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Welfare Gains From Wood Preservatives Research

Barry J. Seldon and William F. Hyde

Abstract The econonuc productivity of publicly
Junded wood preservatives resecrch from 1950 to 1980
evemplifies public research 1n the forest product
wndustries We find a Ingh internal rate of 1elurn for
woud preservatives, nearly 300 percent The research
thuestments would not have been made by private
industrial twvestors, however, since the welfare guins
are not captured by producers This prowides justifica-
fion for government involvement 1 research The
marginal wnternal rate of return 1s negative, mdicat-
g that the internal rate of return wounld have heen
cven lugher wath less funding

Keywords Research and development, research
evaluation, tfechnical change, mnovalion, wood pre-
servatives, forest products

Wood preservatives research by USDA’s Forest Prod-
ucts Laboratory (FPL) in Madison, WI, is an excellent
example of pubhe forestiy research Since 1t was
formed 1n 1910, the FPL has conducted much of the
Nation’s reseaich on wood preservatives The returns
to this research have not been studied previously An
evaluation of the weltare effects of FPL wood preserv-
atives 1esearch may be 4 useful platform from which to
view forest product research in general

We exanune the social productivity of FPL wood pre-
servatives research in 1950-80 as an example of what
may be a general case for public research in the forest
product industries Our approach relies on econometrie
estimation of coefficients 1n a supply function derived
from a standard moduction function using results from
duality theory (3) * We then develop a method for
estimating the mternal rate of retuan (IRR) for public
mvestments By estimating the effeet of 1esearch and
development (R&D) on the supply curve directly, we
avoud the error of attrbuting all outward shifts in sup-
ply to R&D The method 18 simlar in spint to one used
by White and Havheek and follows Seldon’s analysis of
the sottwood plywood (SWPW) industry (19, 14) His
estimates of the IRR for public softwood plywood
1esearch range upward to a surprising 400 percent,
depending on various possible estimates for private
development costs associated with public 1esearch
Investments

Seldon 15 with the School of Social Suences, The University of
Texas at Dallas Richardson, TX Hyde is an economist with the
Resow ces and Technology Division, ERS USDA’s Forest Service
Southeastern Forest Expeniment Station funded this research A
Bruner and J Strauss provided reseatch assistance The authors
thank the 1eviewers of this ar tiele for their helpful comments

Htaliized numbers i parentheses eite sources hsted in the Ref-
erences section at the end of this article

This paper follows the earher SWPW study 1n speeify-
mg a supply and demand system and determining the
IRR to public research It then extends the method to
calculate the value of the marginal product (VMP) and
the malginal internal rate of return (MIRR) The
duality between production and supply makes this
extenston possible A glance ahead to the results
shows that we find a laxge IRR, comparable to that for
the SWPW mdustry, but a potentially negative
MIRR

Background

The four-firm concentration ratio for the wood pre-
servatives industry was in the 30-40 percent range
throughout the period of our inquiry Therefore, the
industry 1s competitive and we can define 1ts supply
function

Wood preservatives extend the life of treated wood
products Theirefore, one effect of wood preservatives
research is on product quahty Improved quahty bene-
fits consumers, but 1t 1s not the cost-reducing research
1eflected 1n most economic measures of technical
change Wood preservatives are generally petioleum
products, so the 1esiduals created while treating wood
with petroleum products are environmentally objee-
tionable Therefore, much recent research m the wood
preservatives industry has the objective of lowering
levels of associated environmentally damaging
residuals while still producing the same product
These changes n residuals are also hidden from ow
output measure for the basic product Our eventual
estimates of research produetivity in the wood pre-
servatives industry will be underestimated by the
magnitude of product quahty and environmental
research mmpacts

Supply and Demand

Stuches focusing on the impact of R&D on productivity
often employ a flexible form of the production function
that allows analysts to consider the interactions among
inputs (see, for example, 2, 8} In this study, however,
these interactions are not important considerations
Therefore, we follow the advice of Grliches and use
the Cobb-Douglas form (5) The exact form 1s the van-
ant developed by Seldon (14) The production function
at time £ 15

