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ESTIMATING DYNAKIC RESPONSE MODELS WHEN THE DATA ARE SUBJECT TO

DIFFERENT TEMPORAL AGGREGATION

ABSTRACT

In estimating response models using secondary data, it
can happen that the observations on the variables are subject
to different temporal aggregation. Estimating a dynamic model
with this type of data is not straightforward, particularly
when (a) estimates with good statistical properties are
desired, and (b) full use of all information in the data is
needed. This paper provides an overview and discussion of the
various approaches to the estimation problem when independent
variables are observed less frequently than the dependent
variable. An investigation of the subset of practical
approaches in a numerical framework suggests that one-step
estimation procedures which simultaneously estimate the
parameters and the missing disaggregated data points should be
preferred.
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I. INTRODUCTION

In estimating time-series models, researchers often must rely 	 on

observations made available for given and equal time intervals. The

researcher generally has little control over the length of these intervals and

consequently is faced with matching the data to the theoretically specified

model. When the observations on the variables specified in a model are

subject to different temporal aggregation, it is not immediately evident how

the model should be estimated. The purpose of this paper is to review various

approaches	 to the problem and to illustrate numerically the relative

performance of a number of estimators in a finite sample framework.

The estimation problem is investigated in a specific framework. The

analytic results reported are based on a partial adjustment model (PAM)

specification which has been used extensively in sales response modeling (see,

e.g., Clarke 1976, Vanhonacker 1983),and which finds its theoretical origin in

the adaptive expectations literature (Nerlove 1956, 1958, Cagan 1956). 	 The

PAM of interest can be expressed as

y .	 yy .	 + 6x . + u
t,i	 t,i	 t,i

where y t,i denotes the dependent variable in time period t,	 xt,i denotes an

independent predictor for time period t, i, and u t,i denotes the disturbance

term in time period t, Double subscripts on the variables identify a

temporally aggregated observation period t (e.g., quarter, year, etc.) and a

temporally disaggregated period i (e.g., week, month, etc.). For example, the

subscript t, i could refer to month i in year t.

Relative to other dynamic models, PAM has a simple error structure which

enhances analytic tractability. Specifically, the disturbances

	

	 model
t,i

(1)	 are	 independent.	 In contrant, most dynamic models derived from

distributed lag models (e.g., Koyck models) have correlated disturbances

which,	 in	 combination with lagged dependent variables, give rise to

challenging estimation tasks (for a discussion, see e.g., Johnston 1972,

(1)
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p.307).	 Independent disturbances make analytic work with PAM relatively

straightforward.

In order to keep the analytic discussion concise and insightful, only a

single non-stochastic independent variable is specified in (1). The results

obtained for this simple model are directly applicable to models with multiple

independent variables as long as the multiple independent variables are

orthogonal to one another. The numerical results will provide some insights

into the case of multiple, correlated independent variables. Furthermore, the

investigation is confined to independent flow variables (e,g., advertising).

When stock variables (e.g., price) are specified, the estimation problem

becomes very difficult as complex interpolation techniques may be required

(see, e.g., Friedman 1962).

Specific focus in this manuscript is on instances where the independent

variable is observed less frequently than the dependent variable. In other

words, the data available for estimation of model (1) consists of y t,i and

x	 .E	 x	 for i= 1, 2,	 n and t = 1, 2,	 T.
t	 1=1	 t,i

Given this body of partially aggregated data, how should one estimate the

response model to obtain parameter estimates which (a) have good statistical

properties, and (b) include all information contained in the data? In

answering this question, this study (a) gathers the various approaches to the

estimation problem in one place, (b) reviews, compares, and discusses them,

and (c) tests a subset of the theoretically appealing and more practical ones

in a practically-relevant numerical framework.
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II. APPROACHES TO THE ESTIMATION PROBLEM

1.	 Two-Step Procedures

Two basic avenues exist for solving the estimation problem described

above. One avenue consists of two-step procedures which first modify the data

and then estimate the model parameters. Another avenue consists of one-step

procedures which perform both tasks simultaneously. Figure 1 summarizes the

various options available to a researcher faced with estimating a model when

data are aggregated at varying levels.

