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Research yields results in terms of the sum of kedge available to all possible
users. These may be other scientists or may be eocrahentities which seek to
apply such knowledge for economic gain. It is caneet to visualise such
knowledge as a "pool" resource which has publidgdwaracteristics. It can be
drawn down without affecting the supply of the g@scdit is commonly in the
public domain, and it can only be privatised whemgie entities control the
provision of research or fund research and apdigmato any results
forthcoming. This paper is about the public pooR&D knowledge. The benefits
to other scientists is an interesting questioniduabt followed up here.

The problem addressed in this paper is how to mibeéellraw-down of research
knowledge into the real economy. It would be ideahunks of knowledge could
be identified and cast into a cost-benefit modefatt, the pool of knowledge is
rather undifferentiated until it finds some praatiase. The cost of obtaining
particular knowledge is lost in the overall processesearch organisation. Given
this vagueness in research cost it is difficuliré@e a direct line of cause and
effect from the costs to the benefits. This paperdfore examines:

(a) whether stockef research knowledge designated for particuletose have
some relationship to changes in sectoral produgtiminational income terms. At
this level of aggregation, particular pieces oessh knowledge cannot be
identified and broad-brush association betweenecand effect must be sought.
Designated research knowledge itself is not pdeibuprecise as such a concept
is somewhat in conflict with the idea that resedacbwledge is a public good
without specific applications identified, and:

(b) whether incremental additiots the stock of R&D as represented by past
R&D expenditure patterns have an effect on sectmaluctivity. The effect of
previous expenditure on changes in productivitylmamodelled as a system of
distributed lags. In effect, such a model can meathe uptake of research
knowledge as it is generated without involving sheck of knowledge concept.
While this hypothesis sounds the less plausiblaadelling a public resource, it
does provide more logical explanations of the nesgproductivity relationship.
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The Data

Expenditure data on R&D can be obtained from threesis carried out by MoRST in
recent years and from Government records (MoRS)I Vairs is available at a

national level and broken down into the main ecoicsactors (See Appendix).
National accounting data provides time series ohemic investment, labour force
and net output on a sectoral basis (25 sectorZBNM\) and hence provides estimates
of average total factor productivity (TFP) for eadttor. Using a production function
approach, the adoption process can be incorporatheé analysis of productivity
change (Industry Commission 1995). This can takeraber of forms. In this paper,
knowledge is first treated as a stock variable Wigiows and shrinks as information

is added to it or lost from it (Coe and Helpman3QZost of knowledge is
represented by firm investment in R&D, and deptemiais represented by knowledge
going out of date or being superseded (Griliche®12980). Thus the pool of
knowledge is valued at cost and not by what it piddly could generate in increased
returns. Secondly, the research process coulddveed as a continuous cost of
producing certain science-based goods (either ¢firtaxes paid or in-house
investment) that eventually pays off through begtenformance. Where such costs can
be identified, current levels of performance carséen as a function of some
weighted combination of all previous annual exptmds on R&D (Johnson and
Pazderka 1993). These flows can be treated econoaligtto estimate an average
rate of return or cost-benefit ratio.

It will be remembered that annual data for R&D exghiture by firms and
government is the primary source of data. Previesslts (Johnson 1999) were
based on the construction of "stock" variables gipire-determined depreciation
rates (5%). To more systematically understand whpgroach to take, stocks
were estimated for 5%, 10%, 20%, 30%, 40% and 56ptatiation rates.
Secondly, lagged values of previous expenditurB&D using polynomial
distributed lags (PDLs) were investigated for tame data using the Almon
formula (Almon 1965).

The general production function is Cobb-Douglatodews:
(1) Y =KaLbRg 7

where R is the stock of knowledge capital; and
Z is other factors affecting measured productivigide Labour and Capital.

In the production function approach, a log linearsion of equation (1) is estimated
directly:

(2) InY=alnK+bInL+gIhR+sInZ
In the two-step productivity approach, equationw@uld be rewritten as :

3) InY-alnK-blnL = TFP=gInR +Is8Z



In either case, estimates of the paramgtan be converted from an elasticity to an
overall rate of returdY/dRas given by:

(4) dY/dR = g (Y/R).
For the depreciation model we are using the spadtifin:

()  TFR=f(PVi1,PUi1, AUR.1, EDUq)

(TFP = total factor productivity, PV = private stock R&D, PU = public
stock of R&D, AUR = Australian stock of R&D, EBlhational expenditure
on university education)

The distributed lag model is based on the followspgcification:
(6) TFP, =f( PVE{1, PVE(o, ........ PVE.15)
(PVE/PUE = annual private/public expendé&wn R&D)

Depreciation rates

Table 1 shows estimated elasticitigsdnd resulting rates of return for the
agricultural (AG) and market (MK) sectors at di#fat depreciation rates for
stocks of R&D. This specification included AustealiR&D and educational
expenditure as independent variables (as in (3Bnabove) and has the best
DW.