Q = e"LK?Y,, (1)
where @ 1s the quantity produced, ¢ 15 the base of nat-

ural logarithms, 0 1s the rate of disembodied techmeal
change associated with ¢ (a proxy for disembodied

22 THE JOURNAL OF AGRICULTURAL ECONOMICS RESEARCH/VOL 43, NO 1, WINTER 1991



http:artl<.le

change as 1n 6), L 1s labor services, K 1s capital serv-
1ces, and

Yl = “ (Z?—lG:l—l—lu)AHGr ]0 > 0! .](] Z O (2)

1=y

15 the accumulated research effort, G 15 government
R&D, and Z 15 private R&D performed by the sup-
pliers of the final product The coefficient X 1s
v erselv related to the depreciation 1ate Therefore,
new tesearch replaces older 1esearch and research
obsolescence sets 11 more rapidly [or smaller N's Pri-
vate R&D does not affect productivity for 7, periods
since 1t takes time for manufacturing plants to adopt
the new knowledge Fo1 similar reasons, government
research does not affect productivity for 1,+2, periods
The lag until the 1mtial impact of public R&D, ¢+,
must be at least as long as the lag preceding the imtial
impact of publicly induced private R&D, 1, because
producers must be made aware of the government

R&D

if fiims 1n the wood preservatives industry are com-
petitive profit maximizers, then the industry as a
whole solves the problem

man 7, = PQ (L, K, Y)- WL, -RK -Z, (3)
LU Kt

where m1s profit, P 15 the price of the good, and W
and R are the wage rate and the cost of capital We
substitute the Cobb-Douglas form from equation 1 for
the expession @ m equation 3

We solve equation 3 1n terms of L and K and equate
the results with zero n order to derive the supply
funection (14) The distributed-lag form of mdustry sup-
ply i loganthm form 1s

q = (1=-NInA+ yley, + o) (p - Aps)
— yay {w, — Aw,_) —ya{r, — Ary)
+ y[6t — AO(L =1}] + ymz,_, + yng, + A, (4)

where ¢, p, w, 7, z, and g denote the logarithms of @,
P, W, R, Z, and G, and A and v are constant functions
of @, and a, The defimtions for the exogenous vari-
ables and data sources are

g = a volume measure of preserved wood products
(U S Department of Commerce Census of Man-
nfactures, various years),

p =own price (value of shipments divided by quan-
tity, deflated by the 1967 producer price index)
(U S Depaitment of Commerce Censis of Man-
ufactures, varous years),

w = average houily wage for production workers in
wood preseivatives (U 8 Department of Com-
merce Census of Manufactures, various years ),

1 = real user cost of capmital for wood products (Whar-
ton Econometrics, personal cot respondence),

z =a proxy for private R&D expenditures total reve-
nue or price times quantity, since R&D 1s a fixed
share of 1eceipts (Mansfield, 1968, National Sci-
ence Foundation, various 1ssues), and

g = government scientist months (various FPL attain-
ment reports)

Public and private research lags of only 1 year give the
best fit The selection of these lags depends on a three-
step process (1) chorce of the best linear two-stage
least-squates (28LS) fit for the lag in a linear version
of the basic industry supply function {equation 4), (2)
appheation of this chosen lag in the general supply
equation, then (3) retests of the fully specified equa-
tion 4 with varous similar lags These 1-year lags ate
shoirt, and perhaps are due to the fact that improved
wood preservative technologies seldom 1equire new
equipment, or perthaps because the FPL association
with the Amercan Wood Preservers Association 1s so
close that information dissemination 1s easy and rapid 2
In any case, FPL personnel anticipate short lags in
this industry, and our statistical tests support them
(These lags compare with the combined 2-year pubhic
and private lag in the. SWPW industry (14) )