Two-step procedures perform two tasks sequentially. In the first step,

the observations on the variables are modified. One set of methods simply

aggregates the observations on the response variable up to the aggregated

level of the independent variable observations. Another set of methods tries

to disaggregate the observations on the independent variable. Both approaches

provide final observations on all variables at a common level of temporal

aggregation (or disaggregation). In the second step, the model is estimated

with an appropriate least squares estimator using the derived data. Some

comments are in order with respect to the properties of the derived estimates.

The traditional (but seldom acknowledged) approach to the estimation

problem of interest has been to aggregate the y ti observations up to the xt

level.	 The process of aggregating observations over Lime creates four major

problems, however, all of which have received attention in the econometrics

literature. Temporal aggregation has been shown to: (a) decrease the

precision of estimation (Zellner and Montmarquette 1971, Farebrother 1979) and

prediction (Amemiya and Wu 1972), (b) decrease the power of traditional

regression statistics (Rowe 1976), (c) confound the causal direction of the

relationships modeled (Liu 1969), and (d) obscure the relationship between the

aggregated model parameters and the parameters of the underlying disaggregated

specification, especially in dynamic structures (Muntilak 1961, Moriguchi 1970,

Clarke 1976, Weinberg and Weiss 1982, Vanhonacker 1983, 1984). Some

approaches have been developed in the sales response modeling literature to

derive disaggregated model parameters from aggregated model estimates (see,

e.g., Bass and Leone 1983, 1986, Weiss,
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Weinberg, and Windal 1983, Kanetkar, Weinberg, and Weiss 1986a, 1986b).

However, these are merely approximations with unknown statistical properties.

Furthermore, since they were not specifically developed for the problem at

hand, they don't make full use of all the available data. These difficulties

together with the general problems of temporal aggregation suggest that this

estimation approach should perhaps be avoided.

The approach of disaggregating the x t observations is consistent with the

current move toward disaggregated modeling and estimation. Two methods exist

for disaggregating time-series on a flow variable. One relies on an

instrumental variable for which disaggregated data are available. The other

derives disaggregated data in accordance with some criterion. 	 Both are

discussed here in some detail.

Instrumental variables have received a lot of attention in the

econometric literature (Johnston 1972, p. 278). They serve as proxies for

variables that are specified in a model. Their selection is governed by a set

of criteria which vary depending on the problem dealt with (Judge, Griffiths,

Hill, and Lee 1980, p. 531). For the estimation problem investigated here,

the instrumental variable should especially be (a) highly correlated with the

independent variable, and (b) observed at the same disaggregated level as the

dependent variable. Accordingly, the distribution pattern of the observations

on the instrument over the disaggregated time periods will be used to break

downtheaggregatedx t series.Inotherwords,ifzdenotes an instrument
t, i

forx,an instrumental variable model can be specified as
t,i

X	 . = (PZ	 +	 .
t,i	 t,1	 t,1

which describes the relationship between the instrument and the variable for

which it serves as proxy.

When the instrument is highly correlated with the original variable, the

derived disaggregated observations on the independent variable will be close

to the actual but unobserved series and accurate model parameters can be

obtained. Specific approaches on how to disaggregate observations with the

use of an instrument are discussed in Chow and Lin (1971, 1976), Dagenais

(2)
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(1973), and Chang and Liu (1951). The best linear unbiased (BLU) prediction

derived by Chow and Lin (1971, 1976) is particularly appealing. Here, the

disaggregated observations are derived as

1
x	 .=.ez	 . +	 (x -	 )
t,1	 t,1	 n	 t	 t

where z
t	E

=., z . .	 Assuming that ail v t,i in (2) are independently and
1=1	 t,1

identically distributed according to a normal distribution, the predictions

are identical to the minimum mean squared error predictions which can be

derived in a likelihood framework. With respect to these predictions, two

observations question the validity and practicality of this approach in the

estimation problem of interest.