Table 1: TFP Resultswith varying Depreciation Rates

MKPV MKPU AGPV AGPU

Rate g $ror g $ror g $ror g $ror

5% .34 10.2 -.35 -4.4 2.59 61 -232 -6.2

10% .30 13.2 -.29 -5.3 2.28 86 -1.98 -7.8
20% .20 14.6 -.20 -6.2 1.61 100 -1.46 -9.6
30% .15 15.6 -17 -7.5 1.28 111 -1.24  -11.6
40% 12 16.1 -.15 -8.5 1.08 120 -1.11 -135
50% A1 18.2 -.14 -9.8 0.95 128 -1.03 -15.3
Annual .07 22.4 -.07 -9.5 0.69 178 -0.65 -18.7

( $ror = rate of return per $ of depreciated invesit in R&D at indicated rate)

As was shown previously, total factor productivitgs positively related to
private R&D stocks and negatively related to puBR&D stocks in the market
economy (MK) and agriculture (AG) sectors. But abl€ 1 shows, manipulation
of the depreciation rate is compensatory (at aghe two sectors shown). The
elasticity decreases as the depreciation rate uissannual data takes over
completely (remember that 50% depreciation imghes most of the change in
TFP is "explained by" the previous years' investmeR&D and only half the
stock of a year earlier and so on).



The rate of return on the investment in R&D (asraf) is remarkably constant
across different depreciation rattemediate past investment dominates all the
results The general pattern remains one of positive rettonprivate R&D and
negative returns for public R&D in the perpetualdntory specification implied.
The rates of return on private R&D suggest largegadoeturns to the previous
investment.

Polynomial distributed lags

Polynomial distributed lags (PDLs) provide smoothkedfficients determined by
fitting a polynomial function to past annual valwés predetermined number of
years of the independent variable. In this casatimeber of past years was set at
16. The current value of the independent variabbiropped as the specification
requires. Other possible influential variablesraseincluded so all possible gains
are attributed to successive values of the onepergent variable as in (6).
Private and public R&D equations are estimated regply for the market (MK)
and agriculture (AG) sectors (Table 2).

Table 2: Estimated lag system for R& D investment

Lag MKPVE MKPUE AGPVE AGPUE
g $ror g $ror g $ror g $ror

-1 -.001 -0.1 .130 1.2 147 2.5 .459 0.9
-2 -.026 -0.6 .045 0.4 114 2.0 .207 0.4
-3 -.040 -0.9 -014 -0.1 .088 15 .029 0.1
-4 -.044 -1.0 -051 -05 .070 1.2 -085 -0.2
-5 -.040 -0.9 -.068 -0.6 .058 1.0 -145  -0.3
-6 -.030 -0.7 -070 -0.6 .052 0.9 -160 -0.3
-7 -.016 -0.3 -059 -05 .049 0.8 -140 -0.3
-8 .001 0.1 -040 -04 .049 0.8 -094 -0.2
-9 .018 0.4 -016 -0.1 .050 0.9 -034 -0.1
-10 .035 0.8 .010 0.1 .052 0.9 .032 0.1
-11 .048 1.1 .034 0.3 .053 0.9 .094 0.2
-12 .056 1.2 .052 0.5 .051 0.9 .143 0.3
-13 .057 1.2 .061 0.5 .046 0.8 167 0.3
-14 .049 1.1 .058 0.5 .037 0.6 .158 0.3
-15 .031 0.7 .039 0.4 .022 0.4 .105 0.2
Sums .096 2.1 0.112 1.1 0.940 16.1 .736 1.4
Turning points 4, 13 6, 13 6, 12 6, 13

As these regressions are multifactorial, each mefit is an estimate of the
elasticity with regard to that time lag. The suntta coefficients gives the
average elasticity with respect to R&D. In all cggbe sum is positive and looks
as though it will stay positive though diminishiggickly as extra years are
included. Contrary to previous results, thereftine, return to public R&D
expenditure is now positive if the longer termaken into account. There is also a
distinct short term benefit apparent in three cabless the pattern of build-up and
use of a stock of knowledge may not follow anyi@adr perpetual inventory

rules These results show that in each case the ratngtion is not monotonic,



and hence two turning points appear. In this dhgemean lag estimation cannot
be relied upon.

Negative returns can be interpreted as delayseiptbduction process following
new expenditure on R&D. On average, the delaysappebe of the order of 4-6
years before production responds, and the peakmesps reached after 11-13
years. This compares with Scobie and Eveleen'$(1€8imate of 11 years for
the agriculture sector for the period 1920-1980.