Generating the demand function 1s more difficult than
the supply function Creating a single general produc-
tion function for the collection of heterogeneous con-
sumers of preserved wood products (railroads, tele-
phone companies, homebuilders, farmers, users of
marine pilings) 1s difficult Therefore, the preferred
approach of derving downstream consumers’ demand
from their profit functions ecould not.be used We
experimented with several alternate demand forms
Specifications with a trend for the business cycle seem
to wotk well The intuitive justification 1s that con-
sumers are so heterogeneous that, taken together,
their expansions and contractions would reflect the
general economy rather than any single element of 1t
The generalized demand function (with anticipated
signs of coefficients in paientheses) 1s

g = By + Bipy + Biby + By + Byt 5
- {(+) (M )

whete b 1s the log of net sales in manufacturing indus-
tries (i8), and 7 1s the time vamable proxy for
exogenous changes m the level of useof treated lum-
ber in downstream mdustiies

Net sales performs better than other proxies for the
busmess cycle The two time variables permit-expo-
nential adjustment in the industry but their anticr-

‘For examples FPL researchers regularly serve on the Ameri-
can Wood Preservers Association staff, and 20 percent of all
AWPA publications since 1305 have been written by FPL
teseatchels
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pated signs are uncertain Exponential decline 1s
plausible for railroad consumption of crossties, and
exponential expansion 15 even more likely for the use
of many morganic preservatives and for recent resi-
dential construction uses of treated lumbet

Table 1 shows the nonhnear two-stage least squares
(NL2SLS) estimates for both the supply and the
demand equations 4 and 5 All coefficients 1 the sup-
ply equation, except the coefficient for disembodied
technical change, 6, have the anticipated sign The
coefficients on labor (a,), capitai {«;), and pubhe
1esearch (p) are not statistically significant at the 10-
percent level * There are three sigmficant coefficients,
those associated with private R&D (1), R&D depiecia-
tion (i), and disembodied technical change (8) The
independent varables eaplain 93 percent of all vari-
ance 1n the quantity supphed Durbir’s h statistic indi-
cates that sénal correlation 1s not a problem

The insignificant coefficient on public research 1s dis-
appointing but not swprising The public research
varable inciudes resear ch efforts to reduce production
cost, enhance product quahty, and reduce negative
externahties We know that the latter two have httle
or no relationship to our measutre of quantity If they
dominate and they are not senally collinear with cost-
reducing research effort, then they a1e unrelated to
the level of cost-reducing techmeal change, and we
must anficipate an insignificant coefficient on puble
research effort Of course, this masks statistical confi-
dence n our estimates of cost-1educing pubhe
research 4

The negative sign on 9, reflecting negative disem-
bodied techmecal change, 1s unusual, probably mdicat-
g that industrywide techmeal change has been
unable to keep pace with either industrywide produet
standards or (more lhikely) increasing restrictions on
petroleum product 1esiduals That 1s, research causing
decreasing final levels of residuals may not have pro-
gressed rapidly enough to maintam mdustiy produc-
tion at the old levels existing before the new
environmental restrictions In any case, while this
negative coefficient reflects unexplained relative
idustry dechne, 1t has no impact on our measurement
of the benefits of cost-reducing research

All demand coefficients are statistically significant at
the b-percent level o1 better The positive coefficient

‘Numerous analyses of R&D investments do not obtan statisti-
cal significance In such cases, analysts In the agncultural research
Literature proceeds as long as the signs can be interpreted as satis-
fymg economic reasomng

1Smce the coefficient associated with government R&D s msig-
nificant one might conclude that the true coefficient 1s zero If so
then the gross benelits would be zero and the net returns would be
negative since research would have no effect upon supply and
price But, in fact, producers have adopted the methods and 1t
seems'implausible to support that Lhis.adoption has no effect on
supply We believe our estumates are as accurate as can be
obtained, given current methods
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Table 1 —NL2SLS estimates of demand and supply
coefficrents for wood preserving!

