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CHAPTER 9 

INVESTMENT IN THE AUSTRALIAN RURAL SECTOR 

9.1 Introduction 

This part of the study investigates two important yet closely 

related topics which emanate from the series compiled in the previous 

chapters. In this and the next chapter, consideration is given to 

investment and technological change respectively. But prior to 

considering aspects related to capita! formation in the rural sector, 

a brief discussion of the series compiled in the previous chapters 

appears in Section 9.2 

Consideration of the capital stock begins with some general 

b~ckground, and a discussion of its composition in Section 9.3. The 

estimates of net and gross' investment including estimates of the amount 

of this investment which is on' farm production, are contained in Section 

9.4. In Section 9.5 the discussion also includes factors likely to 

influence the level and composition of investment. Fin~lly Section 

9.6 contains a' brief comparison of these estimates with earlier estimates 

of capital formation in Australian agriculture. 

9.2 A Review of the Main Input Output Estimates 

In previous chapters, the series were estimated on an individual 

basis. This brief scene-sitting discussion considers the series together. 

Gross output and three inputs are identified, non-factor expenses, 

labour, and the capital stock, the latter consisting of an aggregation 

of the land, improvements, livestock and plant and machinery components. 

This review is focussed on Figure 9.1 which shows these series as 

indices with 1920-21 = 100. In keeping with the subsequent treatment 

of investment and technological change, the discussion of sub-periods 

generally relates to decades such as the 1920's, 1930's and the like. 

There are two major periods in which the trends are clear. From 

the early 1930's' until the mid 1940's, the depression and war had the 
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effect of holding all four series relatively constant. Beginning in 

the late 1940's, all series but labour began to rise rapidly, led by 

non-factor expenses, and followed sometime later by gross output 

and total capital. The latter rose gradually at first but tended 

to increase more rapidly during the late-1950's and 1960's. Increased 

use of capital and non-factor expenses were obviously important 

ingredients in the increased output of this period. Further, there 

was a substitution of these inputs for labour which has been declin

ing since the early 1950's. 

The 1920's period presents a somewhat confusing picture and 

gives rise to considerable discussion in later sections and Chapter 

10. Throughout most of the 1920's, non-factor expenses, capital and 

labour were all expanding. But the result was a rather hesitant 

upward movement in gross output. The response in output tended to 

come in the early years of the 1930's. A number of hypotheses on why 

this arose are considered in subsequent sections. 

A further point of some importance in this chapter is the 

apparent need for a high level of use of non-factor expenses, and an 

adequate supply of labour and/or capital, before significant investment 

takes place. These ingredients would appear necessary for much of the 

capital formation. which takes place on the farm itself using on-farm 

resources. 

Finally, labour input should not be ignoreq as it too is an 

important factor in increased labour productivity, particularly in 

the latter periods when the labour input declined. Further Figure 9.1 

makes clear the significance of substituting capital and non-factor 

expenses for labour. The present labour input is substantially below 

the scarce labour levels of the 1940's, yet output levels are consider

ably higher, and the labour input continues to fall. 

Given this brief background, attention is now focussed on 

aspects of the capital stock. 
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9.3 "Review and Discussion of the Capital Stock Estimates 

(i) Some preliminary remarks 

This topic is accorded considerable importance because there 

is a general lack of data on rural investment and the rural capital 

stock. Over the past two decades, a number of contributions have 

been made in this general area. Some have made contributions by 

attempting to estimate the capital stock [24,37], others have concen

trated on estimates of net investment [9,10,19,24,26,29]. Butlin [4] 

was 'D'ainly interested in gross investment, while Young [38] compiled 

estimates of the capital stock but did not publish them. Finally, 

the main official statistic of rural investment in the ANA [1] 

refers to gross investment. In this and subsequent sections, estimates 

are made of the capital stock together with gross and net investment, 

drawing on the series compiled in the previous chapters. 

Few of these studies have faced the main problem that was 

referred to in Chapter 5, and elucidated by Campbell [9,10], that is, 

the importance of capital formation which results from the use of on

farm capital and labour •. The studies of Gutman [24] and Wilson [37]1 

have recognised the problem and attempted to take account of it in 

their estimates. Some, however, seem to avoid the problem. For 

example Hooke [26, p.199] includes a table indicating net farm invest

ment for the years 1956-1960 of $2,295 m. (at 1962~63 prices) which 

is $459 m. per year. Further on [26, p.200], he indicates, using A.N.A. 

estimates, that for this period, gross farm investment averaged $33Om. 

per year. (current prices). Even allowing this latter figure to be 

an underestimate because it has not been inflated to 1962-63 prices, 

it is still well below his earlier net investment estimate, yet includes 

replacement expenditure for depreciation as well. There is no explan

ation or discussion of this difference. 

1 A recent study [28] of the development of Victorian agriculture over 
the 1870-1910 period also tackled this problem. 
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The final preliminary point relates to the changing emphasis 

that the profession appears to have accorded capital formation during 

the 1950's and 1960's. In the 1950's there were a number of articles 

on this topic which included updated estimates of capital formation 

[9,10,19,24,29], and considerable discussion of the process and 

importance of capital formation. In the 1960's, updated estimates 

were almost non-existent apart from Wilson [37] Glau [17], and 

Saxon [32] while the main discussions of investment were those of 

Herr [25] Hooke [26] and Glau [16]. But only the work of Herr was 

based on data which included an estimate of on-farm capital formation 

and even then, very sketchy information for the 1950's. In work 

subsequent to this study, it is proposed to reappraise a number of 

aspects of the behaviour of capital formation in Australian agriculture. 

Following the above preliminary remarks the discussion now turns 

to the capital stock. 

(ii) The capital stock 

The total capital stock includes land, improvements to land, 

livestock and plant and machinery. Tabulations of the total capital 

stock and the main components are included in Appendices 9A (1949-50 

prices) and 9B (current prices). The total capital stock in constant 

prices is shown in Figure 9.2, and sets the scene for this discussion. 

Three quite distinct periods can be defined. The first is a period 

of rapid investment in the 1920's~ This was followed by almost two 

decades when investment was barely sufficient to maintain the capital 

stock. This stagnation began with the 1930's depression. Signs of 

recovery are apparent in the late 1930's but this was cut short by 

the outbreak of World War II. The third phase began in the late 1940's 

and, up to 1969-70, the level of the capital stock has been increasing 

rapidly. 

The above comments are further confirmed by the information 

contained in Table 9.1. The total capital series indicates two decades 

of rapid investment,· the 1920's and 1960's, one of less rapid invest

ment, the 1950's, and two of little investment, the 1930's and 1940's. 
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TABLE 9.1 

Decennial Percentage Change in Australian Rural Capital 

1920-21 to 1969-70 

Components 
Total 

Period Land Improve- Livestock Plant Capital 
ments 

1920-21 to 1929-30 5.6 124.6 1.9 92.7 53.4 

1929-30 to 1939-40 4.4 1.3 14.8 17.2 5.2 

1939-40 to 1949-50 -18.3 -0.5 55.7 -7.3 

1949-50 to 1959-60 11.3 18.8 22.1 103.0 24.8 

1959-60 to 1969-70 10.6 86.6 12.3 42.5 52.1 

Some main points are briefly listed below as a forerunner of the fuller 

discussion which follows the compilation of the investment estimates. 

(i) Most of the 1920's investment was in improvements to land. Plant 

also expanded rapidly but was not an absolutely large investment 

because of the relatively small machinery stock at the beginning of 

the 1920's. To the extent that the investment in improvements resulted 

in increased carrying capacity for livestock, the increase in livestock 

did not eventuate in the 1920's. This was one factor which led to a 

major carry-over effect which resulted in a significant rise in livestock 

numbers in the 1930's. 

(ii) In the 1930's there was little investment and consisted almost 

entirely of livestock and machinery. 

(iii) In the 1940's-, machinery investment was relatively high while 

improvements investment was relatively low. This lasted for some years 

into the 1950's. 
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(iv) In the 1960's there was again heavy emphasis on investment 

in improvements which increased proportionately faster than plant, 

thereby reversing the roles played in the previous two decades 

(v) In the 1940's livestock numbers were substantially affected 

by drought which produced a negative growth in this component. This 

was countered by a considerable increase in livestock in the 1950's 

which continued through the 1960'~ but the increase in the 1960's was 

lower because of the,mid-1960's drought. 

(vi) Over the whole period, land which incorporates a value repre

senting public infrastructure capital, increased fairly continuously 

but for the 1940's when development was slowed because of the War and 

associated resource scarcities. 

As a result of the changes noted above, there have been some 

shifts in the composition of rural capital. These are shown on a 

decennial basis in Table 9.2. The main trend is the increased 

importance of plant and machinery, but even in the 1960's this com

ponent represents less than 13 per cent of total capital. The land 
1 and livestock components have both become relatively less important. 

TABLE 9.2 

Components of Australian Rural Capital; 1920-21 to 1969-70 

(decennial averages) 

Period Land Improvements Livestock Plant 
% % % % 

1920-21 to 1929-30 23.9 48.0 24.1 4.0 

1930-31 to 1939-40 20.5 54.1 21.2 4.2 

1940-41 to 1949-50 21.5 49.8 22.2 6.5 

1950-51 to 1959-60 20.7 44.4 22.6 12.3 

1960-61 to 1969-70 16.5 51.3 19.3 12.8 

1 
In the case of livestock this decline may be overstated because 
quality improvements have been disregarded (see Chapter 6) • 
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9.4 Investment in the Rural Sector 

(i) Some preliminary comments 

The estimates of the capital stock provide the basis for 

estimates of the level of investment in the rural sector. Both gross 

and net investment are estimated in this section. Before considering 

the estimates of investment, some preliminary points should be noted. 

First, gross investment is defined as net investment plus 

replacement expenditure (or depreciation). Thus, gross investment 

exceeds net investment. Further, under normal circumstances, gross 

investment will not be negative. The least amount of gross investment 

is no replacement and no additional capital, that is zero. Net invest

ment may be negative because the depreciated capital stock has not been 

replaced and the maximum negative value should be equivalent to 

depreciation. In the rural sector, these guidelines may not be met 

if there are reductions in livestock inventories. Livestock are 

assumed non-depreciable so that any stock losses in droughts will 

mean a reduction in both net and gross investment. Likewise in 

circumstances such as the 1930's when farms were abandoned and removed 

from production there could be negative gross investment or disinvest

ment. But in Chapter 6 when discussing livestock losses in droughts, 

it was suggested that these could be considered "extraordinary depreciat

ion" over and above the normal rate of depreciation. Extending this 

view to other capital as well, would mean that what may appear as 
1 

negative gross investment is really accelerated depreciation. 

