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Use ofa long-run profit function provides accurate estimates of returns to agricultural R&D in Europe and North America, a result 
that is tied to the long term basic and applied nature of the research institutions in these areas. Agricultural R&D in South Africa is 
fundamentally different with a more adaptive character, resulting in a shorter lag of five years between research spending and 
changes in TFP. In this situation, the long-run profit function input demand and output supply elasticities are too high, resulting in 
overestimation of returns to R&D. A potential solution to this problem is to use a short-run profit function in the calculation of 
returns to R&D. Several other inputs are held fixed and the result is a short-run return to R&D in South Africa that compares 
favourably with long-run return levels that have been established for the northern hemisphere. 

1. INTRODUCTION 

In this paper, the profit function approach to estimating 
agricultural productivity and returns to agricultural R&D in 
South Africa is refined by comparing the returns from a 
short-run profit function to the returns from a long-run profit 
function. 

Productivity statistics compare agricultural inputs to outputs 
in order to measure the performance of the sector. Tite ratio 
of aggregate output to an aggregate of all inputs combined 
gives a measure of total factor productivity (TFP). 
"Explaining" TFP growth, using non-conventional inputs 
such as R&D and extension ex-penditures, has been the topic 
of a large number of studies (listed in Echevenia, 1990). 
Changes in the TFP index are usually explained by 
determining or conditioning variables, such as the stock of 
knowledge (accumulated research capital, generated by past 
research expenditures), extension services and fanner 
education, as well as changes in weather. 1 The basic 
argument is that R&D generates technology, extension 
diffuses it and better-educated fanners are better at 
screening new technology. Consequently, they adopt 
technologies more quickly and also adapt technology, 
thereby adding an element of on-fann technology 
generation. For South Africa, spillovers through 
international technology transfers may also be important 'and 
the influence of the weather is considerable, so a weatlter 
index should reduce the unexplained errors. 

There are essentially two approaches to ex-plaining changes 
in agricultural productivity, which forms the basis for 
calculating the returns to R&D. Evenson, et al. ( 1987) call 
these the integrated approach (where the productivity
enhancing, or conditioning, factors are included directly in a 
primal or dual representation of production) and the two
stage decomposih·o11, in which changes in total factor 
productivity (TIP) are first calculated, and then ex-plained, 
in a second stage, by tlte factors, such as R&D and 
extension, that are tltought to accmmt for growth. Tite dual 
integrated approach has tlte advantage of minimising 
restrictive separability assumptions, as well as avoiding tlte 
need for the asswnptions of foll static equilibrimn, Hicks 
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neutral technical change and constant returns to scale, which 
are implicit in the two-stage approach.2 

The paper consists of the following sections: determination 
of the distributed lags for the technology variables; the 
model; data; results (shadow prices and calculation of the 
returns to R&D; and a conclusion. 

2. DETERMINING THE 
LAGS FOR THE 
VARIABLES 

DISTRIBUTED 
TECHNOLOGY 

The effects of the technology variables on TFP growth are 
not immediate. There are several alternatives for modelling 
the lagged variables, but including numerous lagged values 
of R&D and patents, plus shorter lags for extension and 
education is not feasible, due to lack of degrees of freedom 
and collinearity. Including the technology variables in the 
estimation of the residual profit function is less restrictive 
than the two-stage approach, but the model is too complex 
and has insufficient degrees of freedom to allow much in the 
way of testing for the best formulation. Thus, the lags and 
depreciation rates in many previous studies have often been 
chosen somewhat arbitrarily. 

In this case, the lag structures are predetermined, by 
resorting to the usual alternative two-stage methodology 
(Thirtle and van Zyl, 1994), which incorporates all the 
inputs and outputs in a total factor productivity index, 
changes in which are then explained by the technology 
variables-domestic R&D, international technology 
spillovers, extension, education and the weatlter. This 
implicitly imposes restrictions on the model, but allows 
testing of the lag structures, which can be modelled 
explicitly. We first explain the procedure, as if R&D were 
the only lagged variable and then discuss the complications 
caused by the fact that extension, patents and fanner 
education also have lagged effects. The TFP growth 
calculations ofTitirtle et al ( 1993) reported above were used 
for this analysis. 

Tite first stage of tlte analysis is to determine tlte length of 
the lag by estimating an tlllTestricted finite lag model, with 
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lag length k. Using fewer lags than the 'true' specification 
implies biased estimates and too many lags implies 
inefficient estimates. To estimate the lag length two 
approaches can be employed. The usual approach is that of 
searching over a range of k using appropriate model 
selection criteria. Geweke and Meese (1981) investigate 
various model selection criteria for this pllllJOse, including 
the Akaike information criterion (AIC), the final prediction 
error (FPE), the Bayesian estimation criterion (BEC) and 
the Schwan Criterion (SC). The tests are not always in 
agreement, but for the R&D lag all suggested nine or ten 
Jags. 

Then, the shape of the lag distribution must be determined. 
The conventional approach is to fit a function such as an 
inverted "U"-shaped second degree polynomial, but this 
formulation fitted the South African data poorly. Amongst 
the large number of alternative lag structures fitted, 
generalisations of the Beta and Gamma distributions 
(Tsurumi, 1971 and Schmidt, 1974) gave the best results 
according to the same model selection criteria (Adjusted 
R2>o.77 in both cases). Tite best fit is negative skew with 
peak effects at one to four lags. Figures I and 2 provide the 
details. 

This result can be contrasted with similar tests for the UK 
system, where the lag was sixteen years and the distribution 
was positively skewed, with the peak effects at twelve to 
sixteen lags (Khatri, 1994). Titis suggests that whereas the 
UK system includes a high proportion of basic scientific 
research with a long gestation period, the South African 
research system is dominated by short-term developmental 
work.3 

In tlte profit function, which is described in tlte next section, 
the lag distribution is represented by a knowledge stock 
constructed using the perpetual inventory model (PIM), 
which is a reasonable approximation of Ute "true" lag 
structure. Thus, the knowledge stock (KS), wtth R&D 
entering witl1 a one period lag, at period t is 

KS1 = RD1.1 + (1-6) K1.1 (I) 

where d is the rate of depreciation, wltich is set at I 0%, so 
tltat 90% of tlte weight is on the first nine years. In tltis 
application U1e starting value of KS, at t=O, is irrelevant by 
1947, because Ute series begins in 1929. 

