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ABSTRACT

Bayesian and other procedures are developed and applied to forecast annual output
growth rates for eighteen countries year by year for the period 1974-84. This work extends
earlier work relating to nine countries’ data, 1974-81. The new calculations indicate that
previous methods work well in forecasting using the new, extended data base. Comparisons
of the performance of various Bayesian shrinkage procedures, other procedures and OECD
forecasts are provided. It is found that the autoregressive-leading indicator models used in
past work continued to perform well in the present study based on an enlarged data base.




Forecasting International Growth Rates Using
Bayesian Shrinkage and Other Procedures

by
Arnold Zellner and Chansik Hong'

1. Introduction
In our past work, Garcia-Ferrer, Highfield, Palm, and Zellner

(1987), we employed several methods to forecast annual growth rates of
real output (GNP or GDP) for eight European Economic Community countries
and the U.S. year by year for the period 1974-81. It was found that dif-
fuse prior or least squares forecasts based on an autoregressive model of
order three including leading indicator variables, denoted by AR(3)LI
were reasonably good in terms of forecast roct mean squared error (RMSE)
relative to those of three naive models and of AR(3) models without lead-
ing indicator variables. Also, it was found that certain shrinkage fore-
casting techniques produced improved forecasting results for many coun-
tries and that our simple, mechanical forecasts compared favorably with
OECD annual forecasts which were constructed using elaborate models and
Judgmental adjustments.

In the present paper our main objectives are to extend our earli-
er work by: (1) providing further analysis of shrinkage forecasting tech-
niques, (2) providing forecasting results for an extended time period,
1974-8Y4 for our past sample of nine countries, (3) applying our forecast-
ing techniques to data relating to nine additional countries, and (4)
reporting results of forecasting experiments using a simple modification
of our AR(3)LI model. .

The importance of checking the forecasting performance of our
techniques using new data is reflected in objectives (2) and (3) above.
The modification of our AR(3)LI model, mentioned in (4) was motivated by
macroeconomic considerations embedded in structural models that are cur-
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rently being formulated which yield reduced form equations similar in
form to our AR(3)LI forecasting model and reduced form equations for
other variables, e.g. the rate of inflation, employment growth, etc. that
will be subjected to forecasting tests in the future.

The plan of the paper is as follows. In Section 2 6ur AR(3)LI
model is explained and analysis yielding several shrinkage forecasts is
presented. Also, an extended version of our AR(3)LI model is specified
and it is shown how it can be employed to yield forecasts. Section 3 is
devoted to a presentation of our data and in Section 4 previous forecast-
ing results are compared with those relating to our broader data set and
with those yielded by our extended AR(3)LI model. Finally, we provide a

summary of results and some concluding remarks in Section 5.

2. Model Description and Forecasting Procedures
In this section, we shall describe the autoregressive-leading

indicator (ARLI) model employed in our past work as well as some possible
extensions of it. Then we shall consider various forecasting procedures

for our ARLI models.

2.1 Model Description
In Garcia-Ferrer et al. (1987), the following AR(3)LI model was

employed to generate one year ahead forecasts of the rate of growth of
real output, Yigs for the eight years, 1974-81 for nine countries:

Yie = 80; * B1¥ie-1 * B2iVie-2 * B3i¥ie-3 * BuiSRipo1 * B51SRyp

+ eGiGMit-1 + 871WRt_1 + Ugy i=1,2,...,9 (2.1a)
t=12,...,T

¥y = Xigi + U, i=1,2,...,9 (2.1b)

where, with L = lag operator and the subscript i,t denoting the value of
a variable for the i'th country in the t'th time period,
= rate of growth of output = (1-L)logOit with Oit real output,

it = real stock return = (1-L)log(SPit/Pit) with SP,  a stock

Yi¢
SR

price index and Pit a general price index,




GM;, = growth rate of real money supply = (1'L)108(Mit/Pit) with
Myt

WRt world return = median of countries' real stock returns,
SR

= nominal money supply,

it in period t,

Bji's = parameters for i'th country j = 0,1,...,7,

Uy = disturbance term.

In (2.1b) the model for each country is expressed in matrix notation with
y;p @ typical element of y,, (1’yit-1’yit-Z’yit-3’Sgit-1’SRit-Z’GMit-1’th-1)
a typical row of Xi and ug, a typical element of u,. Some comments re-
garding the model in (2.1) follow:

(1) An autoregression of order 3 was chosen to permit the possi-
bility of having two complex roots associated with a cycle and a‘real
root associated with a trend. Past calculations indicated that estimated
roots had these properties for eight of nine countries. Also, use of
just an AR(3) process without leading indicator variables did not perform
well in actual forecasting. Use of leading indicator variables led to.
improved forecasts in most cases as measured by RMSEs of forecast.

(2) The disturbance terms in (2.1) were found to be practically
serially uncorrelated for most countries and not highly correlated across
countries, results based on least squares analyses of (2.1) using initial
annual data 1951-73 for estimation. The introduction of the " common
effect" variable, WRt, reduced contemporaneous disturbance terms' corre-
lations considerably.

(3) The leading indicator stock return variables and money growth
rate variable apparently caught the effects of oil price shocks, policy
changes, etc. in the period of fit 1951-73 and in our previous forecast
period 1974-81. Here we are employing market variables to take rough
account of expectational and other effectsiinfluencing countries' output
growth rates.

