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ABSTRACT
DEMAND FOR FERTILIZER IN CANADIAN AGRICULTURE--
AN ECONOMIC INTERPRETATION OF TECHNICAL CHANGES
oy
+:Ying~-I Chien
During recent decades, especially after World Wer II, the use of

fertilizer in Canadian agriculture has rapidly increased. The expansion
of fertilizer use has been one of the important factors raising agricul=-
tural productivity in Canadz. In view of the increased importance of

ertilizer input, the attempt of this study is to examine the most im-

h

portant factors affecting the increase in fertilizer use. Because of the
diverse nature of Canadian agriculture, it was expected that substantial
differences had occurred in the regional use of fertilizer. Therefore,
in addition to the national analysis of fertilizer demand regional in-
vestigations were also conducted.

In an effort to take account of lag effects and to measure the
relative contribution of the major factors studied, models were formu-
lated which incorporated the concepts of growth rate and distributed-lag.,
The models are all fitted to time series data from 1526 to 1965 for the
national analysis and from 1929 to 1965 for the regional investigations.
The years 1940-1945 are omitted because of abnormal economic circuf-
stances resulting from the war. In order to compare the difference in
Tertilizer use between different periods, the total period was divided
into two periods; namely, the pre-war period, 1926-1939 (or 1929-1939)

and the post-war period, 1946-1965.
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The expected quantities of fertilizer demand in all regions for
1970 and 1975 are estimated utilizing the estimated demand functions and
their implicit assumptions.

The empirical results show that the real fertiligzer price, real
farm cash income, the quaptity of grains and grain products exported,
and improved technical knowledge about fertilizer use in crop production
were the major factors affecting fertilizer consumption during the past
few decades. The results alsc indicate that improved technical knowledge
has been more important in the post-war period than in the pre-war period.

From considering the regional results, it was found that fertili-
zef price and improved technicel knowledge have been more important fac=-
tors affecting fertilizer use in Western Canada than in Eastern Canada.
The reverse was the case for the effects of farm cash income on fertili-
zer consumption. In addition, fertilizer use in the Frairie region has
been, due to accumulative effects of resoﬁrce reallocation on farms,
strongly influenced by the quantity of fertilizer used in the previous
year,

The expected levels of fertilizer use in all regions are projected
to increase continuously for the decade following 1965. The highest
rate of increase is predicted to be in the Frairie region where the use
of fertilizer has been strongly affected by improved technical knowledge,
while the lowest rate of increase is projected to be in the Atlantic

frovinces where fertilizer consumption has been strongly related to the

level of farm cash income.
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CHAFTER I
INTRODUCTION

Major sources of greater productivity in agriculture have been
directly or indirectly related to the adjustments in the use of resources
by farmers. The increased use of capital inputs such as commercial fere
tilizer in recent decades has been a significant example. The increased
use of commercial fertilizer can be viewed as one of the major inncvae-
tions in Canadian agriculture since World War II.

Productivity in Canadian agriculture has been increasing over
time. The rate of increase in overall agricultural productivity in
Canada has averaged 2.4 per cent annually from 1946 to 1965, or 2.0 per
cent from 1935 to 1965 [15, P 15]° The growth of productivity éan rep-
resent the result of improved efficiency in the combination of factor
inputs in the production process and of improvements in the quality of
resources employed. Changes in the composition of farm inputs over the
past decades may help to explain this increase of productivity. In his
study of trends in agricultural productivity, Furniss concluded that in
terms of the three main factors of production (real estate, labor and
capital), capital inputs, which include machinery, feeds, fertilizers,
pesticides and others, appear to have been the most important factors
contributing to productivity increases since 1935 [15, Do 20], Furniss!
study indicates that commercial fertilizer is one of the more important

capital inputs that contributes to the progress of Canadian agriculture.




A, Objective of the Study

The primary objective of this study is to present a description
of fertilizer use and the major factors influencing its use in Canada
as a whole and in selected regions during the period of 1926-65. To be
more specific, the objectives are:

1. To explain the increase in fertilizer use in Canadian egricul-
ture as a whole and for selected regions in terms of certain important
variables such as fertilizer grice, farm cash income and technical
knowledge .

2. 7To measure the rélative contribution of each variable to the
growth of fertilizer use for sll Canada and selected regions.

3. To examine the relative influences of the major factors on the
use of fertilizer in two different time periods-~the pre-war and post-
war periods.

4. To examine differential demand trends, under both short-run and
long-run patterns, for fertilizer in different regions.

5. To project fertilizer demand for 1970 and 1975.

B. Hypotheses and Assumptions

In order to carry out & systematic analysis and to present a com-
prehensive interpretation of the empirical results, it is necessary to
develop relevant hypotheses. For this study, they are:

1. The tremendous increase in fertilizer use in Canadian agricul-

ture as a whole and in selected regions can be largely explained by
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technical changes1 in both the agricultural and the fertilizer industry.

2. The demand for fertilizer is responsive to the qgquantity of grains
exported.

3. Since technical progress has occurred more rapidly after 1946,
the use of fertilizer has been much more affected by the improved tech-
nical knowledge about fertilizer use in the post-war period, 1946-1965,
than in the pre-war period, 1926-1939.

L. Since the technical knowledge of fertilizer use has been adopted
over a longer time period in the older using regions than in the newer
using regions, improved technical knowledge about fertilizer use has
been relatively less important as a factor affecting fertilizer use in
the older using regions than in the newer using regions during the post-
war ;ceriod,2

Certain assumptions are also needed to facilitate the testing of
hypotheses. These are:

1. Farmers aim at maximizing profits.

2. Either the natural number or the logarithmic values of the
variables are additive.,

3. Technical changes in both the agricultural and the fertilizer

1

Technical change means a shift of the production function, a
change in the efficiency of the use of resources. 4 more spegific
definition will be discussed in Chapter IV.

The clder using regions refer to the Atlantic, Wuebeec, and On-
taric regions while the newer using regions refer to the Frairie and
British Columbia regions.




industry are cumulative over time in all regions.

L, Farmers do not adjust the quantity of fertilizer used immediate~
ly with respect to changes in such factors affecting its use as ferti-
lizer price, farm cash income, technology of crcp production.

With these assumptions, it is possible to apply existing econcmic
theory of demand for resources to the study of fertilizer demand. Also,
they provide the possibility to formulate relevant models to proceed

with numerical analysis.

C. Methods and Procedures

Before proceeding with the investigation of fertilizer demand, a
description of methods and procedures used in this study is made.

The study deals with the national and regional demand for all
commercial fertilizer. It 1s, therefore, an aggregative study, based on
time series data related to fertilizer consumphtion in Canada as a whole
and in selected regions, to indicate "gross" relationships between
specified variables and the use of fertilizer. No attempt is made to
determine the exact factors and decision-making processes of individuwal
farmers about the guantity of fertilizer used.

Because of the diverse nature of Canadian agriculture, it is ex-
pected that there will be considerable varistion in the use of fertilizer
among the different regions. Hence, on the basis of available data,
rough homogeneity in type of farming, soil and climate conditions, five
regions have been delineated by using provincial groupings: namely,
the Atlantic Provinces, including Nova Scotia, New Brunswick, and Prince

Edward Island; Quebec; Ontario; the Prairie Provinces of Manitoba,
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Saskatchewan, and Alberta; and British Columbia. The time period chosen
is from 1926 to 1965 for national analysis, and from 1929 to 1965 for
reglonal investigations. The years 1940-1945 have been omitied because
of abnormal eccnomic circumstances resulting from the influenhces of
World War II.

The effect of hypothesized variables upon demand for fertilizer
will be examined and tested by defining and estimating national and
regional demand functions for fertilizer. All demand functions are
fitted from time series data by using autoregressive least squareso3
To compare fertilizer demand between time periods, the total period is
divided into two sub-periods, i.e., the pre-war period (1926-1939 or
1929-1939) and the post-war period (1946-1965). Separate regressions
are computed for each period. Conventional statistical tests, such as
the F-test and t-test, are used to examine the validity of empirical
results derived from the proposed demznd functions.

The quantity of fertilizer demand for 1970 and 1975 is estimated
utilizing the estimated demand functions and is subject to certain as-

sumptions,

D. A HReview of Previous Studies

This section provides a brief review of some previous studies of
the fertilizer demand which are most relevant to the present study.
Griliches [19, ZO], and Heady and Yeh [27], employing different

methods, have derived fertilizer demand functions with United States

3Autbregressive least squares is discussed in Chapter IV.
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data. In each study, the national and regional demand functions for fer-
tilizer were estimated. By applying the distributed lag model, Griliches
assumed that gquantity of fertilizer use was, in the short-run, & func-
tion of the fertilizer/crop price ratio and the amount of fertilizer
used in the previous year. All variables were expressed in logarithms.
Griliches observed that the increase in fertilizer use in the United
States (from 1911 to 1956) could be largely explained by the decline in
the fertilizer/crop price ratio. He emphasized that the fall in the
fertilizer price relative to the crop price was caused by technical
change in the fertilizer industry. 41l this was the result of the im-
pact of technical change, leading to new, lower cost, fertilizer produc-
tion processes, subsequently causing a decline in the fertilizer/crop
price ratio. Griliches' application of the distributed lag model and
its interpretation with resulting estimates of short-run and long-run
demand elasticities was an important beginning for the economic analysis
of the demand for fertilizer. The Heady and Yeh model included more
variables than the previous one. These included farm cash incomes,
total acreage of cropland and time. They found that, in addition to
the lower price of fertilizer and increased farm income, the demand for
fertilizer was affected by technical change in agriculture itself.
This results in an expectation that fertilizer demand functions have
shifted to the right over itime.

In 1960, Yeh [46] published a study of fertilizer demand func-
tions considering national and regional situations of Canadian agricul-

ture. Both national and regional demand functions were estimated by
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fitting Cobb-Douglas functions to Canadian data of 1926-1958. Applying
the distributed lag model, he derived long-run and short-run demand elas-
ticities. According to his findings, four factors--fertilizer price,
farm incomes, %technical improvements and the amount of fertilizer used
in the previous year--explained more than 77 per cent of the variation
in total fertilizer use during the period 1926-1958. The regional
analysis suggested that fertilizer price and farm incomes were relative-
ly important factors affecting fertilizer consumpiion in the Atlantic
and Central regions (Ontario and Guebec) while technical knowledge was
of greater importance in Western Canada than in Eastern Canada., The
findings of Yeh's work provide helpful suggestions to the present study.

In 1963, Heady and Tweeten [26, p. 122-93 ] presented detailed in-
vestigations of national and regional demand functions for the United
States. In addition to an analysis of static demand functions based on
experimental data, numerous regression models were fitted to time series
data for the years 1926 through 1960 with 1944-1950 excluded. In gen-
eral, the guantitative findings were parallel to the earlier work of
Heady and Yeh. This study furnishes basic resource demand theory and
numerous demand equations for the empirical study.

Hayami [23] investigated the demand for fertilizer in Japan. 1In
order to identify causal factors and to measure their relative contri-
butions to the increased use of fertilizer, Hayami applied the concept
of growth rates to the formulation of demand function for fertilizer.
The model, so formulated, was an exponential function which was fitted

to time series data for the period 1883-1937. In an attempt to reduce




observational errors and distributed-lag effects, he used five-year
averages rather than annual observations. The work of Hayami indicated
that nearly all of the variations in fertilizer use were explained by
technical progress in the fertilizer industry (which lowered the price
of fertilizer relative to the price of farm products) and by technical
progress in agriculture (which resulted in a continuous shift of the
fertilizer demand schedule). 4bout 30 per cent of the increase in com-
mercial fertilizer use was concluded to be attributable to technical
progress in the fertilizer industry and about 70 per cent to technical
progress in the agricultural industry.

So far, a brief review of several previous studies of demand for
fertilizer has been presented. The models used in this study to take
account of distributed-lag effects and to measure the contributions of
major factors to the fertilizer consumption were derived from these
earlier studies. Hayami's, and particularly Griliches' distributed lag

models, form the basis for the model used in this study.

E. QOrganization of ithe Study

This dissertation consists of seven chapters. Chapter I is an
introduction to the study which provides a brief description of the ob-
Jectives, hypotheses and assumptions, a discussion of methods and pro-
cedures, and a review of the previous studies. Chapter IT illustrates
historical changes both in fertilizer use and prices. Chapter III deals
with the theoretical framework. The proposed models and some statis-

tical considerations with regard to estimating coefficients are dis-




cussed in Chapter IV. The empirical results and their interpretation
are presented in Chapter V. Chapter VI provides the statistical pre-
dictions and their implications. Summary and conclusions are given in

the final Chapter.




