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ABSTRACT 

. f i e  Blinder and Fischer hypothesis states that inventories are a propagating mechanism 

which can explain why s & a f l y  urnorrelated monetary shocks can produce serialI'y correlated 

movements in output or business cycles., The proper and complete testing of the hypothesis 

involves the examination of . two neccessary conditions: 

( i )  monetary shocks should be significant in inventory equations, aBd 

(ii) inventories should be significant in o~ tpu t  equations. 

The first condition brings out the buffer stock role of inventories and the second condition 

establishes whether monetary shocks are transmitted to output through inventory fluctuations. 

These two conditions lead to the first and second stage tests of the Blinder and Fischer 
i rr 

hypothesis that are proposed in the thesis. Both conditions are neccessary, but neither is 
O 

sufficient to examine the chain starting from monetary shocks and culminating in output 

fluctuations. Existing empirical studles which test for the persistence-via-inventories hypothesis 

have two importanr shortcomings. First, they typically test only one of the two conditions. 

Second. the definition of inventories used by these studies has been too narrow, including 

only finished goods inventories and neglecting other types of goods inventories ( e.g. raw 

materials, backorders and goods in process). 
d 

The regression results of the first stage tests show that the buffer stock role of 

inventories is only observed for raw material inventories. In the second stage tests the goods 

- in process. unfilled orders, and raw materials are significant in all rindustry classifications. 
I 

Howcver. the persistence effects of monetary shocks can ohy  be attributed to fluctuations in 
b I 

raw materid inventories, because this is the only inventory category for which both the 

necessary conditions of the Blinder 8; Fischer hrpothesis are satisfied. The thesis also finds --- 
that there is no evidence for claiming the buffer stock role for finished goods inventories. 

Thus, the thesis finds that if the definition of inventories is enlarged to include all types of 

7 ; 



a 

goods inventories, there is evidence that inventories are a statistically significant channel of . 
- propagating the effects of monem-y shocks to o u t p u ~  



INTRODUCIION AND OBJECIWES 

This chapter inuoduces the topic of,Tesearch of this thesis, gives a brief survey of 

related studies, and outlines the research methodology. 

The inclusion of unsold output (inventories) in mac~oeconomic models significantly 

changes the traditional conclusions about the effects of monetary policy. Once inventory 
-- 

adjustment is included in the optirnising calculus of profit maximising firms, then under some 

assumptions i t  can be shown that serially uncorrelated monetary shocks can produce serially : 

correlated movements in output and other real variables. 

Keynesians and Monetarists have long recognised the real effects of unanticipated 

money. However the latter have generally ruled out serial correlation of output and other 

real variables. In the Monetarist m d e l s  real variables are randomly distributed around some 

steady srate levels or "permanent levels" or in more fashionable parlance some "natural 

P 
levels". Anticipated money only affects nominal variables through its effects on the anticipated 

rate of inflation, leaving both the real variables as well as their natural levels unchanged. 

Unanticipated monetary shocks affect current output only but not future outputs because 

indtviduals form their expectations qf  prices and money growth rationally. This is a standard 
a 

result of rational expectation models and is commonly recognised as the Lucas-Sargent-Wallace 

(LSW) supply function. However, Blinder & Fischer- (1981) showed that by a modification of 

the LSW supply function this standard result can be changed. In the Blinder & Fischer 

supply function aggregate output is not only affected by w e n t  unanticipated inflation (as in 

LSW) but also adjusts proportionately to the gap between actual and desired inventories. They 
-- 

show that the inclusion of inventories as a buffer stock in rational expectation models can 

produce business cycles or .serially correiated movements in output due to both unanticipated 

and anticipated money. 



The explicit inclusion of inventories as a decision variable of the firm gives rise to a 

number of related issues First, if firms partially accomodate unanticipated shocks by changes 

in inventories (beside hanges in their output levels and prices) and firms adjust inventories 

only gradually, then is there. a production smoothing role for inventories ? Second, if 

production smoothing is accepted, it follows that prices would be relatively more sticky than 

they would have been in the absence of inventory adjustments. There could be a number of 

other factors which contribute to the stickiness of pfices e.g. multiperiod labour market 

contracts or gradual adjustment of the firm's capital stock to its desired levels. The buffer 

stock role of inventories is however an independent ahd important channel by itseif "which 

explains the observed price stickiness. Third, if decisions about production are dependent on 

start-of-period inventories, the observed serial correlation of output can be partly amibutcd to 

the gradual adjustment of inventories to unanticipated shocks. . 

This thesis is primarily concerned with the first and third implications of modeli with 

inventory adjustment, i.e. production smoothing and persistence. These two impliqtions go 

hana in hand. If there is no production smoothing role of inventories, the8 the gradual 

adjustment of inventories can not explain the observed persistence in o u t p u ~  So tesilng Ibr 

persistence via inve-ntories also tests for the production smoothing role of inventories. 

Production smoothing is possible due to the availability of inventories, thus allowing the firm 

to change its output slowly (or smooth it) and avoid the rising marginal cost, of changing 

production rapidly to accomodate unanticipated shocks. 

The literature on production smoothing is not new and dates back to Meuler (1541j, 

Abramovin (1950), Love11 (1961, 1967). Mills (1957, 1962) and Holt et a1 (1960). The concern 

in these models is with the speed of adjustment of actual to desired inventories. Production 

smoothng is inferred from the estimated coeficient on desired inventories in inventory 

demand functions. The slower is the speed of adjustment of inventorics to desired levels thc 

greater is the evidence of production smoothing by firms. On the other hand a very high 



\. 

speed of adjustment implies that the effects of unanticipated shocks on inventories can only 

be felt in the current period. Next period inventories are promptly restored to their desired 

levels. This simply means that has not been gradually changed or smoothed 

The literature orr. the third implication (i.e. persistence due to in-ventory adjustments) is 

relatively recent because early rational expectation models could not explain the observed 

persistence of output and unemployment rates. Later, a few models did make an attempt to 
t 

come up with plausible explanations of persistence either through changes in capital stock 

(Lucas. 1975), (Fisher. 1979) or gradual adjustment of the labour stock (Sargent, 1979). Aside 

from these channels of persistence an important explanation of persistence is through the 

channel of gradual inventory adjustments by firms. In a series of papers Blinder and Fisher 

(1981). Cukierrnan (1981) and Brunner, Cukierrnan & Meltzer (1983) proposed theoretical 

models where inventories were the propagating mechanism which converted serially uncorrelated 

monetary surprises into serially correlated movements in real output and all other real 
0 

variables. How important is the channel of gradual inventory adjustment in explaining the 

serial correlation of output? The answer to th is  question is the focus of this thesis. 

There have been relatively few studies which examine empirically the persistence effects 

of the inventory cycle. Demery & Duck (1984), Gordon (1982). Haraf (1981) and Sheffrin 

(1981) are the notable exceptions. The results of these studies are mixed and there is no 

concensus that all the persistence found by Barro (1977, 1978). Wogin (1980) and Atfield et 

a1 (1981. 1983) is attributable to inventory adjustments. Moreover these stuQes on persistence 

are done either on the U.S. or U.K, economies and there does not appear to have been 

any study done on Canada. This thesis tests persistencevia-inventories for the manufacturing 

sector of Canada at the disaggregated level of the durable and non-durable goods industries. 

' We will not make a relative comparision of all the competing theories of channels of 
persistence, rather test the persistence via inventories itself. The significance (insignificance) of 
our test results however indirectly shows the unimportance (importance) of other channels of 
persistence. 



The testing of the Blinder & Fischer hypothesis involves an empirical exanhation of 

two neGcessary conditions; the first is the effects of monetary shocks on inventories, and the 

second is the effects of inventories on the evolution of outpuL Both conditions are neccessary 

and neither is sadeat hence the testing of both these linkages is important ~gnoring either ' 

condition would be an incomplete examination of the chain starting from monetary shocks 

and culminating in output fluctuations. However empirical studies which test for the 

persistence-via-inventori~ hypothesis have typically erred in their approach by testing only for 
$" 

the first or the second condition. These studies can be generally classified as j rs t  slagv or 

second stage tests of the persistence hypothesis. In the first stage tests, finished goods 

& inventories are regressed on current and lagged monetary shocks. If any past shocks are 

statistically significant, it is naively inferred to be evidence in favour of inventories being thc 

"cause" of persistence of monetary shocks in output equations. The rationale for this infcrcncc 

is that firms hold inventories as a buffer stock against unanticipated shocks (monetary shocks 

in this thesis). These shocks dxectly change the buffer stocks of inventories, which in turn 

influence the time path of a firm's production and inventories. By examining evidence on the 

fust part of the linkage, inferences are drawn about the second part of the linkage. Sincc 

the dependent variable is inventories and not output, the results of this test can only bc 

construed to be partial evidence on persistencevia-inventories. 

In the second stage tests, output is directly regressed on the variable which uansmits 

the observed persistence of monetary shocks in output equations. This variable is finished 

goods inventories, the gradual adjustment of which (due to adjustment tow) is the very 

reason why output does not instantly go back to its desired levels once it is disturbed by an 

unanticipated shock (monetary or other). The results of the second stage test by themselves 

a m m o t  be consuued to be conclusive evidence for the hypothesis' that buffer stocks of 

inventories cause persistence of monetary shocks in output equations. If the hypothesis of 

persistenwvia-inventories is to be empirically verified, two conditions have to be satisfied (a) 



monetary shocks should be significant in inventory equations. (bJ inventories should be 

significant in output equations. If only (a) occurs. merely the buffer stock role of inventories 

is confirmed, and (b) esrabiishes that these buffer stocks transmit the effects of monetary 

shocks to output 

If (a) does not occur and only (b) occurs then one can still claim the effect of the 

inventory cycle on the time path of output, however we cannot say that inventories are used 

as buffer stocks, because inveniories may be fluctuating due to other reasons besides buffer 
" - 

stock motives. F i i l y  if only (a) occurs and (b) does not occur then the buffer stock role 

of inventories is verified, but we cannot claim that inventories transmit these effects of 

moneraq shocks to real variables i.e. output employment etc. 

Thus for the Blinder and Fischer hypothesis to be completely tested, both (a) and (b) have 

LO be examined. The empirical literature has either tested (a) or (b) which is insufficient 

evidence for their conclusion that inventories transmit the persistence effects of monetary 

shcxks to output equations. 

This thesis contributes to empirical research in two ways: 

(1) First, i t  examines the effecrs of using the generalized multivariate model of 

inventory investment in the first stage on the issue of persistence-via-inventories vis a vis 

the simple multivariate modeb of the type that has been used by other authors, e.g. Demery 

and Duck (1984) for U.K. In the first stage tests the buffer stock role of inventories is 

generally examined by researchers by narrowly defining inventories to only include finished 

g d s  inventories. We have also examined the buffer stock role of &her goods inventories 

-- 
e.g. raw materials. backorders and goods in process. 

(2) Second, it performs a modified second stage test of the persistence 

hypxhesis in which output is regressed on inventories. This test uses a different definition of 

' The generalized multivariate model (Maccini and Rossana, 1985; Maccini. 1984) is discussed 
at length in Chapter III. The difference between the simple and the generalized multivariate ' 

model is that the latter uses a larger set of explanatory variables than the former in the 
inventory demand function. 



inventories From that used by other researchers who have performed the second stage test H 

. ,  

(Gordon, 1982; Haraf, 1981; Shef in ,  1981). Generally inventories are classified as finished 

goods inventories. because it is assumed that dl aher goads inventwies carried by the firm, 

are eventually reflected in the behaviour of finished goods inventories (Eisner and Suoe. 

1963). Recent work by Sheehy and Reagan (1985) and older analysis by Darling (1962). 

Feldstein and ~uerbalch (1976), shows that these different inventory types do not all move 

together over the business cycle. Consequently, they should be modelled separately from 

finished goods inventories and recognised as distinct influences on output We believe that a 

, proper test of the Blinder & Fischer (1981) hypothesis cannot be done unless all g d s  

invkntory types (and not merely finished goods inventories) are. used as regressors in the 

output equation. 

The remainder of the pes is  is arranged as follows: Chapter I1 concentrates on the 

theoretical model of Demery & Duck (1984). They integrate the Blinder & Fischcr (19111) 

argument with the Lucas (1973) model, to e-ne the effects on production of changes in 

relative prices via changes in inventories. We assert that the test proposed by Demery 8: 

,Duck are first stage tests of the Blinder and Fischer hypothesis. We suggest a version of 

second stage tests of this hypothesis.] The derivation of the equations of the second stage 

test has been done by a simple algebraic manipulation of the Demery and Duck model. In 

our opinion, by also including the second stage of the linkage we have suggested complete 

tests of the Blinder & Fischer hypothesis, as opposed to the incomplete tests (through either 

the first or the second stage) proposed by other researchers. 

Chapter IlI is largely based on the narration of the multivariate models of inventory 

invesrment of Maccini and Rossana (1984) and Maccini (1984). The explanaiory variables 

proposed by' this model will be used in our estimated equations for inventories (first stage 

* 
Second stage tests of the Blinder and Fischer hypothesis have been done before by other 

researchers (Sheffrin 1981; Hard 1981, Gordon 1982) but the estimated equations of these 
models are quite different from our equations. 



\. 

test) and output (second stage test). The reason for presenting the multivariate modk is to 

discuss the rnicr-nomic rationale of the complete set of explanatory variables used in 

inventorj and output equations. Demery and Duck in their estimations for U.K. used only a 

small subset of the variables of the generalized multivariate model. If the complete set of 

variables is the' one that is relevant in the firm's decisions, then these variables must be 

included in the inventory and output equations, otherwise results will be b d  due to 

specification error. It is quite possible that their inclusion may change the inferences made 

about persistence when only a small subset of expalnatory variables is used, as was done by 

Demery and Duck. In our results of the generalized multivariable model (see chapter IV). we 
2 

found that the R of' the estimated inventory and output equations did increase significantly. 
-? 

However this improved specification did not change the inferences on persistence that were 

obtained in the simple multivariate model. In this chapter the equations of the Maccini and 

~ & s a n a  model have been slightly modified to include monetary variables (unanticipated and 

anticipated shocks) as well as imports, price of capital and the capital stock. The inclusion of 

monetary variables was neccessary since the estimated coefficients on lags of unanticipated 

money would give us an idea of the strength and length of this persistence. The role of 

capital has been discussed at length by Maccini (1984) but in their empirical paper (Maccini 

& Rossana, 1985). the effects of capital were not examined. In our empirical equations we 

have tested for capital by using the total capital stock employed. in machinery and equipment, 

buildmg construction and engineering, in the manufacturing sector. Chapter IV presents the 

regressions of the first stage and second stage tests to evaluate the persistence attributable to 

f inventory adjustments. At the end of each test are the summaxized conclusions of those tests. 

,sf' 

- 77, 
Maaini & Rossana (1983) &@ 'not include the monetary variables since they were not 

interested in the issue of persi&ce and were more concerned with a proper specification for 
an inventory demand functiort 

I am aware of only one study by Bryant (1981), where capital was expbcitly included in 
the inventory equatioas, but the difference' between Bryant and our equation is the 
simulmeous inelkon of the persistence variable (i.e. monetary shocks) beside the capital 
stock and other relevant variables mentioned in the multivariate inventory adjustment model. 



Chapter V concludes the fin- of this thesis and presents suggestions for further research. 

We found that the combined results of the first anti 'second stage tests allow us to conclude 

that the Blinder and Fisher hypothesis is validated for Canada, when the appropriate 

definition of inventories is goods inventories other than finished goods inventories. Chapter Vl 

outlines the procedure for the construction of some time series data on key variables which 

was not available in published form 'This study would not have been possible had this 

crucial data not been constructed All the lkstimates have been done with seasonally adjur~ed 
- 

data, because raw data was not available for a number .of variables. 
P 



C H A m  I1 

INVENTORY ADJUSTMENT AND PEBSSTENCE IN REAL VABIABLES 

Generally in rational expectation models deviations of current output from trend can 

only be explained in terms of current unanticipated inflation. Any other past variables, e.g. 

pastmonetary shocks, should not be statistically significant since they were already part of 

the information set available at the end of last period, and their influence is incorporated in 

yesterday's expectations of today's prices. In direct contrast to the predictions of theoretical 

models, a number of empirical studies; Barro (1977), Wogin (1980). Afield, Demery & Duck 

(1981). Atfield & Duck (1983), have found lagged monetary surprises influhcing current 

outpu~ How can we explain the *significance of lagged &netary surprises or the %rial 

correlation in output ? There could be many mechanisms producing the observed serial 

correlation in output in rational expectation models. For example. Lucas (I979 has shown 

that by accounting for capital stock in the model, un&ticipated inflation affects c q e n t  output 

and thereby future capital stocks. Fischer (1979) employs a similar growth model and stresses 

the timing of the persistence effects of anticipated money on output Sargent (1979) shows 

that the serial correlation of the natural rate of output would. be observed in economies 

where firms gradually adjust their labour stock in the face of rising adjustment costs. 

Intertemporal substitution between consymption and production is another cause of persistence 
\ 

in real variables (Long & Plosser. 1983):"lilien (1982) attributes persistence in output and 

unemployment to increased dispersion in the shifts to technology, and tastes. 

In this thesis we are solely concerned with the role of inventory adjustment in 

prmcing these business cycles Blinder and Fischer (1981). Cukiennan (1981). B m e r ,  

Cuherman and ~ e l a e r  (1983). Amihud and Mendelson (1981) have i h h o w n  with varying 
\ 'i 

assumptions that the inventory cycle is highly correlated with the real variable cycle. qf th% 
k 



above mentioned papers the paper by Blinder' and Fischer became more prominent just 

because it incorporated instantaneous price adjustments1 and still obtained the resulr of serial 

correlation of output Their hypothesis is that an unanticipated positive (negative) shock is 

aaomodated by the f m  through both increases (decreases) in output as well as decreases 

(increases) in inventories. Ln the presence of positive costs of shifting production and carrying 

inventories, f m  gradually restore inventories to their equilibrium (desired) levels. 
? 

Consequently output remains above (below) its steady state- level until such time that 
- 

inventory equilibrium is achieved Thus the Blinder and Fischer (B & F) model can be 

generally described as a two stage model of persistence. In the first stage unanticipated 

- shocks affect invento~y levels and in the second stage inventories affect output levels. 

This chapter is organised in two main parts. In the first part the Demery & Duck 

(1984) model2 is presented and evaluated. In this model production and inventory decisions 

are expressed in terms of current and lagged monetary surprises. D & D then tested their 

inventory equation for the U.K. to provide evidence for the persistence-via-inventories 

hypothesis. I shall refer to the D & D approach as the first stage test of the B & F 

hypothesis. D & D stopped short of the complete testing of the B & F hypothesis. 

Therefore, using the D & D model, I have derived the theoretical equations for output 

expressed as a function of current and lagged inventories. These equations were not derived 

by D & D but are subsumed in._tbeir model. These equations constitute the second stage 

tests in which the effects of inventories a n  output ar,e examined. Together the first and 

, second stage tests follow the linkage from monetary disturbances 

In the second part of the cl-iapter the functional specification of 

been discussed. These sp'ecifimtions form the basis of the linear 

through inventories to outpu~ 

the empirical equations has 

empirical equations (6 and 

The other papers assumed' that prices were preset by inonopoly firms period by 
not within the period 

The model incorporates the key features of the Lucas (1972. 1973) and Blinder 
(1981) models of fm behaviour. 

period " but 

& Fischcr 



7) of chapter 111, that were eventually estimated in chapter IV. 

THE DEMERY & DUCK MODEL 

Assume a Phelps-Friedman economy with many islands which mn be understood as 

different markets. In a world of imperfect infonnation expectations are formed rationally and 
tz 

market participants utilise all infonnation currently available to them They know only the 

nominal of the good in their market and not in other markets. They also do not 

know the aggregate price level but form expectations about it on the basis of information 

available in their markei 

In the presence of unsold output, production differs from sales by the change in - 

inventories. Sales are determined by the locally perceived relative price. These two features of 

the model are represented by the following equations. 

where yS(x) and ?'(x) are the level of sales and production in market (x), p (x) is the log 
.t t t 

of the price of the good in market (x) and E P is the log of expectation formed in 
x t 

market (x) of the aggregate price level. N (x) is the level of inventories held by suppliers of 
t 

th 
the x good at the exl  of period t or begining of period tJrl. 

Firms hold inventories 

lnventories are restored only 

p i t i v e  costs of adjustment 

as buffer stocks to meet unexpected changes in demand. 

gradually when disturbed from their 'optimal levels, because of 

The inventory demand function of a fm is given by: 



8 

where N (x) is the long run desired level of inventories. X is an adjustment parameter of 
t ,. 

actual to desired inventories. Inventories at the end of period t are a linear function of 

desired inventories and current unanticipated inflation ( p (x)-E P ). Since each period's 
P 9 t x t  

ending inventories a\ partly detprmined by start-of-period inventories. considering some finite , 

1, 
past justifies the inclusion of. .the second term in (3). 

Unanticipated inflation will lead a profit maximising fin to to increase both sales and 

production, but the sales response would be greater thereby reducing next period's starting 

inventories (or this period's ending inventories N (x) ). The sales response is greater ban 
t 

production because the firm is faced with a dual decision. It has to decide how much to 

produce for inventories today and how much to withdraw from inventories for sale. I f '  

tomorrow's perceived relative price is independent of today's relative price and also production 

costs are not affected, then it is more beneficial to sell today than tomorrow. Hence the 

increase in sales is !greater than the increase in production, so inventory carryover falls. 

In (3) if y .  is unconduained then we do not get a precise a priori pattern on h e  
1 ** 

way lagged monetary surprises influence current output We can impose a pattern by 

assuming the quadratic cost of adjustment function, i.e. y equals 1-A and y = y3...= yn=  
1 2 

0. The imposition of this constraint is not dictated by the model, it is a device to reduce 

the number of terms in the final solution associated with y 
2 to 'n 

. The general solution , 

without the constraint will still have the same results with respect to persistence. 

h 

Desired inventories have been specified in the literature to depend on expected sales 
h 

and expected inventory carrying costs. Since the firm is a profit maximizer it wants to 

maximize the expected discounted present value of its real profits. This discounting- suggesb 

the introduction of the real interest rate as an explanatory variable in thg desired ifiventory a function. However following Blinder and Fischer (1981). nominal and ence real intererlt rates 

would be suppressed from the model. Their inclusion would merely increase the algebraic 



' I .  

complications. In spite of this simplification one can still show the principal 

serially uncorrelated monetary surprises can produce serially correlated output 

- 
Desired inventories are simply assumqd to depend on some constant q 

result that 

movements. 

and the 

expected inflation rate as viewed from market (x). The constant tern reflects some desired 

positive level of inventories which a firm would like to hold to prevent stockout.. . The 

higher the expected inflation the more would be the desired inventories of a firm. This is 

' so because higher expected inflation erodes the future rate of return on money holdings or 

increases the relative rate of return on holding invento~ies.~ 

Demand in market (x) is assumed to depend on the locally perceived real money 

balances and relative price as well as a market specific relative demand distGbance. 

d B 
where Y (x) is the local demand in market (x). M is the log of the money stock, and 

L 

d 
e ( x )  is a serially uncorrelated 

I 
3 
i 

variance o . 
t 

 ina ally the money supply 

known by economic agents. 

.' For a model which does not 
.: Cukiermaii (1981). 

L 

random shock in market (x) with zero mean 

is governed by the following simple feedback 

and constant 

rule which is 

suppress real interest rates and. still gives the same result see 

' " ' The implicit assumption is that it is a two asset model, i.e. a nominal asset money, and a 
real asset. goods inventories. 



where g is a known constant and u+ is a random shock to the money supply with zero 
L 

mean and constant variance o . 
I * U \ 

I 
/ 

---j The above model is now used to first solve for equilibrium prices for market (x) and 

then expressions are derived for aggregate prices and output for the whole economy. h k e s  

in each loml markgt (x) adjust fully and instantaneously to equate local demands and 

supplies (sales). Equating (1) and (5) and substituting for M from (6) we get the following . 
th 

1 

reduced form expression for prices in the x market 

Th'e *suppliers in each market (x) would like to know whether the nominal- price in 

their market is high due to a positive aggregate demand shock u or relative demand shock 

d 
L 

E (x). They would respond differently in the two cases. Since a change in u equally 
2 I 

increases nomidal prices in all markets (x) and sales are dependent only on rklativc prices of 

their goods. (as perceived in market (x) ) therefore firms would notjlike ib change wles i l  
L th 

u changes. Sales would be increased only if relative demand changes in the x rnarke~ 
t 

Firms can observe increases in their nominal prices but they do not know the source' 
w d 

of these price changes. However they do know the composite disturbance o u + 6 ( x ) .  
1 t  I 

Once they observe the price they are in fact observing the composite disturbance. This would 
-: 

be clear if we rewrite (7) in the following. way 



th 
All the left hand side variables are known to market participants in the x market 

They h o w  the price in their market, the values of the mefficients of the model, the 

components of the. monetary feedback rule rn and g and they also know their expectation 
t-l 

for the average price level. Since (7') is an equation,. knowledge of the left hand side 

implies knowledge of the right hand side. There is however a signal extraction problem faced 

by the market participants. They do not know and would like to find out the individual 

d 
components a u' and E (x) in the cornpo& disturbance term. They can solve their problem 

1 t t 

by taktng the conditional expectation of u based on knowledge of the combined disturbance 

d 
Agents know the stochastic specifications of u and E (x), that is they know the 

" - t t 

unconditional means and variances. If u and k are joint normal then the conditional 
t t 

where u . j~ are the unconditional means, and the correlation coefficient is : 
u k  

We know the unconditional means D = u = 0, since by definition u and k are random 
u k  

variables. 

and 

2 
= 0 E (u) + E(u) . E I E(X) 1 

1 



E [ ut I kt(x) I 2 
[ Q U u )  . E I r(x) I ] . (k) 2 

- 1 u rr 0 - - - (k) 
2 2 

and u k 0 
k 

2 2 
o = E [ k -  
k 

2 
'52 

2 d d 2 
= E [ k ]  = E [ o l + 2 0 -  u e ( x ) + ( e )  ] 

2 2 2 
1 

= a  u + O  
1 u E 

therefore the expectation of u in market (x) is 
t 

Once we aggregate 

zero. The economy wide 

over ,all markets divided 

E ( U ~ ) = ~  u 
u .  

t 

d 
o;er x markets. the r (x) terms drop out because they sum lo 

t 

average expectation of u is E(u ) which is the sum of expectations 
t t 

by the number of markers. 

where 2 
a 0 

F) = 1 u 

The random monemy shock would be more correctly perceived th_e more the variance 

of the aggregate demand shock is represented in this model by the variance of the monetary 

shock u . The story behind this is quite simple. If expectations are rational the perceptions 
t 

of economic agents should be related to the true process determining prices, that is thc uuc 

liklihood of any unexpected high price being due to a random aggregate demand increase in 

relative demand. Thus in economies in which random movements in aggregate demand arc 



large and frequent it would be rational for economic agents to atuibute the unexpectedly 

high prices in their markets to increases in aggregate demand Consequently economic agents 
& 

would correctly revise upwards their price expectations and not change output. This hypothesis 

was tested and verified by Lucas (1973) in a multi-country empirical study which found that 

economies in which the7random element in aggregate demand had a high variance were 

economies in which random movements in aggregate demand had little effect on real output 

Now that the procedure for solving the signal extraction problem has been outlined we 

can proceed to solve for the aggregate price level equation of the D & D model. 