(4) Macroeconomic considerations suggest that a measure of world
output growth and changes in countries' real exchange rates affect coun-
tries' exports and these should be included in our ARLI model. Since
these variables are close to being white noise, they may be buried in the




disturbance terms of (2.1). Below, we shall report some results using an
ARLI model including a measure of world output growth.

(5) In our past work, forecasts from (2.1) using least squares
and some shrinkage forecast procedures were reported. Also, socme fore-
casts yielded by a time-varying-parameter version of (2.1) were reported.
Some of these results will be presented below and compared with more re-.
cently obtained results.

In our forecasting experiments, we employ annual data, usually
1954-73, 20 observations with data for 1951-53 used for initial lagged
values to fit our models.! Then the fitted models are employed to fore-
cast outcomes for 1974 and subsequent years with the models reestimated
year by year. Multi-year ahead forecasts have not as yet been calculat-
ed. For the forecast period 1974-81, eight years, least squares fore-
casts using (2.1) have yielded'forecast RMSEs ranging from 1.47 to 2.92
with a median of 2.23 percentage points for eight EEC countries and the
U.S.--see Table 2, line F, of Garcia-Ferrer et al. (1987). Our "n-shrink-
age" forecasts described below, yielded forecast RMSEs ranging from 1.25
to 2.52 percentage points with a median of 1.78 percentage points--see
Table 4, line G3 of Garcia-Ferrer et al. (1987). Similar results for an
extended time period and for nine additional countries are presented

below.

2.2 Derivation and Description of Shrinkage Forecasts
In this sub-section, we provide derivations of several shrinkage

forecasts, including the "n-forecast" and the "y-forecast." The perfor-
mance of these forecasts will be compared with those of naive models and

diffuse prior forecasts or least squares forecasts derived from the ARLI
model, or variants of it, shown in (2.1).

The n-forecast involves averaging a forecast from (2.1), say a dif-
fuse prior or least squares forecast for a particular country, ﬁif’ Wwith

: N
the mean of all the N countries' forecasts, ﬁf = 2 ﬁif/N, as follows:
i=1

'The 1954-73 period was used for all countries except Australia,
1960-73, Canada, 1959-73, Japan, 1956-73, and Spain, 1958-73.




~% A A

= §p + (- (J -Fp) (2.2)
From the second line of (2.2), it is seen that for 0 < n < 1, a country's
forecast, 91f' is shrunk toward the average forecast §f for all countries.
One way to obtain an optimal forecast in the form of (2.2) is to

employ the following predictive loss function,

N

L= (3, §10)% + c(iZ1yif/N - §,0)° (2.3)
where ¢ > 0 is a given constant, the yi;'s are the future unknown values,
i=1,2,...,N, and yif is some forecast. Note that the loss function in
(2.3) incorporates an element of loss associated with being away from the
mean outcome in its second term. Under the assumption that the yif's are
independent (common influences have been represented by input variables
in (2.1)) and have predictive probability density functions (pdfs) with
mean m, and variance Vi i-=1,2,...,N. The predictive expectation of
the loss function in (2.3) is:

~ 12 = = = =~ 2
EL = v, + (mi- yif) + c[E(yf- Eyf)2 + (Eyf- yif) ] (2.4)
N
where §f = Z

yif/N‘ On minimizing (2.4) with respect to §if’ the result
i=1 .

is:
%

N
Vip =0 L m/N + (1-n)my (2.5)
i=1

where n = ¢/(1+c). If diffuse priors for the 8.'s in (2.1) are employed,

the means of the predictive pdfs are m, = giféif i=1,2,...,N, where
§if is a vector of observed inputs for the first future period and éi =
(Xixi)-IXixi’ the least squares estimate for country i. Under these con-
ditions (2.5) takes the form of (2.2) with 9if = §iféi' This is the "dif-
fuse prior n-forecast." i

Another approach for obtaining relatively simple shrinkage fore-
casts is a slightly modified form of the Lindley-Smith (1972) procedure

in which the coefficient vectors are assumed generated by:

By =8+ 8, 1=1,2,...,N (2.6)
-12

with the §.'s assumed independently distributed, each having a N(0,¢ culk]




distribution where 0 < ¢ < =, oi is a common variance of Uy for all i
and t and @ is a k x 1 mean vector. If the uit's are assumed normally
and independently distributed, each with zero mean and common variance oi,
then a conditional point estimate for g' = (g%,gé,...,g&), denoted by Ea’

an Nk x 1 vector, is given by
~ -1 -
B, = (2'2 + oIy )7 (2'28 + JB) (2.7)

X, on the main diagonal,

where Z is a block diagonal matrix with X1,X2,.. N

A

?
8 = (Z'Z)-1Z'z, where y' = (xa,zé,...,y&), é' = é%,éé,...,éﬁ) with éi =
-1
(xixi) Xiy;r J' = [Ik,Ik,...,Ik] and

(2.8)

a matrix-weighted average of the least squares estimates, the éi's which
replaces 8 in (2.7). Also, é in (2.8) can be obtained by regressing y' =
(z;,yé,...,xﬁ) on X, where X' = (X',Xé,...,Xﬁ), that is from one big
regression in which it is assumed that the gi's are equal. Point fore-
casts can be obtained using the coefficient estimate ga for various se-
lected values of 4. When ¢ is very large, (2.7) reduces approximately to
(2.8). Forecasts based on the estimate in (2.8) have been reported ear-
lier in Garcia-Ferrer et al. (1987). It should be recognized that while
the gi's are probably not all the same, the bias introduced by assuming
them to be may be more than offset in a MSE error sense by a reduction in
variance.