International technology transfers is approximated by a 
patent count (see section on data). 

Applying the same methodology lo the patent count series 
gave a lag of twelve to thirteen years and again a negatively 
skewed distribution. So, tlte patent knowledge stock is 
approximated in tlte profit function by a PIM with a 
depreciation rate of 8.3%, which is appropriate for a twelve 
year lag. The patent variable is the means of allowing for 
botlt private spillovers from abroad and for the technology 
provided by multinational seed, chemical and machinery 
companies, which may or may not be performing tlteir 
research in South Africa. 

For the non-international private sector, very little is known 
about R&D. Titis is a handicap, but need not prevent 
economic analysis oftlte returns to R&D, since private R&D 
is not outside Ute market system, like the public 
expenditures. Indeed, as was noted by Griliches ( 1973 ), if 
agricultural inputs were supplied by a monopolist, and the 
input statistics took proper account of quality adjustments. 
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technical change emanating from the private sector input 
industries would be thlly included in the input series. Such 
technological changes are in the farm inputs sector, not the 
fann sector itself (Kislev and Peterson, 1982), and would 
not present any difficulties. It is only to the extent that the 
input suppliers are monopolistic competitors and that the 
statistical sources fail to measure inputs in efficiency units, 
that allowance must be made for private R & D 
expenditures. However, due to these two factors, not all 
technical change in the input industries is correctly 
measured at source and there will be some spillover that is 
caught instead in measures of agricultural productivity. 
Thus, in estimating the returns to R & D, all the non-market 
public expenditures should be included on Ute cost side wtd 
some proportion of private expenditures should be added. 

The lags on extension and education should be far shorter 
than that for R&D, so tl1e same elaborate lag structures need 
not be imposed. The model selection criteria indicated that 
a single one period lag is the appropriate specification. 

Lastly, since the technology variables are interdependent, 
the lags structures should be jointly estimated. Thus, U1e 
model selection criteria are applied to combinations of lags 
for the different variables in a grid search for the model that 
performs best. 

3. THE MODEL 

Assuming that fanners maximise expected profits, the 
normalised restricted profit function {Lau, 1976), with the 
conditioning factors included as fixed inputs,4 is used to 
model fanner behaviour. Consider a multiple output 
technology producing outputs Y(y1, .,ym), with the respective 
expected output prices P (p1, .. ,Pm), using n variable inputs X 
(x,, .. ,Xn) with prices W (w,, .. ,Wn). Variable expected profits 
are defined as: 

m II 

,r = LPiYi- L wJx1 =P'Y-W'X (2) 

i= l 1- 1 

Normalising tlte profit function with respect to an output or 
input price (wo in equation (2), which is the price of 
livestock inputs) has the practical advantages of ensuring 
tlmt Ute homogeneity requirement is met, reducing the 
nwnber of parameters to be estimated, formulates the 
problem in a manner consistent with economic theory and 
negating Ute need for deflating prices. The optimal 
solutions to maximising (I) would be equivalent to those 
obtained from the maximisation of the normalised restricted 
profits and thus the normalised expected profit function can 
be represented as: 

* • *< P W z S) - 1t (P, W;Z,0) IT - IT - , - , , - -'-'---.:......:..---'----'--'- (3) 
w o w 0 wo 

where capital pi represents the normalised restricted profit 
thnction, Z is the vector of fixed and quasi-fixed inputs, Q is 
the vector of technology variables, or conditioning factors 
(also treated as quasi-fixed in equation (3)) and "*" 
indicates optimised levels. The theoretical restrictions 
suggested on (3) are that the normalised restricted profit 
thnction (hereafter called tlte profit function) is non 
decreasing in P, non increasing in W, linearly homogeneous 
in prices, twice continuously differentiable and convex in 
prices, and cancave in the quasi-fixed factors {Lau, 1976). 
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lag length k. Using fewer lags than the 'true' specification 
implies biased estimates and too many lags implies 
inefficient estimates. To estimate the lag length two 
approaches can be employed. The usual approach is that of 
searching over a range of k using appropriate model 
selection criteria. Geweke and Meese (1981) investigate 
various model selection criteria for this pllllJOse, including 
the Akaike information criterion (AIC), the final prediction 
error (FPE), the Bayesian estimation criterion (BEC) and 
the Schwan Criterion (SC). The tests are not always in 
agreement, but for the R&D lag all suggested nine or ten 
Jags. 
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technical change emanating from the private sector input 
industries would be thlly included in the input series. Such 
technological changes are in the farm inputs sector, not the 
fann sector itself (Kislev and Peterson, 1982), and would 
not present any difficulties. It is only to the extent that the 
input suppliers are monopolistic competitors and that the 
statistical sources fail to measure inputs in efficiency units, 
that allowance must be made for private R & D 
expenditures. However, due to these two factors, not all 
technical change in the input industries is correctly 
measured at source and there will be some spillover that is 
caught instead in measures of agricultural productivity. 
Thus, in estimating the returns to R & D, all the non-market 
public expenditures should be included on Ute cost side wtd 
some proportion of private expenditures should be added. 

The lags on extension and education should be far shorter 
than that for R&D, so tl1e same elaborate lag structures need 
not be imposed. The model selection criteria indicated that 
a single one period lag is the appropriate specification. 

Lastly, since the technology variables are interdependent, 
the lags structures should be jointly estimated. Thus, U1e 
model selection criteria are applied to combinations of lags 
for the different variables in a grid search for the model that 
performs best. 