Second, the treatment of investment in the land component 

is different to that of the other items. In Chapter 5 two components 

of land, the spatial and the public capital components, were identified. 

Investment in the spatial component, that is, increasing the acres used 

in farming, but valued as unimproved land in the virgin state is 

1 
This is discussed further in Section 9.5. 
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investment of a different form to other investments. Typically the 

transfer into rural use is attained merely by a transfer of land 

ownership such as the alienation of Crown Land, with no actual 

process of capital formation. For this reason, the changing 

spatial component of land could be excluded from estimated investment. 

But following the arguments of Chapter 5 for the inclusion of land 

in total capital, the spatial aspect does provide the basis for an 

expanded agriculture. Thus, to be consistent, this is included.in 

the estimates of investment but is separately identified so that 

it can be excluded should that be considered desirable. 

The public capital aspect of land is also different to the 

other components by reason of the source of funds for this investment. 

These funds are derived from public sources, but the source of funds 

is irrelevant to the notion of investment. Thus, investment related 

to public capital as determined in Chapter 5, is included in total 

investment. But taking both aspects of investment in land together, 

this has not been a major avenue of rural investment. 

Third, the investment estimates based on the capital stock 

estimates compiled in Part II will be subject to the same doubts and 

reservations that applied to those estimates. These deficiencies 

include the difficulty of accurately identifying the exact timing of 

changes in the level of investment. This is particularly so for the 

most important capital component, improvements, which is based on 

valuation' data rather than actual expenditures. Thus, precise analysis 

of the changes and timing of investment is not possible. Rather, the 

most that can be done is to identify trends in the level of investment. 

For this reason most of the discussion relates to investment for five 

year periods. Even so, the selection of the beginning and end years 

of these five year periods can yield irregular results. In Appendix 

9C and Figure 9.3 constant price annual net investment data is presented, 

while Appendix 9D shows' net investment in current "prices. 
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Fourth, year to year fluctuations in investment measured in 

constant prices may be partly due to problems of finding a consistent 

and accurate deflator to remove the influence of price changes. Again, 

recalling the discussion of this problem in relation to improvements 

to land, this deflation problem is important. This is particularly so 

in periods of rapidly rising prices, the most important period being 

the years from the end of World War II to 1952-53, and. deterred the 

Monash· Study Team from attempting to estimate investment "in improvements 

along the lines used in this study [23]. 

(ii) Net investment 

The estimates of net investment are summarised in Table 9.3 and 

shown in Figure 9.3. The information in that table confirms the trends 

briefly outlined in the previous section. Estimates of net investment 

on an annual basis in constant prices and current prices are shown in 

Appendices 9C and 9D respectively. 

TABLE 9.3 

Net Investment in Australian Agriculture, 1920-21 to 1969-70: 

$m, 1949-50 prices 

Land 
Total 

Period Area Public Live- Improve- Plant Total Plant & 
Capital stock ments Improve-

ments 

1920-21 to 1924-25 -29 35 90 996 65 1,157 1,061 

1925-26 to 1929-30 5 32 -35 820 37 859 857 

1930-31 to 1934-35 7 5 157 -344 -8 -183 -352 

1935-36 to 1939-40 21 14 -2 15 66 114 81 

1940-41 to 1944-45 13 -15 -43 -352 77 -330 ....:285 

1945-46 to 1949-50 17 21 38 122 153 351 275 

1950-51 to 1954-55 39 45 122 -102 294 398 192 

1955-56 to 1959-60 27 25 141 565 114 872 679 

1960-61 to 1964-65 36 37 163 1,315 209 1,760 1,524 

1965-66 to 1968-69 14 30 175 1,236 140 1,595 1,376 
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Before engaging in a more detailed discussion of the invest-

ment estimates 

are outlined. 

gross investment and on-farm capital production 

(iii) Gross investment 

Estimates of gross investment are shown in Table 9.4. These 

estimates include depreciation on plant and machinery and improvements 

to land, whereas no charge is recorded in the land and livestock com-
1 . 

ponents as these are considered non-depreciable. This summary table 

is compiled from the detailed tables in Appendix 9E. Appendix 9F 

contains estimates of gross investment in current price terms. 

TABLE 9. 4 

Gross Investment in Australian Agriculture, 1920-21 to 1969-70: 

$m, 1949-50 prices 

Live!'" Improve- Total 
Period a Plant Total Plant and Land stock ments 

Improvement~ 

1920-21 to 1924-25 6 90 1,244 138 1,478 1,382 

1925-26 to 1929-30 37 -35 1,236 147 1,385 1,383 

1930-31 to 1934-35 12 157 100 97 366 197 

1935-36 to 1939-40 35 -2 462 192 687 654 

1940-41 to 1944-45 -2 -43 66 217 238 283 

1945-46 to 1949-50 38 38 496 348 920 844 

1950-51 to 1954-55 84 122 278 610 1,094 888 

1955-56 to 1959-60 52 141 982 538 1,713 1,520 

1960-61 to 1964-65 73 163 1,851 689 2,786 2,540 

1965-66 to 1968-69 44 175 1,834 734 2,787 2,568 

a Includes both the area and public capital components. 

1 This is not strictly correct as the compilation of the public capital 
component of land involved calculating depreciation on that public 
capital. This item has not been included in these estimates, and the 
amount is small reaching a maiimum in 1969-70 of $llm. 
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(iv) Estimation of on-farm capital production 

The method employed to estimate the amount of on-farm capital 

production is to initially estimate gross investment, that is the total 

amount of capital formation, both new investment and replacement 

investment. From this amount, actual capital expenditures, or the 

value of capital items purchased from off the farm, are deducted. 

The balance is then due to the employment of on-farm capital and 

labour resources, and the use of purchased current materials. The 

value of the assets created on the farm in this process are considered 

to be on-farm capital production. In Chapter 2, it was argued that 

this is production, and that these activities do create value added 

and should be included in the estimates of gross output. Deduction 

of non-factor expenses will then yield factor output or that output 

attributable to all farm labour and capital. 

An alternate way of looking at this process is to consider 

output as the production of current goods plus gross investment. From 

this, deduct all expenditures' for the purchase of current and capital 

goods, but do not deduct any payments' to the factors labour and capital 

in the form of rent, interest or wages. This leaves factor output 

or the return to all labour and capital, employed on the farm. 

In compiling these estimates, gross investment has been 

determined as consisting only of improvements and plant and machinery. 

This excludes investment in land and livestock. Land investment is 

excluded because neither the acquisition of additional acres, nor the 

accumulation of public capital (the two components that comprise land 

value as used in this study) are effected by on-farm capital production, 

nor are they included in any private capital expenditure estimates 

such as those in the A.N.A. Livestock investment is not included 

because it has already been included in gross output because by its 

nature, all of this investment is of the on-farm type. Finally, the 

analysis has been compiled in current price terms to facilitate the 

use of A.N.A. estimates of gross capital formation without having to 

deflate this series using an arbitrarily determined price index for 

capital goods. 
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In the series already compiled (Chapter 8), the non-factor 

expenses series represents current expenditure on materials and 

services by the farm sector~l It remains to obtain a similar series 

for capital expenditure, and the two series combined will provide 

an estimate of all expenditure by farmers. Estimates of gross fixed 

capital expenditure by primary industry are available in the A.N.A. 

[1] from 1848-49 onwards. Prior to this date, no comparable series 

exists. Butlin [4] estimated a series for the period up to 1938-39, 
2 but, for reasons discussed elsewhere, these do not appear to be 

complete or comparable to those contained in the A.N.A. Thus, a 

series has been estimated for the years 1920-21 to 1947-48. 

Two ways of obtaining such a series were considered. The 

first was based on the non-factor expenses series, and employed the 

ratio of A.N.A. gross fixed capital expenditure by primary industry 

to non-factor expenses for the 1948-49 to 1969-70 period. The 

average ratio was tried because there was no evident trend in the 

ratio, although the ratio was not particularly stable. The average 

ratio was applied to the non-factor expenses series to estimate a 

capital expenditure series for the years prior to 1948-49. This 

method assumed that capital expenditure moved in parallel to current 

expenditure which was unlikely, given the fluctuations in the ratio 

post 1948-49. Furthermore, the application of a ratio derived in a 

period of high investment activity, to two decades of low investment 

activity and vastly different circumstances and technologies did not 

appear satisfactory. Thus, this method was rejected. 

The second method employed a similar procedure, but used 

the average ratio of gross expenditure on plant and machinery to 

A.N.A. gross fixed capital expenditure by primary industry. This 

ratio also fluctuated significantly, but not as much as the capital 

1 

2 

Earlier discussion of this component (Chapter 2) suggests that 
this includes a considerable amount of expenditure that is 
essentially capital in nature. 

See Section 9.6. 
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expenditure, non-factor expenses ratio. Further, the implication 

of this procedure was that non-plant capital expenditure was likely 

to fluctuate in parallel with plant expenditures. This would seem 

to be more plausible than the first alternative, and estimates 

compiled on this basis appear in Appendix 9G, and are shown in 

Figure 9.4. The series shown in that Figure is in constant price terms 

having been deflated by the improvements price index on the grounds 

that most on-farm capital production falls into that category. 

These estimates show clearly a high level of on-farm 

capital production during the 1920's, the late 1950's and throughout 

the 1960·8. The series also show considerable year to year 

fluctuation in the level of capital production. This is characteristic 

of the investment series in general (see Figure 9.3 for example), . 

and in the following discussion, fluctuations which appear to be due 

to abnormal factors, or to statistical and estimational problems are 

identified. This general discussion of investment is contained in 

the following section. 

9.5 Discussion of the Investment Estimates 

This discussion of investment has the objectives of (a) 

examining the main trends in the level,composition" and source of 

investment. (b) relating investment to the circumstances prevailing 

at the time, and (c) identifying likely abnormalities and assessing 

the reasonableness of the estimates. The discussion proceeds by 

considering in turn the estimates for the time periods shown in 

Tables 9.3 and 9.4. 