Sumrnming p (x) over all markets and dividing up by the number of markets we get an 
t 

expression for aggregate prices. Once again the serially uncorrelated random relative demand 

terms - the E (2)'s would cancel out 
L 

Equation (10) has a term for expected prices on the right hand side. We can eliminate 

i r  by solving (10) by the technique of undetermined coefficients. The method is as follows: 

1.. Specify a linear conjectured solution for the price level as a function .of all the 

predetermined and exogenous variables. 

2. Take the expected value of conjectured prices and substitute that into E P in 
t t  

3. Equate the right hand sides of the conjectured solution with (10) and solve for 
L.. 

the undetermined coefficients a. 's . 
1 

4. Finally substitute these solutions of the a.'s in the conjectured price solution 
1 



The aggregate price level is then given by, 

and aggregate sales are solved from the aggregate version of (1) given by 

Take expectations of (11) and then subtract it from (11) and substitute in (1)' 

( a 2 + D 1 ) ( l - 8 ) + a  8 1 

Aggregate inventoriesS and production are given by 

n 
N = Xv + Xbg + C 7 .  N 

t i=l 1 t-i 

n 
p = P O + X q + X 6 g + Z  t 

i=l 7 . ~  1 t-i - N  t- 1 

Equations (13) and (14) state that inventories and production are derermined by past 

inventories and current unanticipated aggregate demand shocks, represented in this model by 

current monetary shocks. The appearance of g in the third term of (14) suggests that 

production is also affected by an anticipated component of the feedback rule. A deeper 

'For a solution of the model see the attached Appendix 1 at the end of Chapter 11. 



P inspection would however reveal that this is not correct, g appears to be affecting Y but in 

fact the g terms are also incorporated in the N terms and therefore cancel out This 
t-i 

result is obvious if we perfornl the successive substitutions for the N terms. See equation 
t-i 

(16) below. Thus the standard result of the invariance of output to policy parameters is 

preserved in this model with inventory adjustments. 

The same result of the invariance of output to policy parameters can also be shown 

for steady state output levels. In their paper D & D have not derived this result However 

by making some assumptions (given below) this result can be derived. Equations (13) and 

(14) are not expressions for long run steady state inventory or output levels. Once we 

substitute N from (13) into (14) we notice that the A6g cancels out in (14). This is 
t-i - 

s easily shown if we assume N = N . ./i= 1-h and u = 0 for simplicity, and N is defined 
t-i t 

C 

to be so& long run constant desired level of inventories. 

Then equation (13) is written as: 
- 
N = Xg + A6g + (1 -X) N 

t-i 

and (14) becomes 

Xdg + (1 - 

Substitute XN from (13)' into (14)' and notice that the h6g  cancel out 

and output is not dependent on anticipated monetary policy. 



FIEST STAGE TEST OF PERSISTENCE 

In the Blinder and Fischer model persiste ce or tion of output is a two \ 
stage phenomena In the fmt stage the buffer st- inventories are affected by 

unanticipated monetary shocks and in the second stage slowly adjusting inventories influence , 

the time path of output The specifications for the first stage can be derived by expressing 

(13) and (14) entirely in t e r n  of current and past monetary surprises by successivr 

substitutions for N in terms of u This is seen by considering the special casc whcrc 
t-i t-i' . 

= ' I  - X a n d y  - - - ...... - 
yl  - y 3  - 'n 

= 0.' 
2 

- S .......... -(l-X) n u 
2 t-s 

where L 

and 
h 6 a  + ) a l ( l - 6 '  ) 

n = [  1 - A68 1 
2 * 

(&2  
+ f l 1 ) ( 1 - 6 ' ) + a 6  

1 

Equation (15) is referred to as the first stage test of the persistence ofcAmonctary 

shocks that is observed when output equations of the type of (16) are estimated. In 

equations (15) and (16) we observe that output is independent of anticipated monetary policy 

I 

For the solutions of (15) and (16) see Appendix 1. 
n 

' This result would also hold in the general case where ,C yi = 1-A. 
1=1 



whereas inventories are not This is because increases in g increase anticipated inflation and 

thus desired and actual inventories are increased. 

The traditional models of rational expectations, without inventory adjustments or other 

persistence mechanisms invariably state that output is a function of only current monetary 

surprises. Empirical studies have however found that current as well as p4st monetary 

surprises are statistically significant in explaining variations in output In (15) and (16) a 

theoretical model has finally been specified which has lagged money as an explanatory 

variable. Recall that models which do not have persistence mechanisms built into them do 

not have lagged monemy shocks in output equations. This result is commonly known as the 

Lucas-Sargent-Wallace (LSW) aggregate supply function. 

The sign of u in the solution equations given above by D & D for N and Y is 
t t t 

ambiguo~s,~ so we cannot say a priori if current and ,lagged monetary surprises would 

increase or decrease current production and inventory levels. There are three simultaneous 

infl&hes at work which is seen in the three terms in the numerators of n and r in 
1 2 

(15) and (16). These three influences can be described as the perceived relative demand 

effect. the expected price decrease effect and the expected price increase effect These are 

discussed below as (a), (b) and (c) respectively. 

(a) The positive influence of positive monetary shocks on production would only take 

place if firms interpret this to be a relative demand increase for their respective products. 

The influence on end of period t inventories, N would be negative because firms would be 
i 

meeting part of the perceived demand increase through inventory depletions. These effects are 

captured by the terms a ( 0 - 4 ) ( 1 - 8 ) and 4 a ( 1 - 8 ) in the numerators 
1 1  1 

of n and n The value of 8 determines the accuracy of a firm's expectations towards a 
1 2' 

' This ambiguity is not present in the models of B & F (1981) or Brunner et al (1983) or 
Cukierman (1981). All of these models propose an unambiguous negative effect of positive 
shocks on inventories. 
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monetary shock. If 8 = 1, then' the firm will not e n  in interpreting the monetary shock 

(see equation (9) ). 

(b) A high perceived current relative price also means that next period firms expect 

their nominal prices to fall. The high relative price of the current period was perceived by 

firms to be the result of high (perceived) rela$ive demand. Tomorrow's relative demand is 
d - independent of today - e is a serially uncorrelated, random relative demand shock. So as 
t 

0 
\ 

E P falls, desired inventories. N and consequently end of pegod t invento~ies. N fall. 
x t+l t ' t 

From (13) we can see that production also falls; these effects on production and inventories 

are represented by X bor . 
1 

(c) A final influence of u on production and inventories is captured by the term 
t 

A 6 8  . Firms do not know u but by knowing the structure of the economy they are aware 
t 

that increases in u will not be matched by equivalent price increases this period (due to 
t 

d 
misperceptions about u and e ). Rather the economy would react by some combination of 

t t 
changes in production and inventories. In the beginning of next period when u does bccomc 

t 

known, nominal prices would be i'ncreased9 reflecting the nominal increase in money supply. 

This anticipated future scenario means that today's expectations of tomorrow's prices (E P ) 
x t+l 

are increased Hence desired inventories, production and consequently actual inventories are 

increased 

The ambiguity of the effect of u on production and invenlories could be largely 
t 

removed if 6 ,  the response coefficient of desired inventories to unanticipated shocks is 

negligible. Then a positive moneky surprise would increase- production and decrease 

inventories. A positive sign on the coefficient of unanticipated money in the output equation 

means that the negative effect of a perceived fall in expected inflation on both output and 

inventories (XGa ) will be outweighed by the positive effects of perceived increases in 
1 

9The fm is not merely a price taker but a price setter with some monopoly power. 



relative prices ( ( P  - 9x1-8 ) and perceived increases in expected inflation (AS8 ). 
1 1  

Assuming 6=0 means that expected inflation does not affect desired inventories. This 

assumption would break the channel proposed by Blinder & Fischer (1981) for anticipated 

money to affect output They showed that if inventories are a function of real interest rates 

and if expected inflation changed real interest rates (due to the"Mundell effect) then 

anticipated monetary growth could affect production A number of empirical studies have been 

unable to find the effects of anticipated monetary growth on production. This evidence (which 

is not unanimous) suggests the possibility of 6 being zero or close to zero. 

* 

\ 
Blinder & Fischer contend that wh2ther unanticipated inflation would have its maximal 

effect on output in the period that the shock occurs or its effects would be delayed one 

period later would depend on the relative magnitudes of the coeficients on current and one ' 

period lagged inflation in the output equation. Using the notation used by them lo  output 
OD i 

deviates from trend by an amount y due to current inflation and y4 C y .  (1-8) due to 
i 4  1 

past unanticipated inflations. In their model inventories in any period change by an amount 
w i 

8 of the disciepency between actual and desired inventories, q d  4 .Z (1 - 8 )  is the 
1 4  

response of actual inventories in period t to current unanticipated inflation. 

They say that 

if unanticipated injation has a small direct effect on output, so that X is small, 
bw leads to a large reduction in inventories, so that I$ is large, then the 
inventory rebuilding effects of unanticipated injation on output will predaminate, 
and the maximum effect on output will occur in the perid fdlowing a given 
unanticipated increase in the price level. 

In terms of the D & D model the "small direct effect" of unanticipated inflation on 

output would occur if effects (a) and (c) are slightly larger (not significantly larger) than 

effect (b). If (a) and (c) are significantly larger than (b) we would see a large direct effect 
I 

' O  See Blinder & Fischer (1981). equation (29). p 291. In their paper ut is not unanticipated 
monetary shocks but unanticipated inflation. 



on outputn In the event that (a) and (c) are slightly larger than (b) an unanticipated 

positive monetary shock would not increase. output by much. rather we would see a 

oorrespondingly larger effect on in ntories which will be greatly depleted in their role as P 
shock absorbing buffer stocks. Consequently next period the inventory rebuilding effccis of 

this shock on output would be stronger. In terms of the Blinder and Fischer model this 

would translate into a smaller y and larger t$ in their equation (29). 

SECOND STAGE TEST OF PERSISTENCE 

- 

The specification of the B & F test proposed by D & D in (15) is an incomplete 

way to show' the persistence of shocks on production in (16). All we can infer from a tcst 

of (15) is that shocks effect inventories. We cannot say whether gradually adjusting 

inventories propagate the effects of these shocks to output Thus (15) is merely a 
k 

representation of the first link of the two stage process. The second stage of thc link from 

shocks to output through inventories can be shown by directly using lagged inventories as the 

independent variable in the output equation. Such an equation is derived below by an 

algebraic manipulation of the D 

Production can be derived 

First rewrite equations (13) and 

& D model. 

as a function of current and past inventories as follows: 

N - n  u 
t-i 2 t  

n 
Q = P ~ + x ~ + x E ~ + L - , N  i=l 1 t-i - N  t-1 + =  t 2 t  

From (13) 

U t = ( X q  +Xdg+.Cy N - N  ) ]  
n 1=1 1 t-i t 
2 

l 1  Refer back to the discussion on p. 21-22 of this chapter. 
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Substituting u in (14) we ge t ,  
t ;t 

A 
1 Q t = P , + ( l + - ) ( h  + h a s )  

n 
2 n 1 

a 
1 + (  1 +-),L 7 .  N t i -  ( - I N  - N  1=1 1 - t t-1 617) 

A 
2 

lr 
2 

Equation (17) can be t&ed empirically and can be considered as a counterpart to equation 

(16) with th& lagged monetary shocks replaced by the lagged finished g a d s  inventories. If 

finished goods imentories are the only stock affecting output,12 then both formulations convey 

the same information since they are derived from the same system, that is equations (13) 

.and (14). This point is elaborated in the next section where we compare the equations of 

the two tests. 

Once again if the quadratic restriction is imposed, (17) can be reduced in the number 

of explanatory variables to l 3  

Equation (17)' is very restrictive empirically since it only allows us the freedom to regress 

current and one period lagged inventories. Since we are interested in the timing or the 

' length of the persistence effect of inventories on output we will estimate equation (17) to 

allow for the possibility of more than one period lagged' inventories affecting output In 

equations of the type given by (17) past inventories provide evidence on the production 

smoothing role of inventories. The more the past lags that are statistically significant, the 

more evidence there is on the production smoothing role of inventories. 
- 

' I  If production is a joint stock decision then output and consequently finished goods 
inventories would also be affected by stocks of capital and labour as well as stocks of 
intermediate goods and stocks of goods produced to order. This implication was first pointed 
out by Lucas (1967) and then amongst others by Maccini (1984). 

''See Appendix 1 for the derivation of (17)'. 
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-- EMPIRICAL SPECIFICATIONS 

First Stage Tests 

We have completed the discussion of the theoretical specifications of the first and 

second stage tests given by equations (15) and (17) respectively. In the following discussion 

the empirical equations for these two tests are presented and compared. 

D & D have done the first stage test by estimating the inventory demand function 

given by (15). for the U.K. using qu'arterly data. They first estimated a central bank reaction 

function and then used the white ,noise residuals (u ,) from that to substitu~e in the 
1-1 

inventory demand function to get: 

N = P O  + O l  X t + . f  7 ,  u + M + v 
t 1 4  1 t-i t t 

where 

N are finished goods inventories. X is a vector of relevant decision variables which affect 
t t 

inventories, u are lagged monetary shocks, M is -anticipated monetary growth and v it; a 
t-i t t 

random error term which is uncorrelated with u .. 
1-1 

.They found that monetary surprises exert a significant negative effect on inventory holdi,ngs 

for about a year. Equations (13) and (15) show that anticipated monetary growth should also 

affect inventories. This was tested by adding current and four lagged values of actual 

monetary growth to (18). They found that anticipated money did not affect inventories. 

In chapter V we will be testing (18) with basically two specifications of the vector X 
I' 

First, inventories are regressed on a small subset of the explanatqy var iahs  which arc 

contained in X and then the larger set is used as regressors. In this thesis the first has 
t 

been referred to as the simple multivariate model and the latter the generalized multivariate 

model' of inventory investment The reason for first using the simple multivariate model is to 

make our equations comparable to Demery and Duck. Second, other relevant demand and 



stock variables of the generalized multivariate model are added to see if this richer 

specification of the inventory demand function produces any different inferences on persistence 

than the. simple model. 

Second Stage Tests 

Before we present the empirical equation for the second stage test it is worthwhile to 

/ ' further discuss the theoretical equation (17) of this test Estimating equation (17) would give 
Q 

us information about the effects of monetaq shocks contained in current and past finished 

goods inventories to explain the observed p@istence in output Finished goods inventories 

however. are not the only category of inventories worth our consideration. In the durable and 

non-durable gdods industries, firms not only produce output to stock (which is carried as 
i 

finished goods inventories) but they also produce to order which is reflected in a firm's 

inventories as unfilled orders. Moreover they carry raw rna'teriijd and intermediate goods 
- - 

inventories. Unanticipated shocks to the economy not only disturb finished goods inventories 

from their desired levels but also affect 911 other inventories which the fi;m cakies. This is 
' 

exactly the implication of the multivariate flexible accelerator model of inventory investment 

The issue of persistance thus cannot be adequately examined without examining the 

behaviour of these ofher goods inventory types.on the current and future output levels. The 

more the lags of raw material inventories, goods in process inventories and back order 

inventories that are statistically significant the more the evidence on the persistence hypothesis 

via inventories. This is not the usual way that evidence on persistence is examined. Generally 
h 

researchers look only at the significance of finished goods inventories (FGIs). This accords 

well with earlier- traditional models in which the production decision was affected by only 

one buffer stock, i.e. finished goods inventories. However if production is also affected by 

other buffer stocks (as in the multivariate model), like unfilled orders and raw material 

inventories, then it is important to include these buffer stocks in examining the issue of 



persistence. 

The effects of a 

fluctuations in finished 

business cycle will be observed incompletely if we merely..look at the 

goods inventories. Abramovitz estimated &hat about 50 per cent of all 

manufactwing output in the U.S. was produced to order but the inventory of finished goods 
/ 

held against that business consu ted only 15 per cent to 25 per cent of all finished goods 5 
inventories. That means that goods produced to order were held in inventory either as goods 

in process inventories (intermediate goods) or in undelivered form as back order inventories 

or in raw material inventories Thus we have good reasons for including these other inventor) -,- 

types in regressions of output on inventories. The inclusion of these other inventones in the 

second stage test will bring out the relationship baween goods produced to order (GW) and 

goods produced to stock (GPS) i.e. whether they are substitutes or complemenw in 

production.14 By ignoring the substitutability and complementarity of FGIs (of goods produced 

to stock) with GPO and intermediate goods one can naively err in believing that the full 

thrust of a business cycle is visible from fluctuations in FGIs. In the presence of inventory 

interactions this is clearly a fallacious assumption. If in fact, firms absorb monetary shocks 

through changes in stocks of other goods inventories, this would support Abramoviu's findings 

that FGIs constitute a relatively small proportion 'of the total inventories carried by the 
- 

industry. 

I 
If we do not examine the effects of changes in these other inventory types on o u ~ p u ~  

we would not be doing justice to the Blinder and Fischer hypothesis. Although thc R & f- 

hypothesis was coined in terms of finished goods inventories only, the work of Mawin1 

(1984) and Maccini & Rossana (1984) clearly brings out the-importance of these other 
' 

inventory types in the production decision. We would be committing a deliberate specification 

error by ignoring the effects of these other inventories on output and possibly erroneously 
& 

" Of course these relationships ktween GPO and GPS are also inferred by doing the liasr 
stage test with' the multivariate model. See the regression results of chapter V for evidencc 

' on this issue. 



concluding that the persistence of monetary shocks in output equations is m propagated 
0 

through inventories (if the definition of inventories is so narrow as to include FGIs only). 

To incorporate the influence of other gods  inventories and other relevant quasi fixed 

stocks, cost and demand variables, the empirical version of (17) can be written as: 

where 

Z is a vector of variables which directly affect output It includes other goods inventories 
t 

besides cost and demand variables. N are finished goods inventories. v is a serially 
t-i t 

uncorrelated random error term with mean zero. It is assumed to be independent of u 
i 

Elquation (19) can now be tested for Canada using a number of specifications for the vector 

Z . This vector ccintains dl other g d s  inventories (except FGIs), and other variables relevant 
t 

to the firms decision making. We will be testing (19) for manufacturing inventories and shall 
a 

leave the re&lers and wholesalers inventories for future research. 
\ 

Note that (18) and (19) both clhm to test for persistence in output. D & D claim 

that by subjecting (18) to an empirical test they have shown that "serially uncorrelated 

monetary shocks can produce .serially correlated movements in output". It 'is our contention ., a L 

that this claim is incorrect because the dependent variable in (18) is inventories and not 

output. The argument used by D & D is that monetary shocks disturb -the buffer stocks of 

finished goods inventories, and if one assumes on the basis of some theoretical models like 

B 8: F (1981) and D & D (1984) that inventories in n q  affect output, then the chain 

from monetary shocks to output is completed. One can then say that indeed inventories are 

the channel which explain the effects of past monewy shocks on output' Note that by 

merely assumming Y = f(N) and not in fact testing (empirically) that they are ' related, one 

I.' The vectors Xt  and Zt are not equivalent, although a number of explanatory variables in 
b t h  vectors are common, since the output decision also determines inventories. However there 
are certain costs which are inventory specific, e.g. inventory carrying mts. These costs are 
excluded from ?. 



has not in fact tested for persistenevia-inve'ntories. This is the cenual contention of the 

second stage test 

Testing (18) would only bring out the buffer stock role of inventories. We would still 

not be able to xomment whether these inventories are the channel by which the effects of 

the monetary shocks are transmitted to output The latter effects can only be esulblished by 

doing Qe second stage test in which outpup is regressed on inventories. If there are no 
i 

r' other influences on output and inventories besides monetary surprises, and inventories are I hc  

on]v channel by which past rhonetary surprises affect current and future ou tpu~ hen the two 
2 

regressions (18) and (19) are similar ie. they should have similar R s, same magnituclc of 

coefficients and similar lag length, barring sampling error.16 In other words they Carry the 

same information. This -means that if we regress 

Y = f ( Z  , N  , u  ) 
t t t-i t-i 

m 
8) 

the additional terms u should be statistically insignificant, ie. they should carry no further 
t-i 

information than is already embedded in past inventories. Equation (19)' would be a good 

way to test for the strength of the inventory channel as the major channel by which past 

monetary (as well as ieal) shocks affect production levels. If the u turn out to be 
t-i 

statistically significant l1 this suggests that there are other channels by which past monetary 
< 

shocks can be transmitted to affect current and future output For example, unanticipated 

l 6  The regressions (18) and (19) could be exactly equivalent if Nt and Yt  are perfectly 
correlated. Even if there are no other influences on Nt and Y t  besides monetary surprises. 
and inventories are the only channel by which past monetary surprises affect current output, 
the presence of inventory holding costs may prevent the perfect correlation of Nk and Yt .  
Moreover firms switch between LIFO and FlFO methods of inventory valuation which would 
also prevent the perfect conelaiion of inventories and output, Thus the results of (18) and 
(19) could at best be similar but not exactly equivalent This comment however does not 
affect the inferences about ut-i discussed in (19)'. 

''Haraf (1981) estimated a formulation similar to (18)' and found that ut+ terms were 
.significant for the U.S. Thus the study showed the importance of other causes besides 
inventories. There is however an obvious difference in the model specifications of Haraf and 
this thesis. 



money causes unanticipated changes in capital stock which in turn affects output 

One may question the possible inclusion of Z in the presence of past finished goods 
t 

inventories (N .). It can be argued that past FGIs already incorporate in them the influence 
t-1 

of the vector X (and Z includes most if not all of those variables) through its influence 
t t 

on desired inventories. However, it is possible that these variables enter directly in the 

production decision over and above their influence on desired inventories. In other words 

these stocks are used as buffer stocks by the firm in the same way as finished goods 

inventories. Thus the firm absorbs shocks not only by changes in FGIs but changes in all 

other goods inventories, i.e. intermediate goods, backorders and raw materials. Sheehy and 

Reagan (1985) found that one of the stylised facts of manufacturing inventories was that 

output was not merely affected by finished goods inventories but also unfilled or back orders 

showing that backorders were not simply negative FGIs. In our thesis we find a similar 

result and observe a significant influence of intermediate goods inventories and raw material 

inventories on the production decisions of the manufacturing industry.18 Why may this be so, 

since finished goods inventories are merely unsold output ? It is possible that the other 

inventory types are not perfectly correlated with inventories of finished goods, consequently 

they are showing statistical significance in an equation which also has FGIs as an additional 

regressor. 

Empirically the significance of the vector Z in an equation like (19)' which also has past 
t 

finished goods inventories (N .) as an additi~nal~regressor, would show that these variables 
t-1 

may well have a direct affect on production. On the other hand, the insignificance of N 
t-i 

in (19) should not be construed to claim that inventories do not matter, i.e. they do not 

propagate business cycles. All we can say is that finished g d s  inventwies are not a factor 

in this propagation. But this still leaves unexplored three other g d s  inventwy types, i.e. raw 

l '  Bryant (1981) also found effects of capital stock and price of assets on output in an 
equation which also included one lag of inventories. 



materials, backorders and intermediate goods inventories. There is no reason why the effects 

of these inventory types on ' output should be ignored. The significance of these other 

inventories in (19)' would be evidence that inventories as a whole do matter. and they are 

the channel by which persistence of monetary shocks is transmittted to output 

In summary, the above discussion brings out that the second neccessary condition for 

testing Blinder and Fischer hypothesis is to perform the second stage test, in which thc 

appropriate definition of inventories is dl g d s  inventories, and not merely a narrow 

definition in the shape of finished goods inventories. 



APPENDIX 1 PROOFS OF EQUATIONS 

The aggregate inventory equation (13) is solved by substituting the R.H.S. terms in the 

aggregate version of the rums inventory demand function given below: 

N = X N  + Z T . N  - @ ( P t - E P  ) 
t t i=l 1 t-i t t  

The expression for the first term in (3)' is found by multiplying by X the aggregate version 

of a firms desired inventory function given below: 

To solve (3)' we need to first find expressions for P - E P and P - E P . This is 
t t t  t t t+l 

accomplished by first taking the expectations of the price equation (11) and then subtracting 

these expectations from (11). The price expectations are taken by using the results, E u = 
0 0 t t  

using the property of a random walk variable that E u = E u . 
t t+l t t 

Then we find that: 0 

a u (1 - 8 , )  
P - E  P = +  1 t 

t t t 0 0 

and 
a U 

P - E  P = +  I t 
t t t+1 0 0 r - g - 9  u 

Substitute P - E P in (4)' and multiply by X to get: 
t t t+l 



0 

Finally substitute the expressions for X N and 4 (P - E P ) in (3)' to get: 
t t t t  

Simplyfying the above expression and rearranging terms we get the inventory demand equa~on 

(13): 

The aggregate output equation (14) is solved by substituting R.H.S. expressions in ( 2 )  

whose ajgregate version is: 

Substituting expressions for Y' from (12) and N from (13) we get: 
t t * 



Rearranging terms we get the aggregate output equation (14): 

n 9 = P g + A q  + A 6 g + Z  y .  N - N  
t i=l 1 t-i t- 1 

( O 2  
+ p l ) ( l - e ) + e  

1 (Q.E.D.) 