First, before the predicted observations can be derived, an estimate of

parameter 4 is needed.	 A least squares estimate can be obtained from

instrumental	 variable (2) using the aggregated data on x t
 and z

t

Accordingly, this aggregated estimate will have the various problems mentioned

above.

Second, the selection of instruments in practice is not 	 without

difficulty.	 The validity of an instrument is hard to assess a priori as the

lack of observations makes it impossible to test for the criterion of high

correlation. Note, however, that a set of dummy variables as instruments

often is sufficient to derive efficient estimates of temporally disaggregated

data (Chow and Lin 1976). The impact of selecting an inaccurate instrument on

the final estimation results will be investigated numerically later. 	 Note,

however, that if proxy z t ,i is not a good instrument for x ., the 4> estimatet,1

could be statistically insignificant which would, according to expression (3),

result in BLU predictions of equal distribution, or x ti	 (xt/n).

An alternative to instrumental variable models is to derive disaggregated

data according to some explicit criterion. Lisman and Sandee (1964) suggest a

simple method for deriving disaggregated time-series as a solution to a system

of equations.	 The criteria they investigate are quite arbitrary, however,

(3)
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and might not always be applicable. Glesjer (1966) extended Lisman and

Sandee's work to a method which sequentially narrows the time interval of the

data. Improved methods were studied by Boot, Feibes, and Lisman (1967) using

minimum squared first difference and second difference criteria. These

methods are computationally intensive. Doran (1974) suggests minimizing mean

squared errors subject to the constraint that the sum of the disaggregated

observations equals the aggregated observations. As his least squares

approach requires the knowledge of variance-covariance matrices in the

unobserved variables, he can only obtain desirable results for stationary

series using some methods popular in time-series analysis. Despite their

theoretical elegance, these approaches seem to be iii suited for the partial

aggregation estimation problem.

In summary, a variety of two-step procedures exist for sequentially

deriving time-series observations and parameter estimates. The latter are all

least squares estimates which do not have the traditional statistical

properties because they are based on stochastic regressors. Accordingly, the

parameter estimates viii have at best desirable asymptotic	 properties

(Johnston 1972, p. 267). 	 On most occasions, however, the estimates are

inconsistent (Palm and Nijman 1984).	 Furthermore, recent theoretical work

indicates that performing both steps simultaneously can lead to greater

efficiency of the parameter estimates (see, e.g., Hsiao 1979). 	 This finding

gives rise to one-step approaches.

2.	 One-Step Procedures

One step procedures are favored over two-step procedures because of

potential increases in efficiency. Two basic approaches exist. First, the

estimation problem can be viewed as a special case of the missing data

problem, and the missing disaggregated data are either integrated out of the

likelihood function or estimated simultaneously with the model parameters.

Second, the missing disaggregated data are approximated by either an

instrumental variable or a prior distribution. Both approaches are discussed

in some detail now with attention to their usefulness in the partial

aggregation estimation problem.
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Estimation with missing observations has received a lot of attention in

the econometrics and statistics literatures (Anderson 1957, Beale and Little

1975, Box, Draper, and Hunter 1970, DeGroot and Goel 1980, Dempster, Laird,

and Rubin 1977, Dunsmuir and Robinson 1981, Gourieroux and Monfort 1981,

Hartley and Hocking 1971, Little and Aubin 1983, Press and Scott 1976, Rubin

1972, 1974, 1976, Stewart and Sorenson 1981, Trawinski and Bargman 1964). Two

basic approaches exist: the full (or complete-data) likelihood approach and

the integrated likelihood approach.