(i) The 1920's 

During the 1920's, continuous investment occurred in all 
1 Almost 90 per cent of this components of capital except livestock. 

investment was in improvements to land. The main directions of this 

was in additional irrigation which increased from 240,000 ac. to 

1 In relation ~o land, some contraction in the area was more than 
offset by increased public capital attributed to the rural sector. 
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over 500,000 acres in the 1920's and in land clearing, both of 

trees and rocks, which opened up additional areas of pasture, and 

provide the basis for expanded cropping. The cropped area increased 

from 74m.ac. in 1920-21 to reach 123 m.ac. in 1930-31. This general 

land development was aided by such factors as high public investment 

in railways and irrigation, the developments of refrigerated 

transport, stump-jump ploughs, grain strippers, etc. The Rural 

Reconstruction Commission stated [13, 1st Report, p.28} "Land 

settlement was pushed ahead in many directions ••• The general 

atmosphere was one of optimistic development ••• " Other studies 

[13,14,33] referred to the tendency to extend development into 

marginal areas which were very vulnerable should poor seasons or low 

prices occur. 

Throughout this decade, investment continued at a high level 

but tapered off rapidly towards the end of the 1920's, probably 

influenced by the poor seasonal conditions of those years. Further

more most of this investment was in improvements to land and about 80 

per cent of this was estimated to have come from on-farm production. 

The production of improvements at this time would have entailed a 

very large labour input. For example, land clearing did not become 

fully mechanised until the late 1940's and as clearing was a major 

component of capital formation in the 1920's, large labour inputs 

would have been required. 

There are grounds for speculating that labour was directed 

to the production of capital goods at the expense of current production. 

In Figure 9.5, the gross output-labour ratio is shown for the production 

of current goods alone, and for the production of both current and 

capital goods by the farm sector. In the case of current goods 

alone, the level of the 1920's' is' considerably lower throughout than 

in the 1930's. This difference could arise because new technologies 

were available in the 1930's that were not used in the 1920's. The 

conditions of the early 1930's when expenditure was pared to the 



$ 

8,000 

7,000 

6,000 

5,000 

4,000 

3,000 

2,000 

Current Goods only 

Current and Capital Goods 

1920/21 1930/31 1940/41 1950/51 1960/61 

FIGURE 9.5 

I .' . , , 
• . ' , , 
: ~ 

" . • 

~ 
w 
o 
I 

Year 

1969/70 

Gross Output-Labour Ratio in Australian Agriculture, 1920-21 to 1969-70; $/a.m.e.: 1949-50 prices. 



-231-

minimum would make this an unlikely explanation. A second possible 

explanation lies in the effect of varying seasonal conditions, and 

judging by changing livestock inventories and grain yields, this 

would have been an important factor but probably not the only 

factor. 

A third possibility is that farmers were placing consider

able emphasis on quite extensive development works which required 

heavy labour inputs, and as a result diverted labour away from more 

intensive utilisation of existing developed areas. In a period of 

great optimism, a tendency to over-invest, often in long term and 
1 

poorly conceived projects , is likely and so result in misallocation 

of resources between capital and current production on the farms. 

By way of contrast, the poverty conditions of the 1930's would not 

allow such a misallocation of effort, so that close attention was 

given to current production. 

While these remarks are plausible they are by no means proven, 

but the estimates for investment in the 1920's seem to be a reason

able and acceptable representation of what occurred. However, the 

real benefits of the investment in the 1920's appeared to have 

been delayed until the 1930's2. 

(ii) The 1930's 

In the early 1930's there was a large negative net investment 

in improvements. But consideration of the detailed data in Appendix 

9C indicated that about 60 per cent of this was attributed to the 

year 1930-31. This would seem to be due to the splicing of two data 

sources at that point (see Section 5.2 for details). If this were 

entirely so, the run-down in improvements would be about $200 m. 

less and total net investment would be close to zero. On the other 

1 

2 

This tendency was observed for the 1920's in the case of public 
investment [34]. 

Further confirmation and discussion of these aspects is contained 
in Chapter 10. 
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hand, the relatively small remaining decline in the stock of 

improvements (about $15Om) would seem small given that there 

was a significant amount of marginal land abandoned or reconstructed 

in this period and in the remainder of the 1930's. Much of this was 

wheatland in all of the main producing statesl • Finally the 

decline in improvements may be underestimated because of the 

apparent reluctance of valuers to sharply lower valuations during 

the 1930' s (see Section 5.3). Overall, a firm judgement of the 

investment estimate for the first half of the 1930' s cannot be 

made until more evidence is obtained on the events of that period. 

The rundown of farm capital would have been more substantial 

than is indicated but for the inability to increase livestock numbers 

in the 1920's commensurate with the land developments of the time. 

Thus, the early 1930's resulted in a large investment in livestock 

to fill the gap in capacity. left from the 1920's and to graze 

areas taken out of cropping and returned to grazing in the early 1930's. 

The final point to make about the early 1930's was that this 

period was the one period when there was a run-down in the stock of 

plant and machinery. This is consistent with the lack of finance 

for the purchase of plant stemming from the poor seasons of the 

late 1920's and low prices of the early 1930's. Furthermore, the . . 

increased availability of farm labour compensated to some extent for 

reduced machinery investment. 

In the second half of the 1930's, a recovery began as 

suggested by the small amount of positive net investment in most 

components. But the investment could not be large because of low 

incomes for most of the previous decade with resultant accumulated 

debts, and the less than optimistic expectations of farmers. 

1 
The operation of the various reconstruction schemes are detailed 
in the Rural Reconstruction Commission Report [13, 4th Report]. 
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as was fuel and fertiliser for land and pasture development. Further 

there was a severe shortage of labour. As a result, improvements were 

neglected completely in this period, even more so than in the early 

1930's. At least in the 1930's there was an adequate supply of labour 

which could be used for maintenance work even if funds were not 

available for the purchase of materials. "In addition, this period 

experienced a rundown in public capital which influenced the level of 

investment in land. Finally, this period ended with the full 

impact of the worst drought in this fifty year study period, which 

resulted in a sharp fall in livestock numbers. All of these factors 

contributed to the first 5 years of the 1940's being the years of most 

rapid and prolonged decline in the capital stock since 1920-21, and 
1 the estimates of net investment seem to indicate this quite adequately • 

The estimates of on-farm gross investment tended to be 

persistently negative during this period (see Figure 9.4). While this 

may be a rather strange result, it is plausible during this period. In 

normal years a regular amount of routine maintenance work is carried 

out and normal depreciation rates are established with this in mind. 

However, in periods such as the early 1940's with severe shortages of 

both labour and materials, normal maintenance is reduced. Further, 

there would be a tendency to utilise some items of capital even more 

intensively. As a result the real rate of depreciation would increase. 

In this regard, negative gross investment is quite likely, and given 

the proceedure used to estimate on-farm capital production, this will 

flow through to this component. This evidence suggests that the real 

rate of depreciation varies between different circumstances and 

indicates that there is a need for more information on this aspect as 

indicated by Gruen et al [21]. 

1 No doubt the relative stability of the series on investment is 
mainly due to the price controls operating during the war period [14]. 
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(iv) The late 1940's and early 1950's 

These two periods are considered together because of the 

similarity of trends in the pattern of investment. Throughout these 

years, major droughts were absent and only a minor drought occurred 

in 1951-52. Thus, once the 1944-46 drought was broken, a steady 

increase in livestock occurred. Likewise there was a steady and 

relatively high investment in plant. Thus, in these 10 years, over 

20 per cent of investment was in livestock and 60 per cent was in 

plant. Very little investment in improvements was evident. 

The estimates in Table 9.3 show disinvestment in improvements 

in the early 1950's. While there are good reasons for supposing that 

investment in improvements was low, (as discussed below) it was 

unlikely to be negative. The detailed tables in Appendix 9C indicate 

negative investment in 1950-51 to 1951-52 and 1954-55 to 1955-56 both 

periods overlap recessions in the economy as a whole [12] but this 

would not seem to be the full explanation. The large amount of 

negative investment in 1950-51 may well be an artefact due to a number 

of factors associated with the rapid inflation of that time. In 

particular there could have been additional lags in land valuations 

behind the changing market prices for land which are not accounted 

for in the improvements price index. In addition, the 1950-51 to 

1954-55 period indicates low investment because of the particular 

set of years selected. As a result, the real level of investment in 

this period would seem to be higher than indicated and probably 

about the same level as in the previous five years. 

Investment in the post-war period has undoubtedly involved 

a massive amount of pasture improvement. This began after the war and 

received a fillip from the 1950-51 wool boom. Yet the real benefits 

of these developments' in terms of increased output did not become 

significant until late in the 1950's, and so estimates of the rate 
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of technological change tend to be low for most of the 1950's [25,27]1. 

But a close analysis of these estimates of investment suggests that the 

pasture improvement revolution was not important until late in the 1950's. 

Without making a complete review of the literature on this 

subject there is substantial-evidence that the real impact of improved 

pastures did come late. For example, Gruen and Pearse [22], while being 

particularly interested in aerial topdressing, pointed out that 

relatively small areas had been top-dressed in N.S.W. up to 1958. 

Additional survey information, published by Parish and Dillon [30] and 

pruen [18], relates to the Southern Tablelands of N.S.W. In an area 

where pasture improvement would be expected to be relatively early, 

development had only started by 1954 and had not advanced much further 

by 1956. The surveys indicated that the so-called improved pastures 

still required much more development, and virtually no development of 

ancillary investments such as water supply and fencing had occurred. 

Further, building investment had been negligible since the War, yet 

'considerable purchases of machinery had been made. Even in 1956, 

Gruen reported that farmers were tending to spend twice as much on 

machinery as they had planned. A final significant finding was that 

superphosphate continued to be in relatively short supply up to the mid-

1950's. 

Somewhat earlier than this, Campbel~ and Archer [11] found heavy 

emphasis on plant and livestock investments rather than improvements in 

the 1949-50 to 1953-54 period. More recently, Waring and Morris [35] 

included data on area fertilised which indicated a steady growth in 

pasture development in the safer southern areas of Australia from the end 

of the War, but in many areas'such as the Northern Tablelands of N.S.W., 

these developments belonged to the 1960's rather than the 1950's. 

1 In this context it is interesting to report discussion of a paper by 
Longmire and Powell [27] which indicated that the rate of technologi
cal change did not begin to rise until the late 1950's. Some contri
butors to that discussion suggested that this rise appeared to be 
"too late". 
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The main point to establish is that widespread implementation 

of improved pasture technologies took longer than is commonly thought, 

and certainly the corresponding output increase did not appear in 

full strength until the 1960's. Furthermore, the build-up of 

improved pastures takes some years before full development is reached. 