The theoretical inventory equation (16) of the first stage test can be derived by setting 

= 1 - X a n d y  - - '5 - ? 3  
- 

..... 'n 
= 0 in (13) to get: 

2 

where 

Substitute for N in (i) to get: 
t- 1 

= Xq + X 6 p  + (1 -A) [ hq + XSp + (1 -X) Nt-2 - R u 1 - n2  Ut (ii) 
2 t-1 

Substitute for N from (i) into (ii) to get: 
t-2 

= Xq + XSg + (1 -X) Xq + X(l -X) ,6g + 

Taking common coefficients gives 
2 2 

= Xq [ 1 + (1-A) + (1-X) ] + XSg [ 1 + ( 1 4 )  + (1-X) ] 



f 

Collecting terms on h q  and X 6g  we get: 

n i r r 
= (q + 6g) [ X Z (1-h) ] - a [ 2 ( l - ~ ) ~  ] - a [ Z (1-x)~ LI ] 

i=l 2 i=O 2 i 4  t-i 

In equation (iii) as r approaches infinity we get the following results: 

and 

re1 
As r approaches infinity (1-1) approaches zero, thus (iii) would be reduced to 

N t =  ( r )  + 6g) - a 2 (l-h/  u + 0 
2 i=0 t-i 

Expanding the second term of (iv) we get 

0 1 2 
= (Ar) + 6g) - a [ (1-A) u + (1-A) u + (1-A) u + ...... 

2 t t- 1 1- 2 

( i i i )  

Equation (iv) shows that by substituting an infinite number of times we have eliminated the 

last term in (iii) since it reduces to zero. Finally by rearranging (v) we get thc inventory 

equation (15) as a function of lagged monetary shocks. 



The output. equation ( 

'n 
= 0 in (14) to get: 

16) can be derived by setting y = 1 - X and y - - ..... - y 3  
- 

1 2 

Before we substitute for N in (vi) the general form of N can be obtained from (iii) 
t- 1 t- 1 

as: 

Substitute the above general form in (vi): 

~ x ~ a n i d i n ~  terms we get the output equation (16) expressed in terms of monetary shocks. 

S 
+ ........... + X(1-X) n u 

2 t-s 



The output equation (17)' of  the second sfage test is easily derived by substitu&&e 

value ,of u from (14) into (13) to get: 
t 

Collecting common coefficients we get (17)' 



a u m m r n  
EMPIRICAL TESTING OF THE PmISTENCE IN" REAL VARIABLES 

., In chapter I1 we presented the theoretical and empirical equations of the 

persistence-via-inventories hypothesis. The empirical equations were expressed in functional 

form. In this chapter these functional relations will be expressed as linear equations and the 

vectors X and Z will be specified for the inventory and output equations respectively. These 
t t 

specifications are very similar to the multivariate model of inventory adjustment given by 

Maccini (1984) and Maccini & Rossana (1984). This chapter .presents a discussion of the 
' - 

multivariate model to give the microeconomic rationale for the chosen vectors X and Z in 
t t 

the inventory and output equations (19) and (18)' respectively of chapter II. 

The explanatory variables used by D & D in their first stage test of the B & F 

hypothesis were a subset of the variables in the multivariate modd. They did not 

give any reason why they ignored the other relevant variables in tests of the persistence 

hypothesis through their inventory equation (19). The results of the first stage test (19) and 

the second stage test (18)' may be sensitive to the specification of the chosen vectors X and 
t 

Z in the inventory and output equations respectively. For example if open economy effects, 
t 

interaction of inventories with quasi-fixed factors of production, and joint production of goods 
4 

produced to stock with goods produced to order and intermediate goods are important in 

determining desired inventories (and consequently output), then these variables should be 

included as explanatory variables in the theoretical specifications of the inventory and output 

equations. 

In the multivariate model Maccini & Rossana (1984) point out that the inventory 

decision of the firm is not an isolated decision. The firm makes a joint stock decision about 



the levels of finished goods inventories, stocks of other goods inventories, i.e. goods in 

process, backorders and raw materials, and stocks of quasi-fixed factors of production. i.e 

labour and capital. 

The important question to ask is; would the inclusion of these stock variables in the 

inventory demand function and hence output equation yield qualitatively and quantitivelg 

different results in the types of persistence equations estimated- by D & D. Sheffrin (1981) 
P 

and Haraf (1981). More specifically, in D & D would some more (or less) past monetary 

shocks become statistically significant ? In Sheffrin and Haraf who regress output on 

inventories, would some more (or less) past inventories become significant? There is some 

reason to believe that the results should change somewhat because the speeds o[ inventory 
-. 

adjustment, were found to change, once these variables were included in the invenlory demand 

functions by Maccini & Rossana. The speeds of inventory adjustment have an important 

bearing on the persistence of monetary shocks on output If inventories adjust quickly to 

their desired levels then output must must be also adjusting quickly to it's desired or natyfal 
\ 

levels. In other word the effects of 3. monetary shock would be accomodated in a relatively 

shorter period of tin:e by simultaneous changes in production and inventories. This implies 

that equations which regress output on monetary shocks would show that the effects of 

monetary shocks are dissipated rather quickly, i.e. very few past monetary shocks should bc 

statistically significant, implying very short period persistence effects. The first and second 

stage tests merely decompose the effects of shocks on output into first round eSfecL4 on 

inventories and second round effects of inventories on output Hence there is some reason to 

expect that the significance of 

inventories in output equations 

,monetary lags in inventory equations and the significance of 

would be affected by changes in speeds of inventory 

The use of the generalized multivariate model however creates another problem which 

is not encountered in the simple multivariate model. p e  significant increase in the numbcr 



of explanatory variables causes the potential problem of multiadlinearity due to the 

interrelatedness of these .variables. This problem could affect the coefficients on lagged 

monetary shocks and lagged inventories in the inventory and oudut  demand equations of the 

- first and second stage tests respectively. 
b 

ln the multivariate model we will also test for open economy effects as well, as effects 

of capital stock on inventories and output which were not discusdeck by Maccini & Rossana 

(1984). There is enough theoretical and empirical literature to stress the importance of terms 

of trade on output It would be interesting to discover if open economy effects impinge 

directly on a firm's desired inventories. I would say a ,  priori that those firms which deal in 
.% L7 % 

+ 3 -  " 

imports and ~~po,p, of thi'4ir finished product should have their desired inventories directly 
8- 

affected by open economy varables like exchange rate changes. To a smaller extent all firms 

would be affected (whether 'th& deal across international borders or not) by the effects of 

exchange rates on prices and interest rates. In my thesis open economy effects are modelled 

by the inclusion of, expected imports in the desired inventory function. Unanticipated imports 

too, are also an important determinant of end of period actual in"entories2 hence they are 

also included in the inventory equations. The eff&y of both expected and unexpected imports 
\ . , 

have ' been captured by simply using the level of imp0h.s in regressions of the inventory and 

oulput equations. ,A more complete, discussion of the interaction of finished goods inventories 

with quasi-fixed factors: other goods inventories and open economy variables is presented 

below in the multivariate model of inventory investment J 

Imports could be of.. raw material inventories or intermediate goods invcntaiies to be used 
in the processing of finished goods. 

: See Caton and Higins (1974) and Helliwell (1974) on the RDX2 model of Canada. 



MULTIVARIATE FLEXIBLE ACCELERATOR MODEL OF INVENTORY INVESTMENT 

" 
This section integrates, the stock adjustment models of Maccini (1981. 1984) and Madni  

and R& (1984) with monetary and open economy variables to yield a penerslis&l 

multivariate model of inventory investment 

Maccini and Rossana (1984) have analysed empirically the ihteractive cffccrs of the 

stocks of labour, gmds in Rrogress and raw materials but did not test for the efl'ects of 

capital stock and the rental price of capital on manufacturer's inventories. I would likc t o  

add tti&e capital stock and capital cost effects and see i f  the theoretical predictions of' ' 

Maccini (1984) about these variables are empirically verified. In chaptcr 11 we prescnrecl, il 

mauo model of rational expectations but it  lacked rigour given iu inadequate treatmenr of' 

desired inventories. This settion alleviates this deficiency and presents inventory tlcrnand 

functions which have adequate microfoundations and which yield empirically Leslablc equations 

for a more sophisticated inventory demand function. 

A prirnafy weakness of conventional models of inventory adjustment is Lhclr I'ailurc lo 

recognise the dependence of the inventory decision on decisions about other stocks, c.g 

capital aad labour stocks and stocks of intermediate goods. Morever, In uaditional models 

demand side effects were the focus of concern, for example inventories were typically 

modelled as a function of expected sales a ~ l  inventory holding costs (Lovell. 1961). Hhndcr 

(1982) and Amihud and Mendelson (1980) amongst others suggest the cost and supply s ~ d c  

effects grid Maccini (1984) emphasises the jointness of stock decisions. These propositions arc. 

accomodated in the multivariate inventory model. This modification of the lnvcnmry demand 

function is proposed to determine whether the rnisspecification of the desired inventory 

function could be .a possible reason for the low estimated speeds of, adjustment of invcntoncs 

. to ,their desired levels. , 

' Feldstein and Auerbach (1976) noted that the estimated speeds of inventory adjustmen1 wcrc 
implausible bemuse wide swings in inventories could be accomodated by a few days of' 



The Multivariate Mcdel 

The model presented in this section is consistent with a >umber of theoretical 

approaches to inventory behaviour of firms. Therefore as pointed out earlier the model need 

not be derived from any particular optimization model of *the firm. The approach is to write 

down the estimating equation, present a brief intuitive disaksion of the sign of the 

parameters and to empirically examine if the theoretical propositions are validated. 

An optimizing firm does not make independent inventory decisions, rathir joint stock 

decisions. This is captured by the following equation: 

A l n N  = h ( l n N  - 1 n N  ) + t l ( l n L  - 1 n L  ) 
t t t- 1 t t- 1 

+ 6 ( In GP - In GP ) + 6 3  ( I n  RMS - In RMS ) 
2 t t- 1 t t- 1 

where the stars on the variables represent the desired levels of all variables. N is the level 

of finished goods inventories. L and K are the stocks of labor and capital. UF and G P ' a r e  

rhe inventories of unfilled orders and goods in process inventories. RMS is the stock of raw 
I 

material inventories and Y is the output level. 

The rationale of the explanatory variables used in equation (1) is given in the 

following bscussion. A firm's production of finished goods (mi inventories) is composed of @ 

two types of goods; goods which are produced to stock and goods which are produced to 

(1 

'(cont'd) production. 



order. Generally these two types of goods are jointly produced.' Goods will be produced to 

stock if firms have d multistage production process; or they want to use their inventories as 

a barrier to entry in their indusuy; or engage in speculative activities; and use finished 

goods inventories as a buffer stock against demand and cost shocks. With a n~ulu%gc 

production process firms would produce and or stock intermediate goods like goods in 

process. Goods which are produced to order are' generally heterogenous goods and are nor 

stored as inventory for any long length of ,time. In a number of empirical studies thesc 

types of goods depend on unfilled orders, a variable proposed and analysed by Childs (1961). 
% 

As the firm's desired stock of unfilled orders (UF ) increases relative to the past level of 
t 

unfilled orders (UF ) the goods produced to order will decrease. Assuming that goods 
t- 1 

produced to order and goods produced to stock are substitutes. tt,e investment of' I hc  lat~cr 

will increase implying that 6 will be will be greater than zero. I f  they are complemenw, 
1 

6 will be negative, and if independent, it will be zero. For similar reasons thc coeflicien~ 
1 

on intermedate goods 6 will be either positive, negative or zero. 
2 

So far we have discussed the interaction between goods produced to s m k ,  to ordcr. 

and intermedate goods. The firm's inventov decision will also be affected by its decisions on 

stocks of its quasi fixed factors of production. The firm will incur adjustment cosu as i t  

changes the, utilization of these factors. The three quasi fixed factors of production considered 

by us are raw materials, labour and capital. The adjustment cosu for raw materials arc 

higher premiums or discounts that the firm must pay (give) to acquire (dispose of) thesc 

goods in line with its production of finished goods. The adjustment costs of changing 

employment are well known and manifest themselves in hiring, training and layoff or firing 

costs. Other labour costs could be hoarding costs in times of depressed demand. Thc 

For a discussion of goods produced to order see the suuctilral model of Belselcy (1969). 

' There are a number of stuhes which theore~cally analyse the effect of' a buffer stock 
(inventories) on prices and output e.g. Hay (1970). Mills (1962). Blinder (1982) but nonc 
show the effects of capital except Maccini (1984). 



adjustment costs for capital are the internal adjustment axts of lost output whenever the firm 

undertakes an investment in capital. The interaction of capital with FGIs and the implications 

for price and output decisions are discussed at length in Maccini (1984). 

The cross adjustment coefficients on labour and capital ( f . f ) are expected to 
I 

be negative. The reason is that given ( N - N ), the higher the stocks of labour and 
t t 

capital relative to their desired levels the more inventories would be produced as the firm 

works off its excess stocks.6 Firms would also try to equate their holdings of raw material 
a 

stocks to their desired levels and by an analagous argument the sign of 6 would be 
3 

negative. 

In the inventory demand functioh (I), lagged output terms have been included as 

another explanatory variable to capture the additional production smoothing effect of inventory 

investment The production smoothing hypothesis refers to the effects on inventories and 

production of costs that depend on changes in the level of output A large part of these 

costs is captured in costs of changing the quasi fixed factors of production. Planned inventory 

invesunenl depends directly on the level of output produced. If there are costs to changing 

the level of output then if Y was high so will be Y . That is, we would see a certain 
t- 1 t 

persistence because of 'the costs of changing output A higher Y means a higher level of 
t 

planned inventory investment, suggesting that 8 is negative. It would be instructive to 

empirically examint if the costs of changing output are adequately captured by adjustments in 

quasi fixed stocks or there is further need for using lagged .output as an additional regressor. 

The last term in equation (1) is current unanticipated monetary shocks, u In the absence of 
t' 

any unanticipated shocks the desired change in inventories would equal the actual change in 

inventories, and u' would be equal to 7ero or in other words u would not be .  part of 
t t 

equation (1). However, we know from the Blinder and Fisher and the Demery & Duck 

' The interaction between inventories and stocks of labour is dscussed in the models of 
Nadui and Rosen (1973). Rossana (1980) and Tope1 (1982). The interdependdnce of 
inventories and capital is discussed in Maaini (1981. 1984). 



models that misperceptions of monetary shocks would deviate a firm's actual change in 

inventories from it's desired change in inventories. Hence their inclusion in the inventory 

change function (1) is justified. We know fron the Blinder and Fisher model that a positfve 

aggregate demand shock reduces end-of-period inventories. therefore, 7 50. For a detailed 

discussion of the effects of monetary shocks on inventories see the derivation of (13) and 

(15) in Chapter 11. 

The model is not yet complete because we have not specified the vector which 

determines desired inventories, and equation (1) cannot be estimated because all the righl 

hand side variables are expected or desired stocks. 

First we write (I) in compact form as 

where the stars on the vector Z represent the desired values of all stock variables. 
t r  

and 

RMS 
t 

The vector of desired stocks Z is composed of variables which are exogenous to thc 
t 

firms decision rnaktng. Assuming that the firm is a pdce taker in all input markets, all the 

input prices are exogenous. Therefore the price of capital, wages of labour and raw matcrial 

prices appear as independent variables in (3). The dnying costs of all materials or goods 

stocks are also exogenous to the firm, therefore these costs, proxied by interest rates, are 
, 



also exogenous. The firm is assumed to be a monopolistic competitor in'output markets and 

can therefore vary its share of industry demand by varying iti price, yet bemuse of 

uncenainity about demand conditions ihe industry orders are also exogenous and they have to 

be forecasted The time path of actual stocks would depend on the time path of 

unanticipated inflation The less is unanticipated inflation the closer would actual 

Another important exogenous decision variable which affects the firm's desired and actual 

end-of-period inventories is the level of imports. The effects of imports are separately 

discussed in the sub section below. 

A Nole on Imports in Inventory Demand Functions 

A firm's inventories are also based on both expected and unanticipated imports. The 

level of actual imports in any period incorporates both these desired and unanticipated 

components. Consequently. actual imports were used as an additional demand variable in our 

regression equations. Just as exchange rates and reserves were used as openness variables in 

the money supply equation, imports merit inclusion in the inventory demand function. Canada, 

bemg an open economy, imports a lot of its semi finished goods and raw material supplies 

to be used in the production of finished goods. It also imports finished imported goods 

which are subsututes for goods produced at home. Both these types of imports affect 

production and consequently inventories of goods produced at home. 

A firm may desire to hold inventories for a number of reasons. These could include 

the holchng of inventories for speculative purposes; as a barrier to entry; and as a buffer 

stock against stockouts. The primary determinant of a firm's desired inventories still remains 

the state of expected demand. Irrespecti~e of the purpose of holding inventories, expected 

demand would significantly influence the inventories a firm would desire to hold. The firm 

may not always have the produclion capacity to locally supply all of the anticipated demand. 

hence i t  has to imporl (finished goods and or intermed.tate goods) to meet the supply 



deficiency. Firms form their expectations of imports based on what they can sell (producuon 

plus inventories) and what they anticipate demand to be. n u s  expected imports are not an 

independent factor in the determination of a fm ' s  inventorjes. They are the residual betweell 

demand and sales. When demand is greater than sales, imports are positive and flow into 

inventories. When demand equals sales there is no need for imports and they are m o .  In 

the event that demand falls short of the stock of goods available for sales. the e m s s  

production gets absorbed in a firms inventories, and once again the firm has no need to 

impon Thus the firm imports only when its expected demand is greater than cspecwd 

supply. 

A firm may err in forecasting imports, this enor can be either due to incorrect 

foecasts of sales and demand as well as error in forecasting any exogenous variable which 

detertnines imports. The error in import forecasts which shows up as unanticipated imporls in 

a firm's accounts would not only affect its current inventories and sales but alw future 

inventories. production and sales. Thus unexpected imports also appear as an argument in thc 

inventory demand function. 

What should be the sign on the coefficient of imports in thc inventory and output 

equations? We know from the GNP identity that imports are a leakage in the Keynesian 

multiplier therefore the overall effect of increased imports on inventories and output should 

be negative. However, since it is being assumed that imports flow into the stock of 

inventories, therefore atleast in some short run the increased imports are expccled LO show a 

positive coefficient The above characterization of imports agrees with the empirical resuh on 

imports found by the RDX2 model of Canada. 

The RDX2 model (1979) of Canada improved upon the treatment of imports accorded 

in the R D X l  model (1969). In the latter imports were not given any distinct importance and 

were lumped together with sales. The explanatory variable used for imports was sales rnlnus 

net exports, and was referred to as 'purged GNE'. In the RDX2 model a separate ucatmcnr 



was given to imports by including it as an independant variable over and above sales. The , 

same approach is adopted in this thesis. The argument given for the separate treatment of 

imports was that it was 

" more reasonable to m m e  that final expenditure in Canada atlearn on some 
type of imported goods will lead to temporary reductions of inventories of such 
such gtxxis. In s h m ,  domestic inventories may play a huger sttxk rde with 
respecr to imported goods. Thus it seems resonable to treat imports sepcuately in 
the jexible accelerator component of the inventory equation".' 

The RDX2 m'odel found that the coefficients on imports had weights that were first positive 

and then negative suggesting an additional buffer stock role of inventories with respect to 

imported goods. It was found thet increased imports first lead to "some immediate increase 
h 

in inventories, but in the longer term a higher import content of final demand reduces - 
desired inventories in relation to final dsmand, due to the implied decrease in domestic 

production ". r 

Another approach to modelling the interaction of imports with inventories was taken by 

Caton & Higgins (1974). who accounted for the effects of imports on inventories by using a 

two step procedure. In the first step an import demand function was estimated and the .  

residuals of that function which are unintended imports were then used as regresors in the 

inventory demand function. It was found that inventories acted as buffer stocks to 

unanticipated import demand shocks in Ausnalia. Both Caton and Higgins and Helliwell et all 

(1979) share the common feature of using a measure of potential output (or aggregate 

supply) constructed through estimating a production function. We have not estimated any 

production function to derive our aggregate supply measure, nor have we approximated 

unanticipated imports from the residuals of an import demand function. However, we have 

followed the RDX2 mMel by addmg imports as a whole inclusive of both its anticipated 

and unanticipated components. 

This completes the discussion on the role of imports as well as the dwussion on the 

See Helliwell et all (1979), p. 64. 



expected signs of various variables in the inventory demand function given by equation (1) or 

Equation (2) cannot be estimated unless the vector Z is specified. In the light of the 
t 

* 
above 'discussion on variables which are exogenous to the firms the firm's desired stocks can 

be expressed as 

where , 

In  0 
I .  

In IMP 
t * 

In  rmp 
t 

In w 
[* 

In  pk 
t 

In r 
I 

y 70 ................... 
77 

where 

IL is a mamx of coefficients and X is the vector of exogenous variables. 
0 

t 

0 is expected industry orders, rmp is expected real raw material prices, w is thc 
r 

expected real wage, pk is the expected real price of capital. r is the expected real 

interest rate. IMP is expected imports and M is anticipated money growlh. 

Substituting (3) m (2) we get 

A l n N  = p $ X  - 
t t 



and 

pJ. = ( wo , w .................... w ) ' 1 7 

Therefore (4) is written as: 

A I n N  = w  + w  I n 0  + w  I n I M P  + w  M + w  l n r m p  
t 0 1 t 2 t 3 t 4 t 

Equation (5) states that the firm's inventories depend on expected demand, m 

+ w  l n w  
5 t 

arginal costs of 

production, inventory carrying costs, expected imports, and levels of other relevant stocks. The- 

literature suggests that desired inventories are positively influenced by expected sales, captured 

here by expected industry orders, and negatively influenced by factor input costs, captured 

here by raw 'materiAl prices, real wage rates and the real price of capital. In addition 

inventory holding costs captured here by expected r p l  interest rates have a negative influence 

on desired inventories. In (5) the right hand side vgiables are all expected variables. One 

simple way to model these expectations is to hypothesise that expectations are based on past 
0 

distributed lags of each variable.' Thus the complete specification of the vector Z (or X ) 
t t 

leads us to rewrite equation (18) of Chapter I1 with all the relevant explanatory variables. 

' The explicit expressions for WO..... .W~ are obtained by multiplying 6 with J.. For example 
W~ = I 7 1 0  ' 7 2 0  ' t 2  7 3 0  + 61 'Ya ' 62 ' Y ~ o . ?  63 7 6 0  * 8 7 7 0  1.  
Expressions for w l  ...... w7 can be denved sirmlarly. 

" A ,  case can be made for using one period ahead &ox-Jenkins type forecasts. However this 
alternative could not be adopted because the generation of the forecasts would use up a 
number of degrees of freedom leaving insignificant observations for the actual regression of 
equations (5) or (6) .  



The Inventory Equation 

Before we rewrite (18) with all the relevant variables it &would certainly help us to 

recap the steps in the derivation of the aggregate version of me firm's inventory decision 

which we shall present below as equation (6). The recollection of ideas shows that we 

started off from a theoretical discussion of the inventory decision in the Demery & buck 

model given in equation (15) on page 20. The final estimated empirical equa~on given by 

(6) was developed by starting from equation (18) chapter 11, and specifying the determinants 

of' desired inventories given by the vector X The detailed discussion of the vector X 
t' I 

demanded some forays in the Maccini & Rossana (1984) model (which is equation (1). 

Chapter III).I0 

Maccini and Rossana's basic contention about equation (1) is that the inventory and 

output decision is a joint stock decision, consequently the vector X should contain all the 
t 

desired levels  of^ stocks which can affect the firm's inventory and output decisions. These 

stocks are given on the R.H.S. of equation fl) - which is the- Maccini & Rossana joint , 

stock model, also referred to by us as the generalized multivariate model of inventory 

investment Equation (1) is eventually expressed as (5) once the detgrminants of desired's~wks 

are substituted in (1). The desired and actual stocks are a function of all the relevant 

exogenous variables to the firm's decision making. One of these exogenous variables affecting 

the end-of-period actual inventories (but not desired inventories) is unanticipated monetary 

shocks; Ghich is the primary variable of ipterest for this thesis. In the final step expectations 

of the RH.S. variables of (5) are simply modelled -as a lag of the own past values of a 

variable. 

l o  Equation (1) is very similar to the Maccini & Rossana (1984) model except fbr the 
inclusion of the capital stocks which a e  not part of the Maccini & Rossana formulation, but 
have been analysed at length in Maccini (1984). 



Thus we were eventually able to obtain our final estimated equation for the first stage 

test given as:" 

nk n n 
I n N  = P  + , Z  Pli  i n 0  + . Z  / 3 2 i t n I M P  + Z  fly M 

t 0 1x1 t-i i=1 t-i i=l t-i 

n 
+ Z Oqi  in r 

n n 
+ Z + Psi in w + Z + Pgi in pk 

i=l t-i is1 t-i i = l  t-i 

n 
+.Z /37i in rmp - 6 in UF - in GP - 6 in RMS 

1=1 t-i 1 t- 1 t- 1 3 t-1 

In equation (6). the first three terms are modelling expected demand through expected 

industry orders, expected importsll and expected money supply.13 The coefficients 0 
4i '7i 

capture the costs of production and inventory carrying costs. The coefficients 6 and 6 
1 2  

reflect the interactions of joint production of finished goods inventories with goods produced 

to order and intermediate goods. 6 t and t 2  reflect the interactions of inventories with 
3' 

l 1  The algebra of (6) requires that distributed lags be put on the ?-l terms. However, to 
be consistent with Maccjni & Rossana (1984). these lags have been suppressed in (6). 

l 1  The level of actual imports incorporates both the anticipated and unanticipated effects of 
imports on FGIs 

l 3  The monetary variables of this equation, given by Mt_i and ut-i are not in log 
transformation. However. to be consistent with the Maccim (1984) and Maccini & Rossana 
(1984) models on which this equation is based, we have applied the log transformation to all 
other variables 



, ,  
quasi-fixed factors of pduction. The coefficient on lagged outgut 9 .  nflecrs the production 

smcothing effect over and above what is already reflected in the estimated coefficients of the 

quasi fixed factors Of production. To test this additional production smoothing effecr. one 

study. e.g. Maccini & Rossana (1984) included Y as a regressor in their inventory demand 
t 

functions. However, as stated by L u m  (1963) and Treadway (1969). if firms maximise cash 

flows and bear costs of factor adjustment then these exogenous factors of production should 

be used as regressors in the inventory demand functions rather than output which is 
J 

endogenous. Preliminary testing of the output variable showed that i t  was insignificant, hence 

it was dropped from subsequent regressions. 