Supply Demand
Labor 0 037 (By) 11 611*
(&) ( 085) (4 251)
Camtal 009 Own price -1 6217
(o) { 0100 By {- 650)
Business

2, 447 activity 929
(n) ( 216) (B ( 265)
G, 019 time — 056+
(w { 060) (B (- 023)
lag 322+ time?’ 002*
(\) (218) By ( 0004)
Time — 014**
9) (- 007)
R¢ 093 064
Durbin's & -05
Dui bin-Watson 203
Degrees of

fieedom 25 24

IDurhin’s / tests for autocorrelation in the supply equation
because it has a lagped endogenous term, while the Durbim-Watson
statistic tests for autocorelation in the demand equation

Numbers n parentheses are standard errors

* = Signuficant at the l-percent level 1n a one-tailed test
** = Significant at the 3-percent level in a one-tailed test
*#F = Sipnificant at the 10-percent level in a one-tailed test

on business activity, B,, suggests that demand 1s pro-
cychcal, as expected Demand 1s also price elastic, as
expected, because there are many substitutes fo
treated wood products (untreated woaod, metal, and
conerete posts, for example) Differentiating the anti-
log of the log-linear demand function with respect to 7
shows that demand decreased through the 14th period
(1964) and 1ncreased thereafier The lower RZ21s not
smprising for this ad hoe speafication of what should
properly be a derived demand for a heterogeneous col-
lection of eonsumers

A low £2, such as that found for the demand equation,
may suggest that an important variable 15 missing
fiom an equation This led us to examine the errot
terms, because a missing. variable will normally mduce
a pattern into the error term over time suimilar to the
effect of autocorrelation However, no such patterns
existed m the error term, producing no evidence of a
missing varieble Regardless of the potential estima-
tion problem, any absent variable causes no problems
for our analysis of research benefits so long as the
potentially absent term 1s not collinear with the price
coeffielent The price coefficient (more precisely, the
price elastieity that derives from 1t) 1s the only demand
information used 1n our eventual estimation of
research benefits

Calculating Returns

Following is a review of the general calculations

underlying ou1 eventual estimates of the net present
“There are no econometric analyses of the wood preservatives

indlustry known to us Therefore, there are no comparable
elastiaity estimates to use to check our results

e, 1




value, IRR, VMP, and MIRR associated with pubhe
research expenditures All elements build on our
knowledge of the estimated supply and demand fune-
tions and the research-induced shifts in supply over
time

The supply and demand system m peried £ + 1 + 70 >
0) due to a mven level of R&D expenditure G (the anti-
log of g) 1 period ¢ 13

SiGiZMPfl+l+]=DLP;a3+l+J (6)

All variables, including G for periods prior to ¢,
remain at their previous levels Ln(S)) and in(D,)
include the intercepts of the log hnear supply and
demand system at time ¢, a@; = (o, + o)/(1 —0; —xp) 18
the supply elasticity, a, = yu, and -a; = B, < 015 the
demand elasticity Equation 6 determines the equi-
hbrium future price PE 1n the (1 + 1 + pth perod as

E M
P’ ., = PG, where o = 3(ay + a)!
The expressions for the present values of consumers’

and producers’ surpluses, PVe and PVes, due to R&D
In period ¢ are

PVS = (Lag P,Q, & (1490 (1-GP), ©
1=]
and
PVE = (1+a)PQ I (1o G -1,  ®

1=1

where p1s the discount rate, o = —ay(1 — a4), and o =
—o The terms must be approximated by limiting the
summations to the finite number of periods before
the R&D contribution of the {th period depreciates
sufficiently that the supply 1s agamn close to the ong-
nal penod supply We limit the summation to 15 per-
ods Subtraeting total (public plus induced private)
R&D expenditures, E,, from PV and PVpe yields the
net present value of R&D 1n each period Summng
the discounted terms for each year in the period
1950-80 yields the net present value (NPV) of the
entire research program For example, for con-
sumers’ surplus

30
NPV® = 3 (1+prt (PVy - E) E)]

t=0

The IRR for equation 9 1s the value of p which
equates net present value with zero