This means that the impact of these developments on the capital 

stock of improvements will be a correspondingly gradual increase as 

indicated by the build up of investment in improvements shown by 

Figure 9.3. 

A number of factors contributed to the delay in undertaking 

investment in improvements relative to other forms of investment. First, 

machinery purchases received a heads tart from the decisions of 1943 

aimed at improving the contribution of agriculture to the war effort. 

Particular consideration was given to imported machinery with tractors 

being the most important. This continued in the post-war period 

at least up to 1952, because a large proportion of machinery was 

imported and so not affected by the severe domestic shortages of 

essential items such as steel and coal. Appendices 7C and 9C respectively 

show rising imports and rising net investment in plant and machinery. 

Second, during the war, prices were stabilised at a level 

reasonably attractive to farmers. This, combined with the restricted 

supply of materials and services'which kept expenditure at low levels, 

meant that farmers had accumulated purchasing power which was used 

for investment in the post-war period. Investment was further 

facilitated by the quite rapid disposal of stocks accumulated during 

the war and the non-appearance of high levels of unemployment and 

farm surpluses in the post-war world economy. Thus, the capital was 

available to purchase capital items, rather than build them up on 

the farm as improvements. 

Third, there were limited domestic supplies of many items 

despite a relatively painless demobilisation of resources directed 

to the war effort. For example, fertiliser production quickly 



-238-

reached full capacity, while the production of fencing materials 

and the like in 1951-52, had not regained the 1938-39 level [14]. 

But as Saxon [31] pointed out in 1952 these supplies were well 

below the level of demand. Thus, machinery tended to be more readily 

available than materials essential to maintain, repair and invest 

in improvements. 

Fourth, these scarcities were reflected in the relative 

price movements of these items. Using the B.A.E. Indices of Prices 

Paid [8], over the period 1945-46 to 1952-53 the following percentage 

price increases were recorded: 

machinery 111 

all equipment and supplies 135 

fertiliser 147 

fencing materials 186 

building materials 145 

Thus, there was a price advantage favouring machinery investment up 

to the early 1950's but, for the remainder of the 1950's, prices for 

materials such as those listed above rose at about the same rate as 

machinery prices. 

Fifth. government policy on taxation concess~ons favoured 

machinery investment. From 1945 to 1951, a 40 per cent deduction for 

depreciation on new plant and equipment was allowed in the first 

year. Fences and buildings were allowed only 2 or 3 per cent 

depreciation, while full deductibility for expenditure on land clearing, 

soil conservation and water supply was introduced in 1947. While the 

latter would tend to stimulate investment in improvements, other 

factors mentioned in this discussion would tend to have discouraged 

this type of investment. 

Sixth, there was no pressing need to improve'pastures until 
~ 

well into the 1950's. This was largely due to the effects of the 
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substantial reduction in stock numbers in the mid-1940's drought. 

The peak pre-drought level of livestock was not regained until 1952-53 

Finally, investment in improvements, particularly pasture 

improvement and associated fences and water supplies, required a 

considerable input of on-farm (or contractor) labour and plant. 

During the war, labour was scarce, and despite a rapid return of 

labour to farms after the war, the level remained significantly below 

the pre-war level (see Figure 3.2) •. Labour input kept increasing 

until 1953-54 and then began to fall. This suggests that mechanis

ation was necessary to counteract the effects of less labour being 

available on farms. It would seem that priority was given to 

mechanising normal farm operations before giving attention to 

capital development works. 

The circumstances described above changed somewhat during 

1951-52. Following the boom conditions of 1950-51, a balance of 

payments crisis occurred which resulted in some deflationary economic 

action in 1952 and the imposition of import restrictions on most 

imported goods. An immediate effect was felt on investment in plant 

which was dependent on imports (see Appendix 7C). Further, in 1951, 

depreciation rates allowable for taxation purposes were changed. 

Plant was now depreciated at 20 per cent per year (replacing the 

former 40 per cent in the first year and lower rates thereafter) and 

significantly, buildings and fences were placed on the same basis. 

This, combined with the high farm incomes derived from the wool boom, 

provided the first incentives for more investment of an improvements 

nature. The response was still stifled to some extent by shortages of 

fertilisers, fencing materials and so on. But the evidence of annual 

investment in improvements from Appendix 9C does indicate greater 

investment 1 in improvements. This would seem to be the period when 

1 This is particularly so if the three years 1953-54 to 1955-56, 
which show investment fluctuating from -$121 m. to $178m, are 
averaged. 
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the foundation was laid for later large investments in improved 

pastures and associated facilities. 

There was a further important factor which may influence 

the indicated level of investment in improvements, and this relates to 

the use of land valuation data. But discussion of this aspect is 

deferred until after reviewing investment in the 1955-56 to 1959-60 

period. 

(v) The late 1950's 

This period shows a growing concentration on pasture and 

livestock investment. These two components represented over 80 per 

cent of the total investment during these years despite a slow down 

in investment associated with a general economic recession in 1956-57, 

drought in 1957-58, and a slump of wool prices in 1958-59. 

By this stage, many factors were operating in favour of 

pasture improvement and associated investments. The post-war shortages 

had eased, considerable progress had been made in mechanisation 

including aerial topdressing capacity, sufficient labour was available, 

the technologies and economics of pasture improvement were becoming 

established, and the build up of livestock numbers began to place 

pressure on available pasture despite the success of myxamotosis in 

diminishing the rabbit population. At the same time there was no 

rapid expansion in cropping overall, although wheat acreages began 

to expand in this period, so that mechanisation requirements were 

relatively lower in terms of crop production and some shift towards 

machinery for pasture and associated facilities was possible. 

Pasture improvement w~s a major topic of interest to 

agricultural economists in this period. Study of the Dillon and 

McFarlane Bibliography [15] clearly indicates a number of major and 

many minor papers written- on all aspects of improved pastures. A 

contribution by Gruen published in 1962 [20] provided a useful 

summary of the situation. He indicated that a number of studies had 
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demonstrated the profitability of improved pastures. These tended 

to be obsured somewhat by the costs of other required inputs, such 

as livestock, water, etc., and the time lags involved in obtaining 

the full response in output, particularly where the improvement of 

the property is spread over several years because of restraints on 

capital and labour resources. But the impression is clear that for 

many areas, the technology and economics of pasture improvement were 

established, and that considerable investment in this direction had 

been undertaken. 

In these circumstances, it is possible that the level of 

investment in improvements was larger than indicated by this study 

for the late 1950's. The above discussion has suggested reasons why 

investment in improvements were delayed in the early post-war period, 

but the delay indicated by the investment estimates in this study may 

be too long. This would result in underestimation of investment in 

the late 1950's and possibly over-estimation in the 1960's. 

A possible source of this delay lies in the response of the 

land market, and of valuers to valuing land carrying improved pastures. 

The value of improved pastures in the value of land is related to 

the cost of developing those improved pastures (see Chapter 5). 

However when new pasture technology was introduced to -an area, a 

period of time was required to adapt the technology to that area, 

assess its potential and utilise fully the potential gains. Initially 

there was uncertainty surrounding the economics of the new technology 

which takes time to ameliorate. Until this happens, the market price 

of land carrying improved pastures will be discounted, and since valuers 

base valuations on market prices, land valuation data will not 

fully reflect the value'of those pastures.' 'This could mean a signifi

cant delay in land valuation data reflecting investment in these types 

of assets and so lead to some underestimation of investment during the 
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whole of the 1950'sl. But having recognised that such a lag may 

exist, there seems to be no information on the length of this lag 

and the affect on the estimates of investment. 

There is one final general' point which relates to the 1950's 

and early 1960's. This'period has been termed a "stop-go" period for 

the economy as booms tended to be followed by recessions. The 

recessions occurred in 1951-52, 1957-58 and 1960-62 and are discussed 

in the Vernon Report [12]. Generally, the behaviour of rural invest

ment follows this pattern with less investment being undertaken during 

the recessions (see Appendix 9C). Thus, there is a general point 

that there was less economic stability in the 1950's, than the 1960's, 

once the economy had recovered from the 1960-62 recession. This 

instability may have had an unfavourable influence on the level of 

investment during the 1950's. 

(vi) The 1960's 

The 1960's was a'period of high investment in all components. 

In quantitative terms, investment in improvements was the most import

ant, representing 75 to 80 per cent of total investment. But, for 

the years in the mid 1960's there was an upsurge in machinery invest

ment as the wheat boom gathered momentum. Livestock numbers were also 

growing steadily throughout most of the 1960's. The main fluctuation 

in investment occurred during the mid-1960's drought which severely 

curtailed investment in 1965-66. All components of investment were 

affected in that year. 

Throughout the 1960's, there were several factors facilitat

ing investment in the rural sector~' Overall, the period was one of 

1 During the period between the introduction of the new technology 
and utilisation of its fu1l'potential, the output series will also 
show a lag similar to that of the market price of land and the 
valuation of land. Indeed, it is probable that the lag in 
realising the full output potential is an important factor in the 
lag of land prices responding to the new technology. 
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relative stability in the economy as a whole, while the rural sector 

was subject to unfavourable seasons only in the latter half of the 

decade. Following the recession early in the 1960's, the remainder 

of the decade was one of steady growth without substantial inflation. 

Prices for rural outputs also remained relatively steady with the main 

downward movement in wool prices occurring in the years after 1969-70. 

Furthermore, investment in improvements reached a high level as there 

were no longer shortages of materials, plant and labour which 

characterised much of the 1950's. The further development and adoption 

of the pasture improvement technology was rapid and was extended to 

areas where pasture improvement had not previously been important, 

for example, the Northern Tablelands of N.S.W. [35]. In addition, 

ancilliary investments in livestock, fencing and water supply appeared 

to have been substantial which ensured a high utilisation of the 

additional productive capacity stemming from pasture improvement. 

The final points in this section relate to on-farm produced 

capital. It hardly needs pointing out that much of the development 

of improved pastures and associated facilities has been carried out 

in this way, so that the level of on-farm production of capital rises 

in a similar pattern to that of investment in improvements. 

The second point is more important and is a comment on the 

amount of farm inputs used in capital production. If it is assumed 

that the production of capital requires inputs of labour, capital and non

factor expenses in the same proportion as the production of current 

goods,· then the proportion of farm resources directed to capital 

production will be equal to the proportion of capital production in 

total production. For the decade of the 1920's, this amount was about 

20 per cent, for the decade ended 1967-68,· about 12 per cent. This 

indicator of the amount of farm resources directed to on-farm capital 

production is rather higher than used by Young [38] which was based 

on B.A.E. surveys. 
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Third, the estimated level of on-farm capital production 

suggests that this has been an important component of farm production. 

