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ABSTRACT: The choice of an appropriate aggregation level is studied in
forecasting models for construction activity in Finland. The models use
past construction starts to forecast the volume of building construc-
tion. In a distributed lag from starts to volume the lag weights can be
calculated, based on the way the volume index is calculated. As an
alternative, the weights are estimated in a transfer function model.
Also ARIMA models are estimated for the volume of construction. The
results show that forecasting aggregate volume directly or combining
the forecasts for the two main subgroups, housing and non-housing
construction, gives good forecast performance. There is in most cases
no gain from further disaggregation of non-housing construction to nine
subgroups.

KEY WORDS: Distributed lags, ARIMA models, transfer functions,
aggregation bias, volume index of construction, construction

starts.



1. Introduction

The value of construction at a given period of time originates from
construction projects started during the the same period and in past
periods. Therefore a forecasting model of construction activity could
be based on two submodels: a distributed lag from starts to volume of
construction and a forecasting model for started construction. This
paper reports on aggregated and disaggregated distributed lag fore-
casting models of construction activity in Finland. Forecasting starts

is not discussed in the paper.

The volume index of construction and information on starts are
published in Finland for 10 groups (types) of buildings. Our main
interest is, however, in forecasting the volume of total building
construction. Also of interest are the largest group, construction of
housing (group 0), and the aggregate of the other groups, construction
of other buildings (groups 1-9). One has to decide whether to forecast
the aggregate index directly or to form disaggregate forecasts for the
subgroups which are then aggregated. The traditional argument is that
there is loss of information in aggregation. In the present case, there
is reason to beljeve that the subgroup lag patterns contain information
that is lost if only an aggregate lag pattern is determined. On the
other hand, there is some tradeoff between aggregation and disaggrega-
tion since some of the subgroup volume indexes have very wide
variations, which seem difficult to forecast. The aggregate index is,

in contrast, much smoother and therefore perhaps easier to forecast.

For the subgroups it has been possible to use information on average

construction times and costs to calculate the lag weights. This has



improved forecasts for the individual groups. For the aggregate series
it is possible to calculate a lag structure which is consistently
aggregated from the subgroup lags. An alternative approach is to obtain
the aggregate forecast from the subgroup forecasts without having to

determine the aggregate distributed lag.

In the next section of this paper the calculation of the lag weights
and a consistent aggregate lag are explained. In Section 3 the final
forecasting models are described and in Section 4 the forecasting

performance is studied. Section 5 concludes the paper.

2. Calculation of the lag weights

2.1. Disaggregate lag weights

Information on average constrution times and costs of different types
of buildings are used in the calculation of the lag weights. In
practice the lengths and costs of projects vary within the groups of
buildings. If data on individual projects were available, distributed
lags for different projects and the size distribution of the projects
could be used for determining the groupwise distributed lags (see
Merkies and Bikker (1981) and Trivedi (1985)). In the terminology of
Trivedi, the lag distribution is a kernel and the size distribution a
compounder. Since the necessary data is not available and the published
volume indexes are in any case based on the average times and costs,
this aggregation issue is not discussed here. Instead, the paper

concentrates on aggregation of the group distributed lags.

Assume that a total of s1m cubic meters of construction is started

in group i1 during month m. In the average, these projects last a total



of m, months. The real value (volume) accrued from the projects

during the total construction time is

m.
3

Qm= 2
j=0

pijsim
where pij is the average real price per cubic meter of buildings in
group i1 in the stage of construction that is under way when
j(j=0,...,m1) months have passed from the start of construction. The
data on pij and m, can be used for determining the distributed 1lag
from starts to volume in a certain period. van Alphen and Bikker
(1976) have used a related method for calculating a distributed lag

for the value of housing construction in the Netherlands.