The full likelihood approach consists of maximizing the complete-data

likelihood function with respect to the parameter vector and the disaggregate

x	 for all t and i= 1, 2, ..., n-1 (Aubin 1972, DeGroot and Goel 1980, Press
t,i

and Scott 1976, Box, Draper, and Hunter 1970). In theory, this approach could

be applied to the estimation problem of interest here. 	 However, two

difficulties	 arise.	 First, in the case of estimation with partially

aggregated data the number of parameters increases with the number of

observations which makes the approach impractical. Second, the optimal

statistical properties of maximum likelihood are obtained only when (a) the

number of missing observations tends to zero as the sample size increases, and

(b) the observations are missing at random (Rubin 1976).	 The latter two

conditions	 clearly	 are	 not satisfied here which makes the approach

statistically non-optimal.

In the integrated likelihood approach, the missing disaggregated

observations essentially are integrated out of the complete-data likelihood

function (Dempster, Laird, and Rubin 1977, Rubin 1976, Little and Rubin 1983).

In contrast to the full likelihood, the number of parameters which need to be

estimated is not affected by sample size. 	 However, two caveats remain.

First, the evaluation of multiple integrals poses practical problems. Second,

as was the case with the complete-data likelihood approach, optimal

statistical properties are not obtained as the disaggregated observations on

the independent predictor are not missing at random.

Two alternative approaches which are based on integrated likelihood

functions can be followed which do secure the optimal properties of maximum

likelihood. One approach incorporates an instrumental variable into the

likelihood function as a proxy to the unobserved disaggregated series. This



conditional likelihood approach was introduced by Hsiao (1979). Another

approach would be to define a Bayesian prior on the distribution of the

aggregated predictor and derive posterior model parameter estimates.

The conditional likelihood estimator is consistent and robust in

efficiency (Hsiao 1979). Palm and Nijman (1982) show that in a linear model

without stochastic regressors, Hsiao's estimator is consistent but less

efficient than the joint maximum likelihood estimator of all parameters

simultaneously. However, their numerical results show that the inefficiency

is very small particularly relative to the inefficiency of the least squares

estimators based on temporally aggregated data. Accordingly, the conditional

likelihood estimator has in general good asymptotic properties.

Paim and Nijman (1982) also provide an alternative predictor to (3) for

the disaggregated predictor series. Their predictor uses all related series.

In other words, besides the instrumental variable model (from which (3) is

derived), the model itself is incorporated. This prediction is appealing

theoretically, but it requires temporally aggregated estimates on the model

parameters which can be severely biased and inconsistent. Furthermore,

relative to Hsiao's estimator (as discussed shortly) , the estimator is not

easily extended to cases where n > 2.

Practically, the conditional likelihood approach requires the analytic

evaluation of multiple integrals. Hsiao only solved the case of a static

model with n = 2. For dynamic response model (1), it can be shown that

the estimates which are obtained for the disaggregated predictor series (i.e.,

the xi 	are the minimum mean squared error predictions and equal the BLU
1t

predictions derived by Doran (1974) discussed above. Furthermore, the (P.

estimate is (a) obtained from temporally aggregated observations on the

instrument and the independent variable (i.e., z
t
 and x

t
), and (b) independent

of the other parameter estimates. This result indicates a practical extension

for n > 2. Specifically, for n> 2, 	 could be estimated with the available x
t

data, and minimum mean squared error predictions for the independent variable

could be derived using expression (3). In order to secure full use of the

instrumental variable observations, those independent variable observations

should be predicted for time periods which are twice as long as the time
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periods of the y t,i data.	 In a second step, the conditional likelihood

procedure for n	 2 can be implemented. Note, however, that the suggested

extension is only strictly applicable for n > 2 but n being a multiple of 2,

and that it will result in efficient estimates provided 	 is estimated

efficiently.

Two practical issues corne to mind in relation to the conditional

likelihood approach. The estimation requires the use of numerical

optimization techniques and the selection of an instrument which, as discussed

above, is difficult in practice. These potential difficulties raise the

possibility of approaching integrated likelihood from an Bayesian perspective

using the posterior likelihood.

In the posterior likelihood method, the distribution of the aggregated xt

observations over the disaggregated time periods could be captured in some

prior distribution. Maximizing the posterior likelihood function would

provide estimates for the parameters of the model and of the prior density.