This was particularly so in the 1920's, and the 1950's and 1960's. 

Further, capital producing activities tend to receive a lower priority 

than current production activities and as a result absorb resource 

inputs, particularly labour and plant, that are not fully engaged 

in current production. Because, capital production is of this nature, 

the amount of such production will vary substantially as circumstances 

change and may even fluctuate considerably from year to year. The 

information on on-farm capital production contained in this study 

must be considered tentative, but are sufficient to suggest that this 

aspect is important and should be taken into consideration in an 

analysis of productivity in the rural sector. 

This concludes the detailed review of the investment pattern 

indicated by this study. In many respects the estimates are satisfying 

in that they indicate general trends that are easily reconciled with 

other evidence. But investment in the 1920's and 1950's indicated 

features that resulted in some reassessment of the pattern and 

behaviour of investment. The conclusions reached are still speculative 

pending scrutiny of further evidence. To conclude the discussion of 

investment, the final section compares the estimates from the present 

study with those contained in other studies. 

9.6 Comparison with Other Investment Estimates 

In this section a comparison is presented of the estimates 

of investment and the capital stock made in this study with those 

made in other studies. These comparisons can only be approximate 

given the problems of reducing the alternate estimates to a common 

price base and to common definitions. 

(i) 

1 

1 O'Hagan 

The comparison is shown in Table 9.5 in 1949-50 prices. This 

The comparison is made with O'Hagan's estimates [29] because he brings 
together the investment estimates made by Gutamn [24] and Gruen [19] 
while Gruen's estimates also incorporate some estimates made by . . 
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can only be approximate as O'Hagan's estimates are in terms of 

1923-24 to 1927-28 prices. In the absence of precise index numbers 

for all series, the adjustment has been based on the improvements 

price index used in this study which indicates 1923-24 to 1927-28 

prices at about half the 1949-50 level. Thus, O'Hagan's estimates 

have been doubled to adjust them to 1949-50 prices. 

There are quite substantial differences in the level of 

investment overall, but the trends between periods correspond more 

closely. Some differences in ~iming seem to exist, particularly in 

the 1920's and the post-World War II period. In this study, a high 

level of investment is indicated throughout the 1920~s, while O'Hagan's 

estimates show a concentration in the second half. In the post-war 

period, both estimates indicate an increased level of investment, 

but O'Hagan's are substantially higher and indicate a rapid and 

continuous rise to 1954-55. In this study, the rise is slower up to 

this time and some reasons for this are suggested in Section 9.5. 

Turning to the components, the differences between O'Hagan ,and 

this study in the estimates of plant and machinery and livestock are 

relatively small. In the case of livestock; the differences would 

mainly arise from differing relative prices for the various classes . 
of livestock, and the deduction of slaughterings of sheep and cattle 

from the census estimates (see Chapter 6 for a discussion of these 

aspects). In the case of plant and machinery, the differences are 

small up to the end of the war and due to different deflation 

procedures used in this study (see Chapter 7) and different sources 

from 1941-42 on. In the early 1940's, this study has employed plant and 

machinery supply data (imports and domestic production) and the resulting 

estimate could be too high due to the allocation of some of these 

supplies to the rural sector when in fact they may have been used in 

non-rural uses as part of the war effort. In the post-war period, the 

differences are not excessively large and given the different data 

sources and compilation procedures, the discrepancies are not remarkable. 

1 (contd.) 
Campbell [9]. Saxon's [32] discussion of capital formation is likewise 
not treated separately because he relied on O'Hagan's data. 
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TABLE 9.5 

Net Investment - A Comparison with O'Hagan's Estimatesa 

Improvements Plant Livestock Total 

Period O'H T.S. O'H T.S •. O'H T.S. O'H T.S. 
b 

$m $m $m $m $m $m $m $m 

1921-22 to 1924-25 192 914 60 56 64 55 360 1,060 

1925-26 to 1929-30 824 820 76 37 -24 -35 920 854 

1930-31 to 1934-35 64 -344 -16 -8 40 157 100 -190 

1935-36 to 1939-40 312 15 96 66 24 -2 460 93 

1940-41 to 1944-45 -244 -352 36 67 -100 -43 -300 -343 

1945-46 to 1949-50 396 122 168 153 48 38 620 334 

1950-51 to 1954-55 736 -102 364 294 56 122 1,200 359 

a 1949-50 prices. total includes land. 

b O'H = O'Hagan's estimate, T.S. = this study estimates. 

The main source of difference in the two estimates stems from 

the improvements component. The difference in the 1920's is consider

able in that this study indicates steady investment throughout the 

period while the O'Hagan's estimates show a heavy concentration of 

investment in the second half. This is surprising considering bo.th 

studies used Gutman's land value estimates (see Chapter 5). The 

difference must therefore lie in the price deflators used, but a 

detailed comparison cannot be made because Gutman
1 

did not publish his 

1 O'Hagan's estimates for this period were based on Gutman [24J. 
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index of improvements prices. Consideration of evidence on cropped 

area and irrigated area (see Chapter 5) suggests considerable 

investment throughout the 1920's with a tendency to be higher in the 

second half but not to the extent suggested by O'Hagan. Furthermore, 

in the late 1920's there was a succession of poor seasons which 

would tend to have a slowing effect on investment in improvements. 

This is not apparent in the estimates of O'Hagan. 

In the early 1930's, the difference would seem to be largely 

due to a discontinuity in the improvements series used in this study. 

A larger than expected level of disinvestment occurs in 1930-31 

which coincides with the linking of Gutman's data to that of Scott. 

Allowing for this factor, the differences between the two estimates 
is not large. 

The remaining major difference occurs in the late 1940's 

and early 1950's when O'Hagan's estimates show very considerable 

investment in improvements in contrast to the small investment 
1 

indicated by this study. As explained elsewhere in this chapter, and 

in~hapter 5, the problems of satisfactorily deflating series such as 

improvements are particularly' severe in periods of rapid inflation, 

and that the particular end points (1950-51 and 195~-55) happen to 

include years of investment which tends to bias the estimated level 

of investment in this period. 

(ii) Other Pre-World War II studies 

The most important study in this period was that of Butlin 

[4]. His estimates are of gross investment in current prices by the 

private sector, and exclude the clearing of land, residential farm 

buildings, land and livestock. Comparison with his estimates is 

therefore difficult because major items of residential buildings, and' 

1 O'Hagan attributes these estimates to Gruen [19] but that source 
does not include those estimates of investment in land. 
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land clearing are included in the estimates of this study. Table 

9.6 compares the estimates of Butlin to gross investment estimates 

of the present study excluding livestock. 

The differences are very substantial but the trends of 
" 

this study are confirmed, particularly the relatively constant 

level of investment throughout the 1920's even when deflated to 
1 

constant prices. This would tend to support the timing of invest-

ments indicated by this study rather than those reported by O'Hagan. 

TABLE 9.6 

Gross Investment - A Comparison with Butlin's Estimatesa 

Period Butlin This Study 
$m $m 

1920-21 to 1924-25 115 703 

1925-26 to 1929-30 109 722 

1930-31 to 1934-35 69 96b 

1935-36 to 1938-39 97 379 

a Current prices 

b This estimate would be biased downwards as it includes a break in 
the improvements series. 

In reviewing Butlin's work, Boehm [3) commented on the omission 

of land clearing and orchard and vineyard establishment. Boehm 

estimated, albeit roughly, that $7Om was attributable to these 

activities over the 1901 to 1938-39 period. Most of this investment 

would have been undertaken in the 1920's, but that figure still looks 

1 This is strictly only correct for the types of investment included . 
in Butlin's estimates, but if there is a high correlation between 
these investments and those not included such as land clearing, then 
it is generally true. 
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very low probably because the estimational methods only include costs 

incurred, thereby omitting the very substantial (for that period) 

imputed labour costs involved. A further omission in Butlin's study 

would seem to be investment in the dairying sector. He only refers 

to agricultural and pastoral investment with no indication that this 

includes dairying. During the late 1920's, dairying was an expanding 

sector, so this would be a significant omission. 

Further consideration of Butlin's estimation methods provide 

evidence of underestimation. The machinery estimates would be 

relatively complete because they are based on machinery import and 

production data. However, the non-machinery investments are based 

on analysis of expenditures of some 50 pastoral stations. While these 

may be representative of the wool industry, they would inadequately 

represent other farm types, particularly in the higher rainfall areas 

where more diversified farm operations are common. Finally, his 

estimates will not include the value of anyon-farm labour contribution 

to investment, only cash outlays are included. Given all these 

considerations, it becomes clear that his' estimates will substantially 

underestimate the real level of rural investment. 

The remaining pre-war study was that of Wilson [36] who 

presented estimates of the stock of plant and machinery. These were 

based on official estimates from the A & P census, just as the 

early years of this study were, so the estimates coincide very 

closely. In the absence of any official data for other forms of 

capital formation on farms, Wilson provided no other rural investment 

estimates. 

(iii) Other Post-World War II studies 

Apart from those already considered there is the study by 

Young [38]. His capital input estimates were based entirely on the 

i d f h A N A [1] The nature of this data has nvestment ata. rom t e • •• • 

already been discussed extensively but it is useful to compare the 
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increase in capital over the 1948-49 to 1967-68 period of Young's 

study with the estimates of this study. Over this period Young 

estimated the service flow input of capital to increase by 109 per 

cent. Over the same period, the capital stock estimate of this study 

. increased by 99 per cent. But because Young excluded most investment 

in improvements, his estimate of capital input increases more 

rapidly in the 1950's, and less rapidly in the 1960's than indicated 

in this study. 

(iv) The A.N.A. estimates 

The A.N.A. [1] estimates have been extensively discussed in 

this study. Because they do not include improvement type investments 

(or livestock either), it is expected that the A.N.A. estimates of 

capital formation represent a declining proportion of the gross invest

ment estimated in this study. This is indicated in Table 9.7. In the 

latter years of the 1960's, this suggests that the A.N.A. estimate is 

less than half of the real level of investment. This is not remarkable 

given that the A.N.A. estimates do not include pasture and land develop

ment in any significant way, and these latter years of the 1960's were 

years of rapid and extensive development of improved pastures and 

additional cropland [2]. 

TABLE 9.7 
a Gross Investment - A Comparison with the A.N.A. 