CHAPTER IX

HISTORICAL TRENDS IN FERTILIZER USE

AND CHANGES IN PRICES

It is well known that economic development has brought about im-
portant changes in farm practices. One of these changes is the substi-
tution of inputs produced off the farm for those produced on the farm,
Good examples are tractors for horses, chemical fertilizer for manure.
The substitution takes place because, as mentioned in Chapter I, these
inputs increase productivity in agriculture. Furthermore, due to im-
proved technology of production, price competition and sales promoticn
among non-farm suppliers, these inputs become available to agriculture
at favorable prices. The results tend to substitute these new and im-
proved inputs for old agricultural inputs.

The progress of agricultural development in Canada, like other
developed countries, has brought about some changes in methods of produc-
tion. Changes in input composition represent a distinect example. Over
the past forty years, significant changes in Canadian farming have taken
place through increased use of capital inputs which are supplied by the
non-farm sector and provide agriculture with services for production,
This is clearly shown in the data of Table I. This indicates that the
use of total capital inputs was increasing continuously, from 1946 to
1965, at an annual growth rate of 2.2 per cent. Percentagewise, use
of total capital inputs has increased zbout 192 per cent, from the

average of the period 1935-1939 to 1965 or 49 per cent from the average
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1z
of the period 1946-1950, while the corresponding percentage increases
in fertilizer use were 594 per cent and 164 per cent, respectively. Per-
centage increase in fertilizer use from 1946-1950 to 1965 has been the
highest as compared with other categories of capital inputs [15, p. 16]°
For the purpose of presenting a somewhat detailed review on the
changes in fertilizer use and prices, a chronological description of
national and regional trends is valuable. The first two sections of this
ﬁff?j?f chapter provide national and regional trends in fertilizer use, while
the changes in the prices of fertilizer and crops are reviewed in the

rest of the chapter.

4, DHNetional Trend in Fertilizer Use

During the pre-war period (1926-1939), the demand for commercial
fertilizer in Canadian agriculture was in its infancy since nutrients
for plant growth were supplied mainly from natural source (manure) and
crop rotations. Farmers in Canada as a whole spent only $8.2 million,
the average for the period 1926-1939, on fertilizer and lime which was

vvvvv only 2 per cent of total farm operating expenses (Table II). With
average annual consumption being 237,677 tons during the fourteen vears
interval, the use of total fertilizer increased from 180,794 tons in
1926 to a high of 321,207 tons in 1930 and then declined sharply, due to
great depression during the 1930's, to a low of 166,407 tons in 1933

(hppendix 4,. However, since 1941, fertilizer consumption has continu-

ously increased (Figure 1).
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TABLE II
CHANGES IN FERTILIZER AND LIME EXPENSES AS PERCENTAGE OF

TOTAL FARM OPERATING EXPENSES, CANADA AKD REGLONS
1926—1965*

i

et

Canada®  atlantic wuebec Ontario Prairie B.Co

-~thousands of dollars—-
1926-39 Total 424,130 22,168 50,761 126,014 209,769 15,422

Fertilizer 8,160 2,835 1,351 3,181 265 495
% 1.9 12.8 2.7 2.5 0.13 3.2
1940-45 Total 596,621 33,809 85,499 184,824 268,582 23,908
Fertlllzer 17,235 L,757 4,381 6,290 866 Lo
% 2.9 4.1 5.1 3.2 0.32 3.9
1946-50 Total 972,625 52,391 149,012 316,639 411,052 43,531
Fertilizer 32,569 7,763 6,846 12,484 3,894 1,581
% 3.3 4.8 4,6 3.9 0.95 3.6
1951-55 Total 1,264,331 63,902 198,784 429,278 517,209 55,156
Feftlllzer 51,246 7,840 8,352 23,564 8,263 2,522
% 4.1 12.3 h.2 5.6 1.6 L .6
19556 Total 1,425,766 69,983 236,281 500,365 555,514 63,623
Fertilizer 52,847 7,868 8,713 27,541 6,296 2,429
% 3.7 11.3 3.7 5.5 1.1 3.8
1957 Total 1,407,262 67,485 232,751 493,922 549,862 63,242
Fertlllaer 54,776 7,736 9,470 27,437 7,523 2,610
% 3.8 11.4 L, 5.6 1.4 b1
1958 Total 1,504,281 71,179 260,218 527,168 577,974 67,742
Fertilizer 59,558 8,061 10,037 30.136 8.375 2,949
% 3.9 11.3 3.9 547 1.5 bob
1959 Total 1,600,681 74,712 274,979 566,072 611,415 73,503
Fertilizer 66,723 7,940 10,528 34,117 11,066 3,072
% L.2 10.6 3.8 6.0 1.8 L2
1960 Total 1,665,675 78,838 281,687 578,295 650,311 76,644
Fertlllzer 70,061 8,344 12,722 32,670 12,862 3,463
% L2 10.6 L5 5.6 2.0 4.5

1961 Total 1,692,224 80,198 293,708 599,088 640,151 79,079
Fertilizer 80,429 9,410 15,738 35,951 15,989 3,341
% 4.8 11.7 54 6.0 2.5 42




TABLE II (continued)
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Canada®  Atlantic  Quebec  Ontario Prairie B.C.
1962 Total 1,823,269 80,79 309,371 621,542 725,046 86,514
Fertilizer 87,099 9,123 15,999 39,568 18,282 4,127
% 4.8 11.3 52 . 2.5 L.8
1963 Total 1,954,107 84,347 328,990 667,388 784,245 89,137
Fertilizer 101,699 S,4b7 15,334 47,112 25,558 4,248
% 562 11.2 4.7 7.1 3.3 4.8
1964 Total 2,032,175 88,324 338,096 706,974 805,589 93,192
Fertilizer 122,808 9,6k 16,278 54,679 37,957 4,430
% 6.0 10.7 4.8 77 L.7 4.8
1965 Total 2,151,836 93,080 365,413 739,162 855,343 98,838
Fertilizer 138,600 10,784 18,949 60,284 43,911 L,672
% 6.4 11.6 5.2 8.2 5.1 b.7
*Source: Computed from "Handbook of Agricultursl Statistics,® Part II,

Farm Income--1926-65, D.B.S., Ottawa.

aExcludes Newfoundland.
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As shown in Figure 1, the amount of fertilizer use in the war-
time period (1940-1945, rose rapidly, from 346,721 tons in 1940 to
575,107 tons in 1945. The year-to~year increase averaged 1l per cent.
This sharp increase was the result of an increased demand for food in
the period and of adjustment to changes in the resources available for
utilization in production.

The situation for the post-war period (1946-1965) is also pre-

sented in Appendix A& and Figure 1. Naticnal consumption of fertilizer,
with the exception of 1935-1936, increased more rapidly than before.
Yoreover, since 1957 the increase was at a relatively constant rate of
8.3 per cent per year. By 1965, commercizl fertilizer and lime ex-
penses constituted about 6.4 per cent of total farm operating expenses
(Table II).

The increased use of fertilizer during the post-war period has
been attributable mostly to technical knowledge reflecting the strong
response of crop production to fertilizer input, the relatively favorable
price of fertilizer to the price of crops, increased knowledge and im~

proved managerial skills of operations and a favorable income position

of farmers. In order to understand the large increase in national con-
sumption of fertilizer, it is useful to examine the distribution of fer-
tilizer use among the five selected regions of Ganada., This is done in

the following section.,

B. Hegiocnal Trends in Fertilizer Use

Regional consumption of commercial fertilizer znd the distribution
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of Canadian total sales are presented in Appendix 4 and Table III,
respectively. Historical trends in consumption for various regions
are also shown in Figure 1. Zvery region showed increased consumption
of fertilizer in the post-war period as compared to the pre-war period.
In the pre-war period (1929-1939), the Atlantic, Ontario, and Quebec
regions were the major users. On the average of the ll-year interval,
89,194 tons of commercial fertilizer were used in the Atlantic region,
95,061 tons in Ontario, and 50,149 tons in Quebec. As indicated in
Table III, these three regions zccounted for 93 per cent of Canadian
total (35 per cent in the Atlantic region, 38 per cent in Ontario, and
20 per cent in Quebec). The remaining small percentage of the total,
7 per cent, was shared by the rest of the nation. Only 5 per cent was
used in British Columbie and but 2 per cent in the three Frairie prov-
inces. Tne wide difference in fertilizer use was related to different
patterns of farming among regions. Since agricultural production was
much more intensive in Eastern Canada than in Western Canada, large
amounts of commercisl fertilizer were applied to such cash crops as
fruits, vegetables, potatoes, tobacco in Eastern Canada. Only farmers
in that area have felt that a substantial gain could be obtained through
fertilizer., In addition, intensive cultivation usually requires in-
tensive nutrient replacement if production is to be maintained. Farmers
in British Columbiz, where fruits and vegetables are also grown, have
realized the necessity of fertilizer use as well in the pre-war period,
although they consumed only about 5 per cent of the Canadian total,

However, less intensive crops such as wheat, oats, barley and pasture




TABLE III
CHANGES IN REGIONAL FERTILIZER USE AS P:RCENTAGE OF CANADIAN TOTAL
1929-1565%
Canada Atlantic Quebec Ontario Prairie B.Co.
-=percentage

1929-39 100 353 19.9 377 2.3 b7
1940-45 100 27.3 26 .6 38.8 3.9 L.2
1946-50 100 24 .7 20.9 42,0 8.0 b2
1951-55 100 17.4 17.3 50.5 10;3 3.9
1956 100 17.2 16.9 53.6 7.8 3.7
1957 100 17.4 17.6 51.5 9.3 3.7
1958 100 16.5 17.8 51.8 9.8 3¢5
1959 100 15.2 16.6 51.5 12.5 3.6
1960 100 15.9 18.5 u6 .7 4.7 3.6
1961 100 15.4 18.6 46 .3 16.1 3.1
1962 100 13.9 17.1 N7 .2 18.3 3.8
1963 100 12.5 15.1 45,5 23,1 3.5
1964 100 10.8 13.2 L .8 27 .7 3.1
1965 100 11,0 13.3 43,2 29,1 3.0

.
e

I

*Jource: Computed from Appendix A.

|
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in the Frairie region degended entirely on the original fertility of
the soil.

During the war-time period, fertilizer consumption in all regions
increased by more than 37 per cent, as compared with their respective
regional averages for the previous period. Consumption in the Frairie
region was even as high as 200 per cent above its pre-war average.
after “orld War II, regional consumption has substantially exceeded
the pre-war levels. After the 1951-1955 period, the annual sales of
all commercial fertilizer, except for some years between 1954 and 1957,
bave increased continuously over time for all Canada. HNational sa

increased 801,339 tons (from 792,254 tons in 1951-1955 to 1,593,593

M

tons in 1965). all regicns shared the increase, but the share of the
older using regions was relatively smaller. Of the total increase,
‘about 5 per cent was in the Aflantic region; 36 per cent in Ontario;

9 per cent in wuebec; almost 48 per cent in the Frairie region; and 2
per cent in British Columbia. The sharp increase in fertilizer con-
sunption during the last ten years has been rartly due to a decline in
the real price of fertilizer relative to total farm income from farming.

In addition, technical improvements in agriculture have been more im-

portant in recent years.

C. (Changes in the Prices of Fertilizer and Croos

Prices of fertilizer and crops in all Canada have risen after
World war II. However, the increase in fertilizer price has been less

than the price of crops. A decline of the fertilizer/crop price ratio has
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been accompanied by an increase in fertilizer purchases since 1943(Fig 1),
The fertilizer/crop price ratio started to level off and increase
after 1549 while the consumption of fertilizer continued to increase.
This phenomena could be explained partly by the fact that up till 1952
the prices of fertilizer were still lower than the prices of crops.
It is, however, quite possible that increased knowledge of the use of
fertilizer by farmers has resulte& in greater demand for fertilizer.
during the last ten years.

In spite of the increase in sctual levels, the real prices of
fertilizer and crops1 in all Csnada, as illustrated in Figure 2 and 4p-
pendix C, have declined in the post-war period as compared with the
pre-war situation. The real prices of fertilizer have declined far
more than the prices of crops. Compared with the pre-war zverage, the
real price of fertilizer has decreased by 24 per cent since World War II
while the real price of crops has decreased by only 9 per cent during
the same pericd. It is worthwhile noting that there has been a great
difference, from 1943 to 1953, between the two real price levels. OCb-

viously, this was due partly to a drastic drop in the real prices of

fertilizer which was made possible by improvements in the technology
of production, marketing of fertilizer, and competiticn amcng firms in
the fertilizer industry.

For the situation in Eastern and ‘Western Canada, the trends of

the real fertilizer prices were, generally speaking, very similar to
= .