We have information on the costs per cubic meter of different phases
of construction and on the average lengths of these phases in months
(see Tahvanainen and Lindqvist (1983)). Assume that within a phase,
each month has the same share of the cost of the phase. This gives the
monthly prices pij’ It is further assumed that no volume accrues at

the start of the project so that p,

i0 = 0

The next step is to determine how the volume accrued during a month
depends on construction started in past months. During month m the

real value of construction in group i1 is

my

Bm = 2 Pig¥i,my (2)
J=1

Hence at the monthly level the distributed lag weights are simply the

monthly real construction costs per cubic meter.



The monthly weights still have to be converted to quarterly weights,
since the data on the volume and starts are published only quarterly.
It is known how many cubic meters of construction are started during a
quarter, but not how the starts are distributed within the quarter. If
it 1s assume that starts are evenly distributed, the probability of
starts Sit (we use upper case letters to denote quarterly figures)

to have taken place during any single month of the quarter is %.

The expected volume accrued in quarter t from projects started during

the same quarter is, remembering that Pig = o0,

1 ] ]
[5(Pi0 * Pag * Pyp) * 3(Pag * Pyy) * 3 PyglSyy
1 _
= 3{2P47 * Py)SipE WioSit

Similarly, during quarter t projects started at t-1 produce expected

voTlume
[L(Pyg * Pyg * Pyg) * 3(Pyp + Pyg + Pyg) *+ HPyy + Py + 043018, 4
= 5(Piy ¥ 2Py ¥ 30yg + By yE)Sy g g E WSy g
In general form the lag weights are:
W, = l(2p + Pi,)
i0 3 11 i2

1 .
Wig = 3Py 332 * 2Py 3501 F 3Py a5 T 2Py a5 Py age) e 35T (3)

In the tail of the lag distribution the weights decline because we can

assume that p . =0 (k = -2,-1,0,1,2) when 3j+k > m., i.e. no
1,3j+k i



volume accrues after the end of the average construction time. The
weight w1j is zero when 3j-2 > m, or jo> (mi+2)/3. The total lag

length in quarters, Ti’ is the smallest integer value of j for which
this inequality holds, minus one. For example, if average construction
time is 10 months, volume accrues from construction started in the five
quarters t,t-],...,%;4 and the lag length is four quarters. The sum of
the lag weights 1sjE; wii 3Ez pij’ i.e. the total construction cost

per cubic meter for a typical project in group i. The volume of construc-

tion in quarter t can be expressed as a distributed lag

T

Qg = = Wi3S4,¢y (4)
which can be used for forecasting future values of Qi when relevant

forecasts of S1 are given.

In most subgroups the volume index is actually based on a slightly
more detailed disaggregation to different types of buildings and a few
size classes for each type. The volume index and amount of starts are
published only for the 10 subgroups. Hence in forecasting it is not
possible to use more disaggregated distributed lags. After calculating

the weights w,, for all size and type classes within each group,

1]
these weights in each group were aggregated using the shares of the

subclasses in completed buildings (in ma) in 1982-84.

2.2. Aggregate lag weights

To forecast the total volume of construction activity, it would be

desirable to derive a distributed lag from total starts to total



volume. In this way only the forecast of total starts would be needed
when total volume is forecasted. However, this would ignore variations
in the lag patterns between the subgroups. Therefore it is better to
start from a consistent aggregate of the subgroup distributed lags.
This gives an idea of the probable size of error caused when the

intergroup variation is ignored.

Since the group volumes are measured by real value, they can be added

to obtain the total volume

9 9 T

Op = 2 Qup = 2 2WyS; 4 4 (5)
i=0 i=0j=0
As discussed above, after j > Ti’ we can set the weights w1j equal
to zero. Therefore T = max(Ti) is used as the common lag length for

all groups. This allows the total volume to be written as

T 9
Q, = % Iw,.S
1371, t-
j=11=0 ) :
T -—
=102 WSy 4 + 10 Covy(wyy,Sy 4 4) (6)
3=l
VIR S 2] =] -W -
where Wy =35 i Wiy St—j ol i Si,t-j and Covj o ?i(wﬁj wj)(sﬁ,t_j St—j)'

This kind of decompositions are sometimes used in aggregation theory (see
Vartia (1979), van Daal and Merkies (1984)). The first term can be
written in the form ?szt—j’ where St—j = Zsi,t-j 1s total

starts in period t-j. This gives a distributed lag from total starts to
total volume, where lag weights are averages of the group lag weights.