3. THE MODEL 

Assuming that fanners maximise expected profits, the 
normalised restricted profit function {Lau, 1976), with the 
conditioning factors included as fixed inputs,4 is used to 
model fanner behaviour. Consider a multiple output 
technology producing outputs Y(y1, .,ym), with the respective 
expected output prices P (p1, .. ,Pm), using n variable inputs X 
(x,, .. ,Xn) with prices W (w,, .. ,Wn). Variable expected profits 
are defined as: 

m II 

,r = LPiYi- L wJx1 =P'Y-W'X (2) 

i= l 1- 1 

Normalising tlte profit function with respect to an output or 
input price (wo in equation (2), which is the price of 
livestock inputs) has the practical advantages of ensuring 
tlmt Ute homogeneity requirement is met, reducing the 
nwnber of parameters to be estimated, formulates the 
problem in a manner consistent with economic theory and 
negating Ute need for deflating prices. The optimal 
solutions to maximising (I) would be equivalent to those 
obtained from the maximisation of the normalised restricted 
profits and thus the normalised expected profit function can 
be represented as: 

* • *< P W z S) - 1t (P, W;Z,0) IT - IT - , - , , - -'-'---.:......:..---'----'--'- (3) 
w o w 0 wo 

where capital pi represents the normalised restricted profit 
thnction, Z is the vector of fixed and quasi-fixed inputs, Q is 
the vector of technology variables, or conditioning factors 
(also treated as quasi-fixed in equation (3)) and "*" 
indicates optimised levels. The theoretical restrictions 
suggested on (3) are that the normalised restricted profit 
thnction (hereafter called tlte profit function) is non 
decreasing in P, non increasing in W, linearly homogeneous 
in prices, twice continuously differentiable and convex in 
prices, and cancave in the quasi-fixed factors {Lau, 1976). 
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The functional form employed is the generalised quadratic 
(GQ). The GQ profit function is defined as: 

• 1 • • 1 • TI = a.o + a. 'P + 8 'El +-P'j3P+-E>'4,E> + P'yE> (4) 
2 2 

where P hat is the stacked vector of normalised output and 
non-numeraire input prices, (P ,R)' and Q is the stacked 
vector of k quasi-fixed and I fixed and conditioning factors. 
The vector a. (a.1, .. ,a.m+n-1) and matrices 13 (139, ij=l, .. ,m+n-
1), f (fg1i, g,h=l, .. ,K+L) and g (g,g,i=l, .. ,m+n-1, g=l, .. ,k+l) 
contain the parameter coefficients to be estimated. The 
vector of parameters d is of particular interest as these are 
the shadow prices of the fixed factors and technology 
variables. Applying Hotelling's lemma, we derive the 
(short-nm) optimal levels of output supply and input 
demand: 

m m+n-1 

y*. = a.i + L l3ij Pj+ L l3ij Wj 
I . . I 

,Fl J=m+ 

k I 

+ r YjgE>g, i = 1, .. ,m 

g• l 

m m+n-1 

-x·1 = a.1 + Ll31JPJ + L 131J Wj 
rt j=m+I 

k+I 

+ LYigE>g, i = m+ 1, .. ,m+n-1 

g• I 

(5) 

(6) 

l11e long-nm profit function, in contrast, consists of only 
variable factors of production. Since factors such as 
machinery, land, and livestock inventory are assumed to be 
at long-nm equilibrium levels, no quasi-fixed factors are 
represented in the profit function. The vector Q only 
contains conditioning factors such as weather and 
technology, that are always exogenously supplied. Prices of 
the inputs that were quasi-fixed factors in the short nm are 
included in the vector w. Variable input demands for these 
factors are obtainable using Hotelling's Lemma, and are 
estimated jointly with other input demands and other supply 
equations. 

The price elasticities are derived as logarithmic derivatives 
of the supply and derived demand equations with respect to 
prices (Lass, 1985; Khatri, et al., 1994a). Shadow values are 
given by the partial derivatives of the profit function 
(Diewert, 1974) with respect to the Q variables. The derived 
shadow values can be interpreted equivalently -as, the 
marginal change in profits for an increment in a particular 
element ofQ or as the imputed rental value for an additional 
unit of that factor. Of particular interest are tl1e shadow 
values of capital, land and research. The difference between 
the rental value and shadow value indicates whether the 
factor is over, under or optimally utilised. The shadow 
value of research can be used to derive the rate of return to 
research investment (Huffinan, 1987). 

4. DATA 

The national farm-level production data for the period 1947-
92 were obtained from several sources, largely RSA ( 1994 ), 
and are described in some detail in Thirtle, et al. (1993). For 
both the short and long-term profit function specifications, 
tl1e three output aggregates are: Crops, Horticulture, and 
Livestock and Livestock Products. 
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For the short-term profit function, the variable inputs are 
Divisia aggregated into four groups: (I) Hired labour, (2) 
Machinery nmning costs (fuel, machinery repairs and other); 
(3) Intermediate inputs (fertiliser, other chemicals and 
packing material) and ( 4) Feed and dips. Vehicles and fixed 
capital in the form of buildings and other fixed 
improvements are assumed to be quasi-fixed, as are the 
stocks of animals. The total area of land in the commercial 
sector is included as a fixed input. 

For the long-term specification, all inputs are variable. 
These were Divisia aggregated into the following groups: (I) 
Hired labour, (2) Machinery nmning costs (fuel, machinery 
repairs and other); (3) Intermediate inputs (fertilizer, 
chemicals, packing material, feed and dips); (4) Capital, 
particularly vehicles and other capital in the form of building 
and fixed improvements; (5) Livestock; and (6) Land Thirtle 
et al. (1993) build up a capital stock variable using 
investment data by making assumptions about the 
depreciation rate of capital. Ball recalculated this capital 
stock for South Afiica using depreciation rates similar to 
those assumed for U.S. agriculture using the method 
established in Ball (1985).5 He also recalculated the rental 
price of capital, an output of the short nm model, using 
Jorgenson's formula to derive a long-nm capital service 
price from the assumed depreciation rate. 