Random shocks to the economy are accomodated by firms through accumulation or 

decumulation of buffer stocks of inventories and are reflected in the coefficien~~ 7 ,  on pas1 
I 

monetary shocks. The more past lags on monetary surprises that are statistically significant the 

longer are the persistence effects of these shocks on inventories. The coefficients y should 
i - 

be less than zero, which shows an 'inverse relationship between monelary shocks and 

inventories. The total effect of monetary shocks on end-of-period finished invcntorics 

can be decomposed into the buffer stock effect and the accelerator effect The faker r ckn  

to the negative effect on inventories when unanticipated positive shocks hit the economy. Thc 
1 

latter is the positive effect of increased production on inventories in response td positive 

shocks. Thus these two effects act in opposite directions .on inventories. As long as the - 

buffer stock effect dominates the accelerator effect, end-of-period inventories will be less than 

begining-of-period inventories. This point was clearly understood by Blinder and Fischer and 

brought out in the comparitive static conditions derived by them. They showed thal akcr a 

shock the buffer spck effect will always dominate the accelerator effect, consequently 

end-of-period inventories wmld decline. Howev-er over time the accelerator effect of shocks 

wo@d restore end-of-period ifiventories to their desired levels. 



Note that equation (6) does not contain any lagged inventories as explanatory variables, 

wh~ch are are pan of the standard formulation of inventory demand functions." The reason 
0 

is that inyentones could fluctuate due to other causes besides monetary shocks. For example 
" 

firms may hold inventories for speculative purposes, or as a barrier to entry for other firms 

In their respective industries. Hence if inventories were included on the RH.S. to infer the 

buffer stock role, and u excluded, we woulh wrongly infcr causation emanating from u 
t-i t-i 

t 

whereas N could have changed due to causes other than buffer stock motives mentioned 
t 

9 above. If it is h e  that inventories are used as buffer stocks, and to test this hypothesis 

N , are included as a regressor as well as u no additional information about the 
1-1 t-i' 

aggregate demand shocks would be contained in N that is not alrkady reflected in' u i 

t-i t-i' 
Cenainly N , would still contain information about other causes of fluctuations in N but 

t-I t-i 

that is not our concern. We are interested in mea;s&ng the fluctuations in inventories only 

due to buffer stock reasons i.e due to aggregate" demand shocks measured by changes in 

u ,. Thus using u as the only variable to measure the persistence effects of monetary 
1-1 t-i 

,shocks ;s the appropriate strategy on methodological grounds. It- needs mention that Demery 

&: Duck '(1984) also did not use lagged inventories (N .) in their estimated inventory 
t-1 

demand, function. However, they did not provide a n y  r e a s p  'for excluding lagged inventories 

from their equation. 

The reader would note that (5) only contains the contemporaneous monetary shock, u 
t' 

whereas (6) also contains lagged shocks, u . The reasoning of this difference between. (5) 
t-i 

and (6) is analagous to the difference between (13) and (15) in Chapter 11. Recall that in 

rhe presence of lagged :Inventories in (13) only current monetary shocks could affect N .  
t 

Equation (5) contains the term Z which includes lagged inventories (N ) as an element 
t- 1 t- 1 

The effects of past shocks are already reflected in N hence only current shocks (u ) c;.in . 
t-1 ' t 

appear as an argument in (5). On the other hand (6) does not have any lagged *IS on 

I'   he missing term is (1-A) N -1; where A is the adjustment speed of actual to desired 
inventories. Also see Macdni & kossana (1984). equation (1). 



the R.H.S., therefore the effects of monetary shocks cannot be any longer reflected in N 
t- I 

. as was the case in (5). Hence the appropriate forhulation of measuring the effects of 

monetary s h ~ k s  now dictates entering not only current but also lagged shocks, i.e. u 
I- i 

where i , = 0 to n. 
~ 5 

In conventional inventory demand functions. the coefficient on lagged inventories. 

specifically the coefficient on (N - N ) in standard stock adjustment inventory modelb pivcs 
t 

a measure of the estimated speeds of inventory adjustment to their desired levels ( N  '). As 

mentioned earlier:',the focus of this thesis is not in estimating these speeds of invenror! 

adjustment, although they have cfirect beaeng on the question of production smoolhinp. Tht. 
, ?  

higher the speeds of adjustment the less the production smoothing and consequently thi. 

shorter the inventory cycle - that is fewer lags on u , would be signi!ica~ir in  csrimarcrl 
1- I 

inventory .equations of the type of (6). ". 

A biproduct of the exclusion of lagged inventories is that h e  problem cf, multicoll~nearir!,, 

which is the natural consequence of including so many interrelated stock and co.1 variables 1r1. 

(6) is reduced. 

The Output Equation 

Once again the empirical' version of the aggregate supply or output equation 1s based 

like the inventon; equation on the theoretical models of Maccini (1984) and Mawnl & 

Rossana (1984). Hoyever, we must keep in mind that in deriving the outpdt cquuon, wc 

are starung from the theoretical equation (17) of Chapter I1 derived by us b) manipulating 

the Demery &' Duck model. The 'empirical counterpart of (17) were equations (19) and (15:' 

of Chapter 11. .The- problem is to specify the determinants of the vector Z which IS an 
t 

explanatory variable in '(19) and (19)'. This vector contains all the determinanb of thc outpu~ 

decision over and above the lagged monetary shocksJ which we know influence ot~tpur and 

'' A short mentory  cycle would be observed if very few Inventory lags are stpficant Irr 
output equabons (esbrnated wlth monthly o r  qutier ly data) of the type of (7) 



inventories. To present the exogmous variables which are relevant to the firm's output 

decision we would have to outline a brief discussion ofs'the f&&h (1984) model , on which 

our final estimating equation for output is based The lscussion below will also highlight the 

connection between the the Maccini (1984) and The Maccini & Rossana (1984) models. This 

is important to understand in order to see the various links which eventually lead to the 
a 

final output equation estimateci by us. 

The Maccini Model 

Maccini's model is unique in the sense that for the first time in the inventory 

literature. he introduces both a buRer stock (finished goods inventories) and a quasi-fixed 

f(acror of production (capilal). There are a number of models which examine the price ahd 

output ef'lecrs using a buffer stock of F G I s . ' ~ o w e v e r ,  there are fewer studies which 

examine the implications of a quasi-fixed factor of production.'' By jointly introducing 

invenlories and capital. Maccini is able to derive decision rules not only on price and output 

but also on investment in these stocks, and the correspondmg interactions of these investments 

on the prices and outpuL It is not our intent to regurgitate the entire contents of Maccini's 

paper. The paper is quite mathematical in nanue and Maccini himself does not present all 

proofs. We shall nALrely present an intuitive discussion of the relevant parts of Maccini's 

paper. He first specifies that the firm's desired stocks of invedories and capital per unit of 

espec~ed aggregate demand are inversely related to real factor input prices and real inventory 

holding costs which are measured in his model by the expected real interest rates. Maccini 

then develops the firm's shon and long run price and output equations. Since we are 

primarily interested in the output decision. the dmusslon of the price decision will be 

l b  Amihud and Mendelson (1983), Blinder (1982) are some of the studles amongst others. 

' -  Nadiri and Rosen (1973). Rossana (1980) and Topel (1982) have stuhed the interaction 
between inventories and employment Rose (1974) has drawn some implications of using the 
quasi-fixed capital stock; also Bryant (1978) has estimated inventory equations with capital as 
a dependant variable. 



ignored. 

The long run of the firm is characterised as a situation when given ib expc~rations 

the firm has adjusted its stocks of capital and inventories to rheir desired levels. The long 

m output equation is derived by Maccini after solving the optimality conditions of his 

model. The long run supply equation can be written in a simplified log-lincar. form as: 

l n Y / D = a  + a  l n r + a  I n w  + a  l n w  
0 1 2 1. 3 2 

(A-  1 ) I V  

where Y is the equilibrium long run level of output, D is cspccted aggregate dcniiind, r 1 5  

the interest rate that the firm uses to borrow or lend, w is the real price of latmu! 
1 

services and w is the real price of capiral goods. 
2 

The coefficienrs a, are complex functions of the paramews of thc ndodel. Macclni show!, t1i;it 
1 

the level of output the firm produces in the long run is thus proportional to cxpcctetl 

aggregate demand (D). and varies inversely wilh real factor inpu~ prices (w w7) and 
I '  L 

inventory holdmg costs (r). 

In section 4 of his paper Maccini presents an analysis of the shorl r u n  ~mpl~c;~tlonh ol 

his model. The investment equations for inventories and capi~al are derived. The wluuons arc 

a linear approxirnaticjn of ihe solutions of the differential equations of h ~ s  model. 'Thc 

planned investment decisions are expresed in the form of a rnul~ivarialc flcxiblc accclcrator. 

l a  In a more general model like hiaccini & Kossana (1984). the long run would bc whcn 
the firm has adjusted all its stocks (i.e. raw materials, labour. unfilled ordcn and gtx)ds ~n 
process) to their desired levels. 

'' Note the absence of the time sutzscnpt from the model. This feature of' the model IS 

based on the simplistic assumption that expectations of exogenous variables were assumcd u) 
remain constant over time, i.e. wl(t) = wl, rt = r etc. At the end of his paper Macc~nl 
states that if this simplistic assumption is relaxed, the decision rules for price. output and 
investment would still r e m n  functions of appropriately defined desired and ac~ual srrxk!, 
thereby implying that the qualitative results of the model would hold. The only diff'ercncc 
would be that now the desired s m k s  would depend on the "discounted present value of 
current and future expectations of exogenous variables." 

b 



dln N/dt = a (In N - In N) + a (In K - In K)  
11 12 

dln K/dt = a (In N - In N) + a (In K - In K) 
21 22 

Equations (A-2) are the origional formulation on which Maccini & Rossana (1984) based their ' 

multivariate flexible accelerator model- which is very similar to equation (11 of Chapter 111. 

The essential difference between (A-2) and (1) is that the latter can be considered a more 

general form of (A-2). It also contains other stocks besides capital, e.g. labour, raw materials, 

goods in process and unfilled .orders which were ignored by Maccini in equations (A-2). 2 0  

Once the determinants of the desired inventories ( N  ) and capital (K ) are substituted in 

(A-2)  and (A-3) the investment decisions in inventories and capital become functions of the 

exogenous factor prices and inventory holdmg costs. 

Based on the sinvestment decisions give9 above on inventories and capital, Maccini 
I 

s h o i  that the ouqjut equation can also be expressed as a function o d e  gaps between 

actual and desired stocns of inventories and capital. 
* .  

In Y = In Y + 6 (In N - In N) + 6 (In K - in K) 
1 2 

Once again substituting the determinants of N and K in (A-3), we get the following 

log-linear output equation: 

l n j ' = / 3  - 6  1 n N - 6  l n K + p  l n D + P  l n w  
0 1 2 1 2 1 

+ B  l n w  + P 4 1 n r  
3 2 

U - 
It' The prwf  of the signs of the gdjilstment coeficients %j is given in the Mathematical 
Appen&s, available from Maccini upon request 



where 0 is a constant whose value is determined by the parameters of the model. and 0 
0 1' 

p 2 0, and p , < 0. The 0. are interpreted as elasticities of output with respect to 
3 2 J 

changes in the exogenous variables. 

4 
Equation (A-4) can be considered the equation on which the final estimating equation 

(to be presented below)' of the gcond stage test will be based. Note however that (Ar4) - 
conrains only one stock variable (other than FGIs), that is, capital stock. But following thc 

joint stock discussion of Maccini* & Rossana in Chapter I11 (see equations 1. 5 and 6). wc 

know that the firm would also take into consideration the interaction of FGls with stocks of 

labour, raw materials. backorders and goods in process. Moreover, raw material costs and 

imports would also affect optimal inventory and output decisions. Finally from Ihe point of' 

view of the Blinder and Fischer hypothesis and this thesis. de most importanr and prirnar! 

variable of interest that affects inventories is aggregate demand shocks. as measured from ~ h c  

unanticipated monetary shocks. The interest in variables. .other than monetary shocks mentioned 

above, is 'merely to complete the specification of the inventory and output demand f'uncuons. 

This is impomnt if we are to avoid the econometric problems associated wi~h omm!tted 
,- 

variables. Thus i f  we work with an generalized muhvariate model of inventory lnvesuncnt of' 

the type of (1) and (5), we would eventually be able to derive an output equation with all 

those variables yhich are pan  of (1) and (5) but not of (A-4). 

The theoretical foundation of Maccini & Rossana's (1984) paper IS the work of' Macc1111 

(1984). the relevant results of which have been discussed above in skeleton form. Maaini 

and Rossana's generalized inventory equation (which is very similar to our equation 1) caw 

- be clearly seen to be the generalised or a more complete version of Maccini's inventory 

investment equation (A-2). The differences introduced at the stage of the inventory invcstmenr 

equation are of course then transferred and reflected in the finally estimated inventory and 

output equations. 



Since the specification of the. inventory investment equation of this thesis is based on 

the multivariate inventory investment model of Maccini & Rossana, we face a similar 

explanauon problem as them in moving from a simpler inventory investment equation of the 

type of (A-2) of Maccini, to a more complete investment equation of the type of equation 

(1) used by Maccini and Rossana and us in this thesis. The answer given by Maccini and 

Kossana to explain the jump from (A-2) u, (1). to which we also subscribe, is: 

The m d e l  that we will use in the empirical work is a multivariate flexible 
acceleralor or stock- adpstment m d e l  for' investment in finished gads inventories. 
The model is consistent with a variety of theoretical approaches to inventory 
hdding behaviaur. Therefwe, the empirical m d e l  will not be deduced explicitly 
fiom, and thus tied to a particular optimization model of jirm behaviaur. Rather , 
the approach that we will take to specify the m d e l  is t o  set down the 
estimating equation, rationalize its parameters in intuitive terms, and indicate its 
relationship to existing theoretical models of firm behaviour as- we proceed. '' 

The above discussion of the inventory decision of the Maccini (1984) model (equation 

A-2) and its extention in the generalized inventory investment model of Maccini and Rossana 

(1984) (equation (I) ,  Chapter 111) essentially provides the background &scussion to establish 

the link from equations (17) and (19)' of Chapter I1 through (A-2). (A-4) and (1) of 

Chapier 111. This gives us the following output equation of the second stage test: 

In Y = P + Z 0 In 0 , + L P2 i  In IMP 
I 0 i=l li t-I i=l t-i i=1 t-i i=l t-i + . Z  P4i in r + Z P R  in w 

- 6 1 1 n R M S  - t  1 n L  - I  I n K  + 2 $ I n N  
t- 1 1 t-1 2 t-1 id i t-i 

' '  Maccini and Rossana (1984). p. 220. 



The effects of monetary 

Estimating equation (7) would 

uksrnitted to output through 

shocks on inventories have 

now allow us to determine 

already been examined in (6) .  

whether these shocks arc 

inventories. It is worth noting that lagged output tcrms arid 

anticipated money growth which were part of the inventory investment equation are nor 

included in the output equation. Note that interest rates .have still been included. lnrcrcsr 

rates affect output both through inventories as well as their effects on the' rental rate of' 

capital. 2 2  Since lagged inventories are also included in (7). the significance of intcrcsr raws 

in this equation can only show the effects of capital rentals not inventory carrvinp cost4. 

Note that in the second last term monetary shocks have also been included. As discussed I l r  

equation (19)' of chapter 11, this variable has been included to examinc evidcncc on o~h~.r 

channels of persistence. If u turn out to be statistically significant, this suggests rhilr r h m  
1- i 

are other channels by which past monetary shocks can be transn~itred ro af1'cc.i current i n d  

future output This means that monetary shocks are carrying a different kind of infornlar~on 

from that embedded in various inventory stocks. 

In (7). since inventories and interest rates arc correlated. the e k i n g  rnul~rcoll~ncanl\ 

would reduce the statistical significance of these two variables. Multicollincarl~q i!, also 

introduced through another channel. Lagged inventories, as pointed out in the last chaplcr. 

reflect the effects of unanticipated monetary shocks. Unanticipated shocks also al'fcct thc levcl* 

of cost and demand variables. This points out to a potentially severe mulucolllncarlry prohlenl 

due to the inclusion of so many regressors. In ttle next chapter I hc  regression resul~\ l o r  

both output and inventories are presented. 

" See Maccini (1984) on this point 



CHAPTER IV 

MONEY , PERSISTENCE AND THE CANADIAN EVIDENCE 
h 

-. 

This chapter discusses the estimated equations for the first and second stage tests of 

the persistence explanations via inventory fluctuations. The results for the first stage test are 

presented first followed by a number of specifications for the second stage test These tests 

are conducted with different formulations for the desired and hence actual inventory equations. 

The explanatory variables in the inventory equations (first stage test) and the output equations 

(second stage test) include the traditional demand and cost variables beside the s m k  

interaction variables. 

FIRST STA(;E TEST RESULTS 

The first stage test test was conducted in two steps. In the first step a rrmey growth 

equauon was estimated. and in the second step the residuals from this equation which are 

thc unanticipated money growth rates were used in the inventory demand equation. The 

money growth equatior. is discussed first. followed by the inventory equation. 

Money Growth 

There are a number of approaches to specifying the money supply function. It can be 

modelled as a central bank reaction function as was done by Bano (1976) in his money 

growth equation for the U.S. and among others by Wogin (1981) for Canada. Alternatively 

money supply can be forecast from a univariate or multivariate ARIMA process. An ideal 

formulation would predict money supply from a complete macroeconometric model. This again 

would however beg the question of what is the " m e "  macro model. 



f ' 

Following Mishkin (1982) an atheoretical statistical procedure is adopted. where a money F 
L. 

supply equation is estimated on the basis of some widely publicised exogenous variable which 

may not all be significant in every economy due to institutional and structural differences. A 

number of explanatory variables were med in the money growth equation as "exogenous" 

regressors. Since Canada can be viewed as a small open economy relative to the US. and 

the rest of the world. it was expected that openness variables like foreign interest rates. 

exchange rates, balance of payments and external reserves of foreign exchange would cxest 

somerinfluence on the Canahan money supply. A number of other traditional var!ablcs which 

have been used as regressors in central bank reaction functions were also tried. i.c. growth 

rate of real GNP. unemployment rates, government budget deficits and thc valuc 01' 

government expenditures. 

The final estimated equation that was selected is: 

+ .......... + c efer + u 
4 t-4 t 

( 1 )  

where m , are the monetary growth rates, r are the real interest rates, efer , arc thc 
t- 1 t-i t- I 

external foreign exchange reserves. A derailed description of these variables is given in 

chapter VI. The reg~ession results are attached on pages 66-67 

In an equation which already contained lagged monetary growth raws and domesL!c 

interest rates (See (1) Table la), only the value of exiernal ;eserves added signifiqn~ly ro 

the "explained variance" of the dependent variable while the rest of the above mentioned 

regressors were found to be insignificant I t  is a well known practice of the Hank of Canada 

to shore up the Canahan dollar and keep Canahlan interest rates in h e  4wiih US interest 

rates. However the inclusion of domestic interest rates already incorporates the eff'ccts of 

movements in U.S. interest rates as well as the value of the Canadian currency. Thus i t  1s 

not surprising to find that lhese latter variables did. not add to the significance of' the 

64 



money growth equation, hence they were dropped from equation (1). 

In an equation which did not contain external reserves, the growth rate of GNP was 
2 " 

significant However its overall significance as measured by the adjusted R was less than - 

when reserves were added as an additional variable besides lagged money and lagged interest 

ratcs. Since our criterion for choosing the money supply formulation is the "best fitw, 

therefore this specification was dropped in favour of equation (I). 

I t  should be noted that no contemporaneous values of the exogenous variables are 

included on the RH.S. because economic agents are assumed to have information about 

shocks only till the beginning of the period (or end of last period) and do not know the 

value of the current shocks. Four lags of all the three selected explanatory variables were 

found to be significant in the money growth equation. Further lags of these variables were 

not orlly statistically insignificant in the t values but also did not add to the "explained 

variance" of the money supply process, hence they were dropped from. the final equation. 

The regression results show that past quarterly monetary growth rates affect current 

monetary growth after a lag of two quarters. Interest rates have a quicker effect, they are 

s~pnificant at all except the second lag. The value of external reserves has an even more 

delayed effect on the money supply, as @ese effects start only after three 'quarters. The F 

rests show that these variables are -jointly significant They explain 44 per cent of the 

variance in the Canadian M1 growth rates. The DW statistic shows the absence of first order 

senal correlation. 

- ' It is a common practice to use the Almon or other distributed lag schemes when using 
lagged variables 'especially in monthly data,. These distributed lag schemes are very useful in 
conserving degrees of freedom. We are using a simple non distributed lag structure bemuse 
very few lags are being used. This reduction ,in lags in our estimated equations is partly due 
to the use of quarterly data and partly due to the shon run nature of the hypothesis being 
tested. These comments apply to both the money growth and the inventory equations. 
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The residuals of the money growth equation u are the unanticipated monetary shocks - 
t-i 

These residuals should be white noise or serially unmrelated to qualify for inclusion in the 
0 

inventory demand functions. This is ensured by estimating the money supply  pr- with thc 

lagged dependent variable as a regressp on the R.H.S. An examination of the autocorrelation 

function of the regression residuals and the Box Pierce Q statistic confirmed that the 

residuals were white noise (in Table lb). The calculated Q(12) = 9.10 which is less than the 

critical value at the 5 per' cent level, hence the null hypothesis, of zero autocorrelation cannot 

be rejected. The same result is also visible from the diagram of the autocorrclation function 

which shows that individual autocorrelations at different lags are all within two standa~d 
3 

errors. The plus signs at each lag enclose a distance of two standard eiiors. A spike at a 

particular lag extending beyood the limits of plus signs implies the presence of autoconelabxl 

residuals. Since all autocorrelations are within two standard!.errors. the diagram for thc 
'? 

autoconelation function oT the residuals shows ;he ,absence of first and higher order 

autocorrelation. 

INVENTORY DEMAND SPECIFICATIONS 

In the firsf stage tests inventory demand functions are specified to examine the bufl'cr 

d 
stock role of all types of goods inventories. A firm may not only use finished goods 

inventories as buffer stocks but also other goods inventories. Thus i n  unanticipated monetary 

shock could also be absorbed through variation in inventories of intermediate goods. 

backorders or raw material stocks. This main section of inventory demand specifications of the 
> 

fi~st stage test is organized as follows. We first discuss, in Section I,  the economeuic 

methodology followed in the seleciion of the regressors and the estimation problems 

encountered therein. Second, in Sgtion 11. the Canadian evidence on the buffer s w k  role of 

finished goods inventories is examined Section I1 is divided in two parts. I1 A and I1 H. In 

Il A, finished goods inventmi& are regressed on 'the variables from the simple rnullrvarlate 

model, while Il B uses the "complete" set nf regressors from the generalized multrvarmte 
.-A 

i 



model. The evidence for the buffer stock role of other goads inventcries is examined in 

Section 111. The first stage iests conclude with a ,  summary of the results on both finished 

goods and other goods inventories. 

I. DATA & ECONQWTBiC XETHUDOLOGY OF PERSISTENCE TESTS 

This study would not have Been possible without the cons'nuction of consistent data sets 

on a number of important variables. Constant dallar series for all inventory categories were 

only available after 1971. The constant dollar data on these inventory categories: finished 

goods inveniories, raw materials, goods in process and unfilled orders had to be estimated 

prior to 1971. These estimates were done by estimating the appropriate deflators for various 

inventory categories. we followed the same methodology as Statistics' Canada in the 
< 

construction of constant dollar series. This was neccessary to rnainmn '&nsistency between pre 

and post 1971 data. The deflators used to compute constant dollar estimates from the 

nominal dollar data were also not available at the aggregate level of durable and non-durable 

classificationi These deflators were constructed by weighting the available deflators of 

individual industries of the durable and non-durable groups. A number of -other data series 

like labour stocks had to be linked up across various base years to make them consistent . 

These and other problems .of data construction &d availablity are discussed at length in b 

Chapter VI. At the end of Chap:cr W the constructed data series have been attached. This 

should greatly facilitate any further estimates or duplication of the present study. 

The jirst stage test of the persistence-via-inventories hypothesis was done separately on 

three industry classifications i.e. the total nbufacturing sector; the durable g&ds sector, and 

The ample multivariate model is a subset of the generalized multivariate model. The 
former includes the variables, interest rates, raw material costs and wages besides the primary 
variable of interest monetary shocks. The lmer model includes the variables mentioned above 
as well as stocks of labour, capital, raw materials, unfrlled orders, goods in. process, price of 
capital and imports. See equation (6). Chapter LU, which is the final estimating equa~on of 
the jirst stage tests. 



the non durable goods sector. 

industry classifications we are 

was not done by D & D or 

By eGrnating the equations for the durable and non-durable 

testing the persistence hypothesis at a less aggregated level; this 

any other researcher who has tested for the 

perystence-via-inventories hypothesis. The hypothesis has been tested using seasonally adjusrcd 

quarterly data -for the period 1963 1 to 1983 4. A case can be made for using 

non-seasonalized data but lack of a consistent data set for all variables preverued the usc of 
. :k, . 

raw data. 

- Previous erripirical studes of Wogin (1981). Darat (1986). and Hoffman & Schlapcnhsu! 