1 .

The real price of fertilizer is the fertilizer price index
deflated by the composite index. The real price of crops is the crop
price index deflated by the general wholesale price index.
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the nationzl situation in the post-war period. Nevertheless, since
1960 the real prices of fertilizer in Western Canada were decreasing
more rapidly than in all Canada and Eastern Canada (Figures 3 and 4).
The movement of the real prices of crops in these two parts of Canada
does not follow the national pattern. 4s compared with the pre-war
averages, the real prices of fertilizer and crops, during the post-war
period, have declined about 30 per cent and 4 per cent respectively in
Western Canada; 24 per cent and 6 per cent in Eastern Canada. Since
1942 the real prices of fertilizer have been lower than the real prices
of crops in both parts of Canada, except during 1954 (Figures 3 and 4).
The downward movement of the real fertilizer price is likely to continue
in the future through improved production processes of fertilizer and

increased competition among firms.,
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CHAPTER IIT
THEORETICAL FRAMEWORK

This chapter is devoted to some considerations of a theoretical
nature on which the empirical study of the demand for resources is
based. The presentation is divided into two parts. First, the basic
theory of demand for factors of production under pure competition is

presented; secondly, some concepts of economic dynamics are discussed.

A, Static Theory of Demand for Resources

Although static theory of demand for factors of production under
pure competition is somewnat oversimplified, it serves as a useful start-
ing point for construction of a structural model. Heady and Tweeten
(26, p. 42] mention that "(a) in some respects agriculture is best rep-
resented by the purely competitive market structure, and (b) the firm is
a logical beginning point for analysis of more general, dynamic market
rhenomena "

Static theory essumes perfect knowledge and szbsence of variables
relating to time. Hicks [29, De 115] states that =~ economlc Statics are
those parts of economic theory where we do not trouble about dating.

His definition implies that static theory does not attempt to establish
any adjustment. "Statics" refers to situations where equilibrium exists;
that is, technology, tastes or preferences, asset distribution and in-
stitutional setting are assumed to be vnchanged. Two general types of
information are necessary to specify the quantity of a particular factor

demand. One is the production function, and the other includes the




prices of resources and producis,
The static theory of demand for inputs under puwre competition is

well developed [26, p. 43-49; 2, p. 369—3?4], A brief sketch is presented

here:
Let the production function take the form of
Y =1 (xl, LRI IR Y (1)
where Y is output and £, X2, . . . Xy represent different resources

used to produce cutput Y.
Suppose profit,j{, is defined as the difference between gross
revenue and total costs, then the profit function may be expressed as:

. R n n
=1 (X, %, Xi,--xn) Py - 13:;1 Pxixi + A (K- 3 P X.) (2)

where Ey stznds for the price of output, Pxi for the price of input Xy,
K for the given amount of funds available for the firm to spend or in-
vest in resources, and X for a Lagrange multiplier, representing the marginal
rate of return on resource expenditure. Profit will be maximized when
the amount added to the revenue of the firm by an additional unit of
inputs equals the amount it adds to costs. In other words, all resour-
ces are used at such levels that marginal revenue productivity of every
input is equal to its marginal cost; i.e., net marginal revenue of each
resource is equal to zero [ZQ, Cnapter 2—6]° The conditions of profit
maximization, as mentioned above, may be algebraically defined in ecua-
tions (3a) to (3e) by setting the partial derifatives of profit for (2)

with respect to each resource X; and A equal to zero.
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M=2Y o L b o (3a)
Iz T - P - = a
2/l = BY P -P -xP =20 ' b
N =2Y P -P_ -2P, =0 (3e)
- = y X, X.
aAi BAi 1 i .
NN =32Y P - P -2P =0 ‘ (3d
S A A % (34)
n n
L =K- 3" P X =0 - (e)
172 i=1 L

Arranging eguations (3a-¢) provides alternative specifications of

profit maximization as indicated in equation (L4).

P

(g%gy&/Pxn =1 +X_ : (4)

In a static framework of perfect knowledge and competition, financial
capital would not be limited, implying that the marginal return of that

resource is zero. .Thus, the conditions of profit maximization defined

in"(4) become

= P/P =...=2X\p/p =...=
R @m, )

(.?‘if. B /Py =1 - BNC)

X,
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The quantities which specify the firm's demand or use for resources are
obtsined by solving simultaneous eguations (3a-e). The above conditions
provide knowledge about the quantity of any input that is demanded or
used by the entrepreneur as detsrmined by the technical condition of
production or technical coefficients as shown in equation (1), the struc-
ture and the level of prices of inputs and product, and on the amount of
funds available for investment?‘ Iﬁ specifying the quantities of resources
used, output also is specified through the production function in equa-
tion (1). These conditions and relationships are important and relevant
for the firm and the agricultural industry in respect to capital iteums
of a biclogical natu}e, such as fertilizer, seed, and insecticides
[26, p. u6].

The static demand for resources obtained by solving the "equilib-

rium" equations (3a-e) may also be functionally expressed as:

; Pxs Py ,
'&.'L =f (—P'-;«, }5;’”, T, Xk) (6)

where T represents the technical conditions‘of production or technical
coefficients of rescurces. Xk is the quantity of fixed inputs. Equation
(6) indicates that thes quantity demanded for resocurce X; is a function

of technical coefficients of resources, the factor/product price ratio
and the level of fixed inputs. Wwith some further considerations such

as time lag and other real world conditions, the relation in equation (&)
provides & general basis for empirical study on demand for inputs.

Although the traditional static theory has been useful in dealing

with many economic problems, the entrepreneur's or farmer's behavior in

1Although financial capital is theoretically assumed to be unlimited
in perfect competition 1t is limited in the realistic condition,
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relation to the demand for resources renders static theory somewhat un-
realistic. For example, a farmer, due to lack of knowledge, uncertainty,
limited capital, may not use resources to the optimum level as envisaged
by the static theory. Farmers may not adjust instantaneously the amounts
of resources used in response to changes in prices and tecnhnology. It
is, therefore, inevitable that dynamic considerations must be introducad
into the static framework to make zn estimation of the demand for re-

sources in its sctual dynamic setiing.

3. The Dynamics of Demand for Resources

In view of the importance of economic dynamics in the empirical
study, this sectlion is designed for discussion of the concept of econo-
mic dynamics and the forces which produce the dynamic nature of resource
demand.

The concept of economic dynamics. Hicks [29, De 115], following

his definition of economic statics, defines economic dynamics as "those
parts of economic theory where every guantity must be daﬁed." Baumol
[5, p- 4] regards Hicks' concept of economic dynamics as "statics in-
volving time" rather than "dynamics." He explains that in a model,
phenomena are not considered in their relation to preceding and succeed-
ing events; and if the process of change does not concern us, we can
consider the situation at a given moment. The moment may be dated, but
the analysis of it can be static. Baumol suggests that "economic dyna-
mics is the study of economic phenomena in relation to preceding and
succeeding events."” From this definition, one may recognize that

Baumol's concept of economic dynamics emphasizes structural aspects.
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Harrod [22, D 4] also emphasizes the changing structural rela-
tionship in economic dynamics. He suggests that:
In dynamics, the fundamental conditions will themselves be
changing, and the unknowns in the eguations to be solved will not
be specific magnitudes of output per annum but increases and de=-

creases in the rates of output per annum.

o ° ° ° ° - e o ° s °

Dynamics will specifically be concerned with the effects of con-
tinuing changes and with rates of changes in the values that have to
be determined [22, p. 8].

Harrod's suggestlions emphasize that dynamics should be confined to the
analysis of continuing changes as against once-and-for-all changes.

Samuelson [38, Do 352»87] argues that in order to understand

economic problems of the real world, one has to study dynamics. His
concept of dynamics is best summarized in his own words:

Statics concerns itself with the simultaneous and instantaneous
or timeless determination of economic variables by mutually inter-
dependent relations. . . . It is the essence of dynamics that eco-
nomic variables at different points of time are functionally re-
lated. . . o It is important to note that such dynamic system
generates 1ts own behavior over time. . . . This feature of self-
generating development over time is the crux of every dynamic process.

It is realized from these concepts that economic dynamics con-

siders how changes in economy take place over time., In investigating
changes in an economy, technical progress is indispensable, Klein

[32, p. 100] states that "in the period-to-period variations over a

long historical stretch, there will be much technical progress."” In ad-
dition, lagged adjustment should be taken into consideration as well
since the adjustments, due to psychological, technological, and institu-
tional causes, may not be instantaneous, but may become perceptible only
after a period of time [37, p. 1]. 411 these considerations are dis-

cussed in the following sub-sectlon.
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Technical change, lagged adjustment and demand for resources.

Technical change has been described in many ways. Usually, technical
change implies the shifting of the production function over time.
Solow [42, p. 312] states:
« » o Using the phrase "technical change" as a shorthand expres-
sion for any kind of shift in the production function. Thus, slow-

downs, speedups, improvements in the education of the labor force,
and all sorts of things will appear as "technical change.®

Solow's concept suggests that technical change refers to an increase in
output produced from a given set of resources or the same amount of
output produced with fewer resources. Certain technical changes are
designated as "embodied." Solow [43, p. 91] states:

Improvements in technology affect output only to the extent that
they are carried into practice either by net capital formation or
by the replacement of old-fashioned equipment by the latest models,
with a consequent shift in the distribution of equipment by date of
birth.

The above statement implies that an increase in productivity, in the case
of embodied technical change, is realized from the improved quality of
factor inputs. It is likely that productivity in one period would be
higher than in a previous period if the quality of inputs has been im-
proved. The improvements in factor gquality could be embodied in labor,
for example, through educatlon and training, or embodied in capital in-
puts such as improved composition of fertilizers and better designed
machines [17].

&an alternative way of introducing technical change is called

"disembodied.® If an increase in productivity is due to reorganization

of industry, improved technigues of production, superior knowledge etc.,
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rather than increases in inputs, then technical change is ‘disembodied®
[43, pe 90].

So far, some concepts of technical change have been presented.
The attempt of this study is to measure the effects of total technical
change in crop production and other factors (e.g. fertilizer price,
farm cash income) on the demand for fertilizer. Total technical change
in crop production is that which results from technical knowledge about
improved variety of seeds, fertilization, insecticides, and increased
efficiency in the use of capital assets and operating resources used in
agricultural production. The introduction of new technical knowledge
of crop production through research, education, and other activities
gives better response to fertilizer used by farmers. In addition, in-
creased efficiency of farm operation through structural changes in
agricultural production such as changes in the farm size and the com-
position of inputs makes fertilizer application more effective. All
these affect the use of fertilizer,

According to the static theory mentioned in section A of this
chapter, demand for inputs is a function of input-product price ratios,
technical conditions of production and the quantity of fixed inputs.
Changes in quantity of inputs demanded are, therefore, related to teche
nical changes. Technical progress will induce entrepreneurs or farmers
to employ higher productive factors. Development and adoption of im-
proved seed varieties, development of irrigation facilities, for instance,
will make fertilizer application more effective, and hence encourage

farmers to increase its use. Cwing to increased demand for fertilizer,
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research will be likely conducted by the manufacturing sectcr, with
economic incentives, on the processing of their own product which may
bring about a downward-shifting of cost curves and hence a shift of the
supply schedule. With sufficient competition among firms, the impact of
a shift of the supply curve may lead to a lower supply price for such
particular input. Hence, further growth in demand for fertilizer is ex-
pected [26, p. 82].

Figure 5 illustrstes the interaction of technical change, demand
and supply of input, X, in a dynamic sense. For simplicity, we consider
only two time periods, t3i and tz. Curve Y{l is a production function
for the time period t1, while corresponding curves Stl and Dtl are sup-
nly and demand schedules, respectively. Similarly, Yfz is a production
function representing the new technology of production in period %,
while Stz and E%Z express supply and demand schedules responding to
technical change in production in period ty. Figure 5a indicates that

the shifting of production function will, ceteris peribus, change the

optimum use of input X. For instance, at a given price ratio Prl, the
optimum levels of input X are, as suggested by the static theory, 0Xy
and OX2 for periods tj and t, respectively. Also, as shown in Figure 5b,
the shifting of production function (as shown in Figure 5a) implies a
shift of demand schedule for input X (from Dtl to th), because the mar—
ginal value productivity curve shifts upward, providing the price of
product unchanged. Under the given supply schedule (Stl), the price

of input X may, in the short run, go up from Py to PZ“ However, 1t

seems very likely to move downward in the long run because the supply
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FIGURE 5

TECHNICAL CHANGES AND DEMAND FOR INPUT

FIGURE 5b

FIGURE 5a

PRI\, T

andang
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'scheduleiof Input X, due to rapid technoclogical improvements in the manu-
facturing industry, may shift by a greater amount than that for the de-
mand schedule. In this case, the lower price, P3, in period itz will
result in & decline in the price ratio, Prp, and hence an even higher
level of.input use, OX3, as compared with OX, if the price of product
remains unchanged.