The other conditioning factors, that are treated as fixed 
inputs in both the short and long-term specifications, are 
public research expenditures, public extension expenditures, 
a rainfall index, world patents6 and a farmer education 
index.7 The construction of knowledge stock variables for 
these items were already outlined above. l11e expected 
prices are taken to be the previous years actual prices (i.e. 
naive price expectations).8 

S. RESULTS 

There are too many parameters in tl1e short nm profit 
function (3) to estimate the full model in one stage, so tl1e 
residual profit function approach (Bouchet, et al., 1989; 
Khatri, et al., 1994a) is used. The system of supply and 
demand equations (4) and (5) are estimated in the first stage 
and then the remaining variables are used to explain the 
residual. The estimated shadow prices and the input biases 
involve both the parameters from the supply and demand 
system and the residual profit function. However, as the 
majority of the parameters for the shadow price and input 
bias equations are in the supply and demand system, the 
parameters used in the residual profit function can be treated 
as constants (most of which are significant). lbis allows for 
the derivation of indicative significance bounds for the 
shadow price and input bias estimates. 

The system of output supply and variable input demand 
equations are estimated using the iterative Zellner 
procedure. The system, with symmetry imposed, produces a 
large set of parameter estimates (not reported here), most of 
which are significant at the 5% confidence level. The 
coefficients of determination (R2s) of the estimated supply 
and demand system equations (for both the short-nm and 
long-nm specifications) vary between 0.87 and 0.99 which 
is high, even for a time series model. The Durbin-Watson 
statistics indicate that tl1ere are no problems of serial 
correlation in tl1e individual equations. Further, although 
homogeneity remains a maintained assumption (implicitly 
imposed when normalising), symmetry and monotonicity, 
which are necessary conditions for global convexity, are 
both satisfied by tl1e estimated systems. The estimated 
profit functions are thus found to be acceptable both with 

Agrekon, Vol 35, No 4 (December 196) Khatri, Schimmelpfennig, Thirtle and Van Zyl 

... 

.. , 
•• 

L 
A 0 ,) 

G ,., 
C 
0 0 ,1 
E 
F 
F 

,t , I 

•1 ,2 

, I) 

•O ... 

LAGS 

Figure 1: Unrestricted lagged round (9 years) 

0.1, 

L 
A 
G 

n1 

C 
0 
E 
F 
F o.o, 

IAGS 

_GAMMAIAG 

___ EXP(2)IAG 

. . . . EXP(l)LEAD I 

_PDLIAG 

Figure 2: Lagged effects of research on productivity 

respect to their statistical performance and theoretical 
consistency. 

The results obtained with the short-nm and long-nm profit 
functions (that can be estimated in one stage) specifically 
the elasticity estimates, are in accordance with expectations. 
The elasticities of the outputs and variable inputs in the 
estimation obtained with the long-nm approach and the 
short-nm estimations are remarkably similar. As expected, 
the long-nm elasticities for land, capital and livestock are 
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consistently higher than the short-nm elasticities. It can 
therefore be concluded that the results from both the short 
and long-nm models are consistent. 

The relative lack of supply response of Soufu Afiican 
agriculture, even over the long-nm, is striking. lbis result 
corresponds very closely with the findings of Van Zyl 
(1986) and Sartorius von Bach and Van Zyl (1991). It also 
confirms earlier opinions on the abnormal development path 
for South Afiican agriculture.9 
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The functional form employed is the generalised quadratic 
(GQ). The GQ profit function is defined as: 

• 1 • • 1 • TI = a.o + a. 'P + 8 'El +-P'j3P+-E>'4,E> + P'yE> (4) 
2 2 

where P hat is the stacked vector of normalised output and 
non-numeraire input prices, (P ,R)' and Q is the stacked 
vector of k quasi-fixed and I fixed and conditioning factors. 
The vector a. (a.1, .. ,a.m+n-1) and matrices 13 (139, ij=l, .. ,m+n-
1), f (fg1i, g,h=l, .. ,K+L) and g (g,g,i=l, .. ,m+n-1, g=l, .. ,k+l) 
contain the parameter coefficients to be estimated. The 
vector of parameters d is of particular interest as these are 
the shadow prices of the fixed factors and technology 
variables. Applying Hotelling's lemma, we derive the 
(short-nm) optimal levels of output supply and input 
demand: 
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l11e long-nm profit function, in contrast, consists of only 
variable factors of production. Since factors such as 
machinery, land, and livestock inventory are assumed to be 
at long-nm equilibrium levels, no quasi-fixed factors are 
represented in the profit function. The vector Q only 
contains conditioning factors such as weather and 
technology, that are always exogenously supplied. Prices of 
the inputs that were quasi-fixed factors in the short nm are 
included in the vector w. Variable input demands for these 
factors are obtainable using Hotelling's Lemma, and are 
estimated jointly with other input demands and other supply 
equations. 

The price elasticities are derived as logarithmic derivatives 
of the supply and derived demand equations with respect to 
prices (Lass, 1985; Khatri, et al., 1994a). Shadow values are 
given by the partial derivatives of the profit function 
(Diewert, 1974) with respect to the Q variables. The derived 
shadow values can be interpreted equivalently -as, the 
marginal change in profits for an increment in a particular 
element ofQ or as the imputed rental value for an additional 
unit of that factor. Of particular interest are tl1e shadow 
values of capital, land and research. The difference between 
the rental value and shadow value indicates whether the 
factor is over, under or optimally utilised. The shadow 
value of research can be used to derive the rate of return to 
research investment (Huffinan, 1987). 

4. DATA 

The national farm-level production data for the period 1947-
92 were obtained from several sources, largely RSA ( 1994 ), 
and are described in some detail in Thirtle, et al. (1993). For 
both the short and long-term profit function specifications, 
tl1e three output aggregates are: Crops, Horticulture, and 
Livestock and Livestock Products. 
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For the short-term profit function, the variable inputs are 
Divisia aggregated into four groups: (I) Hired labour, (2) 
Machinery nmning costs (fuel, machinery repairs and other); 
(3) Intermediate inputs (fertiliser, other chemicals and 
packing material) and ( 4) Feed and dips. Vehicles and fixed 
capital in the form of buildings and other fixed 
improvements are assumed to be quasi-fixed, as are the 
stocks of animals. The total area of land in the commercial 
sector is included as a fixed input. 

