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DOES EXTENSION PAY? A CASE STUDY LOOKING AT THE
ADOPTION OF LUPINS IN WESTERN AUSTRALIA.

Sally P. Marsh, David J. Pannell and Robert K. Lindner*

There is little empivical evidence available about the net economic benefits of
agricultural extension. In this study we examine regional differences in the adoption of
lupins in Western Australia, in orde. to estimate the influence of different levels of
extension on the pattern of adoption. Differences in the starting time, rate and ceiling
level of adoption for 40 shires were analysed using multi-variate regression analysis.
The results suggest that both public and privaie extension activities influenced the start
time of the adoption process for lupins, but not the rate or final ceiling level of
adoption. These were largely influenced by variables directly related to profitability,
Economic benefits of extension, as quantified by the statistical analysis, were combined
with costs of extension estimated from public sector records and surveys of private
sector extension agents and used to estimate the net present value of extension
investments by the public and private sectors n the study area.

1. INTRODUCTION

The adoption of innovations, when the benefits of research and accompanying
innovation are realised, is recognised as the last stage in the process of technical
change. The private or public iunds used to sponsor research, and the accompanying
generation of innovations, is an unrcalised investment until the innovation is adopted.
This fact, and the crucial role of adoption in determining the rate of technical progress,
has meant that rescarchers working in a range of diverse fields have been interested in
determining the factors that affect the adoption and diffusion of innovations.

The focus of much of the literature has been on a debate between cconomists and
sociologists, who have claimed varying degrees of importance on the influence of
economic and sociological factors on the adoption process. This debate stems back to
the classic exchanges between Griliches (1960) and Havens and Rogers (1961). The
importance of relative profitability in influencing adoption is now widely accepted
(Ruttan, 1977; Lindner, 1987; Jansen, 1992; Feder and Umali, 1993), but the
importance that can be ascribed to individual adopter characteristics is still a disputed
issuc (Rogers, 1983; Feder et al., 1985; Lindner, 1987).

The effect of extension on adoption has also been a subject of interest. Around the
world, considerable funds arc invested by governments, aid bodies and agribusiness in
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extension. For example, Huffman and Evenson (1993) and Knutsen and Qutlaw
(1994) estimate that in excess of $1000 million is spent annually on agricultural
extension by Government agencies in the U.S. Maaloulf et al. (1991) mike an
estimate of $6 billion a year (and 600,000 cxtension workers) spent on servicing the
extension needs of ULS. farmers in 1991, The involvement of the World Bank in
funding Green World technology in developing countries has resulted in studies which
attempt to directly evajuate the effectiveness of extension services to farmers in these
countries (Feder et al., 1987: Polson and Spencer, 1991; Hussain ef al., 1994).

There is considerable evidence suggesting that the returns to research investments are
high (Evenson et al.. 1979; Edwards and Freebairn, 19813 Huffman and Evenson,
1993). There is, however, less consensus on the size of returns to extension
investments. Those studies that have been conducted (Huffman, 1978; Feder er al.,
1987) have yielded equivocal results. with internal rates of return estimated in the
range zeio to as high as 110%. A review by Evenson and Kislev (1975) suggested that
overall returns from extension are approximately the same as those from research,
while Huffman (1978 concluded that past studies showed that returns to extension
investments were "modest, or better”, A more recent study by Huffman and Evenson
(1993) estimated rates of return 1o public extension investments in the U.S. between
1950 and 1982 at 20 percent overall, ranging from 40 percent in the crop sector 1o
negative returns in the livestock sector. This overall rate of return was approximately
half of those estimated for both public and private sector research and dewvelopment.

Returns 10 research and extension have been measured using two different approaches.
The most widely used technique is that pioneered by Griliches (1960) which involves
the estimation of an agricultural production function and uses regression analysis to
partition the contribution of research, thus measuring the marginal productivity of
research. The second technique involves the calculation of economic surplus by
estimating the long-run supply curve, and uses cost-benefit analysis to measure the
average productivity of rescarch.

Research which has focussed on the economic benefits of extension suffers from
methodological flaws, the most serious of which has been an inability to disaggregate
the effects of extension from contributions to productivity from other sources, notably
from research and human capital (Huffman, 1978; Norton ¢t al., 1984; Huffman and
Evenson, 1993). Additionally, there are difficulties associated with assessing both
extension expenditure, and output resulting from those expenditures. As concluded by
Baxter et al. (1989):
"No government or public extension service is readily able 1o indicate the total
recurrent and capital cost of its extension operations.  Even  when
approximations can be made, theve remain legitimate questions about which
parts of an agriculmral service system as a whole, and its administration,
constitute 'extension’ expenditure.  Without such information, it is difficult to
Justify unequivocally different levels of investment in extension or to present
definitive statements on the cost of one extension approach in comparison 10
others, even assuming that the different objectives of, and approachw 10,
extension would allow valid comparisons.” (p 51)




The rates of return to investments in extension activities in Australia have not been
documented, and there have been few studies elsewhere, Despite this, there is a-
world-wide trend towards the privatisation of agricultural extension services (Rivera
and Gustafson, 1991), exemplified locally by recent developments in New Zealand and
Tasmania, and, to a lesser extent, in the other Australian states, This trend appears
related to factors such as the deelining relative importance of agriculture in the
cconomy. budget pressures on governments, and privatisation policies for services seen
to have relatively high "privite-good” characteristics.

