

The results of this dissertation are very significant 
considering the four important limitations of the study. 
Firstly, the international linkages in the LINK-VAR model 
were based exclusively on trade flows. Under more comprehen
sive linkages which could incorporate the financial flows 
along with the trade flows, the forecast performance could 
probably be improved further. Secondly, in both pre-link and 
post-link specifications only symmetric lag structures were 
considered. A more elaborate lag structure, especially for 
the poat-llnk specifications which would account for the 
disproportional Impacts in the International transmission of 
economic fluctuations, could lead to a possibly improved 
international model. Thirdly, in the estimation of the lag 
structures in country specifications in the model lags were
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given equal weights. Bayesian restrictions suggested by Lit- 
terman <1979), which are based on the researcher's prior 
beliefs on the lag structures could lead to better fore
casts. Imposing such restrictions however, are leas straight 
forward in terms of an international model. In the case of 
domestic models, it is customarily assumed that earlier lags 
are more Important than latter lags thus more emphasis 
should be given to sooner lags. In the case of lags on 
international variables, the same assumption might not be 
valid. The transmission of the international Influence on 
some countries might be fairly instantaneous, as one might 
expect as in the case of between Canada and United States, 
but it would take much longer for some other countries say 
between Australia and United States. Finally, it is assumed 
in this study that the coefficient estimates of the LINK-VAR 
model are time invariant. This assumption would admittedly 
subjects the results to the Lucas critique. The VAR models 
with time varying coefficients as suggested in Litterman 
(1979) and Doan, Litterman, and Sima <19&3> might help 
improve forecast accuracy.
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APPENDIX A‘

The Linkage Mechanism Through Trade

The simple mathematics of multiplier theory for a single 
country economy can be derived as follows,

Given the simple Keynesian model:8
C = a b (Y - T)
G = Go 
X = Xo 
M = m Y 
T = t Y

where,
Y is real output. C is real consumption expenditures.
X is real exports. G is real government spending.
H is real imports. T is real tax revenues,
a is autonomous consumption,
b is marginal propensity to consume, 
m is marginal propensity to import, 
t is the tax rate.

* This example is based on Klein and Peetersen (1973), pp. 
150-155.■ Real Investment expenditures are not included in the model 
for simplicity.

3 5 3
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The equilibrium solution is,

Y = a » b ( l - t ) Y » G 0 » Xo - m Y

the autonomous expenditure multiplier is,

dY dY 1
dG dX l - b < l - t > + m

The response of real output to exogenous changes in G or 
X varies directly with b, inversely with t and inversely 
with m. It is assumed for stability that,

0 < b ( l - t > - m < l

In the case of two (look a like) economies, the equili
brium solution is,

Y« = a, ♦ b| (1 — t« ) Y« Go» ♦ en Yo - e> Y«
Yo = a, bB (1 — to ) Y* ♦ Go» ♦ e> Yo — en Y*

where, it is assumed that country A's exports depend on B's 
output level and that A's imports depend on its own output 
level and e«, ea are marginal propensities to export for the 
respective countries.

The reduced form equations for the two country model
are:



3SS
1 e.

- — ------- -— —----- .-------------    C Go . —"—  Go o 3
e. e» l - b i d - t i )  * e.

1-b.(l-t«) «■ e. ----------------------
l-b« (1-t, ) ♦ e.

t Go o +   Go a 3
l-b« < 1-t. > + e.

1-b. < 1-t. > ■*■ e. -
1-b. < 1-t. ) ♦ e.

The government spending multipliers for the two countries

dY.

dGo.
e« e.

1 - b . <1-t.) * e, - ------------
1-b. ( 1 — t. ) ♦ e.

dY. 1

dGo.
e. e.

1-b.<1-t,) ♦ e« — -----------------
1-b.<l-t.) ♦ e.

The comparison of the multipliers in case of a single country 

model with the two country model indicate that the multiplier has 

been increased over the single country model by the subtraction 

of:



e* e.
  for country A
1-b* (1-t*) * e*

e« e.
------------------------- for country B
1-b* < 1-t* > «■ e.

In the denominator.

In addition, the multiplicand aa well aa the multiplier can 

be a reinforcing factor in the two country case. If both coun

try's government spending changes in the same direction the mul

tiplicand changes from;

dC. •

to

e*
dGo * *  -------------------  Go * for country A

1-b. <1-t.) + e.

a n d

dGo.

to

e*
dGo* * ------------------  Go* for country B

1-b* <1-t* ) ♦ e*

It would be also possible for countries to offset one another 

if the government spending changes in the opposite direction.