For the long-term specification, all inputs are variable. 
These were Divisia aggregated into the following groups: (I) 
Hired labour, (2) Machinery nmning costs (fuel, machinery 
repairs and other); (3) Intermediate inputs (fertilizer, 
chemicals, packing material, feed and dips); (4) Capital, 
particularly vehicles and other capital in the form of building 
and fixed improvements; (5) Livestock; and (6) Land Thirtle 
et al. (1993) build up a capital stock variable using 
investment data by making assumptions about the 
depreciation rate of capital. Ball recalculated this capital 
stock for South Afiica using depreciation rates similar to 
those assumed for U.S. agriculture using the method 
established in Ball (1985).5 He also recalculated the rental 
price of capital, an output of the short nm model, using 
Jorgenson's formula to derive a long-nm capital service 
price from the assumed depreciation rate. 

The other conditioning factors, that are treated as fixed 
inputs in both the short and long-term specifications, are 
public research expenditures, public extension expenditures, 
a rainfall index, world patents6 and a farmer education 
index.7 The construction of knowledge stock variables for 
these items were already outlined above. l11e expected 
prices are taken to be the previous years actual prices (i.e. 
naive price expectations).8 

S. RESULTS 

There are too many parameters in tl1e short nm profit 
function (3) to estimate the full model in one stage, so tl1e 
residual profit function approach (Bouchet, et al., 1989; 
Khatri, et al., 1994a) is used. The system of supply and 
demand equations (4) and (5) are estimated in the first stage 
and then the remaining variables are used to explain the 
residual. The estimated shadow prices and the input biases 
involve both the parameters from the supply and demand 
system and the residual profit function. However, as the 
majority of the parameters for the shadow price and input 
bias equations are in the supply and demand system, the 
parameters used in the residual profit function can be treated 
as constants (most of which are significant). lbis allows for 
the derivation of indicative significance bounds for the 
shadow price and input bias estimates. 

The system of output supply and variable input demand 
equations are estimated using the iterative Zellner 
procedure. The system, with symmetry imposed, produces a 
large set of parameter estimates (not reported here), most of 
which are significant at the 5% confidence level. The 
coefficients of determination (R2s) of the estimated supply 
and demand system equations (for both the short-nm and 
long-nm specifications) vary between 0.87 and 0.99 which 
is high, even for a time series model. The Durbin-Watson 
statistics indicate that tl1ere are no problems of serial 
correlation in tl1e individual equations. Further, although 
homogeneity remains a maintained assumption (implicitly 
imposed when normalising), symmetry and monotonicity, 
which are necessary conditions for global convexity, are 
both satisfied by tl1e estimated systems. The estimated 
profit functions are thus found to be acceptable both with 
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respect to their statistical performance and theoretical 
consistency. 

The results obtained with the short-nm and long-nm profit 
functions (that can be estimated in one stage) specifically 
the elasticity estimates, are in accordance with expectations. 
The elasticities of the outputs and variable inputs in the 
estimation obtained with the long-nm approach and the 
short-nm estimations are remarkably similar. As expected, 
the long-nm elasticities for land, capital and livestock are 
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consistently higher than the short-nm elasticities. It can 
therefore be concluded that the results from both the short 
and long-nm models are consistent. 

The relative lack of supply response of Soufu Afiican 
agriculture, even over the long-nm, is striking. lbis result 
corresponds very closely with the findings of Van Zyl 
(1986) and Sartorius von Bach and Van Zyl (1991). It also 
confirms earlier opinions on the abnormal development path 
for South Afiican agriculture.9 
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S/iadow Prices 

The change in the profit function with respect to the 
technology variables represents their shadow values, that is, 
shadow values of technology factors are given by the partial 
derivatives of the profit function (Diewert, 1974) with 
respect to the technology variables. The derived shadow 
values can be interpreted equivalently as the marginal 
change in profits for an increment in a particular element of 
technology. 1bis shadow value for R&D can be used to 
derive the rate of return to research investment (see Khatri, 
et al., 1996). Note, however, that the shadow values of the 
short and long-run conditioning variables are not directly 
comparable due to differences in the units of measurement 
for the capital items. These shadow values are reported in 
Table I for both the short and long-run specifications, at the 
variable means. 

The extension and education variables have negative 
shadow values, indicating that these variables, on the 
margin, are of no use to producers. In contrast, international 
research spillovers (PATENTS) and public R&D 
expenditure (RES) have relatively high positive shadow 
values, indicating that expansion of these factors is likely to 
benefit South Afiican agriculture. 

The shadow price for public research was negative at the 
beginning of the period, after which the value has risen at an 
increasing rate, suggesting that the public research system is 
now making a considerable contribution to profitability (see 
Van Zyl, et al., 1993). The shadow price of the international 
knowledge stock (representing spillovers) indicates 
spillovers significantly affect productivity and profitability. 
The shadow price of extension is surprisingly small 
(although highly significant) in the short-nm fonnulation, 
implying a near zero return on public extension expenditure. 
While in the long-nm fonnulation, the shadow price of 

ex1ension is substantially negative. The shadow price of 
extension has been falling over the period, which suggests 
tlmt South Afiican commercial fanners have become less 
dependent on public extension advice. 1bis corresponds 
with the findings of Koch, et al. ( 1991 ), who show that 
government extension officers spend increasingly more time 
on administrative duties and do very little actual extension 
work. 