The re<introduction of Jupins into Western Australian farming systems in 1979 and
their subsequent adoption provided an ideal framework for a temporal diffusion study
designed to investigate the influence of extension dctivities on the adoption process.
The research and development work associated with this new crop was largely
confined to W.A.1, which meant that the effect of external influences could be
considered minimal . Information about the productive capabilities of lupins, their role
in the Western Australian firming system, and management techniques required to
grow them suceessfully were extended vigorously by AgricultureWAZ2, and the new
crop was adopted rapidly by farmers in the 1980s. This comparatively recent and
concise history has meant that it has been possible to get aceess to reasonable shire-
level records that cover the work associated with the development, associated basic
and applied research, and extension of this crop.

Lupins have proven to be an innovation that is highly profitable and compatible with
Western Australian farming systems. Furthermore, the diffusion process was
suspected to be largely complete for a considerable part of the State, preventing the
type of methodology problems associated with data from incomplete diffusion patterns
that are discussed by Lindner (1987). The highly profitable nature of the new legume
crop and its rapid adoption meant that the debate regarding the role of extension for
innovations perceived as "unprofitable” (for example, conservation practices) raised by
Pampel and van Els (1977) and Napier er al. (1984) is not an issue for this case.

In thus study the returns to extension were measured using an cconomic surplus type
approach, looking at the differences in production returns over time "with” and
“without" extension. Where extension effort was found by the multivariate regression
analyses to have any effect on start time, rate or ceiling level of adoption, the relevant
extension variables were omitted from the model to give an estimate of the "without"
extension scenario. Shortening of any of the time lags associated with the adoption
process atributable to extension effort was seen as having discounting benefits. This
approach has been used ex-ante (Edwards and Freebairn, 1981; Norton er al., 1987,
Gross et al., 1991) 10 measure the benefits of shortening the adoption process, but the
authors are unaware of any other similar ex-post analysis.

Costs associated with both public and private extension cffort have been estimated. In
this respect this study attempts to address one of the major biases present in-most
other studies (Huffman, 1978) which measure returns to extension without accounting
for private extension input.

Y A history of the development.of the sweet white-lowering lupin is provided by Gladstones (1982).
2 Pormerly known s the Western Austialian Department-of Agriculture (DAWAY. :
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2. BACKGROUND ON LUPINS IN WESTERN AUSTRALIA

Few new industries have been adopted so rapidly and suceessfully as the lupin industry
in Western Australin. The area planted to sweet nacrow-lealed luping (Lupinies
angustifolius) in W.A. bas grown fronvdess than 100,000 hectares in 1980 to a peak of
§77.000 heetares in 1987, and plantings in 1992 of 822,000 heetares. The first sweet
white-flowering fupin (eultivar Uniwhite) was released in 1967 and promoted us 2
legume crop especially suitable for sundplain soils in the heavier rainfall areas of the
northern wheatbelt. By 1973 the area planted (o lupins was 120,000 heetares, but a
comhination of poor management practices by farmers and droughts in 1976.and 1977
saw Iupins lose favour. 13} 1978 the area planted had fallen to 40,000 heetares. In
1979, a higher yielding cultivar (Hlyarrie) was released and a major extension cffort
commenced by Agriculture WA's Geraldion district offiee in the northern wheatbelt :

area. This extension effort was credited with contributing W the rejuvenation of the
lupin dustry during the 1980s (Nelson, 1987).

i
In 1981 Agriculture WA commenced tials and extension activities in the Merredin
region to demonstrare that lupins could play a valuable role in farming systems in drier :

arcas of the wheatbelt. The remunder of the 1980s saw the rapid adoption of lupins
throughout the agricultural area of W.A_, the refease of further improved varieties, the
development of overseas markets for the new erop, and considerable trial and
extension effort by both the public and private sectors put into the developing lupin
industry,

The uptake of the new crop varied widely between regions. Figure | shows the
percentage of farmers in the shire growing lupins over time lor Tive shires in the W.A.
wheatbelt, from Chapman Valley in the north, then progressively southeast through
Wongan-Ballidu, Wyalkatchem, Corrigin and Lake Grace. All the shires illustrated,
except Lake Grace, appear to have gonhe through a complete diffusion process, and
reached a cefling level of adoption. This is the case for the majority of the 43 shires in

PERCENT FARMERS IN SHIRE GROWING LUPINS
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the study. The shires shown in Figure 1 illustrate differences in the adoption of luping
that can be seen in different arcas of the state, For cach of the five shires there are
differing times when the adoption process commenced, differing ceiling levels of
adoption reached and differing rates of adoption to reach the ceiling. Obviously, a
great number of factors influence these differences, and one of the initial aims of this
study was to atlempt (o segregate and quantify the effeet of extension activitics on the
adoption process.

3 IMPACT OF EXTENSION ON ADOPTION OF LUPINS

A methodology sinnlar to that proneered by Griliches (1957 was used to estimate start
times, ries and eeiling levels of adoption in 43 shires of the porthern and central
wheatbelt. covering an area serviced by the Agriculture WA advisory districts of
Geraldton, Three Springs, Moora, Northam, Mermedin and Lake Grace. These shires
represent most of the major lupim growing arcas in the State, although some southern
shires not included m the study (for example, Esperance and Ravensthorpe) have lupin
enterprises of growmg importance. These estimates were then used as dependent
variables in multivariate regression analyses, in an attempt to determine factors
influencing the diffusion process.

Data was cotlated on an individual shire basis. By examining adoption behaviour at the
shire level (rather then the usual national or State level) it was hoped that this greater
than usual detail would better allow detection of the tmpacts of extension, A
considerable number of possible dependent variables were investigated (Marsh ez al,,
1995), in the following general areas:

« estimates of percentages of soils suitable for lupins in the shire,

« measures of elimatic variability,

*  micasures pertaining 1o lupin yields,

« measures of scale,

o variables to captuie the extent of cropping intensity in the shire,

« variables to capture farmer experience with growing lupins,

» measures of distance from information sources,

« measures of Agriculture WA extension activities, and

» measures of private seetor extension activity.