As an alternative to the assumptions used in connection with
(2.6), following the "g-prior" approach of Zellner (1983, 1986a), we
assume that the gi's in (2.6) are independently distributed with normal
distributions N[Q,(Xixi)'1o§]. With this assumption and the earlier
assumption made about the uit's, the joint pdf for y' = (x;,yé,...,y&)
and 8' = (g;,gé,...,gﬁ) is proportional to

exp{-[(y-28)" (y-28) + v(g-J8)'2'2(g-J8)]/267} (2.9)
where y = ai/oi and other quantities have been defined in connection with

(2.6)-(2.7). On completing the square on 8 in the exponential terms of
(2.9), the mean of 8 given y, vy and 8 is:




8 = [(2'21’12'1 + vJ8]/(1+y) (2.10a)
with the i'th sub-vector of B given by:
8y = (By+ v8)/(1+y) (2.10b)

where 8, = (X'X )'1X'X , the least squares estimate for the i'th coun-
~i i“i iZi 5 5

try's data. Thus (2.10b) is a simple average of éi and 8 with y = °u/°6

involved in the weights. When a diffuse prior pdf for 8, p(8) = const.,
is employed, the posterior pdf for 6 can be derived from (2.9) and em-
ployed to average the expression in (2.10) to obtain the marginal mean
of g, given y and the data, namely,

E? = (§i+ 7§)/(1+Y) (2.11)

with E given in (2.8), the estimate resulting from a big regression in

which the 8,'s are assumed equal. As y = aﬁ/ai grows in value, Em +~ 8

~i ~
i
8

2,2
while as y = °u/°6 -+ 0,

- éi’ the i'th country's least squares estimate.
If instead of assuming that §, has a N(Q,(Xixi]-1o§) distribu-
tion, we assume that the §i's are independently distributed, with a
N[Q,(Xixi]-1a§] distribution, i = 1,2,...,N, then analysis similar to that
presented in connection with (2.9) yields as the conditional mean of By
gg = (By+ v48)/(1+vy) i=1,2,...,N (2.12)

(o)

where vy, = c;/ai. If we further condition on @ = 8, with 8 given in
(2.8), then

85 = (By+ v;8)/(1+v)) 1= 1,2,..,N (2.13)

which is similar to (2.11) except that the yi's are not all equal as is
the case in (2.11).

Upon introducing prior pdfs for % and Ogy OF O and the ai's it
is possible to compute the marginal distributions of the gi's, a possi-
bility to be explored in future work--see Miller and Fortney (1984) for
interesting computations on a closely related problem. At present, we
shall evaluate (2.13) for various values of 7 and determine the quality -
of resulting forecasts. That is, the yi-forecast for country i is:

Vi = %ie8y (2.14)

Wwith Eg given in (2.13) and §if a given input vector.




In summary, we shall use the n-forecast in (2.2), the y-forecast
based on (2.11) and the yi-forecast in (2.14) in our forecasting experi-
ments. Also, note that the n-forecasting approach can be ‘applied to

the y-forecasts.

2.3 Elaboration of the AR(3)LI Model
As mentioned previously, we think that it is advisable to add a
variable reflecting world real income growth, denoted by W to our AR(3)LI

model in (2.1). Then our equation becomes

= 1,2,...,8 (2.15)
t=12,...,T
where §it§i represents the constant and other lagged variables in (2.1)
and a; is the i'th country's coefficient of the world income growth rate
variable, Wy . To forecast one period ahead using (2.15), it is clear
that w. must be forecasted. To do this we introduce the following equa-

t
tion for w, which will be estimated and used to forecast w, one period in

- the future:
Wy = T+ TWe_q ¥+ TWe o * 1r3wt_3 + nuMSRt_.l
+ 1r5l'4GMt_'__1 + vy t=1,2,...,T (2.16)
where MSRt the median of all countries' real stock returns, MGMt = the
median of all countries' real money growth rates, v, = disturbance term,

's are parameters. Thus (2.16) indicates that we are employing

- 1
Yig = Weop + %585 * Uit

and the L
an AR(3)LI model for w,, the rate of growth of world real income. As a
proxy for Wes we employ the median of all countries' real output growth

rates.

Viewing (2.15)-(2.16), it is seen that we have a "triangular"

system. For the future period £ = T + 1, we have

Eyip = EwEa; + i E8y ces (2.15a)
%E‘EE ’ (2.15b)

Ewf

where Eyif and wa are means of the predictive pdfs for Yip and We re-
spectively, Eai, Egi and Er are posterior means of the parameters asy gi
and ' = ("0’“1”°"“6)’ respectively. If the system in (2.15)-(2.16) is
fully recursive and diffuse prior pdfs-for all parameters are employed,




Ex = T, Ea= &i and E8,= éi’ where T, &1 and éi
--gee Zellner (1971, Ch. 8) and Bowman and Laporte (1975). Also wa = g%i
- 'AA
and By ¢ = 2i38;+ Xi B,
sumptions are easily computed. If the system in (2.15)-(2.16) is not

are least squares estimates
i=1,2,...,N. Thus forecasts under these as-

fully recursive, that is the uit's and v, are correlated then the expec-
tations in (2.15) have to reflect the non-recursive nature of the system.
In the present work, we shall use a "conditional" forecasting procedure
which is equivalent to a 2SLS point forecast. That is, the parameters a;

and 8, in (2.15) are estimated by 2SLS, a conditional Bayesian estimate--

see Zillner (1971, p. 266) and these estimates along with a forecast of Wy
from (2.16) are employed to obtain a forecast of Vit from (2.15). Such
forecasts will be compared with those that assume that wt's value in a
forecast period is perfectly known, a "perfect foresight" assumption. 1In
current work, an unconditional Bayesian approach for analyzing (2.15)-

(2.16) when the uit's and v, are correlated is being developed.