Table 3 shows the sum of the elasticity coeffigdot annual expenditures on
R&D in eight sectors and the total market econorgnmaned in this project (the
services sector has no separate identifiable R&D):

Table 3: All sectors PDL structure

Sector Private R& D Public R&D

sum of g $ror sum of g $ror
Agriculture .940 16.2 .736 1.4
Fishing .939 14.2 .506 0.3
Forestry .821 15.1 -.632 -1.1
Processing .408 3.1 .256 3.7
Manufacturing 195 2.0 -.201 -3.0
Energy .355 7.3 197 1.7
Building .837 62.5 . 258 10.2
Transport .339 25.2 -.187 -9.0
Market economy .096 2.1 112 1.0

In most cases a positive long-term return is olethiThe exceptions are public
R&D in the forestry, manufacturing and transpodtses. The magnitude of the
rate of return estimate has to be interpretedsaxi@l dividend to previous
research undertaken by private and public agenitissnot an internal rate of
return which would have to take account of the lagbe response times. Scobie
and Eveleens quote an internal rate of returndacalture of 30 per cent. These
results suggest higher internal rates of return thes in some sectors. The sectors
with negative returns are characterised by longsafar positive results to be
apparent.

These results also confirm that the turning paamésfairly uniform across sectors at 4-
6 years in the medium term and 12-13 years indhgdr term. Since these results are
so uniform it is likely that there is a common diniy force behind the equations - this
appears to be the link of private R&D expenditar&DP. On the other hand, the
elasticities are also determined by changes isddBEDP which in some sectors is
very different from the aggregate.

The overall result shows that total national exjpteine on R&D in the private sector
returns to the nation $2 for every $ spent. Owmthe delays in reaching a positive
result, this is equivalent to an internal returr2df%! This is much lower than the
return suggested by the stock method. For the pgbbtor, the average return is only
$1 for every $ spent. Public expenditure on sciémoaly just recovered in gdp terms.
This is equivalent to a 0.1% internal rate of refunut is not negative as the stock



results indicated. These overall results tend tdicuo earlier suspicions that the
respective rates of return to private and publeexiiture were out of balance in TFP
terms in the past, and that total returns on R&2atment are relatively
disappointing.

Implications

We started with the hypothesis that research kniyees a pool resource with public
good properties. The process of utilisation of tesource was modelled along
conventional lines by treating the accumulatiokmmdwledge as a capital stock valued
at cost and subject to some rate of obsolescenede¥ted different rates of
obsolescence (depreciation) of the stock thus edeatd found little differentiation in
the results both for sign of the response anddtesaf return on capital. Returns to
private R&D were all positive and returns to puliti&D were all negative.
Alternatively, the additions to the stock of resdaknowledge were modelled in a
distributed lag framework where delays in uptakeld¢de identified. A definite
pattern emerged of 4-5 year delays in private R&D 82-13 years in public R&D.
Both responses were positive in the longer run.

These results demonstrate that modelling a poolres like scientific knowledge is
fraught with difficulties and that the literaturedamethodologies on the subject have
not yet reached a fully satisfactory level. It nteytoo difficult in the aggregate data
available at the sector level but some progressintig made at the individual
application level where the cost of the researchrasulting benefits can be readily
identified. Even this approach does not accounsjpdiovers from the pool from one
sector to another, nor the benefits of knowledgeeghto other scientists. There are
also international spillovers to be consideredchas'pool” has always been a global
one and the benefits available to all those whiwosfind them

There are also questions about the quality of aa#able. The series on public
expenditure on R&D is faithfully recorded back e t1960s by NRAC and the
government departments. It may be sub-divided qatairately for the major
economic sectors supported by R&D effort at thestiifhere is no equivalent R&D
data for the private sector except for the MoRSiesesince 1989. The data used in
this analysis relies heavily on an extrapolatiosdabon shares of national income.
This imparts a similarity to the sector data owvate R&D that runs throughout this
analysis. Even so, sectoral TFP statistics exfioie different behaviours in response
to a variable based on this definition of their R&forts.

Members of the audience might like to suggest arrttypotheses and specifications
for future research!
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Appendix: Sectoral Data Available

In combination with the productive sectors recogdis the MoRST surveys, the
Yearbook records of R&D expenditure determine thimiber of sectors which can be
analysed for the whole period of the analysis.essgroductivity data is presented on
a national accounting basis (NZSNA), the followsalpema shows the sectors
analysed:

Research sector NZSNA sector

Agriculture ... Agriculture

Fishing ... Fishing

Forestry .. Forestry

Processing ... Food, Wood, Papetiles

Manufacturing —............... Mining, Basic M&tChemicals,
Non -Metallics, Machinery

Energy Electricity, Gas andté&fa

Building . Building and Consttion

Transport ... Transport and Storage

Services Trade, Communicatidiisance,

Community Services

Total Market ... Production seq©Orvnership of
Economy Occupied Dwellings and Government
are excluded)