As reported by Marsh er al. (1995), results from the multivariate regression analyses
suggest that there is evidence that extension did affeet the start time of the adoption of
lupins in the study arca. Approximately 70 percent of the variability in-starttime was
accounted for by four variables, two of which, Field Days 1980 and Adviser Dis
1979, are measures of extension activity, A third variable, Lupin Farmers 1979,
deseribes the percentage of farmers with previous experience of the techiology. The
remaining variable, Crop %, is a measure of the profitability of cropping in the-arca
compared to alternative grazing enterprises, All variables had the expected sign, and
dmz,noslw tests md:c.ﬁcd no problcm wnh thc rcgle\‘;lon, Tha addmon of thrcc

of ma,;m Al,nuulturcWA extunmon ctf”orl:» in: the Ger aldton and Merredin ai
the acuvmm ol @ prl\mlc consufmnt, rcsull m lhe nmdcl ducnbmg o;



extension activity from either the public or private sector, as occurred in these areas,
did influence adopuon start times, Regression results and a definition of the variables
listed here are given in Appendix 1.

Other results (as yet unpublished) show that extension was not a factor influencing
ceiling levels of adoption of lupins. Significant variables in this analysis were those
deseribing yields, rainfall and percentage of the shire cropped. These are all variables
which measure the production environment, and impact on profitability. These
findings are supported by previous research, Likewise, the evidence from the
regression analysis of adoption rate also points to the overwhelming influence of
profitability factors on the rate of adoption of lupins. There is some evidence, albeit
slight, to suggest that the run to the first peak of adoption was positively influenced by
the specific extension efforts of the Geraldton and Merredin AgricultureWA distriet
offices. Similarly, there is some evidence, again slight, to support the assertion that
AgricultureWA field days and senunars have been infiuential in positively affecting the

rate at which shires reach maximum pereentages of farmers growing lupms Hawever,
any influence of extension on rate of adoption of lupins in different areas is too low to
be clearly identified by our analysis.

4, METHODOLOGY FOR COST-BENEFIT ANALYSIS
4.1 Estimates of benefits attributable to lupin extension in the study area

Using the coefficients from Model 1 (see Appendix 1), three calculations were made.
The function was solved for Y (ihe start time) using the actual values of the
coefficients, and then with the coefficients for extension variables (Field Days 1980,
Geraldton, Merredin, and Consultant 1) set 1o zero, and the difference in start time
caleulated. The coefficient for Adviver Distance 1979 was not set to zero for this
initial calculation as it could not just be simply omitted in combination with the other
extension variables to give any interpretable result. To caleulate the impact of the
Adviser Distance 1979 varishle on the start time, the value of this variable for euch
shire was adjusted to the value that it would be if there was only 1 adviser in-the
district office. The rationale for this approach was that with only one adviser it could
be hypothesised that there would be effectively no, or minimal, extension activities
undertaken. This adjusted variable value (equal to the distance from the
AgricultureWA district office) was then used in the solving of the function-using the
calculated coefficient for Adviser Distance 1979 and with-coefficients of other
extension variables set to zero as before. Differences in start times were again
calculated. This data is all presented in Table 1.

The first column in Table 1 gives the parameter estimate of start time. The second
column gives the estimate of start time when coefficients from Model 1 are used to
solve the function for Y (the start time), This model had a R-bar squared of 0.80.
Columnb 3 .md 4 gIVe (he estmmtcd h(drl umc fi rom the rcgresxmn whcn lhe

respcctlvcly Thc cf fcct of rcmovmg the cxtcnmon van‘ v
the start time ranging from zero years in some #hlreb, upto2.13 years. fortwo sl ercs.




TARLE

EFFECT OF EXTENSION VARIABLES ON STAR'T TIMES

SIIRE START YEAR
. Paeaimeterest  Model 1est Wi
Cierakdoop District Of e
L Chap Valley 7870 06 8120 213 817 2.06
24 ?mem‘sugh 7O 19 W 81 191 $1.6) 2%
3 lewan M I 80 47 1 68 81.60 281
{4 Mingenew R4S TR0 B01.67 Y 8200 100
5 Morawa 8182 BLa47 #1.70 (.23 R3.58 208
6 Mullewa RO S BOSD 8125 145 5238 1.58
? Norhamptos 7904 928 KW 208 8218 203
Lake Grsoe Distiet Qlfice
% Kandimn Biag NPy 81499 000 8270 071
49 Kulin 8ol K87 81 87 .63 8233 1406
10 Lake Grace K208 K163 ®lod om0 R81.98 )35
Megrsdin Districy OfFbce
U Broce Rock 813 811 81 48 044 R 20 115
12 Comgin 8120 N9 81066 .06 §2.78 L8
13 Kellerheron 81 4 8108 8152 044 K2.05 097
I Koorda St 8148 HER RS 44 83145 197
15 Merredin S S83 0 ROWD 81 % iy 81.60 0.68
I Mt Marshall 8130 KL K 8171 (144 §2.89 1;(;3
17 Mokinbudin 81 26 8113 8157 0 4 8245 1.32
1% Narembeen 814 81 8168 0 44 8247 1 20
19. Nungarm 8127 5089 8§11 044 $1.80 081 ]
20 Trayning RTO8 RIO3 8147 (a4 8218 115
2. Westormn 8071 8092 K1 30 1).44 8198 1.03
22 Yilgarn K003 KE 22 8100 .44 5255 1.32
Maoora Distriet Office
23 Dolwatlinn . 8101 8128 K128 0:00 82,28 0.99
21 Dandarvagan 8071 8080 £1.03 0.23 81.76 0.05
25. Moo 8076 BO.73 81.07 {1.34 B1.40 0.67
20, Vie Plmins 8072 81 2 81.32 (ERY] 211 091
27, \\"m\mjym 8O RO R1.25 §1.25 0:00 8231 1.06°
Noptham Distriet Office:
28. Beverley £2.00 K173 81.73 0.00 £2.53 0.80 1
Y. Cunclerdin - 8062 B0 81.31 0.0 §1.97 1.56:
130 Dowerin 80.59  80.80 §1.48 (.08 8247 1,67
Mo Goomabling 8133 8L.56 $1.57 001 £2.23 0.67
32 Northam 81063 ¥1 T4 8137 0.23 81.57 042
33, Quairading 81,54 8170 £1.70 (000 §2.16 106
3. Tummin 8073 81,22 81.60 044 82,72 1.50
35. Wynlkatchem81.13 - 81,01 8145 {4 $2.64 L3
36 York 81.97 8110 8§1.32 b2 o sm 062
Thres Springs Distrier Offiee: ‘ B
37. Cornnih BO73 81,16 81.38 0:23 8165 049
a8, Conrow §1.21 8182 #1.27 (045 8180 098 |
30 Perenjori 8221 81.69 81.69 000 C0s3F
A0 Three Springs79.85  80.37 80.82 04 s8]