We will soon derive the value of the marginal product
for pubhe R&D expenditures (VMP) In the VMP
derivation, we will need an expression for the term
aQ/aE, so we develop the expression first to preserve
the continty of the derivation of the VMP Note
that since output @ 1s a function of public research
effort G (measured as scientist months), and since
public research effort G 1s a function of public expen-

ditures £, we may use the chamn rule to find. that
aQ/aE = (9Q/aG)(aG/oE) G (government scientist
months) increases as E increases, so dG/9E 1s strictly
increasing (hence monotonie) in £ Therefore, the
nverse of aG/oE, which is 0E/3G, exists In fact,
smee E, = C G, {(where C,1s the average cost of a sa-
entist month in year £}, 1t 1s easy to see that dG/aE =
1/C, Then, using 3Q/0E from above and the fact that
aG/IAE = 1/C,, 1t follows that

8QOE = (1/C)(0Q/aG) (10)

We next derive the VMP of R&D The VMP of any
mput 1s simply the price of the output times the mar-
ginal product of the input While the VMP of R&D
expenditures may be treated much the same as the
VMP of any other input for any sifigle period, the
effects of R&D can last many periods into the future
Therefore, the annual effects must be diseounted and
summed The discounted VMP of public research con-
ducted n time ¢ 1n terms of the additional output 1n
period {+1 18

VMP*™' = P, (3Q,, /OE)/(1+p)
= PL+| (aQt+1/aGl)',[(l + p)CL]!

(while VMP#! = 0 since the lag between research
expenditures and its 1nitial impact on output 15 1
year, research in time ¢ has no effect on output in
time ) In our Cobb-Douglas case, we can substitute
for 4Q,,,/8(z, 1In the previous equation to obtain the
following

i

VMP*™' = pP,,| Q. /[(1+p)G,C]

pPy Qe /[(14+p)E]

Similarly, for any period {+1+m, m > 0, we obtain
the returns to research conducted m time ¢

VMP,E t+1+m _ Am""Pt+l+mQt+l+m/[(1+p)u+m)El]!

where the Am accounts for R&D depreciation The full
VMP at time { 1s the sum of these single-period
returns

aL

VMP, = 2 AP nQun/[0+p)™E] (D)
m=0

Thus, we could estimate the VMP for each mvest-
ment pertod 1n the sample It 15 more common, how-
ever, to report the geometric mean of the entire
series of VMP’s (see 5, 11)

The MIRR 1s the value of p that equates the geo-
metrie means of equation 11 with umty This con-
forms with the more general forms of the MIRR (4,
19) since the weight associated with the current
perod 1s zero
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R&D Cost Estimates

We need estimates of the direct costs of FPL
1esearch and also the public research-induced costs of
private implementation The FPL can provide a his-
tory of its research effort Identifying the costs of
private implementation 1s more difficult We develop
two alternative estimates to suggest a range 1n which
true 1implementation costs, and true returns to
research, may fall

Suppose that each dollar of FPL expenditure necessi-
tates an expenditure of »n private dollars per plant
Total expencditure E, can be expressed as &, = (1 +
nN e, G,, where N, 1s the number of nulls and ¢, 15 the
direct cost of a scientist month Thus, the C, of equa-
tion 10 equals (1 + nN )

We constructed ¢, from Sonka and Padberg’s (15) aca-
demie price index and Callaham’s (1) estimated cost
of a USDA Forest Service scientist year for 1977,
and then we added overhead estimates supphed by
the FPL (table 2) N, 1s from various 1ssues of the
Census of Manufactures Industry Series, with linear

Table 2—FPL effort in wood-preserving research, 1950-80

Cost per
Scientist scientist
Year months month! Total cost
Number —Thousand dollars®—
1950 36 520 187
1951 50 4 36 243
1952 47 512 240
1953 44 525 231
1954 43 531 228
1955 42 542 228
1956 61 539 329
1857 ird 5 36 413
1958 78 537 419
1959 78 549 428
1960 73 561 410
1961 96 574 551
1962 123 585 720
1963 131 6 02 788
1964 138 616 850
1965 136 6 22 846
1966 122 6 25 762
1967 120 6 49 779
1968 122 6 61 806
1969 128 672 860
1970 94 6 86 645
1971 128 6 97 893
1972 141 703 991
1973 130 6 74 876
1974 97 673 604
1975 82 6 40 524
1976 119 6 27 746
1977 148 6 23 922
1978 126 627 790
1979 141 596 341
1980 89 5 46 486