Innovations in both input-using and input-furnishing sectors have,
as illustrated above, some influence on the demand or use for inputs.
Nevertheless, because of time lags farmers do not adjust their uses of
inputs to the optimum level immedistely in response to new situations.
The idea of lagged adjustment has been well expressed by Scitovsky
(450, p. ba-h9]:

The average consumer has fixed conswmption hsbits, which he has
acquired cn the basis of past price constellations; and it takes
time for a changed price to break an old habit and form a new one.
Wnen relative prices change or new opportunity arise, the consumer
usually continues in his accustomed grooves for a while, because
he needs time to learn about & change, to appraise its significance,
and more time still to adapt his behavior to it and face the in-
conveniences or hazards thst changing one's behavior often involves.
In other words, people's propensity to form habits and their slow-
ness in adapting themselves to changed circumstances render their
economic behavior a function not only of current but also of past
prices. The equating of marginal values to prices must be conceived
of more as a goal constantly aimed at and approximated than as some-
thing actually accomplished at every moment of time.

In bis study on "Distributed Lags and Demand for agricultural
and other Commodities," Nerlove [37, p. 4] states:

Distributed lags arise in theory when any economic cause (for
example, a price change or an income change) produces its effect
(for example, on the quantity demanded) only after some lag in time
so that this effect is not felt all at once, at a 51ngle p01nt of
time, but is distributed over a perlod of time.
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Extending Nerlove's arguments [37, Do 5-7], some major reasons
for farmers not adjusting their uses of resources to new situations are
stated as follows:

1. Psychological inertia is a powerful‘forceo It prevents instan-
taneous adjustments or readjustments of the behavior of farmers. For
example, farmers' decision on the use of fertilizer may depend partly
on the quantity of fertilizer used in the previous year. In additiocn,
changes in economic variables may be regarded as only temporary. Farmers
might wait, to varying degrees, for more information to predict the most
likely outcomes of new technology, new inputs, and price trends.

2. Technological reasons: 1t takes time to acquire and to learn new
knowledge which is essential to apply new inputs and improved, or new,
technology.

3. Institutional factors such as land tenure and contract arrangee
ments may also produce rigidity in farmers® behavior relating to use of
inputs.

4. Capital limitations may discourage "immediate adoption" of new
technology and new resources.

5. Risk avoidance or minimization; because of the dependence of
crop production on weather conditions, farmers often hesitate to use new
inputs or else initially tend to use amounts of them which are less than
optimum levels.

adjustments in use or demsnd for resources msy teke many different
time patterns [33, Chapter 210 To give a simple but rather realistic

example, cne of the adjustment paths is illustrated in Figure 6.
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FIGURE 6

ILLUSTRATION OF ADJUSTMENT RATE AND TIME PATH
IN RESOURCE DEMAND
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M represents the optimum level of resource use under the
new price ratio (P, P,”") or technology (7).
Xy represents the gquahtity of the resource used.

gEL represents the change in resource use relative to time.
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Let us consider the static demand function for input X5, namely:
Py.

X.Zf(“""‘;» Tx Xk) (7)
Py

All veriables in equation (7) are interpreted as in equation (6). Sup-
pose that the quantity of input used, 43, is at an equilibrium situation

at time t=0, and that there exists a new equilibrium level, i, as changes

in price ratio and/or technical conditions take place. According to
Koyck [33, p. 10], curve i; is the adjustment path of ¥y and g%l ,
representing the change in input use with respect to time, is the time-
shape of the reaction of £ on price ratio and technical conditions of
production. Figure 6 indicates that, due to some reasons mentioned
above, the changes in price ratio and technical conditions of production

will lead to a new equilibrium of resource use, as represented by line i1,

Entrepreneurs or farmers, however, catch up to this level gradually
.

rather than immediately. 4s shown by the curve of the time=~shape, _%1,

o}

the rate of adjustment slows down over time as M is approached,
The static theory and the dynamics of demand for inputs have so
far been discussed. A4ll these provide the background for the formula-

tion of the models in the next chapter.




CHAPTER IV
THE MODELS AND STATISTICAL CONSIDERATIONS

The purpose of this chapter is to present a discussion of the
proposed models, choice of variables, and some statistical considera-

tions.,

A. The Hodels
Two models are used for the analysis of demand for fertilizer.
One is designed to derive aggregate fertilizer demand functions which
consist of a long-run demand function, an adjustment equation and =z
short-run demand function. The other one is to measure the relative
contributions of factors to the growth of fertilizer use. All these
models are formulated according to the previous studies reviewed and

these hypotheses postulated in Chapter I, and theoretical background

presented in Chapter IIT,

Model I. By applying the concept of growth rate, a long-run de-

mand function for fertilizer may be developed as follows [23]:

g(Y*} = alg(le\ + az§(&2> + e 6 o alg(xl) + o0 o o

+ apg(dy) +g(U) (8)
1 R — dYﬁé l : o 2.,
where g(¥*) = EE 'Y* rate of growth of the expected fertilizer use
g(%) = g%l, Lt rate of change ip the real price of fertilizer
at £
o dXZ 1 - .
g(i,) = il : rate of change in the real price of crops
42
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dXi 1
. ) = === < == . pate of chance in the i-th independent
i
variable,
dax 1 . ) . .
g(Xn) =t e rate of shift in crop production function
n

resulting in the shift in fertilizer demand
Functicn,

g(U) : a randem error term,

a; = 217 | X3 : the long-run elasticity of demand with
oXs ¥

respect to X3 (1 =1, 2, . . . n) where Y* is the expected quantity of
fertilizer use, X is the real price of fertilizer,

X> is the real price of crops,

Xy is the i-th independent variable as indicated,

Xp is the level of technology in erop productiqno,

The magnitude of a,g(X;) in equation (8) is the measure of the in-
fluence of the X;th variable on the growth of fertilizer use. The rela-
tive contribution of variable X3 can be measured by aig(Xi)/g(?%, where
¥+ is the estimate of the expected level of fertilizer use.

In order to measure the relative contributions of the associated

factors, two assumptions must be made. Tt is, firstly, assumed that

the ai's(i=1,2,. . . n) are fived parameters over the period of anélysis,
Secondly, since the level of fechnology in the crop preduction is not
gvailable, we assume tha! technical change in crop production was such
that the demand function for fertilizer shiftea at a constant rate.

Under these two assumptions, equation (8) can be rewritten as:
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g(Y*) = alg(xl) + aZg(XZ) + e e .+ aig(xi) + . . . +v+g{)  (9)

where Y[: ang(xn)] is a constant parameter representing the average con-
tribution to the shifting of the fertilizer demand function.
The solution of the differential equation (9) yields the long-run

demand function:

a4 a 3 t
182 & ¥

T P ' v

1@ = XO Aoy o o Xit e UJG (10)

where Y§ is the expected quantity of fertilizer use in the initial period,

and t is time, Expressed in logarithmic form, equation (10) becomesl
log ¥f = log Yg + a,log Ly + azlog Eop o o o ailog L

+ . . . +Yt + log Uy (11)

This demand function determines the expected quantity of fertilizer use.
Since the expected quantity of fertilizer use, {, i1s not obser-

vable, the parameters is equation (11) cannot be estimated directly.

However, the estimation may be carried out through the introduction of

an adjustment equation developed by Nerlove [36], Following up Nerlove's

assumption the actual quantity demanded, between one period and the next,

changes only by some fraction of the difference between the actual level

and the expected level, the adjustment process may be expressed by:

Logarithm always refers to natural logarithm in this study.




Ly

< - o = * - 1 =L £ ;
log T, - log ¥, =dk (log T, log thl) 0sL£1 (12)

where Y¢ 1is the actual level of fertilizer use in the current yvear,
Y£_1 is the actual level of fertilizer use in the previous year,
A 1s the coefficient of adjustment indicating that proportion of
the complete adjustment to the expected level that is made in one time
period,
Substituting equation (11) into equation (12) and solving for

log Yi, we obtain a short-run demand function:
log Yy =olog YZ + aylog L4 +olaslog pp + o . o +Lazlog Lt

e oo oo +L YL + (1-) log Yt-l +ot log UJG (13)

This is the basic equation estimsted throughout the study. 4n
estimate of the coefficient of adjustment is obtained by subtracting the
coefficient of the lagged dependent variable Y%—l from unity. The
ratio of the regression coefficients to the estimates of ol are estimates

of parameters in the long-run demand function (11).

tlodel II. The average relative contribuiions of variables

studied to the growth of fertilizer use can be measured from the fol-

lowing formulations:
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g (&) . . . .
ay g(Ai : the relative contribution of varizbls Xs o

_ A

g(¥ )

Y. . the relative contribution of technical change in crop
_ AR

g(Y )

production where
NAXR

(Y ) is the estimated average growth rate of fertilizer use,

g(X1) 1is the average rate of change in variable £io

(%) ang g(¥;) can be estimated from the following equations:

s 5@
- g
Yt = YO e

(G
Xi = Xio e

where e is a constant (2.,71828).

B. The Data and the Variables

Data used in this study are itime seriss observations made availe
able by various sources: the Dominion Bureau of Statistics, the Board
of Grain Commissioners for Canada and the Canadian ¥Wheat Board,

The variables included in the empirical analysis are hased on the
hypotheses set up in Chapter I and the theoretical background of demand
for inputs presented in Chapter III. 4 description of the variables
selected is given as follows:

Y = national purchases of total fertilizer by Canadian farmers

Ao

during one time period, from July 1 in the previous year %o

June 30 in the current year, and measured in tonnages,




A
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L6
regional purchases of total fertilizer by farmers in the i-th
region during the period as mentioned above and measured in
tonnages,
the real price of compounded fertilizer (the fertilizer price
index deflated by the composite index for the current year,
with 1935-1939 used as the base period) for the nation or
regions as indicated,
the real price of crops (the price index of crops deflated by
the general wholesale price index, with 1935-1939 used as the
base period) for the nation or regions as indicated, lagged
ohe year,
the index of total farm cash income from crops and livestock
deflated by the general wholesale price index, with 15635-1939
used as the base period, for the nation or regions as indicated,
and lagged one year,
the ratio of current fertilizer price to the priée of crops in
the previous year, for the nation or regions as indicated,
the quantity of export of grains and grailn products for Canada,
measured in millions of bushels, and lagged one year,
the total cropland ascreage for Canada in the current year,
the ratio of the fertilizer price 1o feed price for the nation
and regions as indicated
time (1, 2, . . . n), relating to improved knowledge of tech-

nology.
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The cause and effect relationships between fertilizex
variables studied

d are prese

demand and
ented in Figure 7.

The arrows in Figure 7/
show the direction of influence of the factors affecting

the use of
fertilizer. They show that in addition to the farm cash income and
exports of grains, technica

1 changes in crop production and in the fer-
tilizer indu

ing the growth of fertilizer
use., #lso,

1

the Figure indicates that there exists interaction between
technical changes in the agr

iculture and the fertilizer industry which
accelerates the expansion of fertilizer us

FIGURE 7
FACTORS ASSOCIATED WITH

THE GROWTH OF FERTILIZER USE
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C. Statistical Considerations

Time series data are imporitant in an investigation of many dyna-
mic phenomena in the economy. However, problems of multicollinearity
and autocorrelation usually arise in time series data. This section
discusses these problems and outlines the appropriate statistical esti-

mation procedure used in this study.