It is evident from this example that the the two country 

models can be extended without price effects, readily to a gen

eral n-country analysis.



APPENDIX B

The Data

AUSTRALIA
Output: Industrial Production: Total, 1960=100,

S.A. , Source: OECD Main Economic Indica
tors.

Honey: Money Supply (HI), Million Australian Dol
lars, end of period., S.A., Source: OECD 
Main Economic Indicators.

Price: Consumer Prices: All Items, 1900=100,
(Quarterly Series converted to monthly 
through straight line interpolation.) 
Source: OECD Main Economic Indicators.

Interest Rate: Commercial Bills (90 days), per cent 
per annum, end of period. Source: OECD Main 
Economic Indicators.

AUSTRIA
Output: Industrial Production: Total, 1980=100,

S.A., Source: OECD Main Economic Indica
tors.

Money: Money Supply (Ml) Billion Schilling, end of
period, S.A., Source: OECD Main Economic 
Indicators.

Price: Consumer Prices: All Items, 1980=100,
Source: OECD Main Economic Indicators.

Interest Rate: Treasury Bill Rate O  Months),
(197610-197709 missing, interpolated using 
regression analysis.) Source: OECD Financial 
Statistics.
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BELGIUM

Output: Industrial Production: Total, 1980-100,
S.A., Source: OECD Main Economic Indica
tors.

Honey: Money Supply <M1> Billion Franca, end of
period, S.A., <The series is quarterly, 
interpolated. > Source: OECO Main Economic 
Indicators.

Price: Consumer Prices: All Items, 1980=100, 
Source: OECD Main Economic Indicators.

Interest Rate: Treasury Bill Rate (3 months), per
cent per annum, end of period, Source: OECD
Main Economic Indicators.

CANADA

Output: Domestic Product: Industry, Index of
Industrial Production, 1980=100, S.A. , 
Source: OECD Main Economic Indicators.

Money: Money Supply (Ml) Billion Canadian Dollars,
end of period, S.A., Source: OECD Main Eco
nomic Indicators.

Price: Consumer Prices: All Items, 1980=100,
Source: OECD Main Economic Indicators.

Interest Rate: Treasury Bill Rate (3 months), per
cent per annum, end of period, Source: OECD 
Main Economic Indicators.

DENMARK
Output: Manufacturing Sales: Total (Volume),

1980=100, S.A. Source: OECD Main Economic 
Indicators.

Money: Money Supply 
period, S.A. 
Indicators

(Ml), Billion Kroner, end of 
Source: OECD Main Economic

Price: Consumer Prices: All Items, Excluding
Indirect Taxes., 1980=100, Source: OECD
Main Economic Indicators.
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Interest Rate: Call Money Rate, per cent per annum, 

(The data for 1971 are obtained through 
backcaating ualn regression analysis.) 
Source: IMF., Financial Statistics.

FINLAND
Output: Indicators of Domestic Product: Industry,

Index of Industrial Production, 1980=100,
S.A. Source: OECD Main Economic Indicators.

Money: Money Supply (Ml), Billion Markaa, end of
period, S.A. Source: OECD Main Economic 
Indicators.

Price: Consumer Prices: All Items, 1980=100,
Source: OECD Main Economic Indicators.

FRANCE
Output: Industrial Production: Total, 1980=100,

S.A. Source: OECD Main Economic Indicators.
Money: Money Supply (Ml), Billion Francs, end of

period, S.A. Source: OECD Main Economic Indicators.
Price: Consumer Prices: All Items, 1980=100,

Source: OECD Main Economic Indicators.
Interest Rate: Call Honey Rate, per cent per annum, 

end of period. Source: OECD Main Economic 
Indicators.

GERMANY (WEST)
Output: Industrial Production: Total, 1980=100,

S.A. Source: OECD Main Economic Indicators.
Money: Money Supply (Ml), Billion D. Harks, end of

period, S.A. Source: OECD Main Economic
Indicators.

Price: Consumer Prices: All Items, 1980=100,
Source: OECD Main Economic Indicators.

Interest Rate: Rate on 3-month Loans (Frankfurt), 
per cent per annum, end of period. Source: 
OECD Main Economic Indicators.
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IRELAND

Output: Industrial Production: Mining and Manufac
turing (Quarterly and Interpolated between 
1972-1975), S.A. Source: OECD Main Economic 
Indicators.

Money: Money Supply (Ml), Million Pounds, end of
period, S.A. (197001-197103 and 197606 - 
197609 are interpolated using IMF Money 
supply aeries.) Source: OECD Main Economic 
Indicators.

