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I. Introduction
In real life, a cause often produces its effect only after a lapse of 
time, e.g., a fall in the price of wheat cannot affect what acreage, 
nor can it decrease wheat production until the following spring. 
The lapse of time between a cause and its effect is called a lag. 
The lag may be a specific time period, say three months or one 
year. Mostly, the effect of an economic cause is spread over 
several months or even over many years. In such cases we have 
a distributed lag.
Distributed lags arise in theory when any economic cause (e.g. 
a price change or an income change), produces its effect (e.g., 
on the quantity demanded) only after some lag in time so that 
this effect is not felt all at once at a single point of time, but is 
distributed over a period of time. Thus when we say that quantity of 
cigarettes demanded is a function of price of cigarettes taken with 
a distributed lag we mean essentially that the full effect of a change 
in the price of cigarettes is not felt immediately and that only after 
some passage of time does the quantity of cigarettes demanded 
show the full effect of the change in the price of cigarettes. 
If ‘y’ denotes the effect variable, ‘x’ the cause variable and ‘t’ 
the current time point, then a relation between yt and xt, xt-1, xt-2, 
represents a distributed lag model.
A general distributed lag function is of the form: 
Yt = f (xt, xt-1, xt-2, ….)   (1)
Sometimes such a relationship is easy to deal with mathematically 
if number of lagged values of x involved is infinite, but in practice 
coefficients of distant values of x are negligible so this is not an 
important issue.
A linear form of the distributed lag function is easier to deal with 
and is often assumed to be: 
yt  = δ  + α0xt + α1xt-1 + α2xt-2 + ....

= δ  +  
T

0i
Ó
=

 αixt-1     (2)

Where ‘T’ is generally a large number and may be chosen to be 
infinity. Equation (1.2) can also be written as

yt  = 
T

0i
Ó
=

 αixt-1 + δ +  ut    (3)

Where  
T

Di
Ó
=

 c1 = 1

For equation (2) to make sense
T

0i
Ó
=

αi should be finite. 

Distributed lags are useful whenever there is a process of 
gradual adjustment to change. Demand for durable goods is an 
example.
A new and superior type of durable good may not immediately 
replace the entire stock of durable goods of the older and inferior 
design, even if everyone knows about it, because those durable 
goods of earlier inferior design that are still relatively new and 
have a substantial remaining working life, may continue to be 
used for a while until they are more nearly worn out. Also the new 
design may require new operations to produce it, and time may 
be required to get them going at satisfactory cost levels.
In the case of consumption or investment function analysis one 
may relate the current year’s consumption or investment with 

incomes of the current and the preceding years. Suppose the 
equilibrium situation is disturbed due to a finite change in the 
price and that it persists indefinitely, then this results in a new 
equilibrium owing to a change in quantity demanded. This implies 

that the total reaction measured by 
∞

=0i
Ó αi must be finite. It leads 

to the following restriction on the elements of the sequence {αi}:   
0álim ii

=
∞→      (4)

From equation (2), the sequence α0, α1,…. of coefficients is 
bounded and describes the ‘form of the lag distribution’ or the 
‘time shape of the economic reaction’.
If equation (2) represents a consumption function such that yt 
is the aggregate consumption in period t and xt is the aggregate 
income in the same period, then α0 may be interpreted as ‘short 

run marginal propensity to consume’ and 
∞

=0i
Ó αi as the ‘long run 

marginal propensity to consume’.
Thus the effect of a sudden change in the value of x in the current 

period ‘t’ is measured through 
∞

=0i
Ó αi

Most dynamic theories of economics deal with variables which 
belong to different points of time, i.e., there is a time lag among 
some of the variables of such a system. Sometimes the length of 
the lag is known, but in most cases, it is usually unknown and has 
to be determined from observations, just as are the coefficients 
of the equation. So the determination of the length of lags is also 
an important problem of econometric analysis.
Several simple methods of determining the length of the lags 
are known. A frequently used method is to compare by multiple 
correlation, yearly values of the “lagging” series with the values 
of the “leading” series. This method was given by Tinbergen H.E. 
Jones gave a graphic method which consisted in plotting a scatter 
diagram of the lagging series against the leading series. A circular 
arrangement of the points of the scatter diagram indicated the 
existence of a lag and its length can be calculated from the shape of 
the diagram. Alt [2] and a few others who followed him proposed 
for determining the length of the lag. Much less successful work 
has been done with distributed lag equation of the type (2), that 
have a separate parameter for every different lag. Generally we 
have some idea about the coefficients α0, α1, α2, …
More precisely, the sequence α0, α1,…., may be increasing for the 
first few terms but would be continuously decreasing, once the 
maximum has been passed. In many cases, the coefficient α0 is the 
biggest of all as then it is valid to assume that αi < αi-1  i.
We can thus represent αi as a function of ‘1’ involving a smaller 
number of parameters. It is equivalent to assume that the sequence 
of α1 belongs to some particular family. Since the data do not 
generally allow very precise determination of the coefficients, the 
choice of assumption for αi is based on consideration of simplicity 
of their estimation and various assumptions: -
Fisher proposed the assumption that from a certain point onwards, 
the αi’s decrease in arithmetic progression. E.g., α0, and α1 may 
have any values but succeeding coefficients obey the relation:

αi = α2  







−
−

−
1T
2i1  for 2 < i  < T.
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Where ‘1’ can take the maximum value equal to T. Here the 
sequence of coefficients depend upon four parameters α0, α1, α2 
and T.
Koyak gave a scheme according to which the coefficients decrease 
with a geometric progression beyond a certain point, e.g., α0 and 
α1 may have any values and values and succeeding coefficients 
obey the relation:
αi = α2 λ

i-2 for 1 = 2, 3, ..........∞
Where  o < λ < 1
Again these are only four parameters α0, α1, α2 and λ. Shirley made 
Fisher’s proposal more flexible. According to her, if distributed 
lag model is represented by                        

yt = 
1-n

0i
Ó
=

w(i) xt-1 then the values of w(i) are the values at x = 0, 
…., n – 1 of a polynominal w(x) of degree q + 1, q<n, where n is 
the number of periods over which the distributed lag extends. Its 
estimation is based on the fact that once the (q + 2) points on the 
curve are known, namely that w(x0) = b0, w(xi) = b1, …., w (xq + 
1) = bq+1’ all the w(1) can be calculated as a linear combination of 

these known values by w(i)  =  
1q

Ó
+

=oj φj(i) bj (i = 0, 1, ...., n-1) where 
φj (1) are the values at x = 1 of the Langrangian interpolation 
polynomial. 
To obtain a more general distributed lag specification de Leeuw 
used  a finite inverted ‘V’ lag as well as the sum of two finite 
geometric lags. Many other assumptions can also be used. In model 

(5) we assumed  
i
Óc1 = 1. In addition, it is general to assume 

that all the α1 have the same sign so that α1>0 [8]. Thus ci’s obey 
the same conditions as of a probability distribution of a set of non-
negative integers and ci’s may, therefore, be considered formally 
as the probability assigned to the integer i. Our a priori ideas about 
the evolution of the αI’s imply that this distribution is unimodel 
and skew. Subject to this restraint, the standard deviation on the 
non-negative integers provide as many possible assumption for 
the sequence of the ci. 
In particular Fisher proposed the log-normal distribution, according 
to which c1 is the probability that a normal variable with mean 
µ and standard deviation σ takes a value between in i and 1n (i + 
1). Also Theil and Stern fitted a distributed lag model in which 
ci were computed from the probability density.
-λ2i exp (-λi ) defined on the positive line i ≥0. The ci’s may 
be assumed to follow the geometric distribution ci = (1-c) ci 
which again gives the assumption of geometric decrease already 
considered.
When there is only one exogenous variable, this distribution has 
the advantage of leading to a model whose autoregressive form 
is particularly simple. The model can be expressed as

yt = d 
∞

=oi
Ó  ci xt-1  + b + εt where  d  = α (1- c) 

 It can also be written as
yt = cyt-1 + dxt + e+ξt where c = b(1-c) and ξt = (ξt - cξt-1) 
As we shall see later, this is a considerable advantage for estimation. 
Solow assumed that ci’s are given by Pascal distribution. According 
to this ci’s follow the distribution

which involves only two parameters c and r. It reduces to the 

geometric distribution when r=0, and gives for other values of r, 
a fairly large selection of possible evolutions.   
Jorgenson recommended using rational distributed lag functions. 
According to him {αi}, the sequence of coefficients has a rational 
generating function.
Let the generating function of the sequence {αi} be represented 
by P (s) where P (s) = α0 + α1 s  α2 s2 + ….

If this function is rational, we may write P(s) = )(
)(

SV
SU , where 

U(s) 
and V(s) are polynominals in s. i.e., U(s) = u0 + u1s + …. + umsm. 
and V(s) = v0 + v1s + …. + vns

n.
when the coefficients are normalized to unity. One can always find 
a rational approximation to any function. Also the class of Rational 
distributed lag models is very large. But Jorgenson had a more 
specific proposal for applications namely that the maximum degree 
of the polynomial U(s) and V(s) should be fixed in advance.
The above discussion includes major forms of specification of a 
distributed lag model. In the next few chapters an attempt is made 
to review the methods of estimation in distributed lag models 
under certain assumptions frequently used. 
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