This approach has practical appeal as no instrument needs to be specified.

However, a prior density needs to be selected. In general, specifying a prior

should be easier than selecting an instrument. For example, a non-informative

prior such a uniform distribution (Leamer 1978, p.61) could be used. This

prior is very non-committal, is consistent with the Bayes-Laplace principle of

insufficient reason (Jeffreys 1961), and in essence coincides with the minimum

mean squared error prediction (and, hence, the BLU prediction) when inaccurate

instruments are relied upon. Note, furthermore, that from a Bayesian

perspective, the conditional likelihood method discussed above is a posterior

likelihood approach which uses an instrument as a "dogmatic" prior. Use of

such a prior can affect the statistical properties of the derived estimates

when the instrument is improper (Leamer 1978).

The posterior likelihood method, currently undeveloped, should be a

fruitful avenue for future research as it would retain the optimal properties

of maximum likelihood without having to select and justify particular

instruments. Its practical value would depend on the feasibility of solving

analytically the multiple integrals involved.
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In	 summary,	 when faced with data subject to different temporal

aggregation, a number of alternative methods exist to estimate a dynamic

response model. The various approaches with references and some general

characteristics are summarized in Table 1. As can be observed there and was

discussed at length above, these approaches either have no known statistical

properties or at best have desirable asymptotic properties. In practice,

sample sizes are often limited. Hence, the optimal asymptotic properties are

seldom achieved and the question arises of how well these approaches will

perform when small samples are available. Furthermore, practical difficulties

in identifying a proper instrumental variable often result in the use of

inaccurate proxy variables. Hence, the question arises of how well some of

these approaches will recover the parameters given inaccurate instruments.

These two questions were addressed numerically.

III. SOME NUMERICAL RESULTS

Some of the estimators discussed above have major drawbacks on

theoretical grounds. Others are not yet fully developed or they are limited

in their applicability. Accordingly, only a subset was investigated. For the

two-step procedures, two disaggregated least	 squares	 estimators	 were

incorporated.	 One is based on BLU predictions of the disaggregated predictor

series and the other is based on equally distributed predictor series over the

disaggregated time periods. Of the one-step procedures, the conditional

likelihood estimator and its simple extension were considered. The numerical

framework within which these estimators were evaluated is described in

Appendix 1.

Four general observations characterize the simulation results. First,

the parameter of the lagged dependent variable generally was underestimated

and the parameter of the independent variable was over-estimated. This result

is consistent with empirical findings on the data interval bias (see, e.g.,

Vanhonacker 1983, Weinberg and Weiss 1982). Second, the least squares

estimates derived from equal distribution and BLU predictions are very

similar.	 This is consistent with the discussion above which indicated that
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Table 1

APPROACHES TO ESTIMATING A DYNAMIC RESPONSE MODEL

WHEN DATA ARE SUBJECT TO DIFFERENT TEMPORAL AGGREGATION

ESTIMATION	 SOME REFERENCES	 GENERAL COMMENTS

APPROACH

Two-Step

Procedu res

Instrumental

Variable

Explicit

C r i te r i	 (1964)

Aggregation of

Response Variable

Observations

Disaggregation

of Independent

variable Obser-

vations

Lisman and Sandee

criteria

Boot, Febies and

Lisman (1967)

Doran (1974)

Chow and Lin (1971,

1976)

Dagenais (1973)

Chang and Liu (1951)

- Arbitrary

- Unknown statisti-

cal properties

- Instrumental va-

riable selection

- Unknown statisti-

cal properties

Uncorrected
	

Traditions' Approach	 - Inefficient

Estimates	 - Aggregation hies

- Do net use all

data

Corrected	 Bass and Leone	 - Unknown statis-

Estimates	 (1983, 1986)	 tical properties

Weiss, Weinberg and	 - Do net use all

Mindel (1983)	 data

Kanetkar, Weinberg	 - Non-unique esti-

and Weiss (1986e,	 mates

1986b)