Similarly, Columns 5 and 6 report start times and differences when extension variables
are set 1o zero as bef.re, and the value of Adviser Ristance 1979 for cach shire is
caleulated assuming only one adviser. Delays in start time are now more pronounced,
ranging from 0.35 to 3.0 years.

Other variables influencing this regression other than extension variables are Crop %
(the percentage of farm land in the shire that is cropped) and Lupin [ armers 1978 (the
pereentage of farmers in the shire growing upins in 1978). Crop % is a measure of
relative profitability, in the sense that it quantifies the extent of ali cropping enterprises
in each shire, Lupin Farmers 1978, however, is a variable that captures farmer
experience with growing lupins in the 1970s. This variable very probably refleets to
some extent, the location and resolts of early lupin extension. The differences in start
time caleulated could conceivably underestimate the role played by extension in
bringing forward the start time of the adoption proeess.

To assess the dollar benefits associated with earlier (or delayed with no extension) start
times, the delayed start times were translated into delays on the areas planted to lupins
in different shires, equivalent t the delay in each shire. The arcas planted (o lupins,
after adjustment according to the delay in starting times, were caleulated for each year
for each shire for the years 1979 to 1992 inclusive. The total area planted 1o Jupins in
the study area, and the adjusted arca after accounting for the delayed start in the
absence of extension, along with some examples from individual shires, are tabulated in
Appendix 2. These areas were then given doltar values.

Bstablishing a dollar value for a hectare of lupins presented some difficultics. The
value of lupins cannot simply be estimated by returns from the harvested grain, as
grown in rotation with cereals, they give substantial benefit to the overall eropping
system {Nelson, 1993). Factors such as the disease break for cereals, nitrogen fixation
by tupins and the value of stubble and lupin grain for stock feed must be considered, or
the profitability of fupins will be substantially underestimated. Accordingly, the
benefits from lupin adoption need to be estimated at a farm level rather than an
enterprise or rotation level,

The MIDAS model (Model of an Integrated Dryland Agricultural System) provides ¢
means of assessing the impact of single enterprises on whole farm profitability on W.A,
eastern wheatbelt farms (Kingwell and Pannell, 1987). A number of estimates of the
contribution made by lupins 1o overall farm profitubility, ranging from $27 1o over $60

per heetare, have been made using this model (Ewing et al., 1987; Parinell and
Bathgate, 1991; Kingwell, 1991). Three values of dollar benefit per hectare ($45, $30
and $15) were used in the analysis and these were assumed constant over time. Given
the nature of the index of farm prices to farm costs, this assumption is not
unreasonable.

A number of different scenarios were used to estimate the benefits of lupin extension in
the study area. Benefits were estimated over the period 1979 to 1989, This start year
corresponds with the release of the new variety, and by 1988 the “w;thout" extension

sxtuauon had caught up (in terms of‘ hcclam planwd) wnh actual lupx




three different values for a heetare of lupins, at two different interest rme,s, giving 12
possible benefit estimates,

These estimates assume that the full benefit from a heetare of lupins was immediately
available to farmers. Another set of estimates hypothesised an effect ol extension on
the time when farmers achieved {ull benefit from a heetare of lupins, Unmieasurable by
the methodology used by us to investigate adoption rates is the role of extension in
educating farmers about the production potential of the new crop, Extension could
have played a role in helping farmers achieve the production capability of the new
crop. Taped interviews made during the course of this study with extension personnel
working in the Merredin aren emphasise this point, They mention sueh things as
working closely with farmers who were growing lupins for the first time to assess
management techniques, and reasons for crop failures and successes.

Bstimates were done with the full benelits from a heetare of lupins not being achieved
until 1983, Average state-wide lupin yields reached approximately 1 tonne/ha in this
year, Tn 1979 average state yields were only approximately 0.5 tonne/ha. For these
estimates, the benefit in 1979 was assumed to be half the fuil benefit, and this increased
linearly over the next three years, reaching the full benefit in 1983. Another set of
estimates assume that the full benefit from a hectare of lupins was not achieved until
1989, For these estimates, the henefit in 1979 was assumed 1o be half the full benefit,
and this increased lincarly over the next ten years, reaching the full benefit in 1989,