The second term measures the error caused by omission of between group



varjations. This term would tend to be large when there are always
largest amounts of starts in groups where construction costs are
highest. There seems to be no reason for this to be always true so

that the error from using only the first term may in practice be small.

A second way of decomposing the aggregate volume 1is

9
TX wis
=0

L
o+
1]

3t T C°V1(w1j’51,t-j) (7)

= =1 S - =1 W -
where W, = i i wij’ S,l N ; . and Cov1 = T'F%(wij wi)(si,t-j 51)'
J 1)

The first term can be written as % wﬁsi, where W, = X w1j is the sum of
i h|

the lag weights. This is an approximate intertemporal aggregate of the
distributed lag, whereas above there was an approximate contemporaneous
aggregate. The average of past starts in a group is weighted by the
total cost per cubic meter of a typical project in that group. The
covariance term now measures the impact of intertemporal variations. In
practice using the first term of (7) as an approximation of the lag is
not useful, since starts for all 10 groups would still have to be

forecasted.

There are several alternative ways of forecasting the aggregate volume.
First, the individual group forecasts can be aggregated. If the lag
patterns derived above are used as such in forecasting, this yields the
same result as when the consistent aggregate lag (5) is used. Second,
the lag can be approximated by the first term in (6). Third, one could
try to estimate directly a distributed lag from total starts to total

volume withouqg using the weights w.



2.3. On the adequacy of the calculated weights

In principle it would be possible to use the calculated lag weights
directly to forecast the volume of construction. The only necessary
adjustment in this case would be to scale the forecasts in each group
by average quarterly volume in 1980 in that group. In this way the
forecasts are in index form with base year 1980. The group forecasts
could then be aggregated using 1980 volume shares as weights. For

various reasons this procedure proved out not to be quite satisfactory.

The fitted volume from a distributed lag deviates from the volume
calculated by Central Statistical Office for various reasons. First,
actual construction times of different projects deviate from the
historical group averages. If projects progress consistently faster
than on slower than these averages, the actual lag profile differs
from the one used here. Differing total construction times have an
impact on the tail of the distributed lag; actual lags may be shorter
or longer than the average ones. It would be possible to study the
distributed lag from starts to completitions to see how the actual lag

lengths vary (cf. Borooah (1979)).

Second, the shares of the size classes within a group may vary. For
example, shifts towards classes with longer construction times or

higher costs would change the actual lag.

Third, the distribution of starts within the quarters may not be
uniform. If the actual distribution is concentrated mostly to the
beginning (end) of a quarter, the actual Tag in quarters is shorter

(longer) than the one used here.



Fourth, there may be systematic (seasonal, cyclical or trendlike)
changes in the ratio of the volume and the fit from a distributed lag.
Seasonality in the ratio may arise from buildings of different sizes
being started systematically at different times of the year, or from
concentration of starts to certain months e.g. because of holidays.
Seasonality was found also by van Alphen and Merkies (1976) in a
distributed lag model of the Dutch housing construction. Cyclical
variations can be caused by adjustment of construction times to
economic conditions. For example, an increase in industrial output may
hasten the construction of industrial buildings so that the total
construction time is shorter than average and also the lag profile
changes. This kind of effects were found in van Alphen and Merkies
(1976) and Borooah (1979) in models of housing construction. Trendlike
changes in the ratio may result from technical progress which

systematically shortens construction times.

Fifth, there are breaks in the available statistics. It was possible
to derive time serijes of starts and volume for 1975-85. However,
breaks in the way the Central Statistical Office has calculated the
basic data may have changed the relationships of the volume series and

the fits from the distributed lags.