(1976) have examined the neutrality (and persistence)' of money in the t t a l  G N P  of I I I V  

wh'ole -Canadan economy, however, our tests are conducted only on thc  r n a n u f ' a c ~ u r ~ ~ ~ ~  

industry sector. This was done because the micro models of the firm's invcsrmenr bchsviour 

are basically about firms which carry finished goods (and other intermediate) invcntnncs. Su 

it seems a logical extension to examine aggregate behaviour at the industry lcvcl ra~hcr than 

also includmg the output and inventories of the services and farm sector. Sorestr). mlninp. 

etc. The output and inventor?, decisions of the non-manufacturing sectors differ from tht* 

tradtional theoretical construct of the firm behaviour, due to the differenr nature of' 

transaction costs in these sectors. This was precisely the reason for their exclusion l'rom the 

data se t  

The effect of unanticipated monetary shocks on inventories was first checked by 

regressing finished goods inventories on monetary shocks only, without the inclusion of' an) 

other cost or demand variables. Next other variables were successively added and their 

persistence ramifications examined. These persistence effects of monetary shwks. or the bufl'cr 

stock role of FGIs, and other inventories is inferred by examining both the individual lag 

Z ' Any test of neuuality is also in a sense a test of persistence due to the inclusion of' past 
monetary shocks in estimated output equations. The significance of past monetary shocks in 
these equations was evidence of persistence of shocks without testing for the cause of this 
persistence. 



significanw and joint significance of the lagged f monetary shocks as seen through the t and 

F statisba respectively. 

it can be argued that the above "forward selection" methodology of successive 

additions of relevant variables is based on the t test criterion - which selects that set of 

independant variables which have significant t values and consequently add to the goodness of 

2 
fit, as observed through the R . The regressors are augmented one by one until no more 

var~ables higher than the critical t value are available. This "forward selection" technique 

introduces the problems associated with specification bias due to omitted variables. The 

esbrnated coefficients on the intermediate equations would be biased with the direction of 

bias dependmp on the type of correlation of included with omitted va~iables.~ Note, however 

that  this problem shall not remain in our final. "complete", estimated equations (which have 

been reached ' through forward selection), on which the inferences on the buffer stock role of 

inventories are based. 

The "forward selection" technic ;ie can also be dubbed as "data massaging" or "data 

mining". Nonetheless we are hced with the problem of selecting all those variables which 

are significant in explaining the vdriation in inventories. Some of these variables are specified 

in theory and have been explicitly tested for other countries (though not Canada), other 

variables are mentioned in theory but not tested, or the test results not reported due to 

possibly bad fits, e.g. price of capital and capital stocks. Thus we are left with the rather 

tedious experimentation of successively adding and retaining significant regressors. 

' The discussion on the "forward selection" technique is motivated by the comments of Peter 
Kennedy who is a member of the supervisory committee of my thesis. I am thankful to 
Peter for drawing my attention to this econometric caveat 

' For a simple discription of the specification probelms due to ommitted variables, see 
Krnenta (1971). 392-95. 
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-- 
This methodology is not without some benefit as Kennedy (1984) states 

m e t i m e s  such experimentation uncovers empirical regularities that paint lo  erms  
in thewetical specijiations. Fw example, thrmgh data-mirung one of my 
cdleagues discovered a result char led him to re- examine the detuils of rhe 
British Cdumbia stumpage fie syste m..... Because of this. he was able to develop 
a much more satiSfhctwy thewetical specilficaiion, and [hereby l o  produce berrer 
empirical results.6 

The idea of adding successive variables came to my mind after reading thc resul~\ of' 

Maccini and Rossana who adopted the "forward selection technique" with known variable5 In 

mind. In their estimated inventory equation which also L e  ha lagged dependant vitriahlr ;is 

a regressor, they found that the speeds of inventory adjustrnenr were found lo incrcaw as 

successive regressors were added. The speeds of adjusunen~ were assessed from thc c~Un~iilcd 

coefficient on the lagged dependant variable. I t  would be very reasonable to cxpecl [hilt 

speeds of inventory adjustment should be very closely related to the ~ssuc of' perslsicncc. I n  

particular an economy experiencing fast adjusunent speeds of actual to desired inveniorics 

would be o6e where aggregate demand shocks do not persist for any appreciable period of' 

time. Andhince speeds of inventory adjustment changed as additional regressors wcrc added. 
\ 

therefore infere-3 on persistence of aggregate demand shocks are also expcctcd 10 change as 
I 

the inventory equation is augmented with relevant regressors. 

Following the 'method of Maceini & Rossana (1984). another important reason lor 
.> ' 

adding successive variables is that we are also interested in examining the individual \ 

- 

significance of a number of stock variables, e.g. stocks of labour. capital and other god., 

inventories. Though the first stage tests are primarily concerned in determining the influenci. 

of monetary shocks on inventories, yet these other variables are an important part o r  thc: 

overall specification of the inventory demand function. By neglecting these relevant cotit and 

demand variables we would be committing a specification error - which is our criticism of' 

Demery & Duck. However, by including this complete set of inter-relared variables all at 



once, and not through "forward selection" it is quite possible that due to multicollinearity the 

individual significance of some of these variables may not be observed This point is raised 

in Kennedy (1984) who states that 

UnfoYtun~!ely, a variable included in an *earlier step may  have its usefirlness 
negated b y  the inclusion of new variables, whose p n t  signijcance is more 
efie?:rve in explaining the variation in the dependant variable that the variable 
included errlier had explained.' d 

Thus we are left with the uneasy @sk of establishing the individual significance of a number 

of' interreldted variables while at the sane time coping with the problem of multicollinearity 

- which mars the significance of these collinear variables. In our case the multitude of 

lagged regressors compound the problem of multicollinearity. 

In this thesis the estimations have been done both for the levels and the growth rates 

of the dependent variable. It is a fairly standard practice amongst econometricians to apply 

various uansformations i.e. logs, differencing, on the variables to get the "best fit". It is 

possible that results with one transformation may be- significant while the other transformation 

may give insignificant results. Sometimes in cases of multicollinearity i t  is useful to apply the 

differencing transformation as was found to be true in, estimations of this thesis. 

Multicollinearity and autoconelation were of great concern in our specification search because 

a number of lagged inter-related independant variables were used. Ti& first difierencing not 

only reduced the severity of multicollinearity but also improved somewhat the "first degree 

serial correlation of the errors as seen from the improved Durbin Watson statistic in' first 

differenced equations. 

'. - Kennedy '(1984) p 79. 

' It  is assumed that atheoretical transformations are being ruled ouL There is no theoretical 
reference in the Blinder and Fischer model which is at odds with either uansfonnation 
employed by us. 



t ,  

All equations marked (a) are the levels results of log-linear equations. while (b) gives 

the results of the first differences of (a). We shall basica!Iy be describing the GL,S results of 

(a) since problems of autocorrelation are 

compared to 0LS.9 Equations (b) which 

have been estimated only through OLS, 

to another round of differencing of the 

greatly redwed by using the GLS technique as 
8 

are first differences of the logs of' variables in (a )  

since running GLS on the firsr din'crences amounL4 

dependent and independent variables. There are two 

issues in regard to doing GLS on the first differenced equations (b). First. i r  was lourid lo 

be largely unneccesary to perform GLS on (b) because the problem of autxorrelation was 

more or less corrected for most regressions (of Tables 1 through 'j), as seen through tht.  

Durbin Watson statistics of the OLS results of (b). Second, even if GLS, is pcrlormcd on 

(b). i t  becomes very difficult to give an economic interpretation to the estimated cocfliclcnr\ 

of the twice differenced log linear equations. Hence only OLS results of' (b) arc prescn~cd 

2 2 
The reported coefficient of determination. R , is the K corredted f o r  degrees of' 

2 
freedom. It  needs mention that the reported R of the G1.S results which applq the 

2 
autocorrelation correction, is the R of the transformed variable log N - p log N . Tht\ 

I I -  1 
3 

cannot be dlrectly compared to the R~ of the OLS results which states the explained 

variance of the origional variable log N It would be more appropriate to report in the 
t2 

2 
GLS equations, R s of the origional variable log N rather than the transformed variable h g  

t' 

N - log N . This however is a shortcoming of the TROLL'computer programme uscci by 
t t- 1 

3 

us to regress most of the equations of this thesis. This programme does not compute RLs 

on the origional variable. This shortcoming is however corrected in the first slage tesLs an 

other g d s  inventories reported in Table 4. These equations were estimated with the 
2 

SHAZAM computer package which computes the R s on the origional untransformed variables. 

2 
The reader may find the differences in the reported R s to be an inconvenience, bur this is 

Moreover the results of (b) can be cornpared to Maccini & Rossana (1984) t evaluatc thl: 
significance of various variables in the inventory demand equations. .They also used the same 
transformation as (b). This m a y  not be immediately obvious but becomes clear on reading 
the footnote No. 21 in Maccini & kossana, on the Hatanaka procedure, p. 227. 



merely an artifact of the software and not a deliberate introduction. 

A;final comment needs to be gven about the two techniques of testing persistence 'that 

have been applied in this thesis. The first technique has been elaborated in the first and 

second stage tests of persistence. These tests were doce through conventional regression 

equations. for example see equations (6) and (7) chapter 111. It was suggested by Dr. Peter 

Kennedy, who is a member of the thesis committee, that the alternative technique of 'formal 
) 

causality analysis should also be explored to test for causal relations between monetary shocks 
0 

and inventories, and inventories and output From a battery of available, causality tests, we 

chose the Granger causality tests. Results are attached in the appendix at the end of Chapter 

11. EPFEC'I'S OF MONETARI' SHOCKS OK FINISHED GOODS JNVENTORIES 

9 

I1 A .  TtIE SIMPLE MULTIVARIATE MODEL RESULTS 

I n  the total manufacturing sector the effects of monetary shocks on inventories were 

lirsr examined by using the OLS technique. The results are given in the attached tables at 

the end of section I1 A in equations i(a) 'and i(b) Table 1. The presence of first order 

serial correlation suggested the generalised least squares (GLS) estimation t e c h w e h e  DW 
\ /' 

statistic improved by using the GLS method but was still less than 2, and the value of the 

au~ocorrclation coefficient was 1. The value of the Dwbin Watson statistic and the 

autocorrelation coefficient suggested first differences of the log linear equathns marked (a). 

This m a n s  that equation (b) becomes a regression of growth rates of N on the growth 
t 

rates of the R.H.S. variables. Note that we only take the first difference of the vector u 
t' 

and not the first difference of logs of u (as was done for other variables). The reason is 
t 

that u are already growth rates of unanticipated money. lo  
t 

'"e vectokut is the residual of the estimated money growth rate equation (see p.64 ) 
Hence these $residuals or unanticipated money are also in terms of growth rates. 



When lagged money 'is' the only dependent variable. 'both OLS and G U  raul ts  of 

equation i(b), as well as GLS results of i(a) show that unanticipated monetary shocks arc 

statistically significant at all lags (iilcluding the contemporaneous term), and all estimated 

coefficients have the correct negative sign. All t values are greater than one. A "V" parten) 

of the effects of lagged money is observed. However, it  should be noted that h e  estimtcd 

coefficients at different lags are very close in value. Bano and some other researchers h v c  

found an inverted V pattern on the coefficients of the lagged money on output and 

unemployment rates. The V pattern in inventory regressions is consisterlt with the invtmcd \' 

p$nem in output regressions because monetary (or any other) shocks increase production and 

reduce inventories. As the specification was improved by adding more rclevanr explanaror\ 

variables the V pattern became more pronounced and the estimated coefficients also . 

significantly differed in magnitude. 
4- 

The largest t value is on the last lag of unanticipated money. showing suong . 

persistence effects on finished good inventories of monetary shocks that hit the economy onc 

\ 2 
yeardago. The R corrected for degrees of freedom is not very high and only 3 per cent oI 

the variation in finished goods inventories can be "explained" " by aggregate monetary 

shocks. This simply means that only 3 per cent of the fluctuation in inventories (translbrmcd 

variable) can be "explained" by rnisperceptions about aggregate monetary shocks. The  rest of 

the variance is athibutable to other relevant cost and demand variables and hence iiey 

should be included as regressors." Although, t values are significant, the F statistic is below 

its critical value suggesting inconsistent results. Rao (1976) has shown that such a result is 

possible and F(k,v) can be less than its critical value (c) if the absolute t .vduc qf each ol 
-.. 

the k "dxa rded  variables" is less than the square root of kc. The word dixarded variable 

2 
l 1  As mentioned above, this reported measure of R needs to be interpreted with caution. 
since it is computed on the transformed variable log Nt - p log Nt-l. If is clearly not a 
measure of goodness of fit of the origional variable log N t .  

l 2  The results of including these variables are presented in section I1 B in the Generalized 
Multivariate Model. 



may be misleading. In the wntext of our thesis the equivalent of discarded variables would 

be the lagged monetary shock in whose joint significance we are interested. The highest t 

value is 2.24 which is less than 4 x 2.33 = 3.05." therefore, h o ' s  t value condition is 

satisfied and the F value less than its critical value is rationalised.14 In spite of this 

rationaliution the insignificant F values show that the results are tentative in nature, and the 

evidence on ,the buffer stock role of FGIs in the total manufacturing sector is weak in these 
i 

very simple equations of Table 1. 

The durable g d s  sector shows similar effects of lagged shocks. An "almost V" pattern 

of coefficients is observed, with the maximurn effect of a shock showing up in inventories 

three periods later. and then gradually declining for another two quarters. The "explained" 

variance of durable goods industries is 4 per cent in i(b). The equations for the non-durable 

sector show that lagged monetary shocks have a weaker effect on inventories (by the R 
2 

criterion) compared to other industry classifications. The "explained" variance is only 1 per 

L m t  in i(b). The F test for joint significance shows that the null hyphthesis .of zero effects 

of explanatory variables. cannot be rejected. The t values at individual lags are however all 
L 

grcaler than one and all coefficients have the correct negative sign. 

We have completed the examination of the simplest inventory equations (far all industry 

aggregations) where monetary shocks were the only explanatory variable. These simple 

equations are ambiguous regarding the buffer stcxk role of FGls. Although the t values on 

monetary shocks are significant, the F statistic shows the joint insignificance of R.H.S. 

vakbles. These simple equations are not adequate representations of the invedtory demand 

functions. I t  needs to be seen whether the ,improvement in the specification of the invertory 

I )  in i(a) and i(b), Table 1, in fact k = 5 if we include the contemporaneous term in the 
coefficients yo to y4. But by definition, the issue of persistence Is related to past monetary 
shocks. therefore we drop yo and 'choose k = 4. Moreover, from the F urbles the critical F 
value is 2.33, which is the value of c. Thus, kc = 4 x 2.33. 

l 4  The same anomaly was also found by Hamf in hisftests on U.S. data 



demand function would lead to any different conciusions about the buffer stock role of FGls. 

The first subset of these other relevant variables in the inventory equations are 

expected real interest rates, expected real wages and expected real raw material prices.'" 

Expected real interest rates are proxying for expected inventory holding costs, and expccwd 

real wages and raw mterial prices are proxying for expected labour and raw material 

costs.'6 Expectations were simply modelled as past lagged values of these variables. Thc 

estimated equations of the zimple multivariate model for all industry aggregations arc ii(a) 

and ii(b) of Table 1 (attached at the end of section I1 A). The first lagged value of' all the 

above mentioned cost side exogenous variables turned out to be statistically insignificnnr in i l l 1  

indusny classifications, unlike D & D's results for the U.K. Additional laps on real wages 

and real interest rates'' were also insignificant and hence these variables were dropped I'ronl 

the model, but real raw material costs were significant in the lagged response both in ii(a) 

and ii(b). In total manufacturing, raw material costs have two correct sign coefficenls at the 

first and third lag, and the coefficient at the first lag is significant at the 5 per cent levcl. 

However the coefficient at the second lag is "wrong sign significant" 

" This subset of variables was also used and found significant by D & D in their 
regressions. Throughout the thesis this subset is referred to as the simple mdtivanate model 
of inventory investment 

l 6  Statistics Canada does not have published data for the raw material price index for the 
manufacturing sector. We had to construct this price index from the published data on costs 
of materials and supplies given in dollars. That means it  included both the quantity and 
price change effects in the reported dollar amounts. Since we are only interested in the raw 
material price changes, a Paasche price index was constructed. Moreover the index for the 
durable and non-durable industry classifications had to be compiled from the cost of 
materials data on individual industries included under these classifications. See chapter VI for 
details. 

l7  Interest rates have been found to be an insignificant mmsure of the carrying costs of 
inventories in a number of studies. The earlier literature has been s ~ m r i s e d  by lrvine 
(1981a). More recent papen have devised alternate capital carrying cost measures which are 
more firm specific. Irvine (1981a. 1981b) found that retail and wholesale inventorieb were 
sensitive to their cost measures. Rubin (1980) and Akhtar (1983) found aggregate inventories 
to be interest sensitive. There is only one study on the manufacturing s e ~  )r where a 
specially mnstructed capital cost measure was significant (Leiberman. 1980). 1- tests: on 20 
industries, Blinder (1985) fo-md that interest rates were insignificant in most ~ndustries. 



Inspite of this mixed evidence on the t values of individual lags, the inclusion of raw 
2 

material costs significantly. increased the R from 3 to 13 per cent in ii(a) and to 15 per 

cent in ii(b) in the total manufacturing sector but had a dampening effect on the t values 

of lagged money residuals. This will -be  clear if we' compare the the money coefficients in 

. ii(a) and ii(b) with i(a) and i(b). Only &e last lag of money retained its significance. The 

signs on the coeffuients of lagged money residuals are still correct and negative, thus 

showing that positive monetary shocks deplete not only current but also f u m e  inventories. 

The durable g d s  sector shows results similar to total manufacturing. The "explained 

variance" of durable goods inventories increased from 4 to 17 per cent in ii(a) and to 19 

per cent in ii(b) when raw material costs were added to lagged monetary shocks. The 

tnclusion of costs made the r values on the intermediate lags of money insignificant The 

contemporaneous and last lag were still significan~ however the pattern of coefficients also 

changed and the "V" pattern is no longer observed. This may be partly due to a suongly 

significant "wrong sign" effect of raw material cd on inventories in the second quarter. 

The addition of raw material costs has also significantly improved the F value and it is now 

significant at the 5 per cent level. We no longer observe the anomalous result of significant 

r values and an insignificant F value. The inclusion of raw material costs in the inventory 

2 
equation of  the non-durable sector did nothing to improve the R , as the individual lag 

coefficients on raw material costs were insignificant 
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Summary - -- Simple MuMva&te Motid 

and 

1. 

2. 

stock 

In summary, the results for the simple multivariate model in the total rnanuEactunng 
F 

durable g d s  sectors show that : 

On the basis of t and F value criterion there is 'weak evidence that-past monetary 
J 

shocks can explain persistence in inventories. Judging" by the tvalue criterion -the 
-, 

persistence of monetary shocks in Canada is longer than the one year persistence fouqd 
. r e  

by D & D for the total manufacturing sector of the U.K. We cannot compare our A 

results with them for the durable and non-durable industfies b e m w  they did not 
, 

disaggregate by sectors. 

Raw material costs are a statistically important variable in-the total rnanufacnuing and 

durable good!? sector. Their inclusion inc~eases the "explained variance" of inventories 
t- 

between 13 to 15 per cent in the total manufacturing and the durable goods sectors 
, . 

respectively. The addition of  raw-rnaterial costs as an ahditional variable has however .$' 

reduced the significance of &r~ey at individual lags'in dl three industry ~lassifications. 
+ 

The last lag of money in all three sectors still retains its statistical significance. thereby 

providing some evidence that inventories can be affected by monetary shocks occuring 

as early as five quarters earlier. 

a 

The results for the simple multivariate model show that the evidence on the buffer 

role of finished goods inventories is weak by both the t value and the F value 

criterion. First. out of the five lags (inluding the contemporaneous lag) on monetagt shocks, 

only one lag is significant at the 5% level in the total manufacturing, and only two lags are 

significant in the durable and non-durable g o d s  sectors. Second, the F test for the joint 

significance of all RH.S. vhables shows that the, null hypothesis of zero buffer stock effects 

is accepted for all industry classifications. This completes the fmt stage tests which were 

conducted from the subset of explanatory variables used by D & D. In what follows we will 

add more variables to equation (ii) of Table 1, and comment on whether the inclusion of 



those variables changes the inferences about persistence amibutable to inventories. As 
k 

mentioned before the a priari expectation is that-@e results should change somewhat .because 

Ma- & Rossana found that speeds of' inventory adjustment changed when the specificetion 

of the inventory gemand functions was improved. q 

I1 B. THE GENERALIZED MULTIVARIATE MODEL RESULTS 

The influence of the larger set of explanatory variables on the inventory investment 

decision for FGIs will be examined by systematically adding other demand variables (besides 

unanticipated money) and the relevant cost and stock varia les alluded to in chapter 111. This ? 
section is divided into three subsections. First the regression esults of adding the demand 

variables are presented. Second, the joint production of goods roduced to stock (stored as 
S 'B 

FGIs) with goods pr~duced to order (accounted in a firm's inventories as unfilled orders), 

and intermediate goods is examined Third, the interaction of FGIs with quasi fixed stocks of 
1 

capital, labour and raw materials is examined The results of the generalized model are given 

from equation (iii) of Table -1 to the last equation of Table 3. The tables of regression 

results for each of the subsections of I1 B are attached at the end of h e  explanation of 

results for each subsection. 
I 

In the comparison o ! equatio'is (A) and (b) of the generalized multivariate model with 

equations ii(a) and ii(b) of the simple multivariate model, one should be cognisant of the 
2 

differences in the independent and dependent variables, hence the R s should be accordingly 

interpreted. For the same reason we cannot directly compare the size of the coefficients on .. 

the lagged monetary shdcks. To be consistent we should only compare level equations marked 
t -  

(a) with the level equations, and growth rate equations marked (b) with their counterpan in 

other equations. It was important to mention this because once additional variables are added 

we should know which equations to correlate. 



' So far we have examined the effect on inventories "of costs of production and 

aggregate demand modelled solely by aggregate monetary shocks. The variables traditionally 

used to capture industry demand are new industry order= or shipments. Both these proxies 

for demand @ere tested. the results for shipments were very similar to the. new industry 

wders. Hence only the results of the former are retained. 

1.. DEMAND E m S  

&ew Industry Orders 

- 

The addition of a traditional demand variable (industry 'orders) to an equation which 
CI 
L 

had monetary suprisks and raw rnaterid costs (See equation (iii) Table 1) increased the R 

from 13 to 16 per -cent in the levels equations of the total manufacturing sectw. Expected 
* .  

orders increase desired and .hence actual inventories. The literature recognises that the- long 
F 

run effect of orders on inventories is positive. There may be a short run negative b 

P -  

\ "involuntary" effect on inventories due to the buffer stock role of inventories. It was found 

that the signs on koeflicients of all lags are positive in the levels 'equation iii(a) but the 

growth' rate equation iii(b) has two negative signs which are statistically insignificant The * 

positive effect of orders on inventgries is not instantaneous but occurs with a two period 

lag." This points to possible delays in production due to high transaction costs in immediate 

production and delivery. It is also possible that firms are giving priority to the delivery of' 
- - 

unfilled orders before they satisfy the new orders. That this may well be true was borne out 
- r' 

by the results of the second stage test for all industry class$kations (Table 5). In the 

second stage test when output was regressed on inventories, the non-durable sectov showed 
r 9 

that backorden as far as one year back were being satisfied from current output Moreover. 

." In some empirical studies this lag is referred to as a slow speed of adjustment; other 
studies cdl it a slowly changing inventory "target". The literature has not provided an 
adequate theoretical explanation of this issue. The problem is discussed in Blinder (1981) and 
Feldstein and Auerbach (1976). 

I 



tde total manufacturing and durable goods sectors also showed a highly significant effect of , 

backorders on output in the contemporaneous period Thus backorders were given more 

immediate attention by the finns relative to new orders.19 This may be so because backorders 
- - 

are relatively more important to durable goods industries compared to the non-durable sector, 

I A  because durable goods industries produce a number of non-homogeneous goods tind it is 
\ 

important that back orders be satisfied within a rwsonable time horizon, or otherwiqe 
4. / - 

2 

goodwill and expected profits will decline. 

New orders show% results similar to the total manufacturing sector for the non-durable 

goods sector, with orders affecting inventories with a three period lag. The addition of nrw 

orders in (iii) marginally increases the explained variance of non-durable inventories by 
@ 

another 1 per cent from equation (ii). The durable gods industries show that new orders do 

not add to the "explained variance" of durable goods inventories. All the three lagged vnlucs 
2 

of orders are insignificant and consequently there is no imp$vement in R . When demand , 

2 
was proxied by shipments the results were very similar to the orders equation. The R was 

however 1 per cent higher and 'the t values on the lags of money were marginally more 

significant. In the non-durable goods indusmes shipments did not increase the "explained 

variance" over and above the orders e a ~ a t i o n s . ~ ~  

4 1 .  

A firm's desired inventories are also based on both expected and unexpected imports. 

The level of actual imports inmrporatk -ljotli. these anticipated and unanticipated mrnponena. 

Consequently, the level of actual imports 'ps 'u d as .an additiowl demand variable ih our 
a , e 

regression equations. The results for imports are presented in Muations (iv) of Table 1 fbr 

*z  J .  all industry classsifications. As mentioned earlier on page 48, the overall effect of imports on 

, ? 9  The significance of backorders was however not observed in the inventory equations of thc 
f& stage test 

2 0  Since the results are so similar these equations are not presented 



inventories should be negative, although in the short run we could see a positive %as 
Z 

imports flow into and increase inventory levels. Unfortunately we ,have to report that the 

results obtained for the import variable are suspect and" tentative in nature, A number of 
> 

equations were estimated in which the demand variable was &$%-instead of new industry 

orders. We found that the results for imports were not consistent across data transformations - 
(a) and (b), where the former equations are in log-linear form and the -latter in fmt 

differences of the log-linear variables. Additional< variables like unfAed orders, goods in 

-process. raw materials and capital were also added successively to the equations,,.whkh , 

contained imports. The results show that in the log-linear equations imports are statistically 

significant at, atmost two of the four lags. However the suspect result is that even when six 
i 

lags,on imports were used. most of the signs on the estimated coefficients in the log-linear 

equations were positive. This seems curious bfcause we would normally expect imports to add 
.d 

,$ to inventories for only say, two or annost three quami. After that time we expect that 

imports should appear to be a leakage from the National Income stream - thus we should 

see negative signs from approximately the fourth lag onwards. Due to th6 extremely tentative 

nature of results on the' .import variable these experimental import equations are not reported 

but their results are a'vaiIable from me upon request . 