4.2 Estimates of public sector costs associated with lupin extension in the study
area

AgricultureWA was the only major public sector player involved in the extension of
lupins. As discussed in Section |, there are inherent difficulties associated with costing
overall, let alone single enterprise, extension effort. This caveat aside, attempting to
get an understanding of AgricultureWA spending by enterprise and region in the 1980s
is in itself a daunting task. Total AgricultureWA spending, extension spending and R
& D spending was obtained from AgricultureWA Annual Reports. These figures are
listed in Appendix 3. Records were obtained for total spending by region for the years
1985/86 10 1991/92. Estimates for spending on extension in the study area were then
made in three categories in the following manner, and these are presented in Table 2.

i) Estimate of vegional spending (excluding salaries)

The breakdown of figures for regional spending obtained for the years 1985/86 to
1989/90 were used 1o obtain values for regional office costs (minus salaries) in the
study area, and then a proportion of this was allocated to lupins, Dollars spentby
northern area district offices, northern area research stations, central area district
offices and central area research stations, were each expressed as a pereentage of total
AgricultureWA spending for these five years. The northern area included Geraldton,
Three Springs-and Moora district offices, and the central area comprised the Lake
Grace, Merredin and Northam-district offices. The average of these percentages was
then used to obtain dotlar valyes for years-other than 1985/86 to 1989/90. The
proportion allocated to lupins was estimated:in the following manner, Foreach year




Table 2

Estimates of AgricultureWA's spending (in-actusl dollars) and total timespent
by private consultants (and associated costs in 1992/93 dollars) on lupin
extension inthe study avea

“AgricultureWA Costs

Private consulta

o , and costs
Year Reg est Extest | R&Dest | Totalest | EstF FTB “Cost
actual$ | actual$ | actual$ | actual $ o 1)921 $
1978 3718 0 14780 18495 0.55 61662
1979 8857 20245 22943 52045 0.55 61662 |
1980 28193 28464 66612 123268 0.81 90811
1981 52031 | 34664 130801 217496 .01 t 113234
1982 113166 139327 2726371 525130 1.01 113234
1983 278191 293213 ] 389791 | 810823 1.01 113234
1 1984 181996 172605 370354 | 724955 1.01 113234
1985 213887 298041 477571 989499 1.01 113234
1986 281784 684250 655850 | 1621890 1.16 130351
1987 210943 725573 604071 | 1600587 1.36 152473
1988 378064 1 699541 | 958541 | 2036147 1.41 158079
1989 436095 | 727484 1 1134344 | 2297922 1.58 177138 |
1990 410909 770493 ) 11722831 2353685 1.58 177138
1991 S04127 1 1178320 15810041 326345] 1.58 177138
1992 274288 792792 835878 | 1902958 1.58 177138
1993 288670 821003 8216631 1931995 1581 177138

the number of lupin trials* in the four arcas listed above was expressed as a percentage
of the total number of trials conducted in these areas. These percentages were then
used as estimates of the percentage of district office effort going towards lupin
extension, and dollar values were thus obtained from the regional office spending
values already obtained. These figures are listed in column 2 of Table 2.

i) Estimate of district office extension
This calculation was intended to account for the regional salary component that should
be allocated to Jupin extension, It was estimated as a percentage of AgricultureWA's
total estimated expenditure on extension. For cach year the number of lupin trials
conducted by the distriet offices in the study area (but not ineluding trials conducted
on research stations) was expressed as a percentage of the total number of
AgricultureWA trials, These pet ccmu;,cs were lhcn uscd lo obtam d()llar values from

total extension spending, a
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i) Estimate of the extension- component of applied lupin-research

Much lupin trial work is applied rather than basic researely and contiting a congiderable
extension component. This ealeulation was intended 4o nccount for the extension
component of trinl work conducted by research stations and distriet offices, where
personnel invalved include research personnel based in AgricultureWA's head office,
Their salaries would comprise part of the R & [ component of AgrieultureWA's
expenditure. For each year the number of fupin trials condueted by the district offices
and research stations in the study sren was expressed as o percentage of totil
AgricultireWA triads. This pereentage was then used to obtain dollar values from total
R & D spending, 30 pereent of which was then deemed to be extension expenditure.
Use of this pereentage was based on AgrienliureWA's "rule of thumb” for hreaking
down expenditure, which allocates 50 pereent to R & D, 30 percent to extension and
20 percent to regulatory activities,

4,3 ¥stimates of private seetor-costs for tupin extension in ihe study area

Private sector costs assoeiated with lupin extenston in the 1980s are very minimal.
This wounld no longer be expected to be the case. Our esperiences in talking with
private sector personnel persuades us that the inability of publie bodies 1o isolate
extension costs commented on by Baxter er al. (1989) applies also to any estimates of
privite sectar extension costs, Private sector costs were ascertained in three arens.

i) Private farm management consultants

A number of private farm management eonsultants were known 1o be aetive in the
study area. To invesugate their mvolvement with extending the new lupin
technologies, a one page mail survey was condueted of private consultants working in
the study ares. Estumates for the time spent by private consultants on lupin extension
were made from these survey results. From the information on when they had
commenced to consult in the study area and their nominated percentages of time spent
extending information on lupins, an estimate of the number of “full-time consultant
equivalents” was caleulated for each year. The average percentage time spent on lapin
extension was used for those consultants who did not nominate a percentage,

To produge a value for a private consultam FTE, income information from a survey of
AAAC consultams in W.A. conducted by Bedbrook (1995) were used. He reported
that, on average, these consultants eharged $97 per hour for 25 thl‘,@;ﬂ-ﬂblb hours per
week. Assuming that consuliants work for 48 weeks per year, this gives a gross
annual income of $116,400 in 1994/95. Discounted back (using the CPI [or Perth),
this gives a gross annual income of $112,113 in 1992/93, This figure, along with the
estimates of consultant FTEs spent on lupin extension, was then used 1o ealeulate the
contribution to lupin extension made by private consuliants. These values ure given in
Table 2.