Period A.N.A. This Study 
$m $m 

1950-51 to 1954-55 1,416 1,118 

1955-56 to 1959-60 1,596 2,258 

1960-61 to 1964-65 2,143 3,968 

1965-66 to 1968-69 2,150 5,416 

a 
Current prices. 

b 
Improvements and Plant and Machinery only. 

b 
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(v) The A.S.l.S. 

This comparison relates to current price capital stock 

estimates for the years 1954-55, 1960-61 and 1967-68. These 

years coincide with general revaluations of A.S.l.S. survey properties. 

Aggregate estimates are compiled as in earlier chapters in this study 

from the survey reports [5,6,7]. The estimates were shown in Table 

9.8. 

TABLE 9.8 

Total Capital - A Comparison with the A.S.l.S. a 

1954-55 1960-61 1967-68 
Component A.S.LS. T.S. A.S.LS. T.S. A.S.LS. T.S. 

$m $m $m $m $m $m 

Land 7,691 1,718 8,678 2,531 14,146 3,760 

Improvements 2,250 3,815 2,954 5,382 4,581 9,842 

Total Land 9,941 5,533 11,632 7,913 18,727 13,602 

Plant 1,048 1,190 1,673 1,860 2,567 2,844 

Livestock 1,822 1,678 2,483 1,910 3,530 2,111 

Total 12,811 8,401 15,788 11;685 24,824 18,557 

a Current prices. 

The comparison indicates that the A.S.I.S. estimates are higher 

than those of this study by about one quarter. This stems mainly 

from the higher total land value. It is difficult to relate this 

observation to the components making up total land, that is, land and 

improvements separately, because of different definitions employed in 

the two studies (see Chapter 5). But given that the A.S.I.S. properties 

have been valued at market prices,while the valuation data used in 

this study is valuations for local government rating purposes, there 

are reasons' for expecting the latter to be lower as outlined in Chapter 

5. This may account for most of the difference in this component. 
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It is also interesting to observe that the A.S.I.S. estimate 

of total land increased proportionately faster over the 1954-55 to 

1960-61 period and at the same rate over the 1960-61 to 1967-68 period, 

compared to this study. This observation on the 1950's 'movement may 

add support to the view that investment in improvements began earlier 

in the 1950's than indicated in this studyl. 

In the case of the plant and livestock components differences 

between the two estimates are consistently in the same direction in 

each year, and arise from different valuation proceedures. The pro

portionate increase in plant indicated by theA.S.l.S. over the years, 

1954-55 to 1967-68 is almost identical. For livestock the increase 

is faster but this is' primarily due to the proceedure of valuing 

livestock at market price rather than the constant price employed in 

this study. 

(vi) Some concluding comments 

This brief review of other estimates of rural capital and 

investment reveals a diversity of estimates~'methods and data sources. 

This study has the merit of presenting a conSistently compiled set of 

estimates. The above review has 'indicated the main differences 

between these estimates and those of other studies, and indicated 

likely reasons for such differences. ' While the estimates of this 

study represent a considerable gain in information relating to farm 

investment, the nature of the underlying data still leaves many areas 

where the estimates can be improved and verified. 
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CHAPTER 10 

ESTIMATES OF TECHNOLOGICAL CHANGE 

10.1 Introduction 

The analysis of technological change in the rural sector 

has not been a popular topic among agricultural economists in 
1 

Australia. The lack of a readily available data series would be 

one factor contributing to this situation. This chapter briefly 

examines technological change using the data compiled in this study 

and relates the results to those of Herr [6] and Young [13]. The 

analysis is preliminary in nature, designed to provide a basis for 

further research on this topic. In this context, the Solow model 

has been used because of its simplicity and ease of estimation, yet it 

adequately identifies general trends in the rate of technological 

change. 

10.2 Employing the Solow Model in this Study 

where 

The Solow model estimates technological change as 

~A 

A 

~A 

A 

~ 
Y 
~k 

k 

= 

= 

= 

= 

= 

~ 
y 

~k 

k 

rate of technological change, 

rate of growth in output per labour unit, 

rate of growth in capital per labour unit, and 

share of output payable to capital. 

For each year in the time series, these calculations are carried out, 

and from these year to year changes, a cumulative index of technological 

change can be compiled. 

I For the main published contributions see [3, 6,8,10,11,13]. 
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The Solow model was applied in this study in the following 
way. 

(i) Labour and capital were considered inputs. Purchased 

current inputs were deducted from gross output as non-factor 

expenses, to obtain an estimate of factor output. 

(ii) The capital share was determined in each year as a residual 

by deducting total wage payments from factor output. 

(iii) All series used were in constant prices as estimated in 

earlier chapters. The total labour payments series was deflated by 

the agricultural output price index for the same reason that this 

deflator was used for non-factor expenses in Chapter 8. This means 

that the labour share was expressed in constant price rural output 

terms. 

(iv) The estimates from earlier chapters have been used without 

any smoothing. 

The use of unsmoothed data has implications for the present

ation of the estimates of technological change. The residual character 

of the Solow estimates of technological change mean that such 

estimates reflect any disturbances to the system. For example, a 

drought may sharply reduce factor output, and cause a sharp 

reduction in the output-labour ratio. Because the capital labour 

ratio is relatively constant, this reduction will be attributed to 

technological change. Thus the estimated index of technological change 

will fluctuate considerably. In the estimation of the rate of 

technological change over a period of time, care is needed to avoid 

biasing the results by selecting inappropriate beginning and end years. 

The selected years should be free of the influence of any abnormal . 

circumstances. In this study, the cumulative index of technological 

change has been included in diagramatic form. This enables the reader 

to check the nature of the sub-periods identified in later sections, 

and to ensure that these periods begin and end in years which are 

representative of the trend rather than years influenced by temporary 
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disturbances of no long run significance. 

The following discussion of the estimates of technological 

change is centred on one "basic" estimate, judged to be the best 

estimate, for discussion in some detail. Later, a range of 

alternative estimates are considered and compared to the basic 

estimate. 

The basic estimate corresponds to the estimates of the 

required variables as follows; 

factor output as described in Chapter B and shown in 

Appendix BC, 

labour input as described in Chapter 3 and shown in Appendix 

3F, 

capital input as described in Chapters 5 to 7 and shown in 

aggregate in Appendix 9A, and 

total labour payments as described in Chapter 4 and shown 

in Appendix 4C. These are based on actual wage payments to 

employees and 1.4 times average earnings paid to proprietors. 

10.3 The Basic Estimate of Technological Change 

The results are presented in two forms. First, in Figures 

10.1 and 10.2, the cumulative indices of labour productivity 

(output - labour ratio) and technological change respectively, are 

shown. Second, the main results are summarised in Table 10.1. 

Referring first to Figure 10.1, the fluctuations in the series 

are obvious, and adverse seasonal conditions can be detected in the 

early 1920's, the late 1920's,the late 1930's, the mid 1940's, the 

early and late 1950's and the late 1960's. A corresponding set 

of above average years could also be designated. Underlying these 

fluctuations is a general trend towards rising labour productivity 

which is relatively steady up to the early 1960's when an acceleration 

in the .rate of increase becomes noticeable. 
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The Solow model allocates changes in labour productivity 

between increases in the capital-labour ratio, and technological 

change. Figure 10.2 indicates the residual allocated to technological 

change. A comparison of Figures 10.1 and 10.2 indicates clearly 

the tendency for fluctuations in the output-labour ratio to be 

directly transmitted through to technological change. As a result, 

the technological change index reflects the fluctuations in the labour 

productivity index. Further the technological change index also 

indicates a rising trend of a similar nature to that of the labour 

productivity index. 

Before considering the results in more detail, Table 10.1 

presents results for a number of sub-periods. The sub-periods 

are designated in approximately 10 year periods as shown in the 

table. Apart from the year 1929-30 these lie near an approximate 

trend line which could be drawn through the technological change 

series of Figure 10.2. The year 1929-30 has been retained because 

it is representative of the trend in the late 1920's and is not 

regarded as a year of temporary poor performance •. Further, 1948-49 

was selected rather than 1949-50 because it was closer to the trend 

and more representative of the trend in labour productivity and 

technological change at that time than the remarkable wool boom 

years which influenced 1949-50. 

An examination of the sub-period estimates reveals the 

following main results. 

(a) In all respects, the performance of the rural sector in the 

1920's was very poor. Labour productivity fell despite a signifi

cant increase in the capital-labour ratio, and technological 

change was negative. 

(b) In the 1930's, there was a rapid improvement in performance 

without any significant increase in capital input. 
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TABLE 10.1 

Summary of the Basic Estimate of Technological Change 

in Australian Agriculture, 1920-21 to 1969-70a 

Final Year Indices Annual Change in YIL 

b ~-E../L c d Rate of Capital due to 
Period "y/L T.C. T.C. ShaTi:L_ 

Base year = 100 T:C. Inc. K. 

1920-21 to 
1929-30 88 111 78 -2.72 .17 -25 13 

(2.1) (.245) 

1929-30 to 
1939-40 152 102 148 3.96 .25 49 3 

(0.7) (.20) 

1939-40 to 
1948-49 102 99 104 0.47 .38 4 -2 

(0.8) (.325) 

1948-49 to 
1959-60 118 112 105 0.47 .44 6 12 

(0.8) (.525) 

1959-60 to 
1969-70 137 120 112 1.1 .35 15 22 

1920-21 to 

1969-70 218 151 142 0.78 .31 64 54 

1920-23 to 

1958-61 161 126 129 0.66 .30 36 25 

(242) (159) (156) (1.4) (.37) (87) (55) 

a Figures in brackets are comparable estimates from Herr [6]. 

b 
YIL = labour productivity (output-labour rati~) 

c 
KIL = capita1-1apour ratio 

d T.C. = technological change. 
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(c) The 1940's was little more than a standing still overall, 

but the decade was dominated by the mid-1940's drought. 

(d) The 1950's was a period of steady development during which the 

foundation for vastly improved performance in the 1960's was built. 

(e) The best performance of any decade was obtained in the 1960's 

when all three indices rose strongly. 

The second last row of Table 10.1 is a summary of what 

occurred throughout the entire period. ,This can be summed up as 

a cumulative increase in labour productivity of about 1.6 per cent 

per year. Both technological change and increased capital intensity 

were important contributors to this increased labour productivity. 