Multicollinearity. iulticollinearity is present when itwo or more

of the explanatory variables in a relation are highly correlated. Mul-
ticollinearity makes it difficult to disentangle their separate in-
fluences upon the explained variable and obtain a reasonable precise
estimate of their relative effects [31, Pe 201], If perfect multi-
collinearity exists (i.e., two explanatory variables are perfectly cor-
related), then it is impossible to obtain least-squares estimates of the
regression coefficients [31, o 202]° When two or more of the explana-
tory variables are highly correlated but not perfectly, the standard
errors of the estimated parameters are very large. Hence, the estimates
of parameters have an unsatisfactorily low degree of precision [31, p°204}
It is possible to have a high value of RZ but not statistically signifi-
cant and the test of all coefficients is not significantly different

from zero [16, Do l93]° However, when forecasting is a primary objective,
then multicollinearity may not be too serious, i1f it may reasonably be

expected to continue in the fuiture [31, P 207]e

Aytocorrelated errors and statistical estimation procedures. In

regression analysis, the basic statistical problems are to determine the
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most appropriate estimating procedure and to test the significance of
the results. The classical technique is the method of least-squares
(L.8.). Under certain assumptions, the L.S. method gives the "best®
estimates of the parameters and also provides that the standard t-test
of significance 1s appropriate. 3ut the underlying assumptions may not

be plausible. One of the crucial assumption necessary for the applica-

tion of the L.S. procedure is that the residual errors are not serially
correlated, being drawn independently in each time period from a stable
normal population [31, P 106~16]. However, in the case of economic
time series, this assumption is not often fulfilled. GCochran and Orcutt
[771 1ist three causes of autocorrelsted errors: (1) an incorrect speci-
fication of the form of relationship between economic variables, (2)
omission of explanatory variables whose influences are reflected by the
disturbance term; if the omitted variables are pervasive and if the
omitted variables tend to move in phase, then there is a real possibility
of an autocorrelated disturbance term, (3) errors of measurement in the
data. Autocorrelated errors cause three main consequences in applying
the L.S. procedure [31, o 179]: (1) the sampling variances of the co-
efficient estimates may be unduly large compared with those obtained by
a different method of estimation, (2) the estimates of these sampling
variances are likely to be seriously underestimated, and (3) predictions
may be inefficlent, i.e. they may have needlessly large sampling variances.
In addition to the problems mentioned above, the direct application
of the L.S. procedure is inappropriate as well when a lagged endogeneous

variable is included as an explanatory variazble. Hurwicsz [30, Do 365—83]
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has demonstrated that the L.5. estimates of the coefficients of auto-
regressive equations (eguations utilizing the lagged endogeneous variable
as an explanatory variable) are biased in small szmples. Therefore, the
L.S, estimation of eguations derived from Nerlove's distributed leg
model are biased estimates of the regression coefficlents in small
samples even when the errors are independent. Griliches [18] has shown
that when autocorrelation arises the L.S. estimates of the regression
coefficients are biased even in large samples.

4lthough several statistical tests such as the Durbin-Wétson
test [ 9] and the von Neumann's ratio test [10, p. 335] are available,
Ladd and Hartin [34] have shown that these tests appear to be weak when
an equation coniains a lagged value of the dependent variable.

In order to overcome this difficulty, Fuller and Martin [14]
have developed "autoregressive least-squares! (4.L.S.) to furnish a
more powerful test for autocorrelation, especially in an eguation con-
taining a lagged dependent varizble. The A.L.S. estimation procedure
1s one method of obtaining estimates of the parameters of a lag model
when errors are assumed to follow an autoregressive scheme. A4.L.S.
simultaneously yields estimates of the autocorrelation coefficients.
The 4.L.3. approach is employed in this study and summarized in Appen-

dix D.




CHAPTER V

EMPIRICAL R&SULTS AND THETR INTERFRETATIOHNS

This chapter provides and evaluates the empirical results derived
for the naticnal and regional demand functions for fertilizer estimated
by the autoregressive least-squares approach. The presentation consists
of three sections. The national demand functions for fertilizer are
presented in the first section. The regional demand functions are given
in the second section. Following that, a measurement of the relative
contributions of the factors studied to the growth of fertilizer use is

provided in the last section.

4., The National Demand Function for All Commercial Fertilizer

The results of the national demand functions with three or four
variables in Cobb-Douglas form for the time period 1926-1965 (omitting
1940-1945) are given in Table IV. Following this, the numerical results
of the national demand functions for the pre-war period, 1926-1939, and
for the post-war period, 1946-1965, are also discussed, respectively.
Standard errors are given in parentheses below the regression coefficients.
The coefficient of determination (RZ), standard errors of estimate (8),
autocorrelation coefficients (Q), and the coefficient of adjustment (L)
are also presented in the same Table.,

There are two equations (N.1 and N.2) for the time period 1926-
1965 (omitting 1940-1G45) showing that the R? values were all higher than

.97 and were significant at the l-per-cent level, indicating that zbout
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97 per cent of the variation in fertilizer use was explained by their
corresponding independent varisbles; namely, the real fertilizer price
(), the fertilizer/erop price ratio (Xy), the exported quantity of
grains (X5), the acreage of cropland (X6)9 the actual level of fertili-
zer consumption in the previous year (Yt-l)’ and the time variable (t)
relating to improved knowledge of technology. The remaining 3 per cent
of the variation of the dependent variable may have been due to variables
which are not included in the equations studied. The regression co-ef-
ficients in these two eguations were significant at either a 5-per-cent
or a l-per-cent level with the exception of the acreage of cropland and

Th

in equation N.l. The mean elasticity for the fertiilizer price, in the
short-run, was about -1.065, indicating that a 1 per cent chnange in the
fertilizer price in one direction has been associated with a 1,065 per
cent change in fertilizer consumption in the other direction for the

time period covered, i.e., a 1l per cent decrease in the fertilizer price

will, certeris peribus, cause a 1.065 per cent increase in the fertilizer

use and vice versa. The mean elasticity with respect to the fertilizer/
crop price ratio was about one-half of that for the fertilizer price, im-

olying that while the fertilizer/crop price ratio affects the profitabile

=y

ity of fertilizer use, it is possible that farmers are more responsive to

a change in the price of fertilizer than to a change in the price of crops.

The regression coeff: c

-
-ty
]

clent the grain exports (iz) was about .11

TVl 2

his coefficient indlcates

et

and was significant at the 5-per-cent level.

N

thet a 1 per cent increase in the grain exports was predicted to increase

fertilizer consumption by .1l per cent. These findings confirm that
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farmers respond not only to the profitability of fertilizer use but also
to the potential world market of grains. The sign of the regression co-
efficient for the acreage of cropland was, as expected, negative, rep-
resenting an increase in fertilizer use with a decrease in the total
cropland acreageol In other words, a substitution effect between the

N

acreage of cropland and th

m

quantity of fertilizer demanded exists. How-
ever, the statistical test of that substitutional effect was very weak,
The regression coefficients for the time variable were .02 and .03 in
these two equations (N.1l and N.2) respectively, suggesting that the
demand function for fertilizer has shifted upward during the period
anzlyzed. It seems possible that this upward trend of fertilizer use
will continue during the next decade simply because of further tech-
nical improvements in crop production and some developments 1n processing
and improving basic materials used in fertilizers. The estimated re-
cression Goefficients for the lagged dependent varisble <Yt-l) were
significant in both equations, indicating thst farmers do have inertia

in deciding the level of fertilizer use. For example, according to
ecuation N.l, about 40 pef cent of fertilizer used in the current year
was dependent upon the level of fertilizer used in the grevious year.

On the other hand, the cuantity of fertilizer used by farmers was pre-

dicted to be about 60 per cent of its adjustment in respect to a change

b

in the fertilizer price, the farm cash income and improved technical

Lhe signs of the regression coeffi
o

r
demand function based on g priori expectat
£4=<0, X5>O, Xg<0, K7<O, >0, Y, =0

ients of the variables in

¢
ions are: X1<0, >0, X37Os
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knowledge. In other words, farmers were unable to adjust fertilizer
use instantaneously to a new situation. The long-run price elasticity
for fertilizer was about one and half times higher than the short-run
elasticity, based on eguation HN.l.

Table IV also shows the results for the national fertilizer con-
sumption for both the pre- and post-war periods. For the pre-war
period 1926-193%, the short-run demand elasticity with respect to the
fertilizer/crop price ratio was about —.68. It was more inelastic than
that in the overall period but was relatively elastic as compared with
that elasticity in the post-war period, 1946-1965. On the other hand,
in comparison with equations N.3° and N.6, the regression coefficient
for the time variable in the long-run model was smaller in the pre-war
period than in the post-war period. The results imply that due to
greater improvement of technical knowledge, the shift of the fertilizer
demand function has been greater in the post-war period than in the pre-
war period. Thils 1s consistent with fertilizer experiments through the
nation which have showed an important yield response from fertilizer ap-
plication since World War II.

Ecvations N.4 and N.5 show that the price of crops and the farm
cash incomes were also significant factors affecting fertilizer consump-
tion in the post-war period., The short-run elasticity for the price of
crops was about 242, indicating that a 1 per cent change in the price
of crops has been, other things remaining equal, associated with a 242
per cent change in fertilizer consumption. The short-run elasticity for

farm cash income was about .284, suggesting that a 1 per cent increase




in farm cash income was expected to result in a .28 per ceni incresse

in fertilizer use. This elasticity reflects the influence of farm

cash income in the previous‘year on the fertilizer purchase in the fol-
lowing year. The exported guantity of grains was also included in
equation N.6. 4although the regression coefficient indicated a positive
effect on fertilizer use in the post-war period, it was not statistically
significant because of the high correlation with z time variable.

The coefficients of adjustment, as shown in equations N.3 and 5.6,
tended to be smeller in the post-wsr period than in the pre-war period,
These findings indicate that due to accumulstive effects of adjustment
in the use of rescurces fertilizer demand in the post»war'period has
heavily depended upon the amount of fertilizer use in the previous year.
In contrast, only a small remaining proportion of fertilizer purchase is
expected to adjust to & change in the fertilizer price, grain exports,
and improved technical knowledge in the current crop year. For example,
according to equation N.6 the adjustment coefficient (£) was about .11.
It suggests that due to accumulative effects of adjustment in resources
use, about 89 per cent of fertilizer consumption has been dependent upon
the quantity of fertilizer use in the previous year and due to limited
funds available, risk and uncertainty only about 11 per cent of its use
was predicted to adjust to a change in the causal variables studied in-
the current crogp year.

Because of the relatively small coefficient of adjustment, the

rx5 t = 723, see Table E-7 in Appendix B,
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long-run elasticities were, as shown in Table IV, all substantially
greater than the shorit-run elasticities and also greater than those in
the pre-war period,3 Moreover, the regression coefficient for the time
variable was nearly six times greater in the post-war period as compared
te that in the pre-war period, based on equation N.3 and N.6. This find-
ing suggests that the gradual influences of technical knowledge as rep-
resented by *he time variable were much stronger since 1946 than before.
Due to the declining original nutrient stock in soils and the accumula-
tive effect of fertilizer use during and since the war-time period, the
demand function for fertilizer would be expected to shift upward. In
addition, the introduction of improved seeds, and the effects of commer-
cial advertisement, extension services would also raise fertilizer de-
mand.

The autocorrelation coefficients (@) for all equations were sig-
nificant at the 20-per-cent or higher levels, indicating that the resi-
duals were autocorrelated. The results support the application of the

autoregressive least-squares approach to this study.

B. The Regional Demand Functions for All Commercial Fertilizer

Having analyzed national fertilizer demand functions in the pre-

vious sectlon, the numerical results of the regional fertilizer demand

BThe regression coefficient for lagged dependent variable (Yi_7)
in equation N.4 was not significantly different from one at the 5-per=-
cent level, implying that the adjustment coefficient («) was approxi-
mately equal to zero. This suggests that there was no adjustment at all.
Thus, the long-run elasticities were not derived for this equation.
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functions are evaluated in this section and are summarized in Table V,
VI, VII and Appendix F respectivelyn4

Regional demand equations for the total periocd 1929-1965 (omitting
1940-1945) are presented in Table V and hppendix F. The R? values were
significant at the l-per-cent level in all regions, ranging from ,932
for equation F.1l in the Atlantic region to .985 for equation R.4 in On-
tario., These equations, therefore, appear to be a meaningful and use-
ful expression of the demand for fertilizer. The regression coefficients
for the fertilizer price (X3 )were significant at the l-per-cent level in
the Frairie region and British Columbia. On the average, the short-run
regional price elasticities for fertilizer varied between -2,07 and -.09,
In general, the coefficients indicate that the demand for fertilizer was
affected greatly by the price of fertilizer in those regions where fer-
tilizer consumption has expanded rapidly such as the Frairie region and
British Columbia. On the other hand, the demand for fertilizer was
weakly affected by the fertilizer price in the older using regions, i.e.,
the atlantic, webec and Ontario regions. In eguations containing the
price of crops, the highest price elasticity, .62, was in Quebec, fol-
lowed by .58 in Ontario., The elasticity for the crop price was much
lower and less significant in British Columbia and it was neither cone
sistent in sign nor significant in the Prairie region. The results

suggest that the demand for fertilizer was nredicted 1o be significantls
(oY) Iy e

4

™

Equations indicated by F.i.(i=1,2 ...) are given in Appendix F.
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Ta3BLE VI

REGRESSION COEFFICIENTS, STANDARD SHRCORS, AND OTHER
FOR REGIONAL DEMAND FUNCTICNS FOR FERTILIZER, 1529-193G
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STATISTICAL RESULTS