i) Agribusiness

A number of agribusiness firms have invested in-research and extension in lupin related
areas, although extension investments ean be considered minimal during
Cost estimaies for agribusiness and marketing bodies are presented a totals in Tble 4,




In the early 19805 CSBP & Farmers Lid. was the only company involved in supplying
fertiliser to Grmers. They conduet fertiliser trinls and provide fertiliser
recommendations to farmers based on the results of soil and plant tests, They also
have Field Officers (resident at various rural locations) and agronomists, and produce a
a number of publications. Estimates for the invesiment in extension made by CSBP are
derived from figures obtained from a personal interview with a Company
representative. For the purposes of this study, the costs associated with product
development are assumed to be research and development, rather than extension
related, investments. OF other costs, an arbitrary 50:50 split has been made between R
& D and extension investment, CSBP's figure of 10% of overall time (based on soil
and plant test requirements) has been used to attribute the time spent by personnel on
fupin extension.

The development of minimum tillage and weed control technologies for use in W.A.
agricultural systems in the late 1970s/early 1980s was actively undertaken hy the
chemical companies involved (Rhone-Poulene, May & Baker and IC1). It was these
technologies which enabled the early sowing of lupins and adequate control of weeds
in the growing crop. both factors erucial to their management for optimal yield,
Despite a number of approaches, it proved very difficult to obtain information from the
companies involved. Information from AgricultureWA staff based in Merredin in the
early [980s indicate that a field officer with ICI worked closely with them in setting up
and monitoring trials in the Merredin area, and was used as an "expert" speaker at
AgricultureWA field days and meetings in this area. Accordingly, an arbitrary estimate
of 0.25 FTE was costed to lupin extension for the years 1981, 1982 and 1983,

Although the involvement of stockfirm companies in extension, through the
employment of agronomists attached to the company, is now quite considerable, this is
a comparatively recent development in W.A,, and was not the case in the early 1980s,
Both SBS Rural fama and Rural Traders Cooperative were not active in WA, at this
time and the contribution of stockfirm companies Blders Lid. and Wesfarmers Rural to
lupin extension in specific areas in the 1980s was deemed to be minimal.,

ifi) Markeiing Bodies

The marketing of lupins in W.A. is the sole responsibility of The Grain Poal of WA,
This semi-Government agency had the task of developing markets for an essentially
new and unknown crop. To achieve this, the Grain Pool has invested, and continues 10
do s, a considerable amount of money into market development and research
associated with the nutritive value of lupins for livestock and human foods. Having
obtained markets for the new crop, the Grain Pool was then faced with the necessity of
providing buyers with a continuity of supply, and became involved, both directly and
through sponsorship, with extension activities to farmers.

An accurate costing of Grain Pool lupin extension activities is extremely difficult to
obtain by perusal of their Annual Reports, Additional information was obtained from a
personal interview with a Grain Pool representative, The main extension role
undestaken in the 19805 was involvement in ficld days and grower s llllﬂdlb, and
through their media releases and regular publications. From 1990
lupin extension was increased by the Grain Pool's funding of ¢

e LUy
Extension Officer and the produetion of the monthly newsletier "Lupm Ln,glo"




For the purposes of this study, the lupin extension contribution for direct grower
contact by Grain Pool staff through seminars, field days and individual grower contaet
was said (o be 5% of § FTE per year from 1983 to 1987, and 5% of 7 FTE per year
from 1988 onwards. Additionnl coss were attributed 1o speeific extension activiies in
the study area. A stalf full-time equivalent has been costed in at $38,660, This was
considered an appropriate mid-range value, equivalent to o Level 5 public serviee
salary. This value was also vsed for costing agribusiness staffing contiibution to T
extension activities, No attempt has heen made to vajue and cost in the extension
component of investments associnted with the market development of tupins to
potential overseas buyers. The estension that has been valued for this analysis is that
more directly aimed ar farmers in Western Australia.

5. RESULTS AND DISCUSSION

The estimates of benefits are given in Table 3. These henelfits represent the difference
between the value of the actual heetares grown and the estimated hectares grown in
the absence of extension under a number of different scenarios. The three levels of
"assumed impact of estension on benefit per hectare” of zerp, low and high correspond
to full benefite =~ hectare being achieved in {979, 1983 and 1989 respectively.

Fable 3
Estimates of the benefits of lupin extension in-the study arvea
(ANl values are expressed in 1992/93% (millions))

*Variahles used o ealenlate the impactof
extension
Tmpact of Impact of
Assumed impaet | extension on adeption | extension.on adoption
Lupin on- of extension on fstimate 1 Estimate 2#
farm benefits | henefit per ha
o Discount rate (%) | Discount rate (%)
$/ha | 5 10 5 10
45 zero $23.7 $30.5 $56.5 $84.3
g low 27.8 43.6 59.7 89.8
high 57.8 85.7 824 121.3
' 30 Zero 5.8 244 kYN 56.2
low 18,5 29,1 39.8 59.9
: high 38.5 57.1 55.0 80.9
" 15 zero 7.9 12.2 i8.8 28.1
low 9.3 14.5 199 29.9
v high 19.3 286 | 275 404
* Bstimated vilue of extension variables Field Days 1980, Geraldton, Merredin and

Consultant 1, ’
# As for Bstimate 1, plus the value of the Adviser Distance 1979 variable,

n




Estimated total lupin extension costs in the study area 1979-1989 (in 1992/93 §)

Table 4

Discount Rate 5% | Discount Rate 10%
Public Sector - AgricultureWA:
Regional costs (minus salaries) $3,448,3835 $4,664,549
Component of extension spending 6,225,276 8,259,712
Component of R & D spending 8,659502 11,683,259
Private Sector:
Private consultants 1,336,385 1,336,385
CSBP 553,616 625,073
Grain Pool 87,423 93,331
Other 28,995 28,995
TOTAL COSTS $20,339,782 $26,691,305

Using the methodology outlined in Section 4.2, total estimates of extension spending in
the study area were obtained. These were then expressed in 1992/93 dollars using two
interest rate situations - CPI for Perth plus 5 percent and CPI plus 10 percent. Costs
for the extension of the lupin technology (release of the new variety Hlyarrie and
improved management techniques) were costed, as for benefits, over the years 1979 to
1989. Overall estimates of lupin extension costs in the study area are totalled in Table
4, Using these total costs, a benefit cost ratio was calculated for the scenarios
presented in Table 3. These arc presented in Table 5.