3. Data

Annual data for 18 countries employed in our work have been as-

sembled in the main from the International Monetary Fund's International
Financial Statistiecs data base and are available on a diskette from the
authors for a nominal fee to cover costs. The output data include annual
rates of growth of real output (GNP or GDP), of real stock prices and of
real money for each country. In computing rates of growth of real stock
prices, an index of nominal stock prices was deflated by an index of the
price level for each country. Nominal money, Ml' was deflated by a
general price index for each country to obtain a measure of real money.
Boxplots of output growth rates, real stock price growth rates
and real money growth rates are shown in Fig. 3.1. It is seen that the
median growth rates exhibit a cyclical pattern with that for real stock
prices having a considerably greater amplitude than those for output and
real money growth rates. Also, as might be expected, the interquartile
ranges of the real stock price growth rates are much larger than those of
output and real money growth rates. Further, the interquartile ranges
for growth rates of real stock prices appear to be slightly smaller in







the vicinity of troughs than of peaks for the first half of the sample
and the ranges for all three variables tend to be slightly larger in the
vicinity of peaks than of troughs in many cases. Last, the plots of the
real money and real stock price growth rates give some evidence of a
slight lead relative to those of the output growth rates.

It will be noted from the plots in Fig. 3.1 that there are some
apparently outlying points in the data with a number of them present in
the data for the nine additional countries' data. These outlying data
points aré being subjected to close scrutiny and procedures for accommo-
dating outlying data points are being considered for use in future work.
In the present study, all data were employed, including outlying data

without any special treatment given to them.

4, Forecasting Results

In this section, we first compare RMSEs of one-year-ahead fore-

casts, 1974-81, eight years, with those for the period 1974-84 for our

original nine countries using various models and methods. Then for nine
additional countries, forecasting results for the period 1974-84 are
presented and compared with earlier results. Finally, the effects of
introducing a world growth rate variable in our AR(3)LI model in (2.1a)

on forecasting performance will be described.

4.1 Forecasting Results for an Expanded Data Set
Shown in Table 4.1 are the RMSEs of forecast for nine countries
for the periods 1974-81 and for 1974-84. Here and elsewhere, all models

were reestimated using data up to the forecast year. In the top panel of

Table 4.1, results for the eight one-year-ahead forecasts, 1974-81 are
shown. It is seen that the median RMSE for the AR(3)LI model, 2.23 per-
centage points is quite a bit lower than the median RMSEs for the naive
models and for the AR(3) model. In addition, shrinkage or pooling tech-
niques applied to the AR(3)LI model led to median RMSEs of 2.22 and 1.78,
a very slight reduction in the former case and a somewhat larger reduc-
tion in the latter case, from 2.23 to 1.78 percentage points. Use of the
n-shrinkage procedure, with n=.5, led to reduction of RMSEs for seven of
the nine countries.




Table 4.1
Nine Countries' RMSEs of One-Year-Ahead Forecasts, 1974-81 and 1974-84

L
Model Bel. Den. Fr. Ger. Ire. 1t. Neth. U.K. U.S. Median

(Percentage points)
A. 1974-81

. NMI (y,=0) 3.09 2.83 2.96 2.95 4.38 3.72 3.77 2.21 3.48 .09
. NMIT (¥ =y, _,) 4,25 3.73 2.43 3.26 2.06 4.88 L.o4 3.91 3.60 3.73

. NMIII (y,= past | 3.23 3.48 3.05 3.87 1.88 3.90 3.7H 2.95 2.81 3.23
averageﬁ

AR(3)2 3.66 3.46 2.89 3.39 1.69 U4.75 .52 3.50 2.48 .46
. AR(3)LIP 1.56 2.92 2.43 1.47 1.83 2.57 2.63 2.23 1.82 .23
1. Shrinkage(1)¢| 1.69 2.37 1.35 2.03 1.77 2.22 .87 2.26 2.75 .22
2. shrinkage(2)d| 1.68 2.21 1.61 1.25 1.52 2.01 2.52 2.46 1.78 .78
B. 1974-84
NMI (,=0) 2.59 2.78 2.65 2.69 4.02 3.27 3.32 2.30 3.79 .78
. NMII (§t=yt_1) 3.53 3.56 2.20 2.91 2.85 4.26 .57 3.69 3.89 3.56

NMIII (‘t= past | 3.01 3.05 3.08 3.85 2.35 3.98 .87 2.62 3.09 3.08
average{

D. AR(3)2 2.98 2.96 2.47 3.10 2.29 4.34 .35 3.21 3.01 .01
. AR(3)LIP 1.73 2.73 2.52 2.28 2.80 3.40 2.41 2.32 2.14 41
1. Shrinkage(1)¢| 1.96 2.26 1.66 2.00 2.14 2.45 2.53 2.39 2.79 .26

2. Shrinkage(2)d] 1.81 2.37 2.07 1.94 2.31 2.73 2.50 2.63 2.03 .31

a. Least squares forecasts from an AR(3) model for each country.
b. Least squares forecasts from AR(3) model with leading indicator variables

shown in equation (2.12).
' c. Least squares forecasts with use of coefficient estimate in (2.8).

d. Use of shrinkage equation in (2.2) with n=.5.