In h e  reported import equations of Table 1 (see iv) the results for the tad 

rnanufncturing sector show that 2 of the 4 lagged coefficiem on imports in iv(a) have a 

positive sign at the. 5 per cent levgl. 'The p a w  of coeficiehts on imports shows a lagged 
/ 

i < response of inventories to changes in imports. This seems iquite plausible in view of possible 

. ' .  
, delivery lags due toLpr&ction as well as delivery lags due U, transpbqtion across , 

7 

1 - , international borders, the former lag being more mmmon in ,mde  to order non-homogeneous 

2 
.i '4 

goods. When imports are included and orders excluded in (iv$ the 'R is 43 per cent This 
i ", ' ' 4 

L 
.i ' 

Q , -. is more than twice the "explained variance" of tqe orders equation. fneluditlg orders in the 
> "  1. * 1 

I import equation however did not add to the "explained variancen. h i s  suggests the relative 
\ 



importance of impbrts over orders 

S i a r  results were obtained 
/ 

7 

as a demand variable in the total rnanufacmring sector. 

v- 

for the durable goads sectar. In the durable goods sector 

the R~ of the equation which had imports (see iv(a) ) was three times that of Be equation 

which had orders. In the non-durable gmds sector imports are not as important a 

, determinant of desired inventories as in the durable goods sector. The relative variance 
2 

"explainedn by the imports equations is less than that of the orders equations. The R is 

only 4 per cent, however the last two lags of imports are significant at the 10 per cent 

level. 

There seems t o  be a possible reason for the unfavourable results on imports. The 
L 

culprit is overly aggregated unrepresentative data. Ideally we would have liked to have data 
. 

on imports segregated by sectors- bui such data was not available. The only time series on 

imports that is available is the total merchandise imports for the whole economy (which 

includes the farm and service sector), rather than disaggregated by the three sectors under 

consideration. Obviously. using the total economy's imports instead o f h e  imports of durable 

and non-durable sectors- would give inconsistent results in the regression equations ol' these 

sectors. 

What is the effect OR the 

variables like orders and imports 
* ,  

D & D ? '  

In this thesis our counterpart. to 

persistence variable (monetary shocks) of adding demand 

to the simple inventory equation of the type estimated by - 

D & D's estimated equation for the UK are equations ii(a) 

and ii(b) of Table 1." The addition of orders in the durable goods sector -- in the levels 

equation iii(a) makes the contemporaneous lag on money insignificant There is a general 

dampeking of -the t values on monetary lags in all the three industry classifigtions, but tha 

'lTh,ese equations are referred to as the simple multivariate madel in this thesis. They 
incorporate all the explanatory variables used by D & D with the exception of wages and 
interest rates which were dropped because they were found to be insignificant for 'Canada. 

\ 



, 

last lag of money in all equations still retains its significance. It would not be very ' 
- B 

surprising if even the last lag became' insignificant since. the presence of high muiticollinearity 
.. 

between the two demand variables, i.e.- monetary shocks and orders, greatly in!la'tes the 

standard errors and biases d wards the t values on lagged money df'ficients. T 
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2. JOIhT PRODUCTION 
4 

- Now we investigate the question whether. finished goods are jointly produced with go'ods 

produced to order, and intermediate goods. The: discussion of the multivariate moue1 in 

chapter III brings out that a firm may produce both to stock and to order. The former 

g o d s  are carried as finished goods inventories and the latter are reflected as backorden;. I f  

the , p d s  produced to stock (GPS) and goods produced to order (GPO) are either substilutes 

or mn$ernents, FGIs would be affected by chages in backorden. By similar reasoning FGlr 

would also be influenced by changes in inventories of intermediate goods. Our interest in 

joint production is not merely to find out if production is a joint stock decision. but in 

knowing how the inclusion of these joint stock variables affects the issue of persistcncc, (as 

seen through the lagged monetary response) 'and the overall significance of the inventory and 

output equations. The results on joint production are given in Table 2. 

As pointed out in the discussion of the multivariate model in chapter 111, i f  production 

is in fact a joint stock decision then the stock of unfilled orders and or the stqrh of' goods 

in process inventories (intermediate goods) should have a significant impact on finished goods 

inventories. This was investigated (in Table 2) by separately adding the s m k  of unfilled 

orders and goods in process inventories to equation (iii) of Table 1, which has new orders 
>:. 

as the demand variable. The results of adding unfilled orders to the new orders equallon (iir  

of Table 1) are given in (i) of Table 2. Similarly. when intermediate goods wcrc added to - - 

the new orders equation results are shown in (ii) .of Table 2. 

1 

U nflled Orders 

All three industry classifications show that goods produced to stock (wh~ch are stored as 

finished goods inventories) are not statistically conelmd with goods produced to order (whiLh 

are accounted as d i e d  orders) i.e. d = 0. See equation (i). Table. 2. for all industry 
1 



 classification^.^^ Unfilled orders in all these industries are insignificant showing the 

independence of GPO and GPS in equations (i). To explore the possibility of, longer lagged 

- adjustment between goods produced to order and stock we added more lags to d i e d  - 
' orders in the inventory equations. This had no impact on the significance of results and all 

further lags were insignificant 

Qo 

Goods- in Process or Intermediate Gods 

f 

equations (ii) of Table 2 show' the interacticy between goods. 
- - f 

produced'-to stock and intermediate goods. In the non-durable sector, production decisions of ' 
- 1  

GF5 and intermediate goods are independent, shown by -the insignificance" of the estimated 

coeficient on goods in process inventories, i.e. 
6 2  

= 0. This result did not change when 

more lags were added to intermediate goods. The du~able goods and total manufacturing 

sectors show that 6 5 0" and significant, showing the complementarity of GPS and 
2 

intermediate goods. This is normally the result because intermediate goods may be an input 

to production. This is more likely to happen if production is a multistage process. Adding 
0 %  

more lags LO intermediate goods inventories did not show the significance of any further lags 

in the durable goods and total manufacturing sectors. The first lag continued to retain its 

s~gnificance in both the orders and imports equations. Thus the results show that intermediate 

goods are complement. in the durable goods and total manufacturing sector and independent 

in the non-durable sector. 

PC 

" Refer back to equation (1) chapter III. 

" Note that 62 has been entered in the regression equation with a negative sign. 
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3.' INVENTORY AND QUASI-FIXED STOCK INTERACI'ION 

The interaction of the production decision (which is also an inventory decision) with 
#J 

the stocks of quasi fixed factors of production will now be investigated. The three quasi 

fixed factors of production that are considered are raw material stocks;J4 stocks of labour and 
* 

capital stocks. The estimated equations are presented in Table 3. For all three industry . - 

classifications, equation (i) is for raw material stocks, equation (ii) presents the results on 

capital, and (iii) shows the stock effe'& of labour. 

Raw Material' Stocks , - .- 
/ 

-_// 

In all three industry classifications an effect of raw materials on FGI was only found 

in the levels equation i(a) and not in the growth rate equation i(b). None of the t values 

in the growth rate equations (marked b) are significant at the 5% level of significance. In 

the log-linear equations (miirked a), both the durable goods and total manufacturing show 

lagged adjustment of finished goods inventories to raw materials, with the third lag on raw 

materials being statistically significant with the correct negative sign. An increase in actual raw 

material inventories relative to the desired stock of raw materials will lead to an increase in 

production and FGIs. Note that a negative 6 implies a positive effect on inventories since 
3 

raw materials have been entered in the regression equations with a negative coef'fiden~ See 

the signs and explanation of equation (1) in chapter 111. Raw material stocks have a more 

imme&ate effect Qn inventories in the non-durable goods industry as compared to other = 

industry classifications. Raw materials are statistically significant at the first lag with 5% 

=c. 
significance levels and the correct negative signs. 

In this we have referred raw materials 61 be one of the inventries in the other gads 
rnventwies. Maccini & Rossana however refe; 'to' raw materials as one of the quasi-fixed 
stocks which interact with FGIs. This difference in nomenclature has no bearing on the 
qualitative or quantitive results of our thesis: 4t- 



Capital S t x k  

The ividence on the interigion' of production with the capital stock is relatively strong - 
as compared to other quasi fixed. stocks (see equation ii, Table 3). In all three industry 

classifications the stocks of capital are statistidy significant with the correct signs. However, 

as was the case with raw materials, this significance is only observed in the levels equations 

ii(a1 and not in the growth rate equations ii(b); except for non-durables. The overall 

evidence for the log-linear capital equations shows that excess capital stocks are used to 

increase inventories and production The issue of capital needs to be investigated further with 

other definitions .of capital than that used in this study. We used the total capital employed 

in construction, engineering and rnachi;lery and equipment of the manufacturing sector. One 
C 

needs to examine the behaviour of capital when broken down by each of .these disaggregated 

categories. This will be more-~"&prtant when using individual industry or firm data. We did 
I.+~ : , 

not do so in this thesi5,ibeatuse we are more interested in the behaviour of aggregates. 
3.  7 - 

Moreover, as repeatedly mentioned before the prifnary interest of the thesis is to assess the 
* < :- -* 

impact of lagged monetary-~hkks on inventories and output The interest in othef variables 
,- .-a* ;, 

like capital etc.. is only to,  the extent of spedfymg the "correct" inventory equation , 

The interaction of goods produced to st& with labour in iii(a) and iii(b) is not found 

to be statistically significant in durable g& industries. The non-durable goods sector 

however shows a lagged interaction with labour in the third quarter. This significance was 

obtained in both the levels and growth rate equations. The k t  two lags are insignificant 

the 5% level. but have the wnect negative sign implying that labour hoarding increases 

inventories and output The t ~ t a l  manufacturing shows that one lag of labour is significant 

the 10% level. These results at best show weak evidence of interaction of production with 

employment 

\ 

c 



Having presented the results -of the individual equations ins which the significance of b 

+ 
.the , + quasi-fixed factors of production and jointly produced goods was examined in separate 

. C 

+-+ 

ecjua&ms,'-we shall see what happens to the statistical significance of these stocks once they 
+ 

are alf -combined together in one equation. We are aware that in dealing with a relatively 

large number of inter-related regressors we bound to find multicollinearity. once they are ,y 
all combined in one ~gression equation. Consequently, we should expect that due to this 

problem some of the variables which were significant when included by themselves (with the 

exclusisn of other collinear variables) can possibly become insignificant when all variables are 

regressed at once. This is exactly what we found in our estimations. Equation (iv), of Tablc 

3 presents the f& equation, when all relevant regressors have been included in the finished 

inventory demand function. Equation (iv) is important from our point of view and 

supersedes all previous equations. because it can be considered the culminating equation of 

the "forward selectionn technique. This equation only retains those regressors which remained 

ststistically significant in the event that all regressors were lumped together in one single 

equation. We shall base our inferences on persistence, or the buffer stock role of FGIs by 
B 

looking at the significance of lagged monetary shocks" in$s "final" equation of the 

generalized multivariate model. 2 5  

Now that we have completed the examination of the relevant' decision variables in the 
\ 

firm's inventory decision, the important question to ask is; what is the effect of including all 

these variables on the inferences on the buffer stock role of inventories. Are the inferences 

on the b~ffer  stock role of inventories the same in the generalized multivariate mdel  with 

its many variables, as compared to the simple multivqriate model with much fewer variables, 

tested by us and Demery & Duck ? It will be sein below that very similar inferences are 

obtained in both the simple and generalized multivatiate' models. 

- 

'' From our point of view the two important eqqtions whose results will be c ared are T equation (ii), Table 1, and equation (iv). Table 3. which belong to the simple and 
generalized multivariate models respectively. 
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- 
An examination of equation (iv) for all industry classifications shows that in this "finalw 

equation of the generalized multivariate model, in which the specification search has been 

completed. the results on the buffer stock role of finished goods inventories are very 

discouraging. The GLS results of the log-linear equations iv(a) and the OLS results of the 

first difference equation, (iv)b, show that none of the industry classifications have significant 

partial F values on monetary shocks. However, by the t value criterion we see that most 
.-' 

equations (in all industry sectors) show that monetary shocks are significant at the 5% level, 

at the fotirth lag. 

We cannot blame multicollinearity for these poor results on the buffer stock role of - 3 

finished goods inventories. If multicollinearity was' the only cause of ipignificance of monetary 

shocks in (iv), then we should have seen monetary shocks to be significant in the 

parsimonous equations of the simple multivariate model (see ii(a) an"d ii(b) Tatale 1). These 

' equations did not have many regressors and consequently did not have much multicollinearity. 

However the equations of the simple mhtivariate model suffered from another shortcoming - , 
S 1 

that qf specification error due to omitted variables.26 

So what was achieved by doing a through specification 'search of all the relevant 
e 

explanatory variables, '@hose *dividual significance i s  ody of &ondry interest to us, @ 
# 

question of examining the persistence of monetary shocks in finished goods inventory 
%1"- 

equations. P C  ,. a- 

. . -, r 

The principal results can b&'s&mkg$ed as: . " 

1. It is m that the t'edioq specification search could 'not find an improved role of FGIs 
* h r  1- ". ",? 

as buffer sf&s against @onemy - shoqks. The evidence on the persistence effects of 
I 

monetary. shocks. is zero by the,,F value criterion and very weak by the t value 
,. 

.-, 
criterion. This statement is' applibble to both the simple and generalized multivariate 

ornittqd variables once added ode by one ,gave us eq'uation (iv] of the generalized 
multivariate model. 

I .  * 
,, 

' 



models. 

2. This exercise of a move from the simple to the generalized multivariate m@el also 

revealed that our apriwi expectations of seeing somewhat different results in the two 

models were not realized However, after examining the results of the generalized 

multivariate model we can atleast claim that no effort was spared in the specification 

search and the insignificance of monetary shocks in finished goods inventory equations 
% 

in Canada cannot at least be blamed on improperly specified inventory equations. 
.bl 

The foregoing analysis of first stage test shows that in most of '  our estimated equations 
i 

in all industry classifications, unanticipated monetary shocks have a negligible effect on 

finished goods inventories. Is it possible that the buffer stock role of inventories is being 

manifested through variations in other goods inventories i.e. raw materials, unfilled orders and -- 
goods in process? This question was examined by regressing other g d s  inventoies on 

monetary shocks and other relevant decision variables. A number of these decision variables 

were tried and found to be statistically insignificant; hence they were dropped from the 

equations which were finally estimated. Once again in keeping with the methodology adopted 

for FGI regressions earlier, we will be estimating our equations in both levels and rates of 

change. The former are marked as.Ta) and the latter appear as equations (b). The results 

for all industry classifications we given in Table 4. Since OLS results of the log linear 

equations (a) were marred by autocorrelation the discussion of GLS results arc presented 

below. Equations (i). (ii) and (iii) show ,the results of the effects of monetary shocks on 

unfilled orders, goods in process and raw material stocks respectively. The following discussion 

on the significance of monetary shocks will be coined in terms of both the t and F value 

criterion. 
/' 



Ynflled Orders 

In the mtal manufacturing sector unanticipated money is significant at the 5% level at 
4 

the contemporaneous quarter in both the levels and growth rates equations, however the joint 

significance of monetary lags b rejected in both equations by the F value criterion. The 

durable goods industry mirrors the results of the total manufacturing, and the non-durable 

sector shows that unfilled orders are not used as buffer stocks. ia . G 

-. 
Except in the durable goods sector where two lags are significant- in in the levels 

equation (ii a), none of the other sectors show the significance of unantkipated money. 

However, the partial F values in all equations reject the buffer stock role ~ f , g o o d s  in 

process .inventories. 

& 

Raw Material $locks 

In the total manufacturing sector the buffer stock role of raw - materials is observed for 

the growth rate equation, but not for the levels equation. In the growth .rate .equation the 
* ,- 

contemporaneous and three further lags are significant in the t values. The joiht significance 

of monetary shocks is also found through the partial F statistic. The durable and non-durable 

industry sectors show that the buffer stock role of raw materials is accepted thou@ both 

the t and F value criterion. An examination of significant lag lengths shows that the buffer 

stock role of raw materials is shorter in the non-durables compared to the other two sectors. 
c 

The above results for varioys other gods hvenfories show that in the total 
'a 

manufacturing and durable goods sector the effects of monetary shocks are felt on raw 

materials for 2 quarters including the current quarter. By the F value criterio~ there is no 
* 

evidence of the buffer stock role of backorders or g o d s  in p r ~ e s S  inventories in any 

industry classification. However, the t values at some monetary lags were faund significant in 



the unfilled orders equations for total manufacturing and durable goods. It  &ms that the 
t 

poorest results are obtained for the goods in process inventories where only the durable 

goods sector showed two .lags significant in the t values, however, by the F value crite~on. 

all sectors show that goods in process inventories do not play a buffering role against 

monetary shocks. The results for the evidence of the buffer-stock role of all inventory types 

are summarised in Table 5S(a). '' The asterisks against the significant F values quickly bring 

to attention that in all industry classifications raw materials are the only category of ' 
,pa 

inventories that are significant in the F values. The overall evidence of the first stage tests 

suggests that in Canada €he buffer 

and rejected for all other inventory 

This completes the discussion 

all goods inventories was examined 

stock role of inventoriese is akly found for raw materials 
(, 

categories, as seen from the F value criterion. 

of the first stage tests in which the buff'er 's~ock role of' 

by estimating the inventory demand functions for various 

inventory categories. ,The significance of some other goods inventories, like raw 'materials, 

suggests that these inventories should also be used as regressors (besides FGls) in the oulpul - 
' 

equations of the 'second stage test 

17See after p. 166. 
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Summmy of First Stage Results 

The first stage tests were 
4 

inventories' 'carried by the firm. 

. . 
' ,= 

4 -  ' T  

< 

I l i  

.i 

done to assess the buffer stock role of all types- of goods" 
\ 

.& ' 
The buffer stock role was deduced from the significance of 

lagged monetary shocks in the inventory equations of the finished goods as well as other .. 
0 ' 

inventories Finished goods inventory equations were regressed on the explanatory 
C 

variables o f  &olmodels i.e. the simple multivariate model 'and the gen;dized. multiva&e 
b 

.- A 

b- - 
model. The latter model was arrived at by suarrssivef$ augmenting the FGI equatiosis &.the 

. t  - 
simple multivariate model by known regressors. > ,  

e v 

1. , The r e s ? ~  for the finished g w s  inventory equations show that in &e sim&st of the 

simple inventory equations which had current and lagged monetary shocks as thc only 

regressor, the buffer stock role of FGls is Yery weak. Though individual lag significance 

I 
was obtained at all lags, the monetary variables were not significant as a whole as 

seen hom the F statistic. The "explained variance" .of these simple equations is 5 per 

cent or less in all industry classifications. This means that misperceptions of monetary 

shocks can only "explainn a small per centage of the total ''variation in fmished goods 

inventories of the manufacturing sector. 

2. When other relevant expected cost variables were added to these simple equations. 

particul& the subset of variables used by D & D (which we have dubbed the simple 

multivariafe mode(), the individual lag significance of monetary shocks in all three 
2 

industry classifications was reduced, although the R increased significantly in all but 
a ,  

the non-durable goods sector. The intermedate lags on money became insignificant bur ' 

the last lag still retained its significance in all sectors and in the durable goods sector 

the contemporaneous lag was also significant which was not the case in non-durables 

and total manufacturing sector. Using on ly  the F value criterion. the results of the 

simple multivariate model show that the buffer stock role of finished goods inventories 

is not observed in the manufacturing sector of Canada. 



7 w 

3. The .' 2 results .of' regressing fini~hed goods- inventrories on the regressors of the generalized 
S , : 1  

< 

.r 
' 

rnultivariak- model show&'.the, :significance of a number of cost demand, and stock , .  

2 
variables that were add& to the simple multivariate model. The R s of the FGI 

.- - 
9 - 

equations inadvertently increased, thereby improving upon the specification bias which 
# 

d 

\ ,  
was present in the FGI equations of the simple multivariate model. However, we must 

9 

fernemlit% that the, inter& in determining the "correct specification" of the FGI -'. 
equation is & l y  arguably -important for econorne@ic reasons). The 

4 

" I ' l" primary interest lies in establ shing the buffer stock role of finished goods inventories 

(and other goods inventories), as seen through the significance of lagged monetary 
3 3 1 '  

5 - 2 

shocks. The results of the finilly selected FGI equation (which has all those regressors 
A .  

i 

I .  which retain their significance when combined toiether in one equation), show that the 

inferences, on persistence in h e  generalized multivariate model are the same as in the 
9 - 

;' simple multivariate model. 'Using the" F value criterion we find that all industry 

classificati& reject the buffer siock iole of finished gwds inventories 

4. The lack of evidence of the buffer stock role of finished goods inventories neccessitated 
X): 

2 \  

the examination of other goods ~nGent@es as possible avenues for a buffering role s T X  ' X  

% ,, 
% 

against aggregate demand shocks. Using the F value criterion, it was found that the -, . -. 
., % . 

evidence for the buffering  ole of other goads inventories is also quite weah The null B- 

*' .. 
Li- . 

hypoth is  of a buffer stock role is rejected for goods in process and backoider 
m .* 

l'. Y 
,- mventories for all industry classificatjons. However, 'all sectors of the manufacturing 

industry show that raw materials play a statistically significant buffering role. This is 

seen through both the significant F value well as significant t values at individual 

lags of monetary shocks in the raw material equations. 



SECOND STAGE TEST RESULTS 

The buffer sock role of various goods inventories was examined in the estimated 

equations of the first stage test Ln the second stage test we shall examine whether the 

effects of monetary shocks are transmitted to output through those buffer stocks. This 

question was,exarnined in three steps; firsf output was regressed on different inventory rypcs, 

second, other variables (of the vector Z ) like cost and demand factors etc. were added and 
t 

finally the unanticipated monetary shocks were included as another regressor. As pointed O I I ~  

in the discussion of equation (19)' in chapter 11, the significance of monerary shocks providcs 

evidence on other channels of persistence. i.e. channels other than inventories. We shall now 

present the results of the second stage test equation (7) of chapter 111. 

The dependent and independent variables are logarithmic first differences representing 

the rates of change of these variables. The estimated coefficients can accordingly bc 

interpreted as elasticities. In our results we have not estimated any levels equations in the 

second stage tests as was done in the first stage tests. In the first stage tesrs the purpose of 

using different transformations was to test whether the multivariaie model was robust en~ugh 

to be significant under more than one transformation. That task has already been 

accomplished in the first stage tests. hence nothing more would be gained by repeating the 

tedious exercise in the second stage .tests. An important reason for using only the first 

difference 'form rather than the log linear form is that the problems of' both, autocorrcla~ion 

and multicollinexity are greatly reduced in the first difference transformation. The regression 
F 

results of the second stage test are presented in Table 5. Equations 1 to 4 can be compared 

across the three industry classifications since they are similar in their explanatory variables. 

Equation 5 and onwards are not directly comparable between industries due to dissimilar 

explanatory variables. Some explanatory variables were not significant in some industry 

classifications, so they were consequently dropped giving rise to dissimilar equations. The 



results using the generalised leist squares technique (GLS) will primarily be presented, and 

only when there is no need for autocorrelation correction will we present the ordinary least 
$ 0 

, sqbres  (OLS) results. I 
i 

0 .I 
f 

The second stage tests are first discussed f o ~  total manufacturing fqllqwkd by durable'wd the 

non-durable senors. In the output equations for each industq sector: thc impact of finished 

goods inventories is evaluated first folldwed by the impact of other inventories. The 
.I I 

tables of regression results are attached at the end of the explanation of results for &ch " 

/ 

industry classifaication. 

'TOTAL MANUFACTURING 

!, ' 
F o r  the manufacturing sector as a whole finished goods inventories in l(a) disturbed 

' one quarter back can explain the persistence in current output. All the coefficients on FGIs 
.s 

have the expected negative sign and all but one t value on the estimated coefficients is .- 
I ,  

greater. than unity. As was found for the' siniple equations of the first stage test in which 

monetary shocks were the only explanatory dvasiable, the F statistic shows that all the right 

hand side lags of FGIs taken as , a  whole are not significant although individual significance 

IS found at one of the three lags. This result was dso found for the simple e&ations of 

the first stage test in which monetary shocks were the only explanatory variable. Inventories 

and butput have an inverse relationship, an unanticipated monepry shock which decreases 

current period inventories increases current and future ou w ut ore than what would otherwise 

have been, had i t 'es been at their desired levels. The contemporaneous term is m 
insignificant and the first quarter lag ,is significant at the 5 per cent level with a t value of 

2 
1.89. One- shoyld 'note the correspondence between ,the R in the. second stage test versus 

2 2 
the R in the first stage test In the second stage test the R of 3 per cent is compared 

2 
to an R of 3 per cent in the first stage test for the total manufacturing sector. If 

monetary shocks are Ihe only shwks affecting inventories and hence output then persistence 

whether measured through a distributed lag 'of ponetary stocks or a distributed lag of 
3 ;- 



2 
inventories should have similar R s in the two equations (barring sampling error). It would 

be quite unlikely to find gieat differences in the "explained varianceus of these two types of 

simple equations in which the only explanatory variables are either inventories or monetary 
3 

stocks. One can ask how can we postulate similar or close (we are not saying exact) K*S 

when the dependent variable is not the same. The inventory or output decision is a very 

similar decision except for inventory carrying costs which would directly determine the level 

of inventories to be carried and- hence indirectly the level of output to be produced. Hence 

if' these two decisions are so similar, information about the monetary shock (assuming i f  is 

. the only shock), which changes inventories can also be inferred from an equation which 

1 
regresses output on inventories. In other words these two equations will have close K s; 

h~wever, this is a qblified state men^'^ 

Now we shall separately examine the effects of each of the other goods inventories' on 

output ~ ~ u a t i o h  (2), (3) and (4) of Table 5 show the significance of goods in process 

inventories, raw material inventories and inventories of unfilled ordcrs respectively.. There is 

no requirement in equations (2) to (4) that the expected sign of the coefficients on thcsc 

other inventory types be negative as was the case for finished goods inventories. Lkpendinp 

on .the relationship between GPS, GPO and intermediate goods, the signs on 6 6 could 
I '  2 

be either greater than, less than or equal to zero. The goods in process inventories show 

mixed results, the contemporaneous term is significant with a 'negative sign while the thud 
G 

quarter lag is significant with a positive sign. We cannot unambigously conclude ' whether 

finished goods and intermediate goods are substitutes or compliments. Recall that unamMgous : 

i 
complementarity was f o u ~ d  between FGI and intermedate goods in the first stage test 

equations of TaNe 2. 
0 

, P 
Raw material inventory smks are expected to have a negative sign (& 5 0) because 

3 

edcess raw materials are expected to increase production and inventories. A negative sigg , 

2 '  See the r&mctions in the' footnote. number 16 p. 30. Chapter 11: , ' 



e 

implies a positive effect because raw materials were entered in the regression equations with 

a negatlve sign. They could also have seen entered in the estimated equations with positive 

signs, which is the usual practice, but  we used negative signs to be consistent mth equation 

( j )  discussed in Chapter 111. Raw material stocks were found to be individylly statistically 
- 

insignificant- at all lags except the last where it is "wrong sign significantn at the 5 @Per 
cent level. 