The above deficiencies in the calculated lag weights show up as an
error term in the models. If the error is completely random, it may
not matter in forecasting. However, it is 1ikely that in some cases
the error is systematically different from zero and autocorrelated.

Therefore 1t has to be taken into account in the forecasting models.

In some groups the lag weights were changed. The volume index was

regressed on the fitted distributed lag and some additional lagged



10

starts. It turned out that in a few cases the lags should be longer
than the average construction times had indicated and that more weight
should be given to the fail of the lag. This seems to reflect delays
in construction, which show up as a peak at the end of the Tlag
profile. The lag weights were corrected in 5 of the 10 groups so that

the sum of the weights in each group was kept unchanged.

Seasonality in the lags was taken into account by taking four-quarter
differences of the indexes and the fitted lags in the final fore-
casting models. In the cases where a visual inspection showed that the
fit/volume-ratio had changed when there were breaks in the statistics,
the estimation period of the forecasting models was shortened. To take
into account other changes in the fit/volume-ratio, an error correction
term was added into the forecasting models. Finally, also inclusion of
business cycle variables was tried, but they did not improve the fits

of the models.

34 Forecasting models

Denote the final, corrected, lag weights by w:j. The corresponding fit

* %
of the distributed lag is Qit = TW;.S The volume index we want
' J

1j71,t-3°
to forecast is 1IQ = 100.Q,,/0Q.,, Where Q, is the average quarterly
it it" 7180 180

volume of group 1 in 1980. The estimated models were in the form
4 2%Qr, + b((Qr L /I 8
A105y = af 0y + DOCQy ¢ 07105 ¢ o) = Z¢) + Yy (8)

*
where Zy is the "target" value of the ratio 01/101. It is defined as the
*
ratio of the 8-quarter moving averages of lagged values of Q1 and 101,

*
centered at t-4. The Qﬁ/Ioi—ratio adjusts in this model to past values
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of the ratio. The correction term helps to smooth seasonality and errors
caused by varying construction times etc. It also accounts for trend-

1ike changes in the Q:/IQi—ratio.

This kind of models were estimated with OLS for all 10 subgroups and
for the aggregates total building construction and other than housing
construction. For the aggregates the model was estimated both using
the consistently aggregated distributed lag (5) and the approximation

that ignores the covariance term in (6).

As a comparison to the models with a priori determined lag weights,
also transfer function models were estimated. In them the lag weights

are freely determined. These models have the general form
acwatio,, = BLats,, + c(L)e (9)
it~ it o

where L is a lag operator, A(L), B(L) and C(L) are lag polynomials and
ey is an error term. The orders of the polynomials were identified
using cross correlations of the differenced volume indexes and starts,
and using the corner method (see Liu and Hanssens (1982)). The final
models were estimated with Maximum Likelihood method. Since in most
subgroups the estimated lag patterns were not reasonable, only the
transfer function models for total building construction, housing
construction and construction of other buildings were used. Best fore-
casting results were obtained when these models did not include

contemporaneous starts (i.e. lag 0).

Also ARIMA models were estimated for all 10 subgroups, non-housing

construction and total construction. These have the form

A(L)A4101t = C(L)ey (10)
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so that the forecasts are based only on past values of the volume
indexes. The models were identified using the autocorrelation, partial
autocorrelation and extended autocorrelation functions of the volume
indexes (see Liu and Hudak (1983)). The identified models were
estimated using Maximum Likelihood. In both transfer function and

ARIMA models also the out-of-sample forecasting performance was used

as a model choice criterion. This helped in rejecting overparameterized
models which had a good fit in the estimation period but did not fore-

cast well.

The transfer function and ARIMA models are used here mainly to compare
them with the models with calculated lag weights. However, it is also
interesting to study the choice between aggregate and disaggregate
forecasting in these models. Theoretically, it can be shown that
aggregating disaggregate ARIMA forecasts leads to a smaller mean

squared error than forecasting an aggregate time series directly.