As regards the results for 1974-84, in the lower panel of Table
4.1, the AR(3)LI model's median RMSE is 2.41 percentage points, a good
deal lower than those associated with the naive models and the AR(3)
model. Also, the two shrinkage or pooling procedures produced modest
decreases in median RMSEs, from 2.41 to 2.26 and 2.31 and in six of nine
cases for the n-shrinkage procedure. In these respects, the forecasting
results parallel those obtained for the shorter period, 1974-81. However,




note that there is an iacrease in the median RMSEs for the AR(3)LI model
in going from the period 1974-81 to the longer period 1974-84 which also
shows up in seven of the nine countries' RMSEs.

In Table 4.2 RMSEs of forecast are shown for nine additional
countries. Here the median RMSE for the AR(3)LI model, 3.33 is somewhat
larger than that for the naive models and for the AR(3) model. However

the shrinkage or pooled forecasts based on the AR(3)LI model show sub-
stantial reductions in median RMSEs, from 3.33 to 2.01 and 2.32 which are
similar in magnitude to those reported for the origiﬁal nine countries
for the periods 1974-81 and 1974-84 in Table 4.1. In Table 4.2, on com-
paring the AR(3)LI country RMSEs with the corresponding shrinkage RMSEs,

it is seen that there is a reduction of RMSEs in all but one case. Thus
for the nine additional countries, shrinkage results in a somewhat great-
er improvement in forecasting results than in the case of the original
nine countries.

In Table 4.3 summary forecasting results for different models ap-
plied to all 18 countries' data to forecast year-by-year for the period
1974-84 are reported. It is seen that the AR(3)LI model's median RMSE is
about 13 percent or more below those of the AR(3) and naive models' medi-
an RMSEs, 2.62 versus 3.00 or greater. Also, the shrinkage or pooled
forecasts median RMSEs, 2.14 and 2.32 are 18 and 11 percent lower, re-
spectively than the AR(3) model's median RMSE. Further, the ranges of
the AR(3)LI and shrinkage forecast RMSEs for the 18 countries are much
smaller than those for the AR(3) and naive models.

In summary, the shrinkage or pooling techniques used earlier in
Garcia-Ferrer et al. (1987) for nine countries for the period 1974-81 are
effective in reducing overall median RMSEs for an extended forecast per-
iod, 1974-84, and for nine additional countries.

The n-shrinkage forecast RMSEs, reported above, are based on the
same value of n=.5 for all countries. It is of interest to see how sen-
sitive forecasting results for individual countries are to variation in
the value of n. In Table 4.4 one-year-ahead forecast RMSEs are reported
for selected values of n in (2.2) for each of the 18 countries in our




Table 4.2
Nine Additional Countries' RMSEs of One-Year-Ahead Forecast, 1974-84

8 T
Austral. Austria Can. Fin. Jpn. Nor. Spain Swed.® Switz. Median

(Percentage points)
3.10 2.91 3.51 3.39 4.10 4.15 2.51 2.29 3.03 3.10
2.90 2.82 4,13 2.34%4 3.12 1.98 1.86 1.87 3.91 2.82
2.75 3.11 3.31 2.88 4.98 1.76 3.56 2.43 4.48 3.1

. 2.87 3.16 3.55 2.58 3.26 1.75 2.50 2.22 4.2 2.87
AR(3)LIP 3.34 2.71 3.68 3.37 3.33 1.62 2.06 2.32 3.45 3.33
1. Shrinkage(1)¢| 2.01 1.77 2.39 2.01 2.40 1.68 1.65 2.01 2.T1 2.01
2. Shrinkage(2)d| 2.32 5.12 2.92 2.42 2.51 1.52 1.81 2.29 3.25 2.32

a. Least squares forecasts from an AR(3) model for each country.
b. Least squares forecasts from AR(3) model with leading indicator variables shown

equation (2.1a).
c. Least squares forecasts with use of coefficient estimate in (2.8).
d. Use of shrinkage equation in (2.2) with n=.5.
e. Based on 10 forecasts, 1974-83.

Table 4.3
Summary Statisties on Forecasting Results for 18 Countries, 1974-84

Median Smallest Largest
Model RMSE RMSE - RMSE

(Percentage points)
A. NMI (§t=o) 3.07 2.29 4.15
B. MMII (y,=y,_;) 3.02 1.87 4.26

C. NMIII (‘t= past 3.09 1.76 4.98
average{ ,

D. AR(3)2 3.00 .75 4,34
E. AR(3)LIP 2.62 .62 '3.68
1. Shrinkage(1)© 2.14 .65 2.79
2. Shrinkage(2)d 2.32 .52 3.25

a. Least squares forecasts from an AR(3) model for each country.

b. Least squares forecasts from AR(3) model with leading indi-
cator variables shown in equation (2.1a).

c. Least squares forecasts with use of coefficient estimate in
(2.8) .

d. Use of shrinkage equation in (2.2) with n=.5.