Unfilled orders in 4(a) display strong significance only for the current term and no 

further lags were significant The significance of the contemporaneous term on unfilled orders 

seems very plausible because production and finished goods .inventories alone caimot normally 

meet excess demand. I t  is only iational that in the face of production and delivery lags the 

firm should use back ~ r d e r s  as buffers in unanticipated demand situations. But it is rather 

quizzical that no lagged back orders influence current production, implying that as a rule 

back orders are cleared by the end of the current period leaving no room for this periods 

back orders to influence next period's output It is possible that aggregation of industries. 

even ar the level of durable and non-durable industries, may. be responsible for the 

insignificance of lagged unfilled orders. No conclusive statement can be made about the 

insignificance of lagged unfilled orders unless their r'ole in specific industries (like food and 

beverage, wood products etc) is separately examined l 

Jquatjons 1 to 4 were also estimated without the contemporaneous lags of various 
B 

~nventories. The results are ,given in equations l(b) to qb) .  This was basically done to see 
bi 

2 
I the impact 'of dropping tde contemporaneous term on the R and t values of the remaining 

0 

coeffiaents. There was no change. in the results for finished goods, intermediate goods, and 

raw material inventory equatiok. The signs and significance' of various lags in l(b), 2(b) and 
2 

3(b) remains the same as in l(a). 2(a) and 3(a) and there is a small change in R . The 

unfilled orders equation. however, shows that dropping the contemporaneous term on unfilled 
1 0  

2 
orders reduces the R by 24 per cent. suggesting that unanticipated shccks have their affect 



mainly through current back orders. This point is further discussed later. 
* 

Overall, these very simple equations show that by' themselves finished goods inventories 

can explain persistence in output for about one quarter, and goads in process inventories as 

far as one yeax ago. The conclusion for intermediate goods inventories is tentative given thc 

mixed signs found in 2(a). It will be seen later that as more variables are. added, the mixed 

, signs on intermediate goods inventories are corrected and an unarnbigous one year eff'ccr of' 

these inventories is obtained. This suggests the effects of a possible specification bias on I h c  

estimated coefficients: due to the ornrnission of relevant variables. 

8 

The simple equations discussed above do not include the effects of cost. demand. and 

stock variables. The search for statistically significant variables culminated in equalion 5. This 

equation regresses output on all goods inventories, other cost and stock vaeables, as well as 

monetary shocks.' As mentioned in the discussion of equation (19)' in Chapter 11. the 

monetary shocks have been added to see if they carry any information over and above .wha! 

is already embedded in inventories of various kinds, notably finished goods inven~ories. I t  was 

found that all lags of monerar) shocks have the correct positive signs.but onlv~wo lags arc 

significant in the t-values. The F value is 1.62 which is less than the critical value ar the 

5% level of significance. Thus by the F value criterion we' find no evidence of the other 

channels of persistence of monetary shocks in output equations for the total manufacturing 

sector. 
, - 
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DURABLE GOODS - - 
i 

In the durable goods industry finished goods inventories explain 2 per cent o ~f the 

variation in output in (1)a Table 4. All the coefficients on FGIs have the expected nepativt 

sign and two of the four t values are greater than unity with the first period lap showing 

2 
significance at the 5 per cent level. As in the total manufacturing sector the R of 2 per 

2 
cent in the second stage test is close to the R of 4 per cent found in the firs srapc tesL 

Equations (2), (3) and (4) deal with godds in process inventories, raw material 

inventories and inventories of unfilled orders respectively. As was found in tokl 

manufacturing. goods in process inventories (intermediate goods) gave mixed results and we 

m o t .  infer .if finished goods are complements or substitutes of intermediate goods. The ).' 

statistic cannot reject the insignificance of all the explanatory variables. Recall that in the 

first stage tests FGI were found to be complements of intermediae goods. 

Raw material stocks again showed mixed results with the first quarter lag significant 

with* the correct sign but the fourth quarter lag being "wrong sign significant" in 3(b). Thc 
-.I 

joint significance of all R.H.S. variables given by the F statistic cannot be rejected in 3(b) 

though it is rejected in 3ia). 

Overall these simple equations show that by using the t value criterion we find Lhar 

finished goods inventories can explain persistence in output of durable goods for about one 

quarter and raw mater ia lsad goods in process inventories explain persistence for aboul one 

year. The conclusion on g d s  in process inventories and raw materials is tenlalive due to. 

the mixed signs found on the coefficients of these two inventory types. Equations iv(a) and 

2 
iv(b) show that the ,significant drop in the R in 4(b) (which does nct contain the 

. mntemporaneous term on backorders), is evidence that unanticipated shocks have b e ~ r  effects 

mainly through curnnt backorders. The insignifimnce of past backorders was also found 111 

the f i s h e d  goods inven to~  equations of the 'first stage test. This points out a consistency in 



the output and inventory equations. 

I- 
B 

Having seen the results of these simple kquations, we now mount a search for the . . 

other relevant cost and skxk variables. During the specification search it was found that in ' 

the durable g a s  output. both input prices, that is wages and price of capital were 

insignificant and hence. dropped from the equations. One of the demand variables. new 

industry orders, was similarly found insignificant and was consequently dropped from the 

equations. Orders were highly correlated with a number of other explanatory varhbles used in 

our estimated equtions. It was important to exclude them 'because the data matrix was 

highly coilinear in their presence. Thus the problem of multicollinearity was partially -. 
corrected. 

, 
The search for the appropriaw output equation for the durable goods sector is now 8 

complete as seen in equation (5). We will now add the lagged monetary shocks to see if 

a& funher persistence in output can be explained over and above what was explained 
L 

through different types of inventories. . 

A glance at the partial F values in equa60n (6) reveals t i ~ t  finished goods inventoGes 

are jointly insignificant. but goods in process, raw materials, and unfilled orders are 

significant Another notable observation in equation (6) is the individual' significance of the 

contemporaneous and past lags of monetary shocks. The lagged shocks have the correct 

positive sign which shows that past shocks reduce inventories in those periods and increase 

nor only the output in that period (as seen from the significance of the contemporaneous 

term) but also future outputs. 

What can one conclude about the significance of lagged monetary shocks in an 

equation which also includes lagged values of all inventory types? As pointed out in the 

.* - - t discussion of equauon (19)' m chapter 11, the significance of u (lagged monetary shocks) in 
t-i 

the presence of lagged FGIs provides evidence on  other channels of persistence" besides 
b 



FGk The lagged monetary shocks are carrying a different kind of, or more information 

than. is already contained in FGIs. 

P' 

How much of the additional variance of ouput can be explained by lagged monetary 

shocks ? 

A cornparision of equation (6) with ( 5 )  shows that the inclusion of monetary shocks increases 

2 
the R by 6 per cent The partial F value of monetary shocks is 3.04 which is significant 

at the 5% level. This suggests significant evidence of @her channels of persistence in b e  

output of durable goods industries. 
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NON DURABLE GOODS 

ln the non-durable goods sector, equations l(a) to, 4(a) show the i&act of various 

Inventory types on ?reduction of this sector. The signs on the coefficients of fini~he$'.~oods 

invermry are all correctly negative. All but the contemporaneous t values are greater than 

one, and the second and third 'quarter lags are significanct at the 5 per cent level. The F 

statistic suggests that lags of FGI as a whole are not jointly significant. 

Intermediate goods inventories stored as goods in process a%t current output showing 

the effects of shocks occuring more than a year ago (see 2a). The sign of the last 

coefficicnr is pos~tive implying that finished goods and intermedate goods are substitutes in 
4 

production. 

Raw material supplies in equation 3(a) have "wrong sign significance" oh three of the 

four lags. I t  will be seen that this "wrong sign significance" is due to a specification error 

caused by omitted variables. Once these relevht variables were added this problem was 

eradicatrd. Unfilled orders in 4(a) show their impact only contemporaneously. This suggests a 
-49 

very shcrf term buffer role played by back ordeis when unanticipated shocks hit the 

economy. The sign on -the coefficient of unfilled orders is negative implying that GPS and 

GPO are complemenrs in production. 
4 

! 
The OLS results for equations l(a) to q a ) -  show the presence of first order positive / 

serial correlation as evidenced by the value of the Durbin Watson sntistic. It will be seen 

in the discussion below that of this. serial correlation is corrected with the addition of 

other relevant variables. 

L 

The searchc for z7 mmpletely specified output equation which includes the effects of 

costs and other re!evant s t d s  l a d s  to the estimation of (5). This equation contains all 

relevant and significant variables except monetary shocks. Since the search for the relevant 



variables has been exhausted we f a l y  check for evidence on orher channels of persistence 

by including the monetary shocks as an additional regressor in (5). The results of (6) show 

that unfilled orders and goods in p r o w  inventories are significant deterrninank of the outpot 

of non-durable goods industries. Finished goods inventories have again failed in s~pnificance as 
- 

seen from the L and partial F values of finished goods inventories. Equation (Q) also' shows 

that monetary shocks are .not statistically significant; the partial F value is insignificant. and 

2 
there is no improvement in R ; showing the relative unimbortance of *other channels" to 

explain the persistence in non-durable goods output This contrasts sharply with thc w s u l ~ s  of 

the durable goods sector. 
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Summary of k o o d  Stage Requits 
h 

To summarise the results of the second stage test for ail industry dassifications, the 
-1 

following stylised facts emerge from our estimated equations: 

The inferences on the buffer stock role of various goods inventories were determined 

by two types of equadons. In the fmt  type we regressed some very simple equations 

in which the only dependent variable was contemporaneous and lagged values of either 

FGIs, or other g d s  inventories, depending on the inventory being examined. The 

semnd type of equations utilised the variables suggested in the gengralised multivariate 

model. These equations examine the effects on output of all goods inventories, as well 

as other variables e.g. inventory carrying costs and quasi-fixed factors of production. 

I f  persistence in output is to be measured only by looking at the significance of 

lagged finished g&ds inventories. then the evidence for the Blinder & Fischer 
'4 

hypothesis is very weak by the t value criterion, and zero by the F value criterion. In 

all indusuy clashications FGIs are only significant (in t-values) at some lags in both 

rhc very slmple equation (i). and the completely specified equations of the generalised 

muluvariare model. However, the parual F d u e s  of FGIs in all these equations are 

statisucall y insiguficant 

The persiteqce in 

by amui ranedy  

1.e. Inventones of 

In the output of 

can be explained 

output of 'Canadian manufacturing industries can however be explained 
/ 

looking at the fluctuations in other -goods inventories held by the firm 

intermehate goods, unfilled orders and raw materials. 

the total manufacturing sector, persistence effects of monetary shocks 

for one year by the inclusion of these other goods inventories. This 

persistence is largely explained through lagged adjustment of raw material inventories 

which show a one year persistence effect as seen by the significant t values at the 

'' Evidence for the first type of equations is given in equations (i) to (iv). The results of 
the second type of equations u e  given in equation (5) for the total manufacturing sector and 
equation (6) for both the durable and nandurable sectors 



fourth quarter lag.'' * 
2-, 

\ 
li is difficult to mndude which jndurtry classification shows the strongest results on 

persistence-via-inventories. By usjng the F-value crirer-ion we find that both the durable 

I 
goods and total manufacturing show the joint significance of all other goods inventories 

- 
except fsnished goods inventories. In these two sectors. raw materials and goods in 

process show relatively longer l a s e d  effects as seen from the t-values at past laps. 

The non-durable sector shows that past laps of FGIs or goods in process a v  not 

significam In this sector persistence is only explained through raw matenal inventories. 

In the total ,manufactwing and durable goods backorden are only s~pnificant a[ Ihc  

conremporaneous lag and hence do no: enpian an) persrstence. On the othcr hand the 

Sacburden show a five quarter effect o~ non-durable p o d s  ourput Thrs finding 

conuasrs with our a priori expectations df a l ~ n p e r  persistence el'fect of' backordcrs 

especially in. durable goods industries '-which are characterised by non-homc?geneous goods 

and take a longer, time LO be produced. The rignificanct of past lags of unfilled orders 

in the non durable goods sictor cannot . . be i?ferrrd:that unfilibd orders arc propagating 

the effecrs of monetar) shtxks, because lagged unfilled orders arc not slpnlficanr In the 

first stage tests of thls sector. 
I 

Flnallj, unantapated moneran shocks were addqd to equation (5) mo the  total 
9 0 

\ 

rnanufacrunng and equabons (6) for the durable and non-durable sector? respecuvely. 
0 t 

This variable was- added to see i f  i t  cafries,..any addiuonal infqmauon 'over and abovc 
. h 

varlous Inventones which are part of the above menuoned equauons. I t  was d ~ u s s c d  
I 

In equauon (19) Chaper 11, that the sg~llfi~cance of monelary shocks In an equauon 
I 

whxh already includes other Inventones, would be constrycd to be 'evtden& tn favour 

of other channels of persistence. Monetary shocks were found u, be jotnkly srgnificant 

m the durable g o d s  sector and nor in other sectors. T h ~ s  suggests. some indirect 

' O  ~ l t h o u g h  it is the thlr:! lag. but mcludlng the conkrnporqesus quarter l r  IS the fourth 
quarter. 



evidence of other channels of persistence in the durable goods sector. The evidence can 

oniy be c:%med to be indirect at best becaw Xorrnal tests on other channels of 

persistence were not designed - monetary shocks were .merely used as a proxy for 

these other channe!~. 2 1 c  

and non durables suggests 

charrnel ' of persistence. No 
d 

shocks that is not already 

insignificance of monetary 

that in these two sectors 

additional information is 

shocks in the total manufacturing 

inventories are the important 

contained in lagged mmonetary 

reflected in lagged inventories. 

0 

A lot of ground has been 

second stage tests. The first stage tests separately examined evidence on the effects of . 

0 

covered in the discussion and presentation of first and 

monetary shock* on FGIs and other gads  inventories. The second stage tests examined the . - 

effects of FGIs and all other goods inventories on the output equations. It would be 

informative for the reader .to see togethej the conclusions from both the first and second 

d stage' tests. 

Joint Summary Of First and Second Stage Tests . 

The combined results of the first and second stage tests can be seen from Table 5s. 

This is a two part table. Part (a) shows in tabular form the persistence effects of monetary . 

shocks on various inventory types and part (b) shows the effects of these shocks on output 

through buffer stocks of various inventories. Table 5S(a) and 5S(b) thus show the results of .  

the first and the second stage tests. The results in Table 5S(a) are th"e GLS results of the 

final equations of the 

equation (4) of Table 
& 

4. In Table 5S(b) the 

equations (5). (6). and 

first stage tests for various inventories. For example, for FGIs it is 

3; for other goods inventories, they are equations (i) to (iii) of Table 

results of the final equatjbn of the secondl stage tests are shornPSee 

(6). for total manufacturing, durables and non-durables' respectively. 
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As pointed out before the Blinder and Fishe: hypothesis can only be empirically true if both 

the fust stage and second stage tests are significant, i.e. monetary shocks shohd be 
e 

significant in inventory equations in Table SS(a) and inventories should be significant in 

output equations in 5S(b). The significance of the first stage tests provides evidence on the 

buff'er stock role of various inventories while the second stage tests show whether these 

inventories transmit the effects of shocks to output If we only observe significance of 

inventories in (b). it carmot be inferred that these ~ffects may be due to buffer stock 

reasons, but rather they are due to some other cause of fluctuations in inventories, e.g. a 

firm may experience fluctuations in inventories when it engages in speculative activities or 
I -  

uses inventories as a barrier to entry. The importance of these other causes is, however, an G L  

empirical issue and no a prior1 claims can be made about the relative magnitude of these 

causes compared to the buffer stock motive. 

The combined resultc of Table 5S(a) and 5S(b) show that FGIs do not succeed in 

explaining the persistence effects of monetary shocks in any sector. Also goods in process and 

back order invento* fail to explain any persistence in any sector. Hoevever, the significance 

of raw materials in both the first and and second stage tests is evidence that monetary 

shocks are propagated to output through raw materials. This important finding establishes the 

buffer stock role of raw materials over and above finished goods inventories and other 

inventories carried by the firm. 

@The chapter concludes with the finQng that if the definition of inventories is enlarged 

to include all types of giosds inventories and not only finished goods inventories, there is 

evidence that raw material inventories are a statistically significant channel of propagating the 

effects of monetary shocks to output Hence the significance of lagged monetary shocks in 

output equations which has been found in numerous empirical studies can be explained by 

lagged inventory adjustmentJ1 In our opinion, the first and second stage tests when combined 

' * The results for most of the estimated equations for fhe second stage test are consistent 

168 



together constitute a viable test of the ~linder-~isch& hypothesis, and we have sua~eded to 
*_ 

some degree &I showing that indeed inventories are an important and independent channel of . 
6 '< C 

- .  persistence. 

"(cont'd) with the estimated equations of the first stage test By Qnsistent we mean that 
variables which were significant in the inventory equations were more or less significant in 
the output equations. 



a APPENDM 2 
> - 

GRANGER C A U S A T  TESTS 
+ - ,  

and Fisher hypthtsis 'has &en tested iri the preceeding pages by using 

-t , the conventional regression technique. The procedure followed was to use known "exogenous" 

variables as regressors in the inventory demand and outpui supply functions. It was suggested 

by one member o f  the thesis committee that it would be useful to see if the regression 

results are corraborated .by cau@ity tests on the same issue. It was hard to say a priwi if 
I 

there would be any significant difference in results under the two techniques, i.e. conventional 

regression vs causality tests. However. -since causality tests are also essentially regressions, I 
d 

dld not expect to find evidence for the buffer stock role in equations employing tb latter 
D 

technique when lack of such evidence had. been found using the former technique. 

Nevertheless, these causality tesrs were done for the sake of completion. 

A number of causality testing techniques are available in the econorhetricians tool box. 

I have chosen the Granger causality tests to test the Blinder and Fischer hypothesis. This 

technique js better than the Sims tests because it avoids the problems associated with the 

usc of adhoc filkrs to produce white noise residuals. . 

Since the thesis contends that the Blinder and Fischer hypothesis is a two stage , 

-hypothesis. therefore we had to establish (a) the link from monetary shocks to inventories." 
, 

and '(b) the propagation of these monetary shccks through inventories to output This 

necessitated doing Granger causality tests on both (a) A d  (b), which meant that G o  sets of 

two equations each had to be estimated. 

" Earher in the thesis we have estimated the effects of monetary shocks on all kinds of 
lnventones carried b) the economy. Note ahat in the first stage tests, not only did we 
esbmate the buffer stock role of finished goods inventories, but also raw materials. 
backorders, and goods in process. However, in the causality tests we only consider finished 
goods inventories. 

P . > 
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To test the link from monetary shocks to inventories the following multivariate 

equations were estimated. 

rn n 
N = P o  + y u + , Z  y u . + . Z  0. N + r 

t 0 t j=1 J t-J 1=1 1 r-i t 

Ut  =. Q 0  + d  0 N t + E c . u  i=l I 1-i + C - - d  j=l j N t-j + v  
I 

S;mply put the notion of Granger causality states that u causes N if y y ,  arc significan~. 
e 0' J ~ 

and N causes u if d d are signifidant, If both these sets of coeficienb arc signifihnr i r l  
0' aj 

the two equation set then we have evidence of bidirecuonal causality and i l '  aid) either onc 

is significant we have unidirectional causality. Since we are interested LO ~cs i  i f  monerar? 

shocks persist in inventoq movements, therefore our interest i b  not in in5i;inrancous c a u s a l ~ t ~ .  

Thus we len&e -y and search for the ,significance of 7, .  T h ~ s  would also lhcilitalc ~ h c  
0 J 

of the results as we shall only be reporting the panial F values on y a n d  r l  
, J  11 r 

to infer causal relations. 

-- To tesr if  mveniories are the propagators of aggregate demand shocks lo u u ~ p u l .  Lhc. 

following set of equations was estimated. 

One again the significance of y ,  is important for us to'establish the propagating effecb of' 
J 

inventories to output 

In equations (1) and (2) we are mainly interested in th;. significance of the lagged 

t. 
coefficients on u and :\I . If both these coefficients are significant then the causal cham' 

t-i t-i 

from monetary shocks through inventories ta output is conpleted. The results are presented III 



, the following tables by using the partial F values. 

Causal ~elatioos Between unanticipated Money and Lnventories 

T o t a l  Manufactur ing 1 0 .046 1 2497.6*  1 0 .739 1 2.32 

Durable  Goods 1 0 .039  1 1528.9* 1 0 .702  1 2 .91* 
* 

Non D u r a b l e  Goods / 0 .126 1 1504* 1 0 .665  1 1.63 

Causal Relations Between Lnventories and Output 

T o t a l  Manufactur ing 1 1.57 1 1044 .6*  1 354 .78  1 1 - 9 3  

Durable  Goods 1 1 . 4 7  1 6 3 9 . 9 8 * (  338 .47  1 ' 1 : 0 2  

Non Dura-ble Goods 1 1.62 1 1583.14*1 330.06 1 2 .50* A - 
The results om the causal relations in the two tables are very clear. In none of the 

sectors u does not cause N, and N only causes u in the durable goods sector. Thus we do 

not find any evidencc of the buffer- stock role for finished goods inventories in any -sector. 

?his lack of evidence was also found in the first stage tests. The second table shows the 

causal relations between inventories and output The partial F values show that N does not 



Granger cause Y in any sector and Y causes N only in the non durable g m &  sector. 
\ 

Finished goods i n v e a r e  also found to be insignificant in the second stage tests The 

combined causality results of the two tables thus corroborate the inferences drawn earlier with 

the first and second stage tesrs of conventional repression equations of Inventories and o q w .  



CONCLUSION 

The 'Blinder and Fischer hypothesis states that inventories are the propagating 

mechanism of thie observed persistence of monetary shocks on output, or in other words 

inventories can explain . why . serially uncwreiated monetary shmks can produce serially 

correlated movements in oilput, or business cycles. 

The proper and complete teiting of the hypothesis involves an empirical verification of 

rwo neccessary conditions: 

( i )  monetary shmks should be significant in invent03 equations.. 

( i i )  mventories should be significant in outpur equations. - 
The' first condition brings our the buffer stock role of inventories and the second con&tion 

i 

csrablishes whether monetary shocks are txinsmined to output through inventory fluctuations. 

These two conditions have been referred in the thesis as the jrst and second stage tests of 

hi. Hl~ncler and Fischer hypothesis. Both conditions are neccessry but neither is sufficieni to 

examme the chain starting from monetary shocks and culminating in output fluctuations. 

Existing empirical studies which test for the persistence-via-invc'ntories hypothesis have two 

Important shortcomings. First, they typically test one of the two condttions. Second, the 

definioon of inventories used by these studies has been too narrow, including only finished 

goods inventories and neglecting other types of goods inventories ( e g  raw materials, 

backorders and goods in process). 

The Blinder and Fischer hypothesis was tested for the manufacturing sector of Canada 

at the disaggrepated level of durable and non-durable goods industries. The estimation period 

is 1963 1 to 1983 4. and the data set are seasonally non adjusted. The explanatory variables 

used in the inventory (first stage tests) and output equations (second stage tests) are basimlly 

given in the multivariate model of inventory inv ent of Maccini and Rossana (1984) and % 



Maami  (1984). However, we also added some other variables which had not been considered 

b) Maccini and Rossana. These variables are imporrs. capital stock and the perslstencs 

variable, monerar): shocks. 

The combined regression results of the first and rht: second stage tesb of' thc  Bllnder 

and Fischer hypothesis bring out the relative importanw of raw materials over finished pmxh 

inventories, and other inventories. in propagating the effects of monetary shocks ro o u t ~ u r  
i* 

equations. Although a number of inventories were found to be significarlr In ihc srcond s y g  

resrs, yet their sigmficance in the second stage tests alone is nor sufficien~ rslablFsh rhr 

link from monetarq shocks to o u r p u ~  I t  was necessary that these inventones bc signiliunr I ~ I  

the fust stage tests LO establish their buffer stwk role. T h l h  npnificancc was not l'ounci In 

the first stage tests, and thus we mnnor clalm that their s~gn~f i canc~ '  In h e  second !,Iagc. 

tests means thar the! are propagating the effects of monetar! shocks to output 

The results also show that using the generalized multivariaie ,model of Inventory 

2 
invesunenr significantly improves the K of the first and second slage test cquauons. ' 

Howevcr. the inclusion of these signif?mt variables docs no1 ~mprove the perslskncr resulrs 

obrained In the simple multivariate model. The simple muluvaria~e model 1s merely a subset 

of the generalized multivariate model. The inclusion of a number of intenelated variables in 
\ 

the laner does bowever cause a problem of multicollinearity. which has probably reduced the 
- 

t values of the estimated coefficients on lagged monetary shocks, as well as other variables. 

This suggests that the possible gains of a better specification in the 'generalized multivariate 

model have been probably wiped out due to the effects #@t multicollinearity. 