Region ) Log
and R S of Log Xy t V-N
Ecuvation constant ratio
atlantic
R.7 79 5%S .108 11.4895 =1,0399%* -,0128 2.138
(.2071) (.0219)
Juebec
R.8 oBLGH 129 10.5806 ~1,2697%% . 056L% 1,964
(.2467) (,0142)
Ontario
R.9 .328%% <179 11.1136 ~1,7219%% L0639%% 1,929
< °3L,’23) ( 00198>
Prairie
R.10 BR7%% <517 6.2606 7898 S4L0%x 2 408
(97063> (OO6OZ>
B.C.
R,11 439 112 Q4734 - .3307% -o0065 3,144
(.1h21) (.0130)

Variables interpreted as in the context,
** = 1 per cent
* = 5 per cent

Note: 1.
2. Levels of significance:
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responsive to the prices of cash érOQs such as tobacco, potatoes, corn,
vegetables, and fruits but not to the price of smell grains in mixed
farming areas, e.g., Ontario and Guebec. The mean short-run elasticity
of fertilizer use in respect to the farm cash income was significant at
the l-per-cent level in the Atlantic region where the level of farm
income more clesarly affects funds available for the purchase of ferti-
lizer. The regression coefficients for the time variable ranged from
.0687 in the Prairie region to .0033 in the Atlantic region. The co-
efficients indicate that technical knowledge was a much more important
factor affecting fertilizer use in those regions with the most rapid
rate of increase in fertilizer use since 1955. The adjustment coeffi-
cients (A) ranged from .45 in the Prairie region to .67 in the itlantic
region. In general, they were smaller in the Frairie region and British
Columbia than in the atlantic, uebec and Ontario regions. As indicated
by results, due to accumulative effects of adjustment in resource use
fertilizer consumption in the current crop year has depended upon the
quantity of its use in the previous year to a greater extent in the
newer using regions than in the older using regions. In other words,

a relatively small proportion of fertilizer consumption in the newer
using regions was expected to adjust to a change in the fertilizer price,
farm cash income, and improved technical knowledge in the current crop
vedr,

Since Ontaric is a highly divsrsified agricultural area, farmers

with limited capital must decide whether it is more profitable to in-

vest their limited funds in fertilizer or feed for livestock enterprise.
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To consider this fact, an additional equation containing the fertilizer/
feed price ratio (K7) was specified. The coefficient for this variable
was significant at the -20-per-cent level, indicating that it was also
a significant factor affecting fertilizer use in Ontario. Therefore,
the increased fertilizer use in Ontario could be partly attributed to
the fall of fertilizer price relative to the price of feed, if these
were the critical variable costs involved for those farmers making
choices between livestock and crops production.

In the long-run, the mean elasticities in respect to the ferti-

lizer price were substantially greater in the Prairie and sritish Colum-
bia regions than in other regions. However, the long-run elasticities
for the price of crops were relatively higher in the older using regions.
The demand for fertilizer was also elastic with respect to the farm
cash income in the Atlantic region. The coefficient for the time
variable was, in the long-run, the highest .15 in the Prairie region,
followed by .07 (equation R.3) in Ontario, .04 in Quebec and .OY in
Sritish Columbia. The lowest was about .005 in the Atlantic region,
The results suggest that the demand function for fertilizer has shifted
rightward most rapidly in the Prairie region where technical knowledge
about yield response of grains from fertilizer was more recent as com-
pared to the other regions.

For the pre-war period, the application of distributed lag model
appears somewhat discouraging because in most equations, as shown in
Appendix F, the coefficients for lagged dependent variable <Yt—l) were

either insignificant or did not have the correct sien as hynothesized
g g !
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by the distributed lag model. It indicates that the adjustment coeffi-
cients («) were not significantly different from one, implying that all
of the adjustments to a new eguilibrium was completed within one year,
and there was no significant lag in response. Therefore, s theoretical
static model involving the fertilizer/crop price ratio and time variable
was employed for all regions.

The resulting equations are given in Table VI. Generally speaking,
the coefficients of determination (R%) in all regions except for British
Columbia were significant at the l-per-cent level. In all but the
frairie region, regression coefficients had correct signs and were sig-
nificant at the l0-per-cent or higher levels., The elasticities for the
fertilizer/crop price ratio varied from -1,72 in Ontario to ~.33 in
British Columbia. In general, the demands for fertilizer were relatively
elastic for the fertilizer price in Fastern Canada in the earlier period,
The above results were expected because the heavy users of commercial
fertilizer were in Eastern Canada. Hore than 90 per cent of the Canadian
total were used in the atlantic, Quebec, and Ontario regions. Very little
fertilizer was used in Western Canada before World War II. Fertilizer
was seldom recommended for the grain crops in the earlier period since
the original soll nutrient stock was abundant. Thus, farmers in Western
Canada were not responsive to the relative price of fertilizer. The
estimate of the coefficient for the time variable, .334, in the Prairie
was much greater than one would expect on g priori grounds because
level of technical knowledge about fertilizer was very low in this region

during the pre-war period. The time verieble included the effects of
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other variables which were not included in the equation. The coeffi-
cients for time were .064 and ,056 in Ontario and Quebec respectively.
The results appear to be quite reasonable since fertilizer use has been
widespread in these areas in the earlier period. Fertilizer consump-
tion was considerably affected by technical knowledge in this period.

The coefficients for time were negative in the Atlantic and British Co-

lumbia regions and were not consistent with our hypothesis.

Von Neuman's Ratio was used to test autocorrelation for the
static demand functions. The test indicates that no autocorrelation
exists in residuals in all regions.

The empirical results for the post-war period indicate that the
demand elasticities with respect to either fertilizer price or fertilizer/
crop price ratio tended to be greater in the regions which have increased
fertilizer use mostly since 1946; namely, the Prairie region and British
Columbia. It is true that fertilizer is a new factor of crop production
in Western Canada, especially for grain production. Fertilizer use in
this area is expected to be relatively responsive to price change. The

positive price elasticity for fertilizer with high standard error was

not significant in Ontario. Also, the 95 per cent confidence interval
of this elasticity was between -.686 and 1.006. Hence, this positive
relationship between fertilizer consumption and fertilizer price in
the post-war period was likely meaningless. The elasticities with
respect to the farm cash income were still higher in the older using
regions than in the newer using regions, ranging from 811 in the At-

lantic region to .0036 in British Columbia. These elasticities suggest
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that demand for fertilizer was considerably influenced by the level of
farm cash incomes from such cash crops as tobacco, potatoes, fruits and
vegetables. Demand for fertilizer in the Prairie region was also res-
ponsive to farm cash incomes, because, like the Atlantic region, farm
cash incomes increased slowly during the post-war period. The regression
coefficients for the time variable, in general, were relatively greater
in the newer using regions as compared to the older using regions.

Based on the first equation in each region, it was the greatest, .031,
in the Prairie region, followed by .012 in British Columbia. The small-
est, .005, was in the Atlantic region. Again, these results indicate
that demand functions for fertilizer have shifted upward most rapidly
with time in areas where technical knowledge about fertilizer use was
more recent. Due to depletion of soil nutrient stocks and due to im-
provements of new varileties of seeds and farm practices, commercial fer-
tilizer needs have substantially increased. Improvements of technical
knowledge about fertilizer use certainly have been relatively important
along with the fall of the real fertilizer price in the newer using
regions. While technical knowledge has also increased in the older
using regions, 1t probably has been relatively less important.

The adjustment coefficients («) in all regions were smaller than
those for the total period. These findings huve the same implications
as those for the national results. That is, due to accumulative effects
of adjustment in resources use, extensive research and extension ser-
vices over the past two decades, fertilizer consumption in the post-war

period has been strongly influenced by the level of fertilizer use in
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the previous year. In contrast, only a small remaining amount of fer-
tilizer purchase in the current crop year was expected to adjust to a
change in those variables studied. 4&fter VWorld War II, because of rapid
improvements of technical knowledge, the use of fertilizer became more
acceptable to farmers.

The long-run elasticities with respect to the fertilizer price,
fertilizer/crop price ratio, and farm cash incomes were all greater than

those in the short-run. The magnitudes of the difference between the

long-run and short-run elasticities depend upon the size of the adjust-
ment coefficients. In general, the long-run price elasticities for the
fertilizer price tended to be greater in the newer using regions as coi~
pared to the older using regions. These results indicate that during

the past two decades the declining real fertilizer price along with rapid
improvements of technical knowledge of fertilizer response have become
more influential factors causing a strong upward trend in the use of fer-
tilizer. In contrast, the long-run elasticities with respect to farm
cash income were generally higher in the older using regions than in

the newer using regions. They suggest that the farm cash income have

clearly affected funds available for purchase of fertilizer in these

regions,

C. 4 Heasurement of Relative Contributions of Factors ko the Growth of

Fertilizer Use

Since the situation in the post-war period is of much interest
1o the study, the relative contributions of factors to the increase in

fertilizer use were measured for this period only. according to the




statistical findings presented in the previous section, the real fer-
tilizer price, real farm cash incomes and improved technical knowledge
about fertilizer use have been realized to be the most important fac-
tors affeéting fertilizer use. Thus, relative contributions have been
measured for these three factors. By applying a simple growth model as
given in Chapter IV, the average rates of change in the real fertilizer
price and the real farm cash income were estimated for the post-war
period and were presented in Table VIII. The negative average rate of
change in the real fertilizer price indicates that the real fertilizer
price was decreasing in the period 1946-1965. On the average, it was
decreasing at about .19 per cent per year in all Canada, .l per cent
in Eastern Canada and .37 per cent in Western Canada. On the other
hand, the real farm cash income has grown at an average rate of about
.5 per cent a year. There are regional differences in average farm
cash income trends. The highest average growth rate was about 1.1 per
cent per year in Ontario, as compared with .05 per cent in the FPrairie
region. By using the model proposed in Chapter IV and the estimates
shown in Table VIII, the relative contributions of these factors are
evaluated as shown in Table IX.

n average growth rate of expected fertilizer use as 100 per

i
4
et
jay
o

cent, for Canada as & whole about 10 per cent was attributable to the
decline in the real fertilizer price which was caused by technical
progress in the fertilizer industry, about 17 per cent was sttributsble
to the increase in the farm cash income, and about 72 per cent to the

improvements in the technical knowledge of crop production which




TABLE VIIT

ESTIMATED AVERAGE RATE OF FALL IN REAL FERTILIZER PFRICE,
AVERAGE GROWIH RATE OF REAL FARM CASH INCOME,
AWND AVERAGE CONTRIBUTION OF THE DEMAND SHIFT,
CANADA AND REGIONS,

1946-1965
Region g (%)) g (x3) v
Canada -.00190 .00498 .0520
Atlantic -.00143 .00061 . 0094
Quebec -.00143 .00898 L0217
Ontario - 00143 01147 L0196
Prairie -.00366 .00056 L1046

B.C, -.00366 .01159 .0339

®The values of Y were copled from Tables IV and VII.




AVERAGE RELATIVE CONTRIBUTIONS OF FACTORS ASSOCIATED WITH THE

TABLE IX

GROWTH IN FERTILIZER USE,

CANADA AND REGIONS

19461965

e R N T s — A A e A A b S s o =

Average growth Contribution  Contribution of Contribution of Contribution

rate of expected of fall in increase in farm technical change of other

fertilizer use real fert. cash income in grop. factors
price _ , production
= (7+) 23§ (47 )1100  248(X%5)X100 T £100
Relative
contribution
Canada 100 10.00 16.76 73 .24
Atlantic 100 12.07 6.90 81.03
Quebec 100 477 20,49 7hL7h
Ontario 100 7 .88 45,61 L6 .51
Prairie 100 18.88 41 80,71
B.C. 100 12.37 .26 87.37
Adjusted relative
contribution

Canada (R%=.987)100 $.87 16,54 72.29 1.30
Atlantic(R%=.789)100 9052 5.45 63.93 21.10
Quebec  (R=.839)100 L .00 17.19 62.71 16,10
Ontario (R%=.971)100 765 4l .29 45,16 2.90
Prairie (i%=.982)100 18.54 40 79.26 1.80
B.C.  (A%=.879)100 10,87 .23 76,80 12,10

e anin ——— —

aLong—run price elasticity of demand for fertilizer (a;=-2,3216) is estimated from the lower limit of
95 per cent confidence interval for short-run price elasticity.