Rubin (1972)	 - Number of parame-

DeGroot and Goel (1980)	 tors incraases

Press and Scott (1976)	 with semple size

Complote-Data	 Box, Draper, and	 - No optimal pro-

Likelihood	 Hunter (1970)	 parties of maxi-

mum likelihood

- Analytically

One-Step	 complex

Procedures

Integrated	 Dempster, Laird and	 - No optimal pro-

Maximum	 Rubin (1977)	 parties of maxi-

Likelihood	 Aubin (1976)	 mum likelihood

- Analytically

complex

Integrated

Likelihood

Conditional

Maximum'

Likelihood

Hsiao (19779)	 - Analytically

Palm and Nijman (1982)	 complex

- Instrumental va-

riable selection

- Consistent but

not most effi-

cient

Posterior	 Currently	 - Prier density

Maximum	 Undeveloped	 selection

Likelihood	 - Analytically

complex
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the use of poor proxies may lead to insignificant estimates of the parameter •

in (2), resulting in BLU predictions which equal a rectangular distribution.

Because of the similarity, only the BLU prediction results will be reported

hereafter. Third, consistent vith intuition, increased temporal aggregation

of the independent variable series relative to the response variable series

translates into less accurate parameter estimates, particularly when the proxy

is poor.	 Finally, the conditional likelihood estimator (CLE) consistently

outperformed the other estimators investigated. For illustrative purposes,

Table 2 contains mean squared error results for the two best performing

estimators, the disaggregated least squares estimator based on BLU predictions

and the conditional likelihood estimator. As can be seen there, in all cells

of the design the conditional likelihood estimator performs very well despite

its reliance on an inaccurate instrument in some instances.

IV. SUNHARY, CONCLUSIONS, AND DIRECTIONS FOR FUTURE RESEARCH

In estimating dynamic models using secondary data, it often happens that

the observations on the variables are subject to different temporal

aggregation. Estimating a model with this type of data is not straightforward

particularly when (a) estimates with good statistical properties are desired,

and (b) full use of all the data is required. This paper provided an overview

and discussion of various approaches currently available to solve the

estimation problem when independent variables are observed less frequently

than the dependent variable.

A distinction Iras made between two-step and one-step procedures. In the

two-step procedures, the data is modified first to arrive at observations with

identical aggregation or disaggregation levels. The model parameters are

estimated in the second step using traditional least squares. In the one-step

procedures, both steps are performed simultaneously.in a likelihood framework.