Tile thesis concludes with the finding that if the definition of inventories is enlarged to 

include all types of goods inventories, there is evidence to c'him that raw material invenmrres 

are a statistically significant channel of propagating the effects of monetary shocks to outpul. 

Hence the significance of lagged monetary shocks in output equations which has k n  fbund 



jn numerous empirid studies can be explained by lagged raw material inventory 
' . 

adjustment1 ln- our opihon, the first and the second stage tests when combined together . - - 
constitute a v~able test"of the Blinder-Fischer hypothesis, 'and we have succeded in showing *, . -. 

thdt indeed inventories are an important' and independent channel of persistence. 
* 

While this study has answered some questions, there is still room for improvement 

f-irst, Issues of persistence should best be tested by raw data. Monetary shocks do not have 

their first impacr on massaged 

buffer stocks of deseasonalised 

by Blinder and Fischer. Using 

movements in monetary shocks 

data which has been seasonally corrected. They first effect the 

data. These effects are then propagated to output as claimed 

seasonally adjusted data does not fully capture the random 

and theirqffects on inventories. Due to data availability 

problems most other studies on persistence suffer from the same shoncoming. 

t 
2 
J 

Second, 'the Blinder and Fischer hypothesis, though it is a macro theory, is basically 

based on firm behaviour. By aggregating over firms and industries, the persistence effects of 

monetary shocks on inventories are probably diffused. One needs to also look for evidence 

on the persistence ,hypothesis at the micro level of a particular indusny level or the firm. 

Third, the modelling of expectations in this study is very -simple. Expectations have . 

been modelled by a simple lag of the past values of a variable. A better approach would 

be to estimate one-period-ahead forecasts by the Rox-Jenkins time series "methodolo y. This .3 
would theoretically improve the problems of multicollinearity faced in the equations of the 

multivariate model. We did not follow this method because the data set available to us was 

not sufficient in observations. A number of degrees of freedom would 'be lost in estimating 

the one period ahead forecasts. thus leaving insufficient degrees of freedom for estimating the 

inventory and output equations of the first and secbnd stage.. tests. 

The results' for most of the estimated equations for the second srage test are consistent 
with the estimated equations of the first stage test By consistent we mean that variables 
which were significant in the inventory equations were more or less significant in the output 
equations. 



Fwrth, the results rtiould improve somewhat by estimating the money growth and 

invento* equations as a system by Wng  three stage least squares or the full information 

- claximbrn likilihmd methods (FIML). This was not done by:us since the computer packages 

available in the university gave inconsistent results when some preliminary tyuations were 

tested b y  R M L  method. Consequently, further efforts to esumate with a systems approach 

were abandoned 



NOTES ON DATA CONSTRUCTION 

Deflatm for Manufacturing industries1 

i 
Data on constant ddlur FGI. raw materials and goods in process inventories are not 

available in published form before 1971. These data were obtained from Statistics Canada 

in-house computer sheets.' Constant dollar data are also not available before 1971 for unfilled 

orders, shipments and new industry orders. We had to construct these data prior to 1971 
3 

usmg the appropriate deflators for shipments and unfilled orders, and new orders were then 

computed as the residual between unfilled orders and shipments. In constructing the unfilled 

orders. new orders and shipments series we 'have utilised the deflating procedures followed by 

Statistics Canada. The similarity of the deflating techniques ensures the consistency of pre and 

post 1971 data. The detailed description is given in Statistics Canada Catalogue 13-004, the 

March 1982 issue. A surnrnarised account is given below. 

Manufacturing industries produce both ,to order and to stock. Constant dollar 

inventor~es (of all types) and shipments can easily be calculated for the latter industry type 

by simply deflating the current dollar values of shipments, new orders and unfilled orders by 

the Industry Selling Price hdexes (ISPI). Using the same procedure for deflating the 

' This thesis would have been difficult to complete without the help of Mr Walter Piovesan. 
the data librarian at Simon Fraser University. He was instrumental in retrieving a number of 
time series from the CANSIM Main Base of Statistics Canada. Also, during the initial stages 
of dara collection, the assistance of Mr. Deepak Agrawal is appreciated, 

' I am thankful to Mr. Peter' Wilkinson of Statistics Canada for sending me these data. 

These are durable g d s  indusmes and include the wood. furniture and fixtures, primary 
metal. fabricated metal products, machinery, transportation equipment, electrical products and 
non-metallic mineral products industries. 

' These are non-durable goods indusmes and include food and beverage, tobacco products, 
rubber. leather, textile, clothing. paper and allied products, printing publishing and allied. 
petroleum and coal product industries. This category also includes chemical products and 
miscellaneous products industries. 



shipments. new orders and unfilled orders of the industries which, produce to order is not 
,, , 

<. appropriate. lo these indusmes there is a significant lap between Ule , k i p t  of ordm' and 

shipments. Shipments i d  unfilled orders in such iildustries flow from new orders p l k ~ d  al 

times t-1, ....... t-n vaiued at prices which were in effect at those t iqe  periods. 

Consequently, if a simple' deflating prmedure is used, shipments and unfillcd orders in 
\ 

constant dollars would be ove~ ta ted  when 'prices are falling and understated when prices are 

rising. There are significant production .lags in industries which produce to order. Thc thrce 

step procedure outlined below embobes in the *deflators the structure of the production lag5 

and reflects the actual price of the shipments and unfilled orders. 

New orders by defimtion are the residual denved from shipments and unfillcd ardcrs: 

We have to first consuuct data on constant dollar shipments in order to consuuct t!!c scrics 
6 

for new and unfilled orders. However. due to production and shipmenr lags current dollar 

shipments in industry j at any time t, are a weighted'average of the current dollar new 

orders. 

Step  1 

n 
C 

n 
with C w,, = 1 for all industries j. 

' i s )  J l  

where w.. is the p~oportion of new orders placed at time t-i that were shipped at time t , " 
J1 * . p 

\ 

" 
;in industry j, assumed constant for all values of t 

6 

0 I 



The deflator ofor shipments, of industry j at tirde 

- d 
Step 2 

n 
PS = Z w.. ISPI, where ISPI 

jt j ji j t-i 
~. j 

industry j. 

Finally the' constant dollar value ~f s 'pmerits at & a -- :. 
Step 3 

t can be estimated by : 

is the industry selling price index of 
t-i 

'. 
time t is given by 

The OLS estimation of (3) neccessitated the imposition of t'ie condiuon 
n 

that C w., = 1. This was done as follows. ' Expanding (3) we get: 
i=O J1 

S = w  0 + w  0 + ......... + w  0 
' jt t t t-1 t-1 t-n I-n 

I '  
Let the condition be imposed that : 

' + W + :  ....... - +  w = ]  
t t- 1 t-n 

1 

Substituting these weights in (3)' and simplying we get: 

........ S - 0  = w  ( 0 ; - 0  ) + w  ( O t - 0  ) +  + W @ ( O  - 0  ) 
t t t- 1 t- 1 t-2 t-2 t-n t I-n 

Once- w to w are estimated by OLS, w  can be easily calculated by- substituting these 
t-1 t-n t 

weights in the constraint condition. 

We are still left with the task of estimating constant dollar estimates of unfilled or*- 

from 1961 1 to 1970 4. We need not go through the tedious procedure of calculating the 

weights far unfi!led orders as we did for the shipments. The weights of unfilled orders arc 
t a 

For a,, concise description see K e ~ e d y  (1985). p. 163. 



B 
related to the weights of shipments .in the following way : 

The intuitive rationale of this relation is that the proportion of new orders placed at time 

1-i that are, still unfilled at time t (W, .  0 .) must be equal to the new orders placed a<- 
JI  j t-1 

time t-i less the portion of these new orders that were shipped during the periods t-i, 

t-i+l, t-i+2 ..... t, that is w.. 0. w 0. w 0 ......., w 0 
j1 j t i  j i-1 J t-i' j i-2 j t-i' j 0 j t-i ' 

Thus we have 
1 

w.. 0,  . = 0. - C  0 w. 
11 J .  t-I j t-1 k = ~  j t-i jk 

which is equation (4) after simplification. 

Raw. Material Price Index 

* 

The data on a raw material price index are available only from 1977 onwards. These 

data are not suitable for our purposes because it  is a price index of$aw materials in both 

the agricultural and non-agricultural sectors. We are interested in a price index classified by 

mu1 manufacturing, durable goods and non-durable goods industries. 

This index was constructed from the published data on cost bf materials and supplies 

available from 1961 onwards which excludes the costs of fuel and electricity. A Paasche price 

index for year 1 (ralung the index of year 0 as unity) is constructed by using the formula: 
5 

k k  n k k  th 
where P q is .Z p i  q i  . and k is the k time period, and i = 1 ......, n are the number 

1=1 
of goods included as raw materials in the raw material price index. 



In this index the prices have been weighted by the quhntities in the final year (not 

base year). The shortcoming of this index i s  well known, it underestimates the rise in the 

actual cost of raw materials. The i sue  of the approprizte price index'is still unresalved. It ' 

all- depends on the approach taken to solve the welfare changes of the individual. i.e. in the 

event of a price change should the individual be revmded by the "compensating variation" 

or "equivalent variation" prin~iple.~ 

Historical data are available for the numerator series in the form of costs of mtcrials 

and supplies. The denominator used in the calculation of the price index is chosen to be thc 

constant dollar value of raw material inven ries, which is base year prices times the physical 2 
stock of raw materials. Since the numerator series is based on the quantity of materials and 

supplies, we think it is most appropriate to divide by the raw material stock series. Finally 

to get real raw material prices the estimated price$ndex was deflated by the 1SPl of the 
$a -7 

respective industry classifications. ,$ 

Two problems need to be me,ntioned regardmg the consuuction of lhis pricc index. 

First, it , is  not clear what quantity series is used by Statistics Canada in thc construction of 

costs of materials and supplies, though as the name suggests it must be a quantity series 

based on raw materials. Consequently the materials and supplies used by Statistics Canada 

would differ by some amount (due to definitional, measurement and rounding errors) from 

the raw material inventory series used by us in the denominator of the estimated price 

index. If the quantities used by Statistics Canada are consistently greater (lower) than the raw 

material stocks used by us, we would be introducing an upward (downward) bias in thc 

estimated price index. Unfortunately there was no expedient way around this problem, hence 

the methodology adopted by us was the best alternative available. 

See Layard and Walters (1978) for a detailed discussion of the various price indices. 



Second, we could only get yearly data for costs of materials and supplies, but for our 

regressions we need quarterly data. The TROLL computer program was used to estimate 

quarterly series from yearly data. In our estimated equations for the first and second stage 

tests, the coefficients on raw material price index showed mixed sign significance. It is quite ' 

possible that some of those results are an artifact of the constructed data. 

Industry Selling Price lndex (ISPI) 

The industry selling price index was only available for total manufacturing and not for 

durable and non-durable indusmes. The ISPIs for durable and non-durable indusmes were . 
constructed from the ISPIs of individual indusmes within these sectors. The ISPIs of 

individual indusmes had to be weighted by the weights of these ISPIs in the total ISPI for 

the manufac$uring sector. 

Therefore. 

ISPI = i- w, ISPI 
Dur, Non-dur j=l ,j j 

The above equation was computed for both the durable and non-durable good industries. 

Data for the price indexes of transportation equipment clothing, tobacco, rubber, electrical. 

metal fabricating. 

to confiden d lity 

Statistics Canada. 

machinery, and miscellaneous industries was not available to the public due 

reasons. These data were obtained from in-house computer sheets of 

The estimated ISPls for durables, non-durables and total 

in the dculation of constant dollar unfilled orders, shipments 

also used for deflating other nominal vhables such as wages, 

material prices to get real price indexes for these variables 

' I am thankful to 
data. 

manufacturing were then used 

and new orders. They were 

price of capital, and'' raw 

P 

the Prices Division of Statistics %$amcia for releasihgithis codidenrial 
'f. 



Output is defined to be the ,quarterly index of Real Domestic M u  
Output L:. . 

Manufacturing, Durable and Non-durable goods industries. 

The data before 1971 is indexed to the 1961 base yearl and the latter dara is indexed to 
4 

the 1971 base year. The data for the 1961-1971 was linked to the latter data by 
? 

multyplying by the following link factors. 

Total Manufacturing : 1W183.549 

Durable Goods : 100/205.699 

Non-durable Goods : 100/166.099 

Source : 
-% 

Catalogue 61-516 from 1961 1- to 1971 4. 

Catalogue 61-005 from 1972 1 to 1985 4. or CANSIM, matrix 1130. 

Capital Stocks 

Capital is defined to be the flows and stocks of fixed non-residential capital based on 

the 1970 standard' iHusrria1 classification. It is the constant dollar end year total net stock i n  

machinery and equipment, buildmg consuuction, and - - engineering. The capital stock for the 

durable and non-durable sectors was calculated by adding the capital stocks of industries in 

those sectors. This data are only available annually from surveys, consequently the TKOL,Id. 

computer programme was' used to construct quarterly estimates from the annual data. 

Source : Catalogue 13-568 and 13-211, and CANSIM. matrices 3488 through 3508. 

Labour Stocks or Employment 

A consistent time series of employment is not available for the sample period 

1961-1985. There were two inconsistencies 'whicli had to be resolved. @ 

(1) The data from January 1961 to March 1983 are index numbers of employment and f'rot71 

March 1983 onwards are number of employees in thousands. - 



/ 
(2) The measure of surveys also changed in 1983. Prior to April 1983 the data is on f m  

of 20 or more employees. whereas after April 1983 firms of all sizes are being covered in 

the survey. 

The first problem was fixed by converting the employee series after March 1983 to 
4w 

index numbers of employment The following scalars were used for multiplying the 
G 

employment series. 

Total Manufacturing : 100/1251.3 

Durable Goods : 100Li59.6 

Non-Durable Goods : 100/691.8 

Thus we obtained an index number series of employment from 1961 to 1985. 

The second problem was solved by multiplying the series up to March, 1983 by the 

the ratio : 
I 

# of employees in March. 1983 under new survey 

# of employees in March. 1983 under old survey 

The linking factors for the three sectors are: 

Total Manufacturing : 1.2157 

Durable Goods : 1.2078 - 
Non-Durable Goods : 1.2226 

We finally have a consistent time series. adjusted both for units of measurement and 

differences in survey measures. ' 

Source: Catalogue 72-002 and CANSIM Data Base. 

' The advice of Mr Jack Beauregard of the Labour Division of Statistics Canada is 
appreciated in the construction of the employment index. 



Money Supply 

The money supply series is the Canadian M1, which is currency and demand deposits 
4 

of chartered banks. The .growth rates of the money supply used i n  the money supply 

function are first differences of logs of M1. 

Source: Bank of Canada Review and CANSIM Data Base. 

Real Interest Rates 

I 

The real interest rates are the 90 day treasury bill rates minus the rate of inflation 

measured by the consumer price index for all items. Smrce: Bank of Canada Review and 

Catalogue 62-001, 62-010 and CANSIM, matrix 2560, 1922. 

1 
Foreign Exchange Reserves 

The foreign exchange reserves are Canada's official international reserves, in millions of 

U.S. doll&* These data were available only in seasonally unadjusted form. seasonal 

adjustment was done by the TROLL seasonal adjustment computer programme. 
9 

Source: Bank of Canada Review and CANSIM. matrix 2553. 

Imports F 

Imports are the total merchandise imports from all countries, by commoddities, based on 
-+ 

the -standard commodity classification, in thousands of dollars. 

S w c e  :..Catalogue 65-007 and CANSIM, matrix 3653. 



APPENDIX 3 DATA 

The estimation period was 1963 1 to 1983 4. All the series' attached in the appendix 

are of quarterly seasonally ,,adjusted data. The tables show the logs of the data series. 
. 

The data are arranged as follows. We first present the data used in the' estimation of 

the money supply function followed by separate data sets for the Total Manufacturing. 

Durable and Non Durable sectors. To be able to replicate the second stage test results the 

reader would have to convert the given log series inm growth rates of the respective 

variables. The complete data set are y e n t e d  from next page onwards. 



GROWTH RATE OF MONEY SUPPLY ( M I )  
f 0 



REAL INTEREST RATES = NOMINAL RATES - EXPOST INFLATTON RATES 





RESIDUALS OF MONEY GROWTH EQUATION 



FIN1 SHED GOODS INVENTOR1 ES 
'7.. 



REAL INCOME O F  THE TOTAL MANUFACTURING SECTOR 



RAW MATERIALS (CONSTANT DOLLARS) 



-DS IN PROCESS (CONSTANT DOLLARS) 





CAPITAL STOCK (CONSTANT DOLLARS) 





RAW MATERIAL P R I C E S  



DURABLE GOODS 
FINISHED GOODS INVENTORIES 



i." 

REAL INCOME IN DURABLES 



RAW MATERIALS 



GOODS IN PROCESS 



UNFILLED ORDERS 



CAPITAL STOCK (CONSTANT DOLLARS) 





RAW MATERIAL.PRICES 



NON DURABLE GOODS 
FINISHED GOODS INVENTORIES 



REAL INCOME OF NON DURABLES 



RAW MATERIALS 



GOODS IN PROCESS 



UNFI LLED ORDERS 
n 







RAW MATERIAL PRICES 
P 



BIBLIOGRAPHY 
' *, 

Abmowitz,  Moses. Inventories and Business Cycles. New York: .National Bureau of Economic 
Research. 1980. 

Akhtar, M.A. "Effects of Interest dates and Inflation on Aggregate Inventory Investment in 
the United States". American Economic Review. 43. June 1983. pp. 319-28. 

Amihud, Y. and H. Mendelson. "Price Smoothing and Inventory." The Review of Fmnomk 
Studies. No. 50, 1983 pp. 87-98. 

Attfield C.LF.. Demery D., and Duck NW. "A Quarterly Model of Unanticipated Monetary 
Growth Output and the Price Level in the U.K., 1963-1978." Jgurnal of Monetary 
Economics. No. 8, 1981. 331-350. - .  

Barro. R.J. "Unanticipated Money Output and the Price Level in the United States." Journal 
of Political Economv. Vol. 86, No. 4, 1978, pp. 549-580. 

"Unanticipated Money Growth and Unemployment in 'the United States." 
American Economic Review. March 1977, pp. 101-115. 

"Rational Expectations and the Role of Monetary Policy." Journal of Monetary 
Economics. Vol. 2, No. 1, 1976, pp. 1-32. 

Belsley, David A Industrv Production Behaviour: The Order-Stock Distinction, Amsterdam: 
' North Holland, 1969. 

Blinder, Alan S. "Inventories and Sticky Prices: More on the Micro foundation of - - 
Macro-economics. " American Economic Review. 197 2, pp. 324-348. ./ 

"More on the Speed of Adjustment in Inventory Models". Journal of Money 
Credit and Banking. 1986 \ 

Blinder, Alan S. and Stanley Fischer. "Inventories. Rational Expectations, and the Business 
Cycles." Journal of 'Monetarv Economics. No. 8, pp. 277-304. 

Brunner, K.. A. Cukierman, and A.H. Meltzer. " Money and Economic Activity, Inventories 
and Business Cycles" Journal of Monetan Economics, 11. 1983. pp. 281-319. 

Bryant John. "Relative Prices and Inventory Investment" Journal of Monetarv Economia 4, 
1978, pp. 85-102. B 

Caton, C.N. and C.I. Higgins. "Demand Supply, Imbalance Unexpected Imports and 
Unintended Inventory Accumulation." International Economic Review, 15, 1974. -pp. 
7 5-92. 

Childs, Gerald L Unfilled Orders and Inventories. Amsterdam: North Holland, 1967. 

Cukierman. Alex "Interest Rates during the Cycle, Inventories and Monetary Policy: A 
Theoretical Analysis." in: K. Brumer and A. Meltzer, eds.. The Costs and 
Conseuuences of Inflation Carnenie Rochester Conference Series on Public hlicv. 15 ,  
Amsterdam: North Holland. 



De Leeuw, Frank. "Inventory Investment and Eco omic Instability." Survev of Current 
Busin&& 62. Dec. 1982, pp. 23- 31. 7 

Demery, D. and Duck N.W. "Inventories and Monetary Growth in the Business Cycle." 
&ester School, 1984, pp. 363-378. 

Eisner, Rpben and Robert H. Strotz. "Determinants of Business Investment" Impacts of 
Monetaw Polfw. Prepared for the &mrnission on Money and Credit Englewood 
Cliffs New Jerecy: Prentice Hall. 1963. 

Feldstein. Martin IS. and Alan Auerbach. "Inventory Behaviour in Durable Goods 
Manufacturing: The Target Adjustment Model." Brookinas Papers on Economic \ 

ActivityL 2. 1976. pp. 351-396. 

Fischer. Stanley. "Anticipations and the Non-neutrality of Money." JournRl of Political 
Economy. April 1979. pp. 225-232. / 

1 

Gordon. Robert J, "Price Inertia and Policy Ineffectiveness in the United States. 1890-1980." 
. Journal of Politid Ecsnomv. 1982, Vol. 90, N. 6. 

Haraf, William. "Tests of a ~ d o n a l  Rate Model with Persistent Effects of Aggregate 
Demand." Unuublished Paper. January 1980. 

Hay, G.A. "Production Price and Inventory Theory." American Economic Review. 60, 1970, 
pp. 531-546. 

Helliwel!. John F., Shapiro, Harold T., Officer, Lawrence H., Stewan, Ian A "The Structure 
of RDX1." Bank of Canada Staff Research Studies 1969. 

Sparks, Gordon R., Gorbet, Fredrick W., Stephenson, Donald R., Shapiro. 
Harold T.. Stewart, Ian A. "The Structure of RDX2." Part 1 & 2 Bank of Canada 
Staff Research Studies ~1971. 

Hoffman, Dennis L, aFd Schlagenhauf, Don E "Monetary Neutrality and Rationality 
Propositions." Review of Economics and Statistics. 34, 1982, pp. 562-71. ' 

Holt, Charles C., Franco Modigliani. John F. Muth, and Simon A. Herbert Planning 
Production. Inventories and Work Force. Englewood Cliffs New Jersey: PrenticeHall. 
1960. 

l r v i n ~  F Owen. "Retail Inventory Investment and the Cost of Capital", American Economic 
Review 71, September 1981. pp. 633-648. (a) 

"Merchant Wholesaler Inventory Investment and the Cost of Capital. American 
Economic Review . May 1981. p p. 23-29. (b) 

Kennedy, Peter. A Guide to Econometrics. The M.I.T. Press. Cambridge Massachusetts. 1985. 

Lieberman. Charles. "Inventory Demand and Cost of Capital Effectsn, Review of EcorPomics 
p d  Statistics. 62. November 1980. pp. 348-356. 

Lillien, David " Sectoral Shifts and Cyclical Unemploymentn Journal of Political Economy. 
90. August 1982, pp. 777-93. 



Long. John and Charles '~losser. " Real Business Cycles. Journal of Political EEMMIY, 91. 
1983. pp. 39-69. - 

Lovell, Michael C. "Manufacturers Inventories. Sales. Expectations and the Acceleration 
Principle." Emnometria, 29, July 1961, pp. 293-314. 

"Sales Anticipations, Planned Inventory Investments and Realization." 
Determinants of Investment Behaviour. R. Ferber ed. New York: Nationai Bureau of 
Economic Research. 1967. 

, Lucas, Robert E "Adjustment Costs and the Theory of Supply." Journal of Political F c ~  
75. 1967, pp. 321-324. 

"Expectations and the Neutrality of Money." Journal of Economic Theory, 4. 
1972. pp. 103-24. 

"Same International Evidence on Output Inflation Tradeoffs." American 
Economic Review. pp. 326-334. 

Maccini, Louis J. "The Interrelationship between Price and Output decisions: Micro \ 

Foundations and Aggragate Implications." Journal of Monetarv Economics, 1984. 

"On the Theory of the Firm Underlying Empirical Models of Aggregate Price 
Behaviour." International Economic Review. 22. 1980, pp. 609-624. 

and R. J. Rossana. "Joint Production, Quasi Fixed Factors of Production and 
. . Investment in Finished Goods Inventories." Journal of Monev. Credit and Bankinq, 

16, 1984. pp. 218-236. 

Metzler, Lloyd "The Nature and Stability of Inventory Cycles." Review of Economics and 
Statistics. 23, 1941. 

Mills, Edwin S. "The Theory of Inventory Decisionsw Econornetrica 25, 2957, pp: 222-238. 

Price Output and Inventory Policv. Wiley. New York. 

Mishkin, Fredrick S. "Does Anticipated Aggregate Demand Policy Matter? An Econometric 
Investigation" Journal of Political Economy 90. February 1982. pp. 22-50. w 

,Nadiri, M.I. and S. Rosen. A Diseuuilibrium Model of the Demand for Factors of 
Production. New York: Columbia University. 

Rao, Potluri. "On a Correspondence between t and f values in Mutiple Regressions." 
American Statistical Association. Journal of, Nov. 1976, Vol 3.. No. 4, pp. 190-191. 

Rubin, Laura S. " Aggregate Inventory Behaviour: Its Response to Uncertainity and Interest 
Rates," Journal of Post Keynesian Econorniq; (Winter 1979-80). pp. 201 -2 1 1. 

Sargent 

Sheehy, 

Thomas. Macroeconomic Theory . 1979, Academic Press. New York. 

@nis P. and Regan Patricia. " The Stylised Facts about the Behaviour of 
Manufacturers Inventories and Backorders aver the Business Cycle: 1959- 1980. " 
Joumal of Monetan Fmnomia. 15. 1 9 8 5 . y  217-246. 

L 



Sheffrin, Steven M. ' Inventories. Rational Expectations and Aggrepte Supply: Some E&$&cal 
Tests" Working Paxr Series. No 141. DeDartment of Economics. Universitv of 
~iforni~Janwry J980. 

Topel. Robei-t H. "Inventories, Layoffs and the Short Run Demand for Labour". ~ m e h  
mnomic Review 72. Sept 1982. pp. 769-87. 

>.. 

Treadway. A.B., "Adjustment Costs and Variable Inputs in the Theory of the Competetive 
Firm". Journal of Economic Theon 2. pp. 329-347. 