Table 4.4
Sensitivity of n-Forecast RMSEs to Value of n for
AR(3)LI Model in (2.1a), 1974-842

Values of 7
Country n=.25 n = .50

(Percentage points)

Belgium 1.73 1.70 1.81 2.35

Denmark 2.73 2.49 2.37° M1 0 2.59

France 2.52 2.29 2.07 .90 1.77°
Germany 2.28 2.0 1.94P .01 2.2

Ireland 2.80 2.51 2.31 .24b 2.29

Italy 3.40 3.04 2.73 46 2.27°
Netherlands 2.41b 2.42 2.50 .65 2.87

U.K. 2.32P 2.1 2.63 .89 3.20

U.s. 2. 14 1.97° 2.03 .31 2.75

Australia 3.34 2.80 2.32 .92 1.67°
Austria 2.71 2.10 2.12 .87 1.670
Canada 3.68 3.27 2.92 .6l 2.46P
Finland 3.37 2.86 2.42 .10 1.95°
Japan 3.33 2.90 2.51 .18 1.96°
Norway 1.62 1.53 1.52P .57 1.70

Spain 2.06 1.86 1.81P 91 2,14

Sweden® 2.32 2.28 2.29P .34 2.4y

Switzerland 3.45 3.26 3.250 2 3.75

Median RMSE 2.62 2.43 2.32 .21 2.28
Range 1.62-3.68 1.53-3.27 1.52-3.25 1.57-3.42 1.67-3.75

a. The n-forecast is §if= nﬁf + (1-n)§if, where ﬁf is the mean of

the 18 countries' least squares forecasts and ﬁif is the i'th country's
least squares forecast. '
6 b. Minimum of entries in each row. The median of these RMSEs is
1.96.
c. Based on 10 forecasts, 1974-83.




sample. When n=0, the forecasts are least square:z forecasts for each
country based oh our AR(3)LI model in (2.1a). When n=1, the forecast for
each country is the mean of the 18 countries' least squares forecasts
from the AR(3)LI model in (2.1a). On viewing the median RMSEs at the
bottom of Table 4.4, it is seen that the median RMSEs are 2.43 for n=.25,
2.32 for n=.5 and 2.21 for n=.75, all below the median RMSE for n=0, 2.62,
that for individual countries' unshrunk least squares forecasts. For
individual countries, the RMSEs change as the value of n changes. For
example in the case of Belgium, the RMSEs vary from 1.73 for n=0 to 2.35
for n=1.0 with a minimum of 1.70 for n=.25. Two countries' minimal RMSEs
occur for n=0 and n=.25, six for n=.50, one for n=.75 and seven for
n=1.0. The median RMSE of these minimal values is 1.96, somewhat below
that associated with the use of n=.5 for all countries, namely 2.32 or

of n=.75, 2.21.

Just as it is of interest to determine the sensitivity of coun-
tries' n-forecasts to the values of n employed, it is of interest to
determine how sensitive y-forecasts for countries are to the value of y
employed. The coefficient estimate in (2.13) permits y to be different
for different countries. In Table 4.5, RMSEs of forecast are reported
for each country for selected values of y. A 2zero value for y yields
AR(3)LI least squares forecasts while a very large value for y results in
an AR(3)LI forecast based on the pooled coefficient estimate in (2.8).
From the median RMSEs reported at the bottom of Table 4.5, it is seen
that a common value of y=5.0 yields a median RMSE equal to 2.13, not far
different from that associated with Y=106, namely 2.14. However for
individual countries, RMSEs show more substantial variation as y assumes
different values. For example in the case of Germany, the RMSE is 1.80
when y=2.0, quite a bit lower than the RMSE of 2.00 associated with 7:106.
10 of the 18 countries show minimal RMSEs for y=106 while the remaining
eight countries have minima in. the vicinity of y=.5 to y=1.0 in five
cases and of y=2 to y=5 for the remaining three. The median RMSE for
these minimal values is 2.01, slightly lower than the median RMSE of 2. 14

when 7:106 is used for all countries. In future work it may be worth-

while to estimate y for each country which will probably produce lower




Table 4.5
Sensitivity of y-Forecast RMSEs to Values of y for
AR(3)LI Model in (2.1a), 1974-842

Values of v
Country y=0 y=.50 y=10 y=2.0 y=3.0 y=50 «y=10

6

(Percentage points)
.60P 1.62 1.69 1.74 .81
.34 2.22 2.16P 2.16° .18
7 2.01 1.87 1.81 .75
.91 1.81 1.80P 1.82 .87
47 2.34 2.24 2.20 7
.00 2.82 2.67 2.61 .55
.34P 2.35 2.38 2.1 .y
.19 2.18P 2.21 2.24 .28
.98P 2.06 2.24 2.35 .48
.72 2.16 2.25 2.16 .09
.35 2.19 2.03 1.96 .89
.08 2.83 2.63 2.54 A7
.70 2.42 2.20 2.12 .06
.89 2.71 2.57 2.51 .46
.54P 1.54P 1.56 1.58 .61
.85 1.76 1.70 1.68 .66
.18 2.12 2.07 2.05 .03
.98 2.81 2.71 2.68P .68P

Belgium 1.73
Denmark 2.73
France 2.52
Germany 2.28
Ireland 2.80
Italy 3.40
Netherlands 2.1
U.K. 2.32
U.S. 2.14
Australia 3.34
Austria 2.71
Canada 3.68
Finland 3.37
Japan 3.33
Norway 1.62
Spain 2.06
Sweden® 2.32
Switzerland 3.45

.96
.26
.66°
.00
.14P
.4sP
.53
.39
.79

N D = = D D WM MND =2 DD WMN =2 DN -
D D = = DN D = DD MDD MDD NN - N —

Median RMSE  2.62 2.34 2.22 2.21 2.16 2.13b 2.
Range 1.62-3.68 1.54-3.08 1.54-2.83 1.56-2.71 1.58-2.68 1.61-2.68 1.65-2.79

a. The coefficient estimate in (2.13) was employed to, compute forecasts.
When y=0, the forecasts are least squares forecasts and when y=10", they are produced
using the coefficient estimate in (2.8).

b. Minimum of entries in each now.

c. Based on 10 forecasts, 1974-83.