It would also be justified to forecast the disaggregate models as a
vector ARMA system, where the contemporaneous correlation of the errors
is taken into account (see Liitkepohl (1984a)). However, in practice
when the parameters and the orders of the lag polynomials are unknown,
disaggregation or system estimation do not necessarily improve fore-
casting performance (see Liitkepohl (1984b)). Also the identification
and estimation of a 10-equation vector ARMA model would be a difficult

task. Therefore the models have been estimated separately.

In a1l models the estimation period was 1975.1-1983.4. The actual
number of observations in the estimations varied depending on the

length of the lags used. The period 1984.1-1985.4 was left for



13

out-of-sample forecasting comparisons. Details on the estimated models

are given in ITmakunnas and Lassila (1987).

4, Forecasting comparisons

No attempts were made to discriminate between aggregation and dis-
aggregation in the estimation period using e.qg. tests suggested by
Pesaran, Pierse and Kumar (1986). Instead the choice of the fore-
casting model and the level of aggregation is based on the out of

sample forecasting performance of the models.

Three aggregation levels were compared. Total building construction
can be forecasted directly, forecasts for housing and non-housing can

be aggregated, or forecasts for all 10 subgroups can be aggregated.

Volume shares in 1980 were used as weights when disaggregated fore-
casts of volume indexes were aggregated. Since in some subgroups the
forecasts were quite poor it might actually be possible to change the
weights so that groups with better forecasts had more weight. Some

alternatives are studied in ITmakunnas (1986).

Tables 1 and 2 present the forecasting results. Four criteria were used
in the comparisons, root mean squared error (RMSE), mean error (ME),

mean absolute error (MAE) and mean absolute percentage error (MAPE).

Since the models require as inputs forecasts of starts, two types of
forecasts were made. In the first type, it is assumed that the forecast

period starts can be perfectly forecasted. This is denoted as forecast
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horizon 0 in Table 1. In the second type, it is assumed that a "no
change" forecast of starts is used. In this case in forecast horizon

1, one period ahead forecasts are made, forecasting A4Si,t+1 to be
zero. In forecast horizon 2, two period ahead forecasts are made, using
forecasts A451’t+]=0 and A4Sﬁ,t+2=0' Given these naive forecasts of
starts the forecasting performance of the models rapidly deteriorates
when the forecast horizon is lenghtened. However, the results for fore-
cast horizon 0 can be used as a comparison to see what can be gained
from improving the forecasts of starts. In Ilmakunnas and Lassila
(1987) some forecasting models for construction starts are estimated,

but in general they do not perform very well.

Since the transfer function models do not include current period starts
as explanatory variables, results for forecast horizons 0 and 1 are the
same. In forecast horizon 2 it was again assumed that Si,t+1=0' The

ARIMA models are based on only the past volumes so that the starts need

not be forecasted.

According to Table 1, there is not much difference between the volume
forecasts when starts are perfectly forecasted or the forecast horizon

is short. With a forecast horizon of 2 quarters, aggregation of the fore-
casts for the two main groups, housing and non-housing construction,

and aggregation of all the 10 subgroup forecasts give the best results.

When the total volume of construction is directly forecasted, there is
not much difference between using the consistent aggregate lag or an
approximate lag structure. This shows that the covariance term in (6)
is probably small enough so that it can be left out without worsening

the forecasting performance of the model. For forecast horizon 2 the
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approximate lag is slightly better which probably reflects the effect
of having to forecast starts for all the subgroups when the consistent

aggregated lag is used.

When forecasts for housing and non-housing construction are aggregated,
there 1s again not much difference between using the consistent lag

structure or the approximate lag for non-housing construction. However,
if the forecast horizon is 2 periods the approximate lag gives smaller

forecast errors. Again this reflects poor forecasts of starts.