As witl1 ex1ension, the education index appears to have 
considerable explanatory power in the model, judging by the 
significance levels of the education related coefficients. 1bis 
results in a highly significant, but wiexpectedly negative 
shadow price for education. The education index is a proxy 
for the fanner's managerial ability and thus we would 
certainly expect a positive shadow price for education~There 
is a strong indication from the fixed factor elasticities10 that 
education augments output but also augments input use 
( more than proportionately in the case of non-labour inputs). 
As tl1e education level of South Afiican commercial fanners 
is relatively high, it is entirely possible that the minirnwn 
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level required to assimilate research and extension messages 
has been surpassed. The shadow value of education was 
positive witil the early I 960s, but has become increasingly 
negative since then. 

An additional explanation of this phenomenon is fowid in 
tl1e South African literature. Several authors illustrate how 
crop production has expanded into climatically marginal and 
more risky areas, and how especially intennediate input use 
and mechanisation have increased considerably in the period 
1965 to the early 1980s (Van Zyl, et al., 1995). For 
example, over-mechanization was the order of the day (Van 
Zyl, et al., 1987), and particularly fertilizer was often 
applied up to levels where it actually decreased output 
(Korentajer, et al., 1990). 1bis was especially disastrous 
given the bad climatic conditions of the early and late 1980s 
(Van Rensburg and Groenewald, 1987). Sartorius von Bach, 
et al., (1992) clearly show that it was the better educated 
fanners who adopted these practices to a greater extent, 
partly because maximum physical production-as opposed to 
maximizing profit-was the major goal and focus of the 
agricultural research effort. 

ltllemal rate of rettun 

The shadow prices for R&D reported above can be used to 
calculate the marginal rate of return to investment on 
domestic research expenditure. The internal rate of return 
(r) is calculated using the fonnula from Ito (1991) 

00 

f BF 
exp(r, l) (--) exp(-rt)dt 

B(RKS) 
0 

(7) 

where L is the average lag value for R&D, which is taken to 
be five years. The calculation reduces to 

r e5r - VMP RKS (8) 

where the Value Marginal Product of the research stock is 
the shadow price of research. 

An interesting question arises from the comparison of the 
returns to research expenditure calculations using the short 
and long-run approaches. The long-run approach yields a 
MIRR that is considerably higher than that obtained with 
the short-run profit function of Khatri, et al. (1996). How 
much higher depends on the length of the lag between R&D 
exlJellditures and changes in TFP. In the short run, the lag 
is assumed to be 5 years, which is only appropriate in the 
long-run for R&D on variable inputs like seed varieties. The 
implied rates of return are 113% as compared with 44%, 
respectively. R&D on fixed or quasi-fixed inputs like 
i.nigation equipment, cultivation implements and other 
specialized machinery takes longer than 5 years to have an 
effect. Khatri, et al. (1994c) show that the capital stock 

Table 1: Estimated Shadow Values of the Conditioning Variables (Evaluated at the Variable Means) 

Factor Short-term Soecification Long-term Specification 
Public Research 4.04 323 .5 
International Patents 0.23 342.8 
Public Extension -0.012 -290.6 
Farmer Education -1 ,378.5 -6,867.2 

Note: All tl1e shadow prices are significant at the 0.05 level. 
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takes 11 years to adjust, indicating an 11 year lag between 
R&D and TFP growth. The longer lag lowers the Jong-run 
MIRR to 58%. The correct rate of return is some Wlknown 
weighted average of the lags between R&D items that 
provide quick impacts, like improvements in seed varieties, 
and those that take longer to have an impact. The long-run 
rate is bowided by 113 and 58%, a range that exceeds the 
short run return. 

These are certainly respectable rates of return on public 
expenditure. There are, however, the usual arguments that 
this figure may be somewhat diminished if we adjust for the 
dead-weight losses associated with tax collection (the means 
of financing public ex-penditure) and the possibility that 
public funding may be crowding out private sector research. 
The major point of interest, however, is the large difference 
between these rates when measured over the short and the 
long term. 

6. CONCLUSION 

Use of a Jong-run profit function has been shown to provide 
accurate estimates of returns to agricultural R&D in Europe 
and North America, a result that is tied to the long tenn 
basic and applied nature of the research institutions in these 
areas. Basic research into plant physiology and 
development takes place before plant breeders use the 
infonnation to create new varieties with desirable 
characteristics. An additional lag occurs before outputs 
increase as the new seed varieties are diffused among 
fanners (see Khatri, 1994). 

Agricultural R&D in South Afiica is fundanientally different 
with a more adaptive character, and a shorter lag of five 
years for variable factors (see 1birtle and Van Zyl, 1994; 
1996). The lag from basic to applied research is short cut in 
South Afiica by making slight adjustments to seed varieties 
developed for similar environmental conditions in the 
northern hemisphere. Even when the fact is taken into 
accowit that some capital stock items take longer tlwn five 
years to be impacted by R&D (by 8SSUlning that all of tl1e 
capital stock adjusts more slowly) the result is a range of 
long-run returns that is greater than the short-nm return. In 
this situation, the long-run profit function input demand and 
output supply elasticities are too high resulting in 
overestimation of returns to R&D. 

A possible solution to this problem is to employ a short-run 
profit fimction in tl1e calculation of returns to R&D. Several 
otl1er inputs are held fixed and the result is a short-run 
return to R&D in South Afiica that compares favourably 
with long-run return levels tl1at lmve been established for 
tl1e northern hemisphere. 

NOTES: 

I. There is a huge volume of literature on the returns to 
agricultural research. See, for example, Echeverria 
( I 990) and Thirtle and Bottomley (1992). 

2. Thirtle and Van Zyl ( 1994) used the two-stage 
decomposition approach to determine the returns to 
R&D and extension in South Africa and it is used 
here to predetermine tl1e length and shape of the 
lags for tl1e technology variables. These are then 
imposed in estimating the profit function, the results 
of which show that technical change is not Hicks 
neutral. This violates the assumptions implicit to 
the two-stage approach, which may give biased 
results. 
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3. 1bis is despite ilie fact iliat government-funded 
research in the universities is included. We estimate 
that this accounts for about 75% of ilie agricultural 
research undertaken by the tertiary sector. 