The theoretical discussion of these approaches revealed that all of them

at best have desirable asymptotic properties.	 Furthermore, the one-step

procedures are known to be more efficient. 	 The numerical results indicate

that estimators which use the temporally disaggregated observations on the



- 16 -

Table 2

a
MEAN SQUARED ERROR RESULTS

Level of Instrumental Residual Semple Size Tn	 60 Semple	 Size Tn	 120

Partial

b

Variable	 Data Variance in

Aggregation Pattern Instrumental

Variable Modal
3

(n) (z	 )
t,i

(0
v

) BLU	 CLE BLU	 CLE

Linearly 125.0 0.0010	 0.0000 0.0008	 0.0000

Increasing 12,500.0 0.0063	 0.0000 0.0049	 0.0000

n = 2

1,250,000.0 0.0092	 0.0000 0.0056	 0.0000

Random 125.0 0.0020	 0.0000 0.0004	 0.0000

Around 12,500.0 0.0073	 0.0000 0.0021	 0.0000

Fixed Mean 1,250,000.0 0.0102	 0.0000 0.0052	 0.0000

Linearly 125.0 0.0013	 0.0000 0.0011	 0.0000

Increasing 12,500.0 0.0501	 0.0001 0.0349	 0.0000

n =	 4

1,250,000.0 0.1188	 0.0010 0.0519	 0.0008

Random 125.0 0.0031	 0.0000 0.0008	 0.0000

Around 12,500.0 0.0195	 0.0001 0.0157	 0.0000

Fixed Mean 1,250,000.0 0.1247	 0.0016 0.0489	 0.0010

Linearly 125.0 0.0018	 0.0000 0.0011	 0.0000

Increasing 12,500.0 0.1037	 0.0001 0.0488	 0.0000

n = 6

1,250,000.0 0.2650	 0.0013 0.1249	 0.0006

Random 125.0 0.0110	 0.0000 0.0023	 0.0000

Around 12,500.0 0.1110	 0.0001 0.0245	 0.0000

Fixed Mean 1,250,000.0 0.2634	 0.0015 0.1210	 0.0011

a	 BLU = Best Linear Unbiased Prediction, CLE = Conditional Likelihood Estimation

b	 Levai of aggregation of response variable relative to the independent variable.
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response variable and an instrumental variable recover the parameter values

much better than those using only the aggregated data or no instrument. In

particular, the conditional likelihood estimator provided accurate parameter

estimates despite high residual variance in its underlying instrument.

Together with their superior asymptotic properties discussed above, this

result indicates that one-step approaches to the partial aggregation

estimation problem should be preferred in practice irrespective of sample size

and even when a valid instrument is hard to obtain.

The favorable results for one-step procedures suggests that a Bayesian

extension where the instrument would be replaced with a prior density could

become a powerful estimator for the problem of interest and future research

efforts should be devoted to the development of such an estimator.
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APPENDIX 1: MONTE CARLO SIMULATION DESIGN

The relative performance of various estimators was evaluated in a Monte

Carlo experimental framework. Observations were generated according to

equations (1) and (2). Response parameters were fixed as follows: the lagged

dependent variable parameter y vas set equal to 0.8, the independent variable

parameter y was set equal to 2.0, and the instrumental variable parameter

was set at 0.9. The random components of the system (i.e., v.	 and u. )
1,t	 1,t

were generated from a multivariate normal distribution using the GGNSM routine

of IMSL (IMSL 1980). The variables manipulated in the design are shown in

Table 1.1.

With respect to the instrumental variable model (2), two variables were

manipulated: the time-series pattern of the observations on the instrument and

the variance parameter of the disturbances. For the observations on the

instrument, two patterns were considered which together capture a wide variety

of possible series. The random distribution around a fixed mean served as a

base pattern. The linearly increasing pattern was considered primarily to

assess the impact of ignoring systematic variation in the independent variable

series (in this case, a trend component). The variance parameter of the

disturbancesvwas varied as a manipulation of (a) instrument accuracy, (b)
t,i

serial correlation in the disturbances of the instrumental variable model, and

(c) multicollinearity if multiple instruments were specified in model (2).

All three elements affect the efficiency of the parameter estimates of model

(2). Ail three effects were captured in a single experimental factor as their

impact on the estimates of y and 6 in (1) is likely to be similar.

Furthermore, it simplifies the experimental design significantly.

The sample sizes for disaggregated observations were set at 60 and 120.

Partial aggregation was considered for n equal to 2, 4, and 6. For each cell

of the design, 50 replications were performed. Accordingly, all results

discussed are mean values for 50 different sets of estimates.
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Table 1-1

VARIABLES MANIPULATED IN MONTE CARLO SIMULATION DESIGN

Variable	 Levels

1. Observations on Instrumental	 - Linearly increasing:

Variable Z . 	Z	 .	 -I- 5.0
t,1	 t, 1-1

- Random around fixed mean:

z.=500.0 +
t,1

N(0,5)
t1

2
2. Variance of Disturbances in 	 - a = 125.0

2	 2
Instrumental Variable Model (a

v
)	 - a

v
 = 12,500.0

2
- a

v 
= 1,250,000.0

3. Number of Disaggregated Dependent 	 - Tn = 120

Variable Observations (Tn)	 - Tn = 60

4. Levels of Partial Aggregation (n)	 - n = 2

- n = 4

- n = 6
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