Based only on statistically estimated effects (1.e. assuming the effect of extension on
on-farm benefits of lupins was zero), and using the estimate with extension variables
set to zero (for Field Days 1980, Geraldion, Merredin and Consultant 1) and adjusted
for Adviser Distance 1979, the benefit cost ratio of extension expenditure appears to
be at least one. Using what we consider to be realistic values for the on-farm benefits
of lupins, the benefit cost ratio is clearly greater than one, Of the significant extension
variables in the regression, Adviser Distance 1979 was the least robust (Marsh er al,,
1995). If the Adviser Distance 1979 variable is used unadjusted for the benefit
calculations, and we assume zero impact on benefit per hectare, the benefit cost ratio is
only greater than one for the higher assumed value of on-farm benefits.

If extension also had unmeasured impacts on the on-farm benefits for the first four or
ten years of the period, the benefit cost ratios are substantially higher in all cases. On
balance it does appear likely that the net benefits of expenditure on Jupin extension
were positive.

The diffusion pattern associated with the adoption of lupins could well be considered
as representing an extreme case. As outlined in Section 2, they have proved tobe a
very successful crop innovation, and the extension conducted by AgricultureWA was
widely perceived to have been a very successful campaign. Considering thls, the
statistically detectable effects of extension might be considered sur ]
However, as discussed in Section 1, the ovemdmg influence ofec onomxc factors on
the adoptionprocess is well estabhqhed and it is perhaps encouraging that any
measurable benefit at all from extension act vities, for such a profitable crop
innovation, has been isolated using multi-variate regression analysis .




Table 5

Ratio of henefits {0 costs associated with lupin extension (1979-89) in the study
area

Variables used to calculate the impact of
; extension ,
Assumed impact Benefit: Cost Benefit:Cost
Lupin on- of extension-on | Extension-estimate 1" | Extension cstimate 2#
farm benefits |  benefit per ha

Discount rate (%) Discount rate (%)

$/ha 5 10 5 10

45 zero .17 1.37 2.78 3.16

low 1.37 1.63 2.94 3.36

high 2.85 3.21 4.06 4.54

30 7Cr0 0.78 091 1.86 2.10

low 0.91 1.09 1.96 2.24

high 1.90 2.14 2.71 3.03

15 Zero 0.39 0.46 0.93 1.05

low 0.46 0.54 0.98 1.12

high 0,95 1.07 1.35 1.51

* Estimated value of extension variables Field Days 1980, Geraldton, Merredin and
Consultant 1.
# As for Estimate 1, plus the value of the Adviser Distance 1979 variable.

The methodology used in this study does not have the capacity to capture all the
benefits of extension. One of these, the likelihood of extension to have an impact on
on-farm production capacity, has been investigated as a hypothesised section of the
resufts. As discussed in Section 1, most extension evaluation fails to capture its
contribution to human capital, and this study is no exception. A further key value of
extension not captured by this study is its benefit to rescarch through choice of
rescarch topics and specific research methodology. Baxter er al. (1989) comment on
"the need to acknowledge and facilitate the dual role of extension - to advise
farmers on how to increase their productivity and incomes, and to learn from
Jarmers their production conditions and priorities in order to be able to advise
and guide agricultural research.” (p 5)

Estimates of the costs and benefits in this study can be expected to have accuracy
limitations, as discussed in the text. Benefits have been caleulated over a range of
possible situations, lending credibility (o our statement that on balance it docs appear
likely that the net benefits of expenditure on lupin extension were positive. As well as
the difficultics associated with partitioning costs to regions and enterprises discussed
earlier, the estimate of costs has a number of conceptual difficulties. For example,
given that public extension services are already in place, how much extension effort
should be costed into cost/benefit analyses? |




Despite these difficulties, it does appear most likely that this is an example where
extension has generated benelits in excess of costs. This is despite the fact that
measured benefits were limited to changes in the start time of the diffusion curve. This
effect was sufficient {ora benefit cost ratio of at least one,
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APPENDIX 1

Table 6

START TIME REGRESSTON RESULTS AND VARIABLE DEFINITIONS

{Regressors Coeflicient  Standard Error T=Ratiof Prob}

Modet t: R= =08 R-bar 2= .80 Sﬁn‘lmg stre=40

Intercept

Crop %

Lupin Farmers 1978
Field Days 1980
Adviser Distance 1979
Geraldton

Consultant |

820215 0.45791 179.1218{000] ***
-1.4684 0.96221 -1.5260.137]
-3.7991 1.0925 34776[.001] #*+
0.2251 0.11476 -1.96141.059] *
0017679 0.0080027  2.2091[.034] **

-1 AS85 0.26774 -5.4475[.000] *#*

067502 0.30781 -2.1929(.036] **

Merredin 0.43980 0.18019 -2.4407].020] **

i Sigmfreant at 1%

wr Signitican at 3%

* Signifieant at H¥%

s Crop % Percentage of farmland in the shire in crop, averaged for

o Lupin farmers 1978
o Field Days 1980

o Adviser Distance 1979

¢  Geraldton

+«  Consultant 1

¢ Merredin

the years 1980 to 1984

Percentage of farmers in the shire growing lupins in
1978

Cumulative meetings, seminars and ficld days conducted
by Agriculture WA upto and including 1980