4. Many production function studies using time series 
data employ a time trend as an index of technology. 
Although common practice, Clark and Youngblood 
( I 992) demonstrate the erroneous resultant 
specification implied by the use of a deterministic 
time trend with different stationary production and 
price data. By including ilie (productivity shifting) 
conditioning factors directly in the objective function 
their criticism is addressed in a manner consistent 
with ilieir recommendations. Quasi-fixed factors 
(capital stocks) are those that are fixed in the short
run ( one production period), but can be varied in tl1e 
longer-nm. Fixed inputs and conditioning variables, 
including public and private research expenditure, 
international stock of knowledge, extension, farmer 
education and weailier, are factors of production iliat 
cannot be varied by the farmer even in ilie long-run. 
Thus, profit maximisation is assumed to be subject 
to levels of these factors. 

5. We are grateful to Eldon Ball of ilie ERS (USDA) 
for pointing out the necessity of converting capital 
stocks into capital flows for ilie long-run. 

6. The patent data comes from ilie US patent database 
compiled at the University of Reading by John 
Cantwell. The series are patent counts, for all 
agriculture-related chemical and mechanical patents 
registered in the United States. 

7. The farmer education index (ED) is the average 
number of years of secondary education of farmers, 
which was kindly provided by ilie South African 
Agricultural Union (SMU). The set of conditioning 
factors can be shown to Granger cause changes in 
TFP (Khatri, et al., 1994b). 

8. This is in accordance with the findings of Van 
Schalkwyk, et al. ( 1994), who concluded that naive 
price expectations best explain aggregate South 
African fanner behavior from among a number of 
different expectation regimes. 

9. For a summary, see World Bank (1994), Thirtle, et 
al. ( 1993) and Kirsten and Van Zyl (1996). 

10. Although not reported, all input and output 
elasticities with respect to education are positive, 
and all but one of these elasticities are highly 
significant. 
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S/iadow Prices 

The change in the profit function with respect to the 
technology variables represents their shadow values, that is, 
shadow values of technology factors are given by the partial 
derivatives of the profit function (Diewert, 1974) with 
respect to the technology variables. The derived shadow 
values can be interpreted equivalently as the marginal 
change in profits for an increment in a particular element of 
technology. 1bis shadow value for R&D can be used to 
derive the rate of return to research investment (see Khatri, 
et al., 1996). Note, however, that the shadow values of the 
short and long-run conditioning variables are not directly 
comparable due to differences in the units of measurement 
for the capital items. These shadow values are reported in 
Table I for both the short and long-run specifications, at the 
variable means. 

The extension and education variables have negative 
shadow values, indicating that these variables, on the 
margin, are of no use to producers. In contrast, international 
research spillovers (PATENTS) and public R&D 
expenditure (RES) have relatively high positive shadow 
values, indicating that expansion of these factors is likely to 
benefit South Afiican agriculture. 

The shadow price for public research was negative at the 
beginning of the period, after which the value has risen at an 
increasing rate, suggesting that the public research system is 
now making a considerable contribution to profitability (see 
Van Zyl, et al., 1993). The shadow price of the international 
knowledge stock (representing spillovers) indicates 
spillovers significantly affect productivity and profitability. 
The shadow price of extension is surprisingly small 
(although highly significant) in the short-nm fonnulation, 
implying a near zero return on public extension expenditure. 
While in the long-nm fonnulation, the shadow price of 

ex1ension is substantially negative. The shadow price of 
extension has been falling over the period, which suggests 
tlmt South Afiican commercial fanners have become less 
dependent on public extension advice. 1bis corresponds 
with the findings of Koch, et al. ( 1991 ), who show that 
government extension officers spend increasingly more time 
on administrative duties and do very little actual extension 
work. 

As witl1 ex1ension, the education index appears to have 
considerable explanatory power in the model, judging by the 
significance levels of the education related coefficients. 1bis 
results in a highly significant, but wiexpectedly negative 
shadow price for education. The education index is a proxy 
for the fanner's managerial ability and thus we would 
certainly expect a positive shadow price for education~There 
is a strong indication from the fixed factor elasticities10 that 
education augments output but also augments input use 
( more than proportionately in the case of non-labour inputs). 
As tl1e education level of South Afiican commercial fanners 
is relatively high, it is entirely possible that the minirnwn 
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level required to assimilate research and extension messages 
has been surpassed. The shadow value of education was 
positive witil the early I 960s, but has become increasingly 
negative since then. 

An additional explanation of this phenomenon is fowid in 
tl1e South African literature. Several authors illustrate how 
crop production has expanded into climatically marginal and 
more risky areas, and how especially intennediate input use 
and mechanisation have increased considerably in the period 
1965 to the early 1980s (Van Zyl, et al., 1995). For 
example, over-mechanization was the order of the day (Van 
Zyl, et al., 1987), and particularly fertilizer was often 
applied up to levels where it actually decreased output 
(Korentajer, et al., 1990). 1bis was especially disastrous 
given the bad climatic conditions of the early and late 1980s 
(Van Rensburg and Groenewald, 1987). Sartorius von Bach, 
et al., (1992) clearly show that it was the better educated 
fanners who adopted these practices to a greater extent, 
partly because maximum physical production-as opposed to 
maximizing profit-was the major goal and focus of the 
agricultural research effort. 

ltllemal rate of rettun 

The shadow prices for R&D reported above can be used to 
calculate the marginal rate of return to investment on 
domestic research expenditure. The internal rate of return 
(r) is calculated using the fonnula from Ito (1991) 

00 

f BF 
exp(r, l) (--) exp(-rt)dt 

B(RKS) 
0 

(7) 

where L is the average lag value for R&D, which is taken to 
be five years. The calculation reduces to 

r e5r - VMP RKS (8) 

where the Value Marginal Product of the research stock is 
the shadow price of research. 