Hneludes overhead
21967 dollars
Source FPL attainment reports
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interpolations for missing years (The number of
plants ranged from 262 1in 1950 to 498 in 1980 )

The value of n, the induced private effort 1s the most
uncertain part of the analysis We obtain a measue
of »n from knowledge of a single representative case,
and then test our research benefit estimates fo1 sen-
sitivity to variation in this measure

Ow representative case 1s the visual screening tech-
niques for examiming wood prior to treatment ®
Industry implementation of these techniques began
n 1968 Visual screening requires an additional
employee per plant, which, with appropriate dis-
counting, converts to a private expenditure of 12
cents (1967 dollars) per manufacturing plant foi
every public research dollar We will compate gross
public wood prese1vatives 1esearch benefits with the
sum of pubhe research costs plus this additional
induced private cost and with a 50-percent increase mn
this cost to 18 cents per manufacturing plant Greatet
induced private development costs imply lower net
economic benefits and lower rates of retuin to puble
research

Results: The Efficiency of Public Wood
Preservatives Research

Table 3 displays most of our summary 1esults for the
two cases where publicly induced private develop-
ment costs are 12 cents and 18 cents per manufactur-
ing plant and for the 1ange of social discount rates
between 4 peicent and 10 percent The next returns
to producers are negative for both R&D cost alteina-

*Researchers at the FPL confirmed the selection of these tech-
miques as representative 1n its 1equirement for mdostral modifica-
tion and development 1n each plant (L Gjevick, personal
communication, Nov 1988 )

Table 3—Returns to public investment in wood-
preserving research, 1950-80

Soecial discount 1ate

Multipher 004 007 010
——Mtlhon dollurst
012 NPVe 861 61 ¢ 49 1
NPV -1181 68 3 40 2
NPVned 334 1 2519 1794
BCe 1 16/1 11641 1171
BCreb 1 85/1 185/1 1871

IRR® not reported multiple solutions exist
IRRrt = 293 percent

018 NPVe -117 3 -64 2 34 1
NPV 321 6 -104 4 -123 4
NP Yneb 180 7 125 7 96 2
BCe T8/1 78/1 91
BCrer 124/1 1 24/1 12571

IRR= not reported multiple solutions exist
IRR™b not reported multiple solutions exist

11967 dollars




tives and for the full 1ange of social discount rates
Net producers’ surplus 1s generally positive for only
sia or seven individual years in the 1950-80 perod
This means that producers would not have conducted
this research themselves Net consume1 gains are
positive for the 12-cent private development cost case
but negative for the 18-cent case, 1egardless of social
discount rates in omr range The combined net bene-
fits to producers and consumers are positive 1n all
cases (Recall that our caleulations of net benefits to
consumers (NPV®) and net benefits to producers
(NPVrs) are both net of 1esearch expenditures
Theirefore, the net benefit to society (NPVrneb) 15
greater than the sum NPVe + NPVp by the amount
of total R&D expenditures because the sum subtracts
total R&D expenditures twice Rows 1-3 and 8-10 1n
table 3 reflect this 1esult ) The positive social gam,
yet negative producet gain, justifies the public FPL
research presence

Table 4 shows the annual sequence of net consumer
and producer surpluses and net social gain for the
single case of 12-cent private development costs and
a soclal discount rate of 4 percent This table shows
the periodic switching from positive to negative
values that prevents us from obtamning solutions for
the various internal 1ates of return in table 3 Table 4
shows why the benefit-cost 1atio increases with
greater soclal discount rates For example, net losses
occur 1n later years {o1 eonsumers and are, therefore,
discounted more heavily than the larger net gans of
the earlier years