Ratio of the distance of the shire from the
AgricultureWA district office to the numbers of advisers
working in that office in 1979

A dummy variable for shires in AgricultureWA’s
Geraldion advisory district (except low rainfall shires
Mullewa and Morawa)

A dummy variable for the shires in which Consultant |
was operating

A dummy variable for shires in AgricultureWA's
Merredin advisory district (plus Tammin and
Wyatkatchemy
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APPENDIX 2
Table 7

ACTUAL HECTARES PLANTED TO LUPINS IN THE S'l‘ ;
ESTIMATES OF HECTARES IN THE ABSENCE OF E

HECTARES PLANTED TQ LUPINS

YRIE lzaN()U(-ll CUNDERDIN
Year | Actual | Est 17 | Est 2% | Actual [ Est1 | Est2 | Actual | Est 1
1978 1723 1401 T aesa | ’
1979 61| 103 ] 1701 39 130 177 35803 | 27637 | 27016
1980 9101 1863 { 1713 97 42 95| 43312 31698 | 27558
1981 081 32200 2190)  4m 127 63| 829021 51354 | 34346

1982 11929 3291 s 3968 757 230 | 180544 § 109078 | S7941.
1983 12900 7324 5803 9700 4541 1959 | 295400 | 218723 | 125365
1984 13000 1 12008 {10443 1 177001 10499 6472 | 475400 | 390879 | 250886
1985 10800 | 12991 1 12602 | 153001 12460 | 13195 | 455300 | 453349 | 403690
1986 15800 {13617 13594 | 218001 15949 | 16651 | 584500 | 536643 | 463798 |
1987 18000 1 11257 L 11750} 29500 | 22569 | 18140 | 778900 | 684339 | 567889 |
1OR8 1540001 16001 | 14268 1 25600 1 29110 ] 25104 | 636100 | 673390 | 687965
1989 9200 1 17763 ¢ 17320 22400 | 25280 | 27796 | 579800 | 637319 | 673052
1990 9622 1 14843 1 16197 20847 | 22245 § 24202 | 557611 | 589016 | 627347
1991 12882 93201 11170 24178 1 211801 21721 | 639017 § 598210 | 590648
1992 13740 9920 9523 | 271371 24474 | 22302 | 662369 | 629073 6()874]

* Est 1 refers to the estimated heetares where coefficients of Field Days 1980,
Geraldton, Merredin and Consulrant | are set (o zero.

# Est 2 refers to the estimated hectares using coefficients set to zero as for Est 1, and
using the adjusted value for the Adviser Distance 1979 variable.

Some explanatory notes:

The actual areas planted to lupins each year were known. The time lags attributable to
the absence of extension had been estimated. The estimated hectares were caleulated
in the following way. In Cunderdin, for example, the lag associated with Estimate 1
was 0.90 years. It was then assumed that at time 78.9, the arca planted to Jupins was
equal to the actual arca at time 78, Similarly, at time 79.9, the area planted to lupins
was equal (o the setual area at time 79. The estimated area at time 79 could than be
calculated algebraically. Where the lag was greater than one year, such as for
Greenough where the lag was 1.91 years, it was assumed that at the time 78.91. the
area planted to lupins was equal to the actual area at time 77.

There were a number of complications involved with the calculations. The most
serious was the effect of 1970s lupin planting areas on the early year estimates,
especially where 19705 areas were substantial and time lags were large. This resulted
in the unsatisfactory situation where the estimated hectares were initially more than the
actual hectares, Figures for 8 shires were adjusted to overcome this problem and the
discrepancies in other shires ignored (where areas involved were less than 500
hectares). In retrospect, it would probably have: been wiser to have uscd,a sm othed
data curve for lupin areas - this was not d , | ets-are hy
to be minimal, and if anything, to underestimate the benefits associated with
start times of the diffusion process.




APPENDIX 3

Table §

TOTAL SPENDING BY AGRICULTUREWA (actual-dollars)

| _Year fl_?qﬁtl&* | R&DS$ | R&D % | Extension$ | Ext % _
1978 29128252 ] 19000198 65.2 5825650 20.0 |
| 1979 33993976 | 13791233 40.6 7301646 21.5.
1980 39210342 | 16416985 | 41.9 5612114 14.3 |
(981 465772321 22397648 48.1 6009867 1291
{ 1982 53165108 | 25092695 47.2 7163329 1351
1983 60130233 | 35954816 59.8 13445927 2.4
1984 69310000 { 34037290 49.1 14026433 20.2
1985 75880000 | 34938000 46.0 18412280 243
1986 74760000 | 33565217 4491 21011377 28.1
1987 82195000 | 40051789 48.71 21729662 26,4
| 1988 97793000 | 45137274 46.2 24522814 251
1 1989 113230000 0 52013810 45,9 27975051 24.7
1990 107092000 | 53205804 49.7 28955115 27.04)
1991 110774000 | 57683742 52.1 29297980 26.4 |
1992# | 104097000 | 52048500 5001 31229100 30.0 1
1993 109555000 | 54777500 50.0 | 32866500 _30.0

* Includes all State Government funds, and Commonwealth & Industry funds, but
excludes funding for the Agricultural Protection Board.
# In this year (and for subsequent years), funds were allocated to Industry & Market
Development and Sustainable Agricutural Systems rather than R & D and Extension,
Fifty percent of the total was used to estimate R & D expenditure, and 30-percent

extension expenditure.

Source: Depariment of Agriculiure Western Australia Annual Reports 1977/78 to

1993/94.