0l
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resulted in a continuous shift of the fertilizer demand function. The
remaining portion, about 1 per cent, was due to other factors not in-
cluded in the model studied. On the regional results as shown in Table
1X, the relative contribution of the real fertilizer price to the
growth of fertilizer use was greater in Weshtern Canada than in Eastern
Canada, ranging from about 18 per cent in the Frairie region to 4 per
cent in Quebec. This is because during the priod 1946-1965, the real
fertilizer price in Eastern Canada was decreasing more moderately than
in Western Canada. Since price competition among fertilizer-furnishing
firms has already existed in Eastern Canada for a long time, it is likely
that firms are all devoting attention to services associated with sales
in order to maintain and extend their own markets. The major forms of
such activities have consisted of efforts to provide improved knowledge
of fertilizer use, improvement of fertilizer quality, and promotional
advertising. However, the fertilizer industry in Western Canada has
been responding to expected fertilizer demsnds through expansion of
existing and new entering firms during recent years. 4s a result,
firms have apparently engaged in crice competition in an attempt to esta-
blish their market positions which is now being increasingly supplemented
by services and promotional activities, Gontrary to the result of fer-
tilizer price contribution, the real farm cash income accounted for a
larger contributicn in Bastern Canada than in western Canada, The high-
est, 44 per cent, was in Ontario and lowest, .23 per cent, was in British
Columbia. The results indicste that the expansion of fertilizer use in

Eastern Canada has been larcelvw attributable to the increase in the real
<o o
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farm cash income from cash crops and livestock. Impro&ed technical
knowledge hes been found to be the greatest contributor among these
three factors. Its relative contribution was the largest, about 80 per
cent in the Prairie region, followed by 77 per cent in British Columbia,
6L per cent in the Atlantic region, 43 per cent in Quebec and 45 per
cent in Ontario. The results confirm the hypothesis that rapid improve=
ment in technical knowledge of fertilizer use has affected a marked
expansion of fertilizer use in all regions, particularly in the newer

using areas.
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Following the empirical results of the national and regional
fertilizer demand presented in the previous chapter, this chagter in-
tends to describe probable future trends in total demand for fertilizer
if past and present tendencies continue. Frojections of these trends
are carried to the years 1970 and 1975. 4assuming that logical models

b)

were derived and reasonable results obtained in the previous chapter,
they will provide reliable estimates of the regional demand for ferti-
lizer ten years in the future. The national fertilizer consumption is
the summation of the quantities demanded by the individual regions, In-
formation of this type will aid the fertilizer producers in planning
their operations and give a partial indication of the average price
situation to be expected. In other words, some adjustments will have

to be made both on the production and marketing side and on the consump-

tion side of fertilizer use in order to achieve a partial equilibrium.

A. Statistical Predictions

Since several demand equationswith different combinations of
causal variables, as shoun in Chapter V, have been specified, certain
criteria are necessary, for the purpose of prediction, to seleet that

-

function which represents the closest approxzimation of actual demand re-

lationships. The criteria are [25, p. 102-107 |:
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1. The number of significant independent varisbles and the levels
of thelr significance--in a statistical sense, more confidence would be
attached to the more significant regression coefficients in estimating
the variaztion in dependent variable, .

2. The size of the coefficient of determination (RZ) and its sig-
nificance--since R° value indicates the approximate proportion of var-
iation in dependent variable (Y) which can be explained by the inde-

pendent variables involved in a demand function, the larger value of

RZ might be taken to indicate the eguation which is most appropriate
for prediction,

| 3. The magnitude of the standard error of estimate--the standard
error of estimate also serves as a gulde to select the most adequate
demand function for prediction, because its magnitude indicates the dise-
persion of actual observations around the regression line. Therefors,
the smaller value of the standard error of estimate might be taken to
show the closeness of the estimated regression to the true line.

According to these criteria, eguations R.12, R.14, R.17, R.18,

and R.20 in the post-war period were selected for prediciing the regional

fertilizer consumption. A comparison of the actual fertilizer consump-
tion with that predicted from these eguations is graghically shown in
Figure 8. Generally speaking, the predicted quantities of fertilizer
were reasonably close to the actual guantities and the direction of
these predicted curves was almost consistent with the actual curves over
the period analyzed. Therefore, these egquations are chosen to serve as

a gulde to forecasting future fertilizer consumption.
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B, Irojections of 411 Commercial Fertilizer Demand for 1970 and 1975

Looking several years ahead, one may wish to foresee the magnhi-
tudes of the forces governing the use of all commercial fertilizer.
This section then attempts to project the expected quantity of ferti-
lizer use for 1970 and 1975. ZEquations r.12, R.14, K.17, R.18 and
R,20 along with thelr assoclated adjustment eguations are used as guides
to estimate reliable projections. There are two different sets of as-

sumptions which serve as guldes to simulate reliable projections.

Case I. Thne first set of assumptions is:

1. The demand relationships represented by the selected equations
will be assumed to hold in the future, at least until 1975.

2. There will be no sudden economic and political upheavals to
interfere with the normal situation of the economy.

With these assumptions, a forecast of fertilizer consumption for

1970 and 1975 will be worked out by projecting past trends of the in-
dependent variables into the future. According to the indication of
scatter diagrams, the trends of independent variables are estimated by
fitting different types of equations to the data from 1946 to 1965 in

different regions as shown in Table X,
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TABLE X

TYPES OF EQUATION USED TO FIT VARIOUS INDEPENDENT VARIABLES
IN DIFFERENT REGIONS

Variable Atlantic Guebec Ontario Prairie B.C,
X1 L. L. - L. -
X3 - G. - - -
B - - C. - C.
e - - L. - L.

Note: L.: X =a +bt; G: x=aePt ; C.: % = atl  where t is time

a
Pf and Pc refer to the actual price of fertilizer and the actual price
of crops, respectively. The projected Fr and Fc are used to compute
the fertilizer/crop price ratio (Xy).

Table XI shows the projected values of independent variables.,
Extending 194621965 linear trends, the real fertilizer prices in Eastern
Canada are predicted to decrease about 2.1 per cent in 1970 and 2.9 per
cent in 1975 as compared with the 1946-1965 average; while corresponding
decreasing percentages are 5.3 per cent and 7.6 per cent in Western
Canada. From 1946-1965, the real farm cash income was growlng at an
average rate of .89 per cent per year in Quebec. Based on this growth
rate, the projected real farm cash incomes in 1970 and 1975 increase
about 22 per cent and 27 per cent from 1965 to 1970 and 1975. The pre-
dicted fertilizer/ecrop price ratios are 1,063 in 1970 and 1.104 in
1975 for Western Csnada while corresponding projected fertilizer/crop
price ratios are 1,060 and 1.083 for Eastern Canada. Since the real
farm cash income in the atlantic and the Frairie regions were fairly
stable during the past two decades, the ten years average, 1956-1565,
farm cash incomes, $117 million and 51,435 million in the respective
regions, are used. In real terms, they are 142.2 and 212.6, respective-~

1y (1935-1939=100).




TABLE XTI

PROJECTED LEVELS OF INDEPENDENT VARIABLES FOR 1970 AND 1975
(1935-1939=100)

ot st i
e ——

Year and

variable Atlantic Quebec Ontario Prairie B.C.
1970
X 7h ok 7H b - 65.7 -
) 42,2 287 .8 - 212.6 -
Fr - - 219.2 - 195.4
Bi_1 - - 206.56 - 183.8
1975:
x1 73.8 73 .8 - 6l .5 -
§3 1k2.2 300.8 - 212 .6 -
T - - 228.3 - 203.5
E. 4 - - 210.8 - 184.3

In general, the trend in the use of fertilizer seems to be contin-
uvously upward in all regions. From Table XII, the expected level of
fertilizer use in Canada as a whole is projected to be 2,318 thousand
tons in 1970 and 3,450 thousand tons in 1975, or about 45 per cent and
116 per cent more over the 1965 level. 4 regional projection of the ex-
pected quantity of fertilizer purchase 1s an increase of about 5 per cent
in the Atlantic region, 23 per cent in Quebec, 67 per cent in Ontario,
287 per cent in the Prairie region and 27 per cent in British Columbia
for the ten years after 1965. 4among regions, the highest percentage in-
crease in the Frairie region would be mainly due to a continued develop=
ment of the fertilizer industry in VWestern Canada which will reduce the
unit costs of fertilizer production, leading to(a) further decline of the
real fertilizer price, assuming a similar pattern of keen market compe-

tition, (b) greater improvements in technical knowledge of fertilizer
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TABLE XIT

PROJECTIONS OF EXPECTED QUANTITIES OF FERTILIZER USE
FOR 1970 AND 1975

Canada Atlantic Quebec Ontario Prairie B.Co

--thousands of tons—-

Gase T

Actual 1965 level 1,593 175 212 689 Loh byp
Projected 1970 level 2,318 178 232 903 955 50
Annual percentage change  +9.1 +.3 +1.9 +6.2 +21 .2 +1.3
Projected 1975 level 3,450 184 261 1,150 1,795 60
Annual percentage change +11.6 +.5 +2 63 +6.7 +28,7 +2.7
Case 11

Actual 1965 level 1,593 175 212 689 LéL Ly
Projected 1970 level 2,723 189 234 940 1,310 54
Annual percentage change +14.2 +1.6 +2,1 +7 .3 +36 .4 +3.,0
Projected 1975 level L, 8Ly 211 263 1,232 3,073 70
Annual percentage change +20.4 +42.0 +4.8 +7 .9 +56 .2 +4,9

use through research, commercial communications, extension services., The
lowest percentage increase in the aAtlantic region can be related to the
shortage of capital,

GCase II. The second set of assumptions is based upon the rate at

which fertilizer was used during the last ten years. 4&s shown in Table XIII,
the rate of increase in the use of fertilizer in all regions was higher in
the period 1956-1965 than in 1946-1%65.

TABLE XITIT

AVERAGE RATE OF INCREASE IN THZ USE OF FERTILIZER BY REGIONS, 1946-1965

St S —— S e

vtlantic Juebec Ontario Prairie B.Coe

~—PEFCENTagE ~=
1946-1965 .86 1.51° 8.9 16.55 2,58
1956—1965 1.73 2 .48 7.71 25.22 5.70

e
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The rapid rate of increase in the use of fertilizer during the
past decade, in general, has resulted from changes in technology, capital
use, and in the agricultural structure. Specifically, rapid improvement
of technical knowledge about fertilizer use would be the most important
factor. If this assumption can be realized, then an upward shift of the
crop production function will likely result in a rapid shift in demand
function for fertilizer in the future ten years after 1965.

With assumptions mentioned in Case I and the estimates of average
rate of increase in the use of fertilizer for the period 1956-1965, a
second set of projectlons for the fertilizer use is also shown in Table
XII. The results indicate that due to greater technical improvements
in . crop . production alone, the expected levels of fertilizer consump-
tion are projected to be increased in all regions for the period under
congideration. In comparison with the projected levels in Case I, the
expected levels of fertilizer consumption in Canada as a whole will in-
crease 17.6 per cent and 40,5 per cent more in 1970 and 1975 respectively.
Regionally, the corresponding percentage increase will be 7.4 per cent
and 14.7 per cent in the Atlantic region, .9'per cent and .8 per cent in
Quebec, 4.1 per cent and 7.1 per cent in Ontario, 37.2 per cent and 72.2
per cent in the Prairie region, 8.0 per cent and 16.7 per cent in Sritish
Columbia, Therefore, the trends in the use of fertilizer in all regions
studied are confidently expected to be upward in the future ten years

after 1965,




SUMMaRY AND CONCLUSIONS

In view of the results presented in Chapters V and VI, some con-
clusions relating to the demand for fertilizer are:

1. In Canada as a whole, the demand for fertilizer was responsive %o
either fertilizer price or the fertilizer/crop price ratio. Both vari-
ables were statistlcally significant at the 1O-per-cent or higher levels.
This significant response implies that the changes in fertilizer price or
the fertilizer/crop price ratio have been significantly associated with
the variation of fertilizer use, The fertilizer demand was also respon-
sive to the exported quantities of grains and grain products, suggesting
that an increase in the exports of grains will result in an expansion of
fertilizer use. In addition, improved technical knowledge played an im-
portant role in the use of fertilizer. This factor appeared to be more
important since 19456. The adjustment coefficient was much higher for
the pre-war period than for the post-war period. The results suggest
that due to accumulative effects of adjustment in resources allocation
fertilizer demand in the post-war period has heavily depended upon the
amount of fertilizer use in the previous year. In contrast, only a
small remaining proportion of fertilizer purchase is expected to adjust
to a change in fertilizer price, grain exports, and improved technical
knowledge in the current crop year.