Table 5 reports the periodic annual values of mar-
ginal products (VMP’s), the average VMP, and the
marginal iternal.1ate of return (MIRR) Annual and
average VMP's less than one and MIRR’s less than
zero indieate an overinvestment in public wood pre-
servative research This obhservation is all the more
true for more recent years duning the 30-year perod

These were also years of rsing petroleum product
prices and the years of largest research investments
i1 controlling environmental residuals Removing the
costs of these latter enviionmental and product-
quality research efforts mav raise the MIRR to the
positive range and remove the qunestion of
overmnvestment

If we consider all publie research investments to be
of the cost-saving variety, then investments 1n wood
preservative research would have been socially wise
(NPV™®>0) but would not have been made by pri-
vate industrial mvestors (NPV™<0) It would have
been even wiser, however, for the FPL to invest but
at a lower total level each year (VMP<1), MIRR<0)
The net social gains (NPV™) would have been
greater than those we observed

When we acknowledge substantial product quahty
improvement and environmental investments m wood
preservative reseatch, then we know that our sum-

Table 4—Returns to wood preservatives research, by
individual vear (multiplier = 0 12, discount rate = (0 04)

Net present value of returns to

Consumer s

and

Year Consumers Produeers producers
Mithon dollars!
1950 120 46 227
1951 134 47 261
1952 138 49 269
1953 122 40 242
1954 10 33 224
1955 107 30 220
1956 113 18 252
1957 103 -1 25'6
1958 39 41 156
1959 46 40 171
1960 53 -3 4 181
1961 4 -88 137
1962 48 -14 8 99
1963 58 -16 8 10 2
1964 66 ~-187 111
1965 -71 -193 10 8
1966 -11 -14 6 186
1967 -10 -152 196
1968 -5 -15 6 2146
1969 64 20 3 140
1970 28 -109 228
1971 57 =210 16 5
1972 67 -23 1 181
1973 -15 -18 8 2319
1974 14 6 -1 41 8
1975 65 -75 269
1976 -19 -177 211
1977 7 -205 31 8
1978 114 -118 452
1979 55 ~170 383
1980 197 -3 489
11967 dollars

mary benefit measures are all lower estimates
Returns to public wood preservative research were
at least as great as those we reported for cost-
reducing research, and our subjective judgment 1s
that the net public gains may have been positive 1n all
SCENarios
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Table 5—Annual and average YMP's and MIRR’s of public wood-preserving research

Social discount rate

Multipher = 012

Multipher = 0 18

Year 004 G o7 010 004 007 010
Dollars?
1950 102 093 094 069 0 66 064
1951 84 80 7 56 54 52
1952 86 83 80 58 50 54
1953 82 79 76 55 53 51
1954 i 4 71 h2 50 48
1955 76 73 70 51 49 47
1956 58 56 54 39 37 36
1957 47 45 44 32 31 29
1958 35 B2 | 32 24 23 22
1959 36 35 33 24 23 22
1960 38 37 35 26 25 24
1961 27 26 25 18 18 17
1962 21 21 20 14 14 13
1963 21 20 19 14 13 13
1964 20 20 19 i4 13 13
1965 20 19 19 14 13 13
1966 25 24 23 17 16 15
1967 25 24 23 17 16 15
1968 25 24 23 17 16 16
1969 21 20 20 14 14 13
1970 30 28 27 20 19 18
1971 22 21 20 15 14 14
1972 21 21 20 14 14 13
1973 24 23 22 16 16 15
1974 39 38 36 26 25 24
1975 34 33 32 23 22 21
1976 24 23 23 16 16 15
1977 25 24 23 17 16 15
1978 32 30 29 21 20 20
1979 38 26 25 18 18 17
1980 46 44 42 31 29 28
Average VMP 35 34 32 24 23 22
MIRR <{) < {
(average VMP at zero discount {average VMP at zero discount
rate = 0 37) rate = 0 25)
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