The last row in Table 10.1 contains estimates for the same 

period as used by Herr [6]. His estimates are shown in brackets 

underneath. Some major differences occur, notably Herr's estimate 

of a faster rate of growth in labour productivity, a correspondingly 

faster rate of technological change and a relatively larger contri

bution of technological change to increased labour productivity than 

indicated in this study. The main factors leading to this difference 

will be outlined in the discussion below. 

10.4 Discussion of the Basic Estimate 

(i) The general trends 

These estimates of technological change are generally much 

lower than the previous estimates of Herr. However, there are sound 

reasons for expecting this result. For most of the period and for 

most of the data series, there have been substantial modifications 

and improvements. 

measurement errors. 

These would have eliminated or reduced many 

Given that the Solow model will attribute any 

errors in measurement to technological change, a reduction in these 

errors will therefore influence the estimated rate of technological 

change. If inputs had been underestimated in previous estimates, 
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more accurate measurement of inputs will result in a larger proportion 

of output change being "explained" by inputs and less by 
1 technological change • 

A comparison of the data used by Herr, and that used in 

these estimates suggests that some inputs have been underestimated 

by Herr. First, the estimates of non-factor expenses used in 

compiling the estim~te of factor output are much higher in this study2. 

Second, the estimate of depreciation is much higher in this study, 

particularly because depreciation is charged on all improvements. 

Third, this study deflates both non-factor expenses and depreciation 

by the agricultural output price index whereas Gutman [5] used an index 

based on prices of non-factor expenses. In the absence of more 

detailed data in Gutman's study it is only possible to speculate that 

the deflation procedure used in this study resulted in a larger 

deduction from gross output to obtain factor output. 

These factors result in a much slower increase in factor 

output in this study than that indicated in Herr's study. This appears 

to be the main source of the differing estimates of the rate of 

technological change'. The. estimates for labour and capital show much 

less disparity between the;two studies. However, consideration of 

the sub-periods reveals further important differences. 

(ii) The 1920's and 1930's 

Over these two decades, the results of this study are opposed 

to those of Herr [6]. In this study technological change is negative 

1 

2 

The most outstanding study in this regard is that of Jorgenson 
and Griliches [7]. They re-estimated the level of inputs into 
the American non-farm sector and obtained a result which attributed 
most of the increased output to increased labour and capital inputs 
and very little to technological change. However, the present 
analysis is much less ambitious than that attempted by Jorgenson 
and Griliches. 
Herr used estimates compiled-by Gutman [5] for the period up to 1947-48 
which was in turn drawn from Melville [9]. In the post-l947-48 period 
he drew on estimates from the-Value of Production Bulletin [2]. Both 
of these sources are likely to be substantial underestimates of non
factor expenses as discussed in Chapter 8. 
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in the 1920's and strongly positive in the 1930's while Herr estimated 

a positive rate throughout but much higher in the 1920's. 

. A major source of difference is due to the fact that this 

study uses But1in's estimates of gross output and non-factor expenses 

for the period 1920-21 to 1938-39 [4]. This involved major revisions 

to the gross output estimates, and in particular to the elimination 

of the manufacturing component of rural output1• Furthermore, 

output is adjusted by changes in livestock inventories. This tended 

to reduce gross output in the late 1920's relative to the first half 

of that decade and the 1930's. The net effect of these adjustments 

is that gross output rises much less rapidly than indicated by the 

official statistics. 

A further factor of importance in the relatively low gross 

output of the 1920's was the high level of on-farm capital production 

at that time. In Chapter 9, it was hypothesised that the activity 

directed to capital works was partly at the expense of effort in the 

production of current goods. A comparison of the gross output labour 

ratios including and excluding capital production suggests this may 

have been the case, particularly as there was a heavy labour input into 

capital production in the 1920's. However, this is not a reason for 

the different results of this study and that of Herr because neither 
2 

have included capital production in output. Rather, it is a 

justification of the trends in output reflected by Butlin's estimates. 

But1in's estimates of rural output in the 1930's show a much 

higher level than the 1920's. This is likely to be in response to 

improved seasonal conditions, increasing livestock inventories, less 

1 

2 

For a discussion of these aspects, see Chapter 8. 

On these grounds a higher rate of technological change in the 
1920's can be anticipated if on-farm capital production is 
included in output. 
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capital production on farms thereby diverting little labour from 

current production, and low expenditure on non-factor expenses 

because of low farm incomes. Thus, this increase in output was 

attained with few additional inputs at that time. Some may have been 

due to longer term investments from the 1920's reaching fruition in 

the early 1930's, but whichever way, a rapid rate of technological 

change was recorded about 1930. Once this initial jump had passed, 

the low rate of technological change suggested by Herr continued 

through into the 1950's. This is similar to the rates estimated in . 

this study. 

Overall, there seems to be good grounds for suspecting 

that the pattern of technological change indicated by Herr [6J may 

be incorrect. More recent data,_ particularly that, of Butlin [4], 

would appear change the interpretation of developments in these 

years quite dramatically. Further, Butlin's discussion of the 

deficiencies of the official statistics is convincing and while it is 

possible that his alternate estimates contain errors they are likely 

to be superior to the official statistics for that period of time. 

Finally, on the basis of other discussion [llJ of the development of 

the agricultural sector at that time, there appear to be plausible 

reasons supporting the trends suggested by this study rather than 

those suggested by Herr. But, it cannot be said that this topic is

finalised and more thorough researching of documents and discussion 

pertaining to this period still has to be done. 

(iii) The 1950's 

The discussion now turns to the 1950's, where there does seem 

to be something of a parallel to the pattern of the 1920's and 1930's. 

There is little disagreement between the results of Herr and those of 

the present study in the 1940's and early 1950's when plant and 

machinery investment was very important in raising labour productivity. 

As indicated in Table 10.1 this rise in labour productivity was due 

mainly to increased capital intensity rather than technological change. 

However, in the late 1950's Herr's results suggest a rapid 
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acceleration of the rate of technological change. They also suggest 

that this was a more important source of increased labour productivity 

than increased capital intensity. This is not confirmed by the 

results from this study, even for the decade of the 1960's. But 

a comprehensive comparison with the results of Herr cannot be made 

because of the absence of detailed information on the data he used, but 

two points are made in relation to the estimates for the 1950's. 

First, the estimates of non-factor expenses used in this study are 

much higher than those indicated in the sources used by Herr. Non-

factor expenses are closely associated with improved pasture which 

was the most important technological development of this period. This 

study may have more completely enumerated the inputs associated with this 

new technology and thereby reduced the residual attribu~ed,to technological 

change. 

Second, the discussion of investment in Chapter 9 suggested 

a much more gradual build-up of investment in pas~ure and associated 

components than is indicated by the sudden lift in the rate of techno

logical change suggested by Herr. Further, the buildup in livestock 

and managerial technology was also a gradual process that did not 

peak until the 1960's. 

But in relation to Herr's work, this discussion relates 

mostly to the timing of the events rather than the events themselves. 

In this regard, some support can be obtained from the results of 

Young [13] and Saxon [11]. Both of these studies indicate a slow 

rate of technological change until the late 1950's and then a rapid 

increase. 

Young [13] estimated an annual average rate of technological 

change over the 1948-49 to 1967-68 period of 1.9 per cent, which is 

significantly higher than indicated by this study. Again it is likely 

that the results of this study are lower because of the more complete 

enumeration of the capital stock. In earlier discussion, it was 
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pointed out that Young had only included investments recorded in the 

A.N.A. estimates [1]. Further, some deficiencies in his measure

ment of labour payments were noted (see Chapter 4). 

In concluding this section, this discussion has provided only 

a brief review of technological change in Australian agriculture. 

The next section contains a brief discussion of the impact of using 

alternative estimates of the series used in the analysis so far. 

10.5 Alternative Estimates of Technological Change 

Seven alternative estimates of the rate of technological 

change are considered. These can be grouped as follows: 

alternate estimates of total labour payments, 

alternate estimate of total capital, apd 

alternate estimates of factor output. 

These are discussed in turn, referring to Table 10.2 which contains 

a summary of the alternate estimates' of the rate,of technological change. 

TABLE 10.2 

Alternative Estimates of Technological Change in Australian 
a Agriculture, 192~21. to 1969-70 

Alternative Labour Payments Basic Model and 
, 

Year Basic Average Award Average Denison Capital No Deprec~ Output 
Model Earnings Wage Ea~nings+ Method Without fation With 

"'u' Capital Land Deduction Capital 
(1) (2) (3) (4) (5) (6) (7) (8) 

1929-30 79 75 80 77 74 75 ' 88 81 

1939-40 116 110 118 113 111 111 122 69 

1948-49 121 116 122 119 115 117 120 92 

1959-60 128 119 135 124 120 122 137 95 

1969-70 142 122 145 134 127 132 159 n.a. 

a 
All values in the table are final year index'numbers with 1920-21 = 100. 
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(i) Alternate estimates of total labour payments 

The alternatives considered refer to those discussed in 

Chapter 4, and the alternative total labour payments estimates 

detailed in Appendix 4C. The effect of estimating different levels 

of labour payments is to change the relative shares of output 

allocated to labour and capital. In the Solow model, only the W 
k 

term, the estimated partial elasticity of production for capital, 

is changed. This weighting factor determines the importance of changes 

in capital in contributing to changes in output. Thus, an increase 

in total labour payments, and a corresponding reduction in W
k 

will 

attribute less importance to capital, and greater importance to the 

unexplained residual or technological change. 

In Table 10.2, the results for the basic estimate, discussed 

earlier in this chapter, are indicated in column (1). The alternatives, 

with titles corresponding to those used in Chapter 4 and Appendix 4C, 

appear in columns (2) to (5). The three estimat~s shown in columns 

(2), (4) and (5) all involve lower labour payments and a higher Wk' 

As a result, all show a lower rate of technological change. For 

example, the difference between (1) and (2) is that in (1), proprietors 

receive a labour payment equal to 1.4 times average earnings. This 

means that over the whole rural workforce, total labour payments are 

increased by about 20 per cent. The result is that the index of 

technological change over the whole fifty years is reduced from 142 

to 122. This indicates a relatively high degree of sensitivity of 

the rate of technological change to the estimated capital share of 

output. 

The alternative numbered (3) refers to award wages, and is the 

alternative used by Young. [13], and Herr [6]. Although Herr used the 

basic wage, this is·probably close to the award wage. Throughout the 

1920-21 to 1968-69 period the award wage has been higher than estimated 

average earnings, so this reduces ~k relative to the basic mOdel!. As 

1 This is particularly so up to the-late 1950's, when the gap between 
average earnings and award wages closed rapidly. 
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a result, a higher rate of technological change is observed, partic

ularly up to 1959-60. 