An interesting question arises from the comparison of the 
returns to research expenditure calculations using the short 
and long-run approaches. The long-run approach yields a 
MIRR that is considerably higher than that obtained with 
the short-run profit function of Khatri, et al. (1996). How 
much higher depends on the length of the lag between R&D 
exlJellditures and changes in TFP. In the short run, the lag 
is assumed to be 5 years, which is only appropriate in the 
long-run for R&D on variable inputs like seed varieties. The 
implied rates of return are 113% as compared with 44%, 
respectively. R&D on fixed or quasi-fixed inputs like 
i.nigation equipment, cultivation implements and other 
specialized machinery takes longer than 5 years to have an 
effect. Khatri, et al. (1994c) show that the capital stock 

Table 1: Estimated Shadow Values of the Conditioning Variables (Evaluated at the Variable Means) 

Factor Short-term Soecification Long-term Specification 
Public Research 4.04 323 .5 
International Patents 0.23 342.8 
Public Extension -0.012 -290.6 
Farmer Education -1 ,378.5 -6,867.2 

Note: All tl1e shadow prices are significant at the 0.05 level. 

287 

Agrekon, Vol 35, No 4 (December 196) 

takes 11 years to adjust, indicating an 11 year lag between 
R&D and TFP growth. The longer lag lowers the Jong-run 
MIRR to 58%. The correct rate of return is some Wlknown 
weighted average of the lags between R&D items that 
provide quick impacts, like improvements in seed varieties, 
and those that take longer to have an impact. The long-run 
rate is bowided by 113 and 58%, a range that exceeds the 
short run return. 

These are certainly respectable rates of return on public 
expenditure. There are, however, the usual arguments that 
this figure may be somewhat diminished if we adjust for the 
dead-weight losses associated with tax collection (the means 
of financing public ex-penditure) and the possibility that 
public funding may be crowding out private sector research. 
The major point of interest, however, is the large difference 
between these rates when measured over the short and the 
long term. 

6. CONCLUSION 

Use of a Jong-run profit function has been shown to provide 
accurate estimates of returns to agricultural R&D in Europe 
and North America, a result that is tied to the long tenn 
basic and applied nature of the research institutions in these 
areas. Basic research into plant physiology and 
development takes place before plant breeders use the 
infonnation to create new varieties with desirable 
characteristics. An additional lag occurs before outputs 
increase as the new seed varieties are diffused among 
fanners (see Khatri, 1994). 

Agricultural R&D in South Afiica is fundanientally different 
with a more adaptive character, and a shorter lag of five 
years for variable factors (see 1birtle and Van Zyl, 1994; 
1996). The lag from basic to applied research is short cut in 
South Afiica by making slight adjustments to seed varieties 
developed for similar environmental conditions in the 
northern hemisphere. Even when the fact is taken into 
accowit that some capital stock items take longer tlwn five 
years to be impacted by R&D (by 8SSUlning that all of tl1e 
capital stock adjusts more slowly) the result is a range of 
long-run returns that is greater than the short-nm return. In 
this situation, the long-run profit function input demand and 
output supply elasticities are too high resulting in 
overestimation of returns to R&D. 

A possible solution to this problem is to employ a short-run 
profit fimction in tl1e calculation of returns to R&D. Several 
otl1er inputs are held fixed and the result is a short-run 
return to R&D in South Afiica that compares favourably 
with long-run return levels tl1at lmve been established for 
tl1e northern hemisphere. 

NOTES: 

I. There is a huge volume of literature on the returns to 
agricultural research. See, for example, Echeverria 
( I 990) and Thirtle and Bottomley (1992). 

2. Thirtle and Van Zyl ( 1994) used the two-stage 
decomposition approach to determine the returns to 
R&D and extension in South Africa and it is used 
here to predetermine tl1e length and shape of the 
lags for tl1e technology variables. These are then 
imposed in estimating the profit function, the results 
of which show that technical change is not Hicks 
neutral. This violates the assumptions implicit to 
the two-stage approach, which may give biased 
results. 
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3. 1bis is despite ilie fact iliat government-funded 
research in the universities is included. We estimate 
that this accounts for about 75% of ilie agricultural 
research undertaken by the tertiary sector. 

4. Many production function studies using time series 
data employ a time trend as an index of technology. 
Although common practice, Clark and Youngblood 
( I 992) demonstrate the erroneous resultant 
specification implied by the use of a deterministic 
time trend with different stationary production and 
price data. By including ilie (productivity shifting) 
conditioning factors directly in the objective function 
their criticism is addressed in a manner consistent 
with ilieir recommendations. Quasi-fixed factors 
(capital stocks) are those that are fixed in the short
run ( one production period), but can be varied in tl1e 
longer-nm. Fixed inputs and conditioning variables, 
including public and private research expenditure, 
international stock of knowledge, extension, farmer 
education and weailier, are factors of production iliat 
cannot be varied by the farmer even in ilie long-run. 
Thus, profit maximisation is assumed to be subject 
to levels of these factors. 

5. We are grateful to Eldon Ball of ilie ERS (USDA) 
for pointing out the necessity of converting capital 
stocks into capital flows for ilie long-run. 

6. The patent data comes from ilie US patent database 
compiled at the University of Reading by John 
Cantwell. The series are patent counts, for all 
agriculture-related chemical and mechanical patents 
registered in the United States. 

7. The farmer education index (ED) is the average 
number of years of secondary education of farmers, 
which was kindly provided by ilie South African 
Agricultural Union (SMU). The set of conditioning 
factors can be shown to Granger cause changes in 
TFP (Khatri, et al., 1994b). 

8. This is in accordance with the findings of Van 
Schalkwyk, et al. ( 1994), who concluded that naive 
price expectations best explain aggregate South 
African fanner behavior from among a number of 
different expectation regimes. 

9. For a summary, see World Bank (1994), Thirtle, et 
al. ( 1993) and Kirsten and Van Zyl (1996). 

10. Although not reported, all input and output 
elasticities with respect to education are positive, 
and all but one of these elasticities are highly 
significant. 
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