Price: Consumer Prices: Total, 1960=100,
Source: OECD Main Economic Indicators.

Interest Rate: Treasury Bill Rate (3 months), per
cent per annum, end of period. Source: OECD 
Main Economic Indicators.

ITALY
Output: Industrial Production: Total, 1980=100,

S.A. Source: OECD Main Economic Indicators.
Money: Money Supply (Mi), Billion Lire, end of

period, S.A. Source: OECD Main Economic 
Indicators.

Price: Consumer Prices: All Items, 1980=100
Source: OECD Main Economic Indicators.

Interest Rate: Treasury Bill Rate (6 months) per 
cent per annum, end of period, (missing 
observations are interpolated) Source: OECD 
Main Economic Indicators.

JAPAN
Output: Industrial Production: Total, 1980=100,

S.A. Source: OECD Main Economic Indicators.
Money: Money Supply (Ml), Billion Yen, end of

period, S.A. Source: OECD Main Economic 
Indicators.

Price: Consumer Prices: All Items, including
imputed rent, 1980=100, Source: OECD Main 
Economic Indicators.
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Interest Rate: Call Money Rate, per cent per annum, 

end of period. Source: OECD Main Economic 
Indicators.

NETHERLANDS
Output: Industrial Production: Total, 1980=100,

S.A. Source: OECD Main Economic Indicators.
Money: Money Supply <M1>, Billion Guilders, end of

period, S.A. Source: OECD Main Economic 
Indicators.

Price: Consumer Prices: All Items, 1900-100,
Source: OECD Main Economic Indicators.

Interest Rate: Call Money Rate (Amsterdam), per
cent per annum, end of period. Source: OECD 
Main Economic Indicators.

NORWAY
Output: Industrial Production: Total, 1980=100,

S.A. Source: OECD Main Economic Indicators.
Money: Honey Supply (Ml), Billion Kroner, end of

period, S.A. Source: OECD Main Economic 
Indicatora.

Price: Consumer Prices: All Items, 1980=100,
Source: OECD Main Economic Indicators.

Interest Rate: Call Money Rate, per cent per
annum, Source: IMF., Financial Statistics.

SPAIN
Output: Industrial Production: Total, 1980=100,

S.A. Source: OECD Main Economic Indicators.
Money: Money Supply <M1>, Billion Pesetas, end of

period, S.A. Source: OECD Main Economic 
Indicators.

Price: Consumer Prices: All Items, 1980=100,
Source: OECD Main Economic Indicators.
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SWEDEN

Output.: Industrial Production: Mining and Manufac
turing, 1980=100, S.A. Source: OECD Main 
Economic Indicators.

Money: Money Supply (Ml plus Quasi Money), Billion
Kroner, S.A. Source: OECD Main Economic 
Indicators.

Price: Consumer Prices: All Items, 1980=100,
Source: OECD Main Economic Indicators.

Interest Rate: Call Money Rate, per cent per annum, 
(197401-197404 backasted using regression 
analysis) Source: IMF., Financial Statis
tics.

SWITZERLAND
Output: Industrial Production: Total, 1980=100,

(Quarterly, interpolated) S.A. Source: OECD 
Main Economic Indicators.

Money: Money Supply (Ml), Billion Francs, end of
period, S. A. Source: OECD Main Economic 
Indicators.

Price: Consumer Prices: All Items, 1980=100,
Source: OECD Main Economic Indicators.

Interest Rate: Yield of Confederation Bonds, per
cent per annum, end of period. Source: OECD 
Main Economic Indicators.

UNITED KINGDOM
Output: Industrial Production: Total, 1980=100,

S.A. Source: OECD Main Economic Indicators.
Money: Money Supply (Ml), Million Pounds, end of

period, S.A. Source: OECD Main Economic 
Indicators.
Price: Consumer Prices: All Items, 1980=100,

Source: OECD Main Economic Indicators.
Interest Rate: Treasury Bill Rate (91 Days) Per

cent per annum, end of period. Source: OECD 
Main Economic Indicators.



UNITED STATES
Output: 

Money :

Price:

Industrial Production: Total, 1930=100,
S.A. Source: OECD Main Economic Indicators.
Money Supply (Ml), Billion Dollars, end of 
period, S.A. Source: OECD Main Economic 
Indicators.
Consumer Prices: All Items, 1930=100, 
Source: OECD Main Economic Indicators.

Interest Rate: Treasury Bill Rate (3 months), per
cent per annum, end of period. Source: OECD 
Main Economic Indicators.
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