RMSEs for selected countries, e.g. Belgium, the Netherlands, the U.S.,
and Norway. Also combinations of y-forecast and n-forecast procedures

are under consideration as well as other shrinkage techniques.

}.2 Forecasting Using a Hofld Qutput Growth Rate Variable
As mentioned previously, countries' exports are influenced by

world income or output. Thus a world output growth rate variable, de-
noted by W, was added to the AR(3)LI model as shown in equation (2.15).
The variable W is taken to be the median of the 18 countries' output

growth rates for the year t--see Fig. 3.1 for a plot of W for the years

in our sample.

To use (2.15) in forecasting, it is necessary to forecast Wy The
model for w, in (2.16) was fitted by least squares, using data 1954-73,
and used to forecast the 1974 value and subsequent values with coefficient
estimates updated year-by-year for the years 1974-84. The RMSEs of these
one-year-ahead forecasts and of those yielded by an AR(3) model for W, are
reported, along with MAEs in Table 4.6. It is seen that the AR(3)LI
model for W produced a RMSE of 1.48 and a MAE of 1.24, values much
smaller than those associated with forecasts from an AR(3) model, 2.74
and 2.24, respectively. The forecasts from these two models for Wi de-
noted by W (1) for the AR(3) forecasts and W (2) for the AR(3)LI model
forecasts were used to generate one-year-ahead forecasts from (2. 15X\f9r
individual countries' output growth rates, 1974-84 using the y-forecast
with a very large value of y. Also, for comparative purposes, a "perfect
foresight" model, one in which it is assumed that W is known exactly was
employed to generate forecasts with results given in the first column of
Table 4.7. With Wy
median RMSE of the annual forecasts for the 18 countries, 1974-84, is
1.82, a value much lower than those reported in Table 4.3 and for the
AR(3)LI model without the W, variable, 2.14, shown in the last column of

Table 4.7. In column 2 of Table 4.7 are shown the forecast RMSEs when

's value assumed known in each forecast period, the

W, was forecasted using an AR(3) model. Since the AR(3) forecasts of We

are not very good--see Table 4.6 the forecasts of country output growth

rates based on them are not in general as good as those based on known




Table 4.6

RMSEs and MAEs of One-Year-Ahead Forecasts of the Medians of
18 Countries' Output Growth Rates, 1974-842

RMSE ' MAE

(Percentage points)
AR(3) 2.74 2.24

AR(3)LIP ' 1.48 1.24

a. The initial estimation period is 1954-73, 20 years. Estimates
are updated year by year in the forecast period.

b. With W, = median output growth rate in year t, the AR(3)LI

model is We = Tg + TyW g + oW 5 + “3wt—3 + MR g * TgZp_q * €y
where, for year t, x_ = median of countries' growth rates of real stock
prices and z_ = median of countries' growth rates of real money. This

equation was ‘employed to generate one year ahead least squares forecasts
for each year, 1974-84.

values of the Wy variable. When the AR(3)LI model in (2.16) was used to
produce forecasts of w

denoted by &t(Z) and these were used to forecast

’
individual countries' gutput growth rates, the results, as shown in column
3 of Table 4.7, were much better. The median RMSE associated with these
forecasts is 1.90, not far different from the "perfect foresight" median
RMSE of 1.82. Also when ﬁt(2) was employed, 16 of 18 countries' RMSEs
were reduced relative to the RMSEs for the AR(3)LI model without the
world growth variable, shown in column 4 of Table 4.7. Further, the
median RMSE of 1.90, associated with the AR(3)LI-world-growth-rate model
is smaller than all of those shown in Table 4,3.

B.3 Comparisons With OECD Forecast RMSEs
Smyth (1983) has presented a description of the forecasting pro-

cedures employed by the Organization for Economic Cooperation and Devel-
opment (OECD) to produce annual forecasts of seven countries' annual

rates of growth of output, 1968-79. The OECD forecasts are derived from




Table 4.7
RMSEsS of One-Year-Ahead Forecasts of Annual Real Output Growth Rates
Employing an AR(3)LI Model Including the World Growth Rate, 1974-842

Models

Country AR(3)LI AR(3)LI AR(3)LI AR(3)LI

with wtb with ﬁtﬁ)c with &t(Z)d without wte

(Percentage points)

.80 1.79 1.96
.74 2.04 2.26
.90 1.36 1.66
.39 1.35 2.00
.57 2.54 2.14
.08 1.82 2.45
.52 2.27 2.53
.67 2.21 2.39
.95 2.36 2.79
.39 1.96 2.01
.06 1.57 1.77
.81 2.15 2.39
.13 1.83 2.01
.30 2.58 2.40
.79 1.45 1.68
.03 1.22 1.65
.58 1.70 2.01
AT 2.42 2.7

Belgium 1.54
Denmark 1.77
France 1.03
Germany 0.90
Ireland 2.82
Italy 1.57
Netherlands 1.86
U.K. 1.87
u.s. 2.56
Australia 2.24
Austria 1.23
Canada 2.27
Finland 2.14
Japan 2.85
Norway 1.66
Spain 1.12
Sweden® 1.62
Switzerland 2.20