Table 2 gives the forecast results for the transfer function and ARIMA
models. The aggregate transfer function models gives slightly better
results than the distributed lag models for total construction. Hence
free estimation of the weights gives better forecasts than the
calculated weights. The lag patterns are clearly different, since the
transfer function model that was used in obtaining the results includes
only starts lagged one and two periods. When the forecast horizon is

2, the transfer function is clearly better than the other models. This
may partly be due to the fact that current period starts are not

included in the transfer function models.

Combination of the transfer function forecasts for housing and non-
housing gives worse results than using the aggregate transfer function

forecasts.

Finally, in the ARIMA models the combination of forecasts for housing
and non-housing construction is best and the aggregate ARIMA model
worst in terms of forecast errors for both forecast horizons. This

gives some support to the theoretical resuits mentioned above, although
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the optimal level of disaggregation is in this case between the
aggregate and completely disaggregate specifications. The forecast
performance of the ARIMA models is in general fairly similar to that

of the transfer function and distributed lag models.

5. Conclusions

Alternative forecasting models for construction activity in Finland
have been formulated and compared at different levels of aggregation.
The optimal level of aggregation varies from one model to another. For
distributed lag models in which the weights are based on a priori
information on the way the volume index of construction is calculated,
disaggregate forecasting is preferable only for long forecast horizon.
In transfer function models the aggregate model has the best forecast
performance. In ARIMA models aggregation of disaggregate forecasts is

s1ightly preferable to aggregate forecasting.

In all, the results show that when the goal is to forecast the
aggregate volume of construction, good results may be obtained with
fairly simple, even ARIMA, models, and there is not much loss in using
aggregate models for forecasting. When the goal is to obtain forecasts
for the individual subgroups of construction, the models with
calculated lag weights improved forecasting performance in some cases
considerably compared to ARIMA forecasts. Detailed results are

presented in ITmakunnas and Lassila (1987).

However, combination of good subgroup forecasts does not necessarily

give good forecasts of total construction, since the subgroup fore-
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cast errors may not outweigh each other in the average. Also, the
aggregate series has relatively less quarter to quarter variation and
its changes are therefore more predictable than the disaggregate
series. The performance of the combination of disaggregate forecasts
may be improved by taking into account the correlations between the
error terms of the groups. The good results obtained by combining
forecasts of the two main groups, housing and non-housing, may also
reflect the fact that when one subgroup (housing) is large compared to
the other groups and therefore dominates the movements of the
aggregate, there is 1ittle gain from further disaggregation of the

residual group.
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Table 1
Distributed lag models
Forecast horizon
0 1 2
Forecast of total construction
using consistent aggregated lag
RMSE 2.88 2.80 7.56
ME .36 .13 -1.49
MAPE 2.38 2.60 6.72
MAE 2.39 2.64 6.73
Forecast of total construction
using approximate lag
RMSE 2.72 2.89 7.13
ME -.24 -.36 -1.25
MAPE 2.31 2.56 6.14
MAE 2.29 2.53 6.26
Aggregation of forecasts for
housing and non-housing; consistent
aggregated lag for non-housing
RMSE 2.61 2.68 5.84
ME -.26 -.32 -.69
MAPE 2.21 2.38 5.42
MAE 2.31 2.42 5.60
Aggregation of forecasts for
housing and non-housing; approximate
lag for non-housing
RMSE 2.96 2.95 3.67
ME .02 -.01 -1.21
MAPE 2.45 2.45 3.30
MAE 2.55 2.54 3.29
Aggregation of forecasts
for 10 subgroups
RMSE 3.08 3.10 3.82
ME -.4 -.46 -1.85
MAPE 2.31 2.36 2.86
MAE 2.45 2.47 2.97



Transfer function models

Forecast of total construction

Aggregation of forecasts for
housing and non-housing

ARIMA models

Forecast of total construction

Aggregation of forecasts
for housing and non-housing

Aggregation of forecasts
for 10 subgroups
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Table 2

Forecast horizon
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