(ii) Estimates using capital ex1uding landl 

The estimated rate of technological change is also sensitive 

to the rate of increase in the capital stock. This is demonstrated 

in column (6) where the capital stock includes plant an~ machinery, 

livestock and improvements to land. Land itself, which is the 

capital component tJ:lat increases least over the fifty years, is 

excluded. This means that the capital stock increases at a faster 

rate, and so increases in capital account for a la~ge["proportion of 

the increase in output •. The estimated rate of technological change 

is therefore slower than in the basic model. 

(iii) Estimates using alternative estimates of factor output 

Two alternatives fall into this group. The first is 

considered briefly and relates to uncertainty abo~t the estimated 

level of depreciation. The second involves the estimated on-farm 

production of capital. 

The estimate of depreciation used in the basic model is 

arbitrary in the sense that there is no data available to. check whether 

the estimates are close to the real rate of depreciation. Depreciation 

is deducted from gross output to obtain factor output (see Chapter 8), 

so the effect of using lower depreciation estimates is to raise 

factor output and in this case, to also increase the average rate of 

growth in the output-labour ratio. This leads to a higher rate of 

technological change as shown in column (7), Table 10.2. 

Broadening the concept of output to include on-farm production 

of capital goods gives the most interesting results of all alternatives. 

The argument for including on-farm capital production in output was 

developed in Chapter 2, and the amount of this production was estimated 

I The remaining alternatives are all derived using the same labour 
payments estimate as for the basic model, column (1). 
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in Chapter 9. The estimated level of on-farm capit~l production is 

high in the 1920' s and the 1950' sand .1960' s with very little during 

the 1930's and 1940's. These trends can be seen clearly in Figure 

9.4. 

The effect of including capital production in output is to 

improve labour productivity in the 1920's and 1960's particularly, while 

the intervening years are much less affected. There is a marked levelling 

out of labour productivity over the 1920's, 1930's and well into the 

1940's (see Figure 9.5). A similar levelling out occurs in the cumulative 

index of labour productivity used in the Solow model. This means that 

there is very little growth in labour productivity throughout this 

period, despite the increase in capital input, which increased rapidly 

during the 1920's. An increase in capital input and very. little increase 

in labour productivity results in negative rates of technological change 

from the Solow model. This occurs through the late 1920' s when capital 

is rising rapidly and is clearly shown in Figure 10.3.. The technological 

change index remains at a low level until the late 1940's when labour 
1 productivity begins to rise • 

In the post-war period, the technological change index remains 

relatively constant until the late 1950's. In the previous analysis based 

on the production of current.goods alone, this tendency was observed as 

output responded relatively slowly to the developments of the 1950's. 

But, by the 1960's the technological change index was rising rapidly. 

Adding capital production to output accentuates the rapid rate of 

technological change in the late 1950's and 1960's. Over these years 

the index rises more rapidly than in the case of current outputs only. 

By the mid 1960's, the index had almost reached the level estimated 

from current output only. These result$ are shown in Figure 10~3. 

1 There is an exception in 1937-38 when the index' increase~ dramatically 
but this would appear to be a problem arising from accurately estimat
ing annual capital production. A similar situation arises in other 
years such as 1930-31 and 1939-40 when the index reaches a very low 
level. 
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The analysis of technological change which takesaccount of 

on-farm capital production emphasises the disparate circumstances 

influencing the rural sector in the past fifty years. However the 

conclusions to be drawn from this analysis are tentative.' This 

arises from the nature of the estimates of on~farm capital production. 

These estimates indicate acceptable trends, but require additional 

evidence to corroborate the level of the series, and to provide a 

basis for removing abnormal influences that produce unreal yet 

significant fluctuations in the series. 

Despite the reservations, the analysis suggests that ignoring 

on-farm capital production omits an important aspect of the operation 

of the farm sector. This is the key element: in most capital formation 

in the rural sector, and is dependent on the availability of labour 

and plant to carry out the work, and on financial resources to 

acquire the necessary materials. 'Furthermore, when substantial 

capital production does occur,' the proportion of farm resources 

directed to this task may be 15 percent or more.' This does have 

significant implications in terms of the real level of farm income, 

and for farm wealth and capital gains should these be considered a 

basis for taxation. But these are issues for further study which are 

not considered here. 

10.6 A Concluding Comment 

The estimates of technological change discussed in this chapter 

provide a basis for further analysis of this important topic. The 

present analysis requires further development because of the limitations 

of the Solow model, the apparent sensitivity of the results to the 

data used, and the importance of on-farm capital production. Some 

sugge~ted areas for further development are indicated in Chapter 11. 
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CHAPTER 11 

CONCLUSIONS 

11.1 A Synopsis of the Study 

The study began as an aggregate analysis of technological 

change in the rural sector. The emphasis soon shifted to a review 

of aggregate data on inputs into the rural sector and outputs derived 

from those inputs. The bulk of the study, therefore, reports the 
results of this revision of the data. 

The revision of the data entailed four general sources of 
improvement. 

(i) The concepts have been refined to develop a more consistent 

measurement of inputs and outputs. A number of areas where action 

was needed were identified, and attention was directed to the most 

important of these, on-farm production of capital. Other aspects 

have not been considered due to the absence of required data. 

(ii) The estimates have been updated to 1969-70, and the methodology 

outlined, to permit periodic extension of the series as further data 

becomes available. The updating has also entailed the use of more 

recently compiled data on such items as gross output, the rural work

force and the value of land. 

(iii) The estimates have been compiled so that they are as consistent 

as available data allow. This was an important consideration in 

respect of labour inputs and purchased current imputs. 

(iv) The estimates are as complete as possible given the available 

data. In particular, these estimates include a more complete 

enumeration of the capital stock series, particularly the improvements 

to land component, and the series of expenditure on current purchased 

inputs. 
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Overall, the revision of the individual data series represents 

a considerable improvement in the estimates available prior to this 

study. 

The estimates from Part II of this study formed the basis 

for consideration of investment and technological change in the rural 

sector. The resultant estimates of investment and technological 

change revise and improve previous estimates. The revised estimates 

indicated different patterns of investment and different rates of 

technological change to those revealed hitherto. This applied 

particularly to the 1920's, the early 1930's and the 1950's periods 

and led to a reinterpretation of the events of those years. Finally, 

this analysis highlighted the importance of on-farm capital production, 

estimates of which are included in this study. This source of capital 

formation is of major importance in understanding the pattern of rural 

investment. Furthermore, including capital production in rural output 

has a significant impact on estimates of labour productivity and 

technological change. 

The estimates compiled in this study provide. a basis for 

analysis of a range of topics related to the development of the rural 

sector. The analysis of investment and technological change reported 

in this study represent the beginning of this analysis. The next section 

reports on areas where future research and analysis may be fruitfully 

directed. 

11.2 Areas for Further Development 

This discussion relates to two broad areas where attention may 

be directed. They are improving ~he data, and analysing the data, 

which are considered in turn. 

(i) Improving the data 

There is limited scope for improving the data at the aggregate 

level by further consideration of available aggregate data. The most 
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useful direction of development employing the data compiling pro

ceedures of this study, lies in compiling similar series for each 

Australian State. This is feasible given the available data, 

and would represent a useful extension so that analysis of topics 

such as investment and technological change can identify differences 

between states. Further disaggregation of these series to regions 

smaller than States, or by commodities, would be very difficult 

given the limited data. 

There is considerable scope for assessing the aggregate 

series in the light of micro data such as that obtainable from 

farm surveys. Most attention is needed in relation to investment, 

particularly the improvements to land component. This aspect is 

the most deficient in terms of available data yet, as indicated in 

this study, is the most important area of investment. Further analysis 

is required and should aim to separate more adequately expenditures 

of a capital nature from those used for current production. Existing 

farm survey data may provide a useful starting point in this regard,' 

while the development of the A.B.S. Agricultural Finance Survey will 

also be a major source of information in future. Further, it would 

be particularly useful if some connection could be established between 

expenditures an farm development programmes and the changing valuation 

of those properties. This would provide the basis for a more rigorous 

assessment of the quality of land valuation data as a means of measuring 

the capital stock of improvements. 

A more detailed disaggregation of all expenditures by categories 

would also be most useful in understanding the reactions of farmers 

to changed economic circumstances.' In this way, an assessment of 

the priority farmers accord to various types of expenditure can be 

obtained. This is important in more detailed analysis of investment 

behaviour. In this regard farm survey data'and the Agricultural Finance 

Survey are likely to be major sources of' data. Another related area 
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for more detailed analysis is studyof changes in dealer stocks and 

sales of new machines. This' information is available on a quarterly 

basis and could give considerable insight into farmer expenditure 

on this component of investment, and lead to more accurate identifi

cation of turning points in the level of investment. 

Finally, in relation to data and of importance for productivity 

analysis, variations in the intensity of use of available labour and 

the capital stock are important. No data on these aspects is available 

and may only be obtained from surveys specifically designed for this 

purpose. Some indications could arise from further consideration of 

on-farm capital production, in particular, testing the hypothesis 

that these activities tend to "take up the slack" in available labour 

and plant capacity after normal requirements of current goods 

production have been met. 

(ii) The analysis of investment and technological change 

A number of developments here have already been foreshadowed 

in the discussion on improving the data. Of relevance to both 

topics is further analysis of the estimates of this study to identify 

the major sources of fluctuation in the estimates, particularly 

investment. Out of this analysis some proceedures for smoothing the 

series should evolve permitting a clearer distillation and understanding 

of the trends. 

The series provide a basis for using a range of models to 

test hypotheses relating to the behaviour of investment and its 

determinants. Given that capital formation is an important source 

of increased labour productivity in the rural sector, this iS,an 

important topic. 

In relation to technological change, the disaggregation of 

data to the State level as suggested above ,will permit a range of 

comparisons to be made to attempt to isolate factors inducing a rapid 

rate of technological change and conditions conducive to investment. 
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Further, the nature of technological change is complex, and requires 

more intensive analysis based on a range of models apart from the 

Solow model. The interactions between technological change, the 

level of investment, the quality and size of the rural workforce 

and the like, require thorough examination. But, the limitations 

of aggregate analysis should be recognised. In this regard, a 

link between the aggregate analysis, and micro analysis of samples 

of farms derived from surveys, could provide the basis for better 

understanding of technological change at all levels. 
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