W NN D = D NN D D DD DN W = D= NN

Median RMSE 1.82 2.46 1.90 2.14
Range 0.90-2.85 1.57-3.17 1.22-2.58 1.65-2.71

a. The model employed is shown in (2.15) and estimated under the
assumption that coefficients are the same for all countries.

b. The value of w,, the median output growth rate or world growth
rate is assumed known in tﬁe forecast period, a "perfect foresight" assump-

tion.
c. w. (1) is a forecast of w_ from an AR(3) model for w,_--see

Table 4.6. ° t t

d. w,(2) is a forecast of Wy from the AR(3)LI model described in
footnote b of Table 4.6.

e. Least squares forecasts using AR(3)LI model in (2.1).

f. Based on 10 forecasts, 1974-83.




elaborate country econometric models and are subjected to Jjudgmental
adjustments by individuals not associated with the modeling process, that
is by individuals from the OECD's various country desks--see Smyth (1983,
p. 37). Earlier in Garcia-Ferrer et al. (1987, p. 61ff.) comparisons of
RMSEs of OECD forecasts for five countries with those provided by AR(3)LI
models were presented and discussed. In Table 4.8, OECD RMSEs of fore- '
cast for seven countries, 1968-79 are presented along with forecast RMSEs
for the same countries, 1974-84, computed in the present study. While
the forecast periods, 1968-79 and 1974-84 are somewhat different and
different methodologies were employed, it is still of interest to con-
sider the relative forecasting performance of OECD and our forecasts.
From Table 4.8, it is seen that the OECD forecast RMSEs have a
median of 2.12 percentage points with a range of 1.45-4.40. The OECD's
RMSE for Japan, 4.40 is quite large. The median RMSEs in our study range
from 2.52 for least squares forecasts from our AR(3)LI model in (2.1) to
2.15 for the forecasts obtained from our "AR(3)LI world income" model in
(2.15) using a forecasted value of W from (2.16) and a y-forecast with

7:106. The range of the forecast RMSEs in this latter case is 1.35-2.58.
The RMSEs in line 3 of Table 4.8 are smaller than the corresponding OECD

RMSEs in five of seven cases. Large reductions were encountered for Ger-

many, Italy and Japan while smaller reductions appeared for France and
the U.K. In the cases of the U.S. and Canada, the OECD RMSEs were small-
er, much smaller for the U.S.. These comparisons, however, must be qual-
ified since the forecast period and data used by OECD are different from
those employed in this study.

5. Summary and Concluding Remarks

We have presented the results of forecasting experiments for nine
countries' annual output growth rates for the periods 1974-81 and 1974-84
and similar results for an additional sample of nine countries for the
period 1974-84. In general, the forecasting experiments revealed that
methods and models employed earlier in Garcia-Ferrer et al. (1987) worked
reasonably well when applied to an extended sample of data and countries.
The shrinkage forecasting procedures produced larger reductions in RMSEs

of forecast for the nine additional countries than for the original sam-




Table 4.8
Comparison With OECD Forecast RMSEs

Forecasts Canada France Germany Italy Japan U.K. U.S. Range

(Percentage points)
1. OECD, 1968-79 . 1.45 2.12 2.86 4.40 2.26 1.38 . 1.38-4.40
2. AR(3)LI, 1974-84
a. Least squares 2.52 2.28 3.40 3.33 2.32 2.14 2.14-3.68
b. y-forecasts® 1.66 2.00 2.45 2.40 2.39 2.79 1.66-2.79
c. n-forecastsb 2.07 1.94 2.73 2.51 2.63 2.03 1.94-2.92

3. AR(3)LI with 1.36  1.35 1.82 2.58 2.21 2.36 1.35-2.58

forecasted wt,
1974-84¢

a. y=106 in model for 18 countries.
b. n=.5 in model for 18 countries.
C. Wy the world output growth rate was forecasted from (2.16) and used in

(2.15) to produce y-forecasts for 18 countries with y=106.

ple of nine countries. The AR(3)LI model, incorporating a world income

growth rate variable, forecasted the best and provided forecast RMSEs
that compared favorably with the RMSEs of OECD forecasts for a sub-sample
of seven countries that were produced using complex country models and
Jjudgmental adjustments.

In future work, we shall extend our forecasting experiments to
include forecasts derived from time-varying parameter Bayesian state-
space models--see Garcia-Ferrer et al. (1987) and Highfield (1986) for
macroeconomic forecasting results obtained with such models. In addi-
tion, as stated in Section 1, macroeconomic structural equation systems
are under consideration that have reduced form equations for the rate of
growth of output that are similar in form to the forecasting equations
used in our present and past work. These structural macroeconomic equa-
tion systems also yield reduced form equations for several additional
variables that will be appraised in future forecasting experiments. With
several forecasting .equations per country, there will be an opportunity
to experiment with a broader range of shrinkage forecasting techniques.




Hopefully, this work will yield a set of forecasting equations for each
country that yield reasonably good forecasts for a broad sample of coun-
tries and for a temporally expanded data set. Further, disaggregation
Wwill be studied by modeling components of GNP as fractions or log-frac-
tions of relevant aggregates. In this way, we hope to "iterate in" to
satisfactory structural models for countries in the structural economet-
ric modeling, time series analysis (SEMTSA) approach put forward in our
past work--see Zellner and Palm (1974, 1975), Palm (1983) and Zellner
(1979, 1984, 1986b). ’
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