2. Regression analysis of the regional demand for fertilizer has

also been conducted. Again, demand for fertilizer was responsive to the
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real fertilizer price or the fertilizer/crop price ratio in all regions.,
The mean short-run elasticities with respect to the fertilizer/crop price
ratio were higher in the older using regions namely, the Atlantic region,
“uebec and Ontario than in the newer using regions namely, the Prairie
region and British Columbia. It was also responsive to the fertilizer/
feed price ratio in Ontaric. This was so because agriculture is guite

iversified in Ontario, farmers must decide whether it is more profit-
able to invest limited funds in fertilizer or other items such as feed
for livestock. Improvements in technical knowledge were much more im-
portant in Western Canada where fertilizer use has increased greatly
during recent years than in Eastern Canada. The adjustment coefficient
was different among regions. It was lowest in the Prairie region (.384).
The result implies that due to accumulative effects of adjustment in
resources use, Jertilizer use in the Frairie region has been strongly in-
fluenced by the quantity of fertilizer use in the previous year and re-
latively small amount of its use in the current crop vear wvas expected
to adjust to a change in fertilizer price, farm cash income and technical
knowledge. %hile the price elasticities for fertilizer were higher in
the older using regions than in the newer using regions for the pre-war
period, the reverse was the case for the post-war period. Since ferti-
lizer is a new factor of crop production in Western Canada, especially
for grain production, farmers in these areas are expected to be much
more responsive to price change than in Bastern Canada. On the other
hand, the elasticities with respect to the real farm cash incomes were

higher in the older using regions than in the newer using regions, sug-
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gesting that demand for fertilizer was strongly affected by the level of
farm cash income in Bastern Canada. The regression coefficients for the
time variable varied between .031 in the FPrairie region and .005 in the
Atlantic region, implying that demand function for fertilizer has sig-
nificantly shifted upward with time in the area where technical knowledge
has been rapidly improved during the post-war period.

3. The relative contributions of the real fertilizer price, real
Tarm cash income and improved technical knowledge have been measured.
For all Canada, about 10 per cent was attributed to the decline in the
real fertilizer price, about 17 per cent to the increase in the real farm
cash income and about 72 per cent to the improved technical knowledge.,
The regional results indicate that more than 87 per cent of the increase
in fertilizer use was due to improvements in technical knowledge and the
fall of the real fertilizer price in the newer using regions. In cone
trast, the relative contributions of these two factors accounted for about
73 per cent or less in the older using regions. The contribution of real
farm cash income tended to be relatively large in the older using regions,
ranging from about 44 per cent in Ontario to 5 per cent in the Atlantic
region.

L4, Under two different sets of assumptions, projections of the ex-
pected fertilizer use in all regions are carried out tc 1975.

a) Extending 1946-1965 trends, the expected level of fertilizer

use in Canada as a wnole is projected to increase 116 per cent in the ten

years after 1965, On the regional basis, the projected percentages of
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increase in the expected fertilizer use ranged from 287 per cent in the
Prairie region to 5 per cent in the 4Atlantic region in 1975.

b) By incorporating the average rate of increase in fertilizer
consumption for the period 1956-1965 into trends of the period 1946-1965,
the expected levels of fertilizer use in all regions are predicted to
increase more than theose in Case 1. 4gain, the highest percentage in-
crease 1s expected in the Prairie region where the use of fertilizer has
increased most rapidly among regions during the past decade.

In conclusion, 1t appears that there is a signal of an increase
in fertilizer use in Canada in the future ten years. A marked expansion
of fertilizer use could be realized in all regions if a further decline
in the real fertilizer price (reflecting in additional improvements of
technology in the fertilizer industry) occurred together with good
prospects in the grain export markets and rapid improvement of technical

knowledge about fertilizer use from the standpoirt of farmers.
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APPENDIX A

SALES OF FERTILIZERS, YEARS ENDED JUNE 30,
CANADA AND REGIONS 1926-1965*

91

Year Canada Atlantic Quebec Ontario Prairie B.C.
-=tons of 2,000 pounds--
1926 180,794 - - -
1927 169,564 - - -
1928 214,738 - - - - -
1929 223,750 90,829 22,738 99,855 317 10,011
1930 321,207 126,004 55,544 124,827 325 14,507
1931 284,217 119,039 57,743 94,198 1,776 11,461
1932 179,983 71,429 38,758 51,502 5,849 12,045
1933 166,407 69,708 29,931 53,792 2,914 10,062
1934 194,851 72,967 140,398 6l,752 L,992 12,042
1935 212,479 73,881 L5,261 72,219 10,765 10,353
1936 233,840 79,683 51,736 83,949 8,438 10,034
1937 298,276 92,465 58,763 124,100 9,280 13,668
1938 323,376 92,094 73,996 133,913 10,432 12,941
1939 334,003 93,338 76,774 142,169 8,393 13,327
1940 346,721 91,546 81,925 147,970 11,899 13,381
1941 324,201 8h,319 88,326 126,933 9,562 15,061
1942 419,547 98,022 107,503 186,813 11,281 15,528
1943 489,861 139,311 142,539 176,431 10,814 20,716
1944 535,108 156,722 148,165 193,018 14,249 23,054
1945 575,107 163,701 146,185 211,526 28,699 20,997
1545 632,943 183,223 151,308 237,080 31,202 30,130
1947 660,721 173,254 145,223 272,536 41,489 28,219
1948 672,171 185,943 130,487 27L,506 51,211 30,024
1949 71,726 162,710 150,715 327,549 67,812 28,047
1950 764,581 151,482 148,036 346,568 85,451 28,830
1951 770,507 127,922 150,364 368,296 90,020 29,194
1952 768,545 135,533 132,952 378,949 86,496 29,827
1953 819,803 150,006 131,446 399,380 101,476 32,649
1954 811,641 135,835 139,211 426,611 75,122 30,413
1855 790,774 140,953 130,057 428,752 54,880 30,808
1956 800,680 138,000 135,507 429,449 62;711 29,669
1957 808,251 140,672 141,974 415,986 EWES 30,050
1958 870,539 143,694 154,785 451,316 85,677 30,133
1959 908,214 138,040 150,424 u67,617 113,911 32,692
1960 935,428 148,624 173,166 437,132 137,243 33,639
1961 1,077,412 166,024 200,559 498,705 173,480 33,196
1962 1,144,000 158,993 196,085 530,048 209,804 43,290
1963 1,256,841 157,521 189,469 571,671 289,834 43,302
1964 1,454,332 157,566 192,487 650,817 403,371 45,004
1965 1,593,593 175,583 212,561 688,846 463,864 L7421

*Source:

The Fertilizer Trade, Dominion Bureau of Statistics, Ottawa.
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APPENDIX B
INDEX OF FARM CASH INCOME FROM FARMING OPERATIONS,?

CANADA AND REGIONS, 1926-1965%
(1935-1939=100)

b

Year Canada Atlantic Quebec Ontario Prairie B.C.
1926 153.9 114.6 117.6 129.5 191.5 97 <3
1927 150.6 113.1 117.3 129.8 183.5 105.4
1928 170.6 115.4 128.3 136.7 217.1 120.9
1929 149,2 113.6 126 .8 135.3 172.1 123.8
1930 102.8 109.9 106.3 1124 93.8 110.3
1931 7506 80.1 85.9 90,1 61.9 79.6
1932 65.5 61.1 68.1 69.2 62.8 65.9
1933 67.2 71.0 66.3 71.6 63.9 69.7
1934 80.2 7945 78.3 78.9 82.5 80.3
1935 85.3 89.3 82.9 84,7 85.9 84,0
1936 o4,1 99 4 93 .3 92 .9 oL .6 91.8
1937 102.3 108.5 103.1 106.3 . 98.2 105.6
1938 104.1 103.2 106.1 105.9 101.9 108.2
1939 114.3 98.6 114.7 110.1 119.4 110.3
1940 118.6 108.2 127.8 113.6 121.1 112.2
1941 144.9 123.5 154.6 144.6 146 .4 130.9
1942 185.2 163.2 192.4 188.4 150.6 164,2
1943 228.1 199.5 214.5 20L.9 253,0 208.6
1944 292.1 212.3 238.0 216.3 372.9 2465
1945 266 .2 218.0 251.3 233.1 298.8 2643
1946 272.1 237 .6 258.7 243 .1 299.3 274 .5
1947 310.0 23,7 301.9 281.8 339 .4 309.3
1948 384.7 278.9 370.6 342 4 437 .2 341.8
1949 386.8 266.7 - 356.6 342 .6 L5 .7 328 .4
1950 3421 279.9 372.7 34243 341.7 328.4
1951 438.1 31L,1 436.5 412.9 475, 391.0
1952 Lug,0 353.1 L40,5 389.3 5084 393.5
1953 434.0 291.6 1406 .9 377 .0 500.4 405 .7
1954 367 .6 306.1 409.0 365.3 360.8 402 .3
1955 363 .9 293.3 Lb17.6 381.2 342 .6 388.8
1956 405.9 320.7 421.8 378.4 428.5 419 .6
1957 L403.2 307 4 436.5 399.7 LO5,.5 L23 .2
1958 450,7 320.7 480.8 L40,8 WoL,.8 Ll 3
1959 Ll 6 321.9 476 ,8 Lhly .0 LL9 .5 456 .1
1960 450.1 333.5 466.9 Lly7 .9 459.1 us6 .5
1961 468.6 311.2 48L,7 460,.3 486 .9 486 .1
1962 508.0 319.6 513.1 486 .7 540.3 541 .6
1963 514,5 324.2 526 .7 524,.9 524 .4 544,
1964 560 .4 359.2 532.9 5373 608.8 561.3
1965 611.5 1352 590.9 581.3 659.8 604 4

*Source: Computed from Handbook of Agricultural Statistics, Part IT.
I . g
Farm Income-1929-65, D.B.S., Ottawa.
8Farm cash income from farming operations includes those from crops, live-

stock and its products, and supplementary payments.
bExcluding Newfbundland bp v Py
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APPENDIX D
AUTOREGRESSIVE LBAST SQUARES

This appendix is designed for a summary of the autoregressive
least~squares estimation procedure developed by Fuller and Jartin. Auto-
regressive least squares is an iterative technique which reestimates the
values of all paremeters in the model, including those of the autoregres-
sive structure until they converge to stable values,

Suppose that equaticn to be estimated is of the form:

Iy =2,

+ aydyy +oa¥oy 4+ 83Y£“1 + Uy (1)
Assuming that the Uy follows a first order autoregressive scheme,

1.8.,

Uy =QU; 1 + €, 2)
where € satisfies the following assumptions

E (€)= 0 (3)

E (e4€4_3) = O J#0 (&)

E (ei) :5;2 for all t (5)

E (X4€) =0 for all i 6)

E (Y, _s6) =0 izl (7)

Solving equation (1) for Ut and lagging each variable one
time period gives

Upx = Ypq -2 - 31Xy - 3%50.1 - 2940 (8)

Substituting equation (8) into (2) and then replacing Ui of egqua-

tion (1) by the resulting expression yields:




96
Yo = by + bydyy + bplsy + b3yt—l + bydyy g + beiyg 1 + bg¥i o +€; (9)
where b = (1-9) ag

by =2

b, = ay

—

b3 --v63+Q

b, = =a
b5 = -Qaz
Pe = 0% (92)

Ir¢ = 0, equation (9) reduces to equation (1) and we obtain the
least squares estimates of parameters. If(Q = 1, equation (9) reduces
to an equation of the form (1) where the variables are expressed in
first differences.

The direct application of the method of least squares to eguation
(9) is possible, but will, in general, yield conflicting estimates of
the original parameters since the system (9a) is composed of seven equa-
tions in five unknowns.,

To circumvent this problem an iterative technigue has been devel-
oped by Fuller and Martin. First, an initial set of estimectes is se-
lected for the urnknown parameters. The number of parameters to be esti-
mated can be reduced from five to four by expressing all the variables
as deviation from their respecilve means. The ordinary least sqguares
solution of ecuation (9) utilizing equations (9a) affords an acceptable
set of estimates.

Let the initial set of estimates be indicated by
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PO = (6109 8209 630: eLLO) ‘ (10)

where 07 0= 2y, B20 = 82, B30 = 23+ Oy0 =(
The second subscript on B;, denotes the iteration number. For instance,
P10 represents the start value of parameter aj.
Next, expand equation (9) about P, in a Taylor serles retaining
only the first order term. This provides:
T, - Yy = 2908010 + Z20%920 + 2307930 * 440%°L0 (11)

where Yy ,=01 0%y 1+620%24+ (850+6140)T4-1-B1000%16-1-020880%2£-1-03080%¢-2

2107 %1t = Ouofit-1

Z20% %26 ~ Ou0f2t

Z30% Y41 ~Ouo¥i-z

Z o= Yo1 ~B10%6-1 ~ ©20%2¢-1 ~ O

BOYt-Z

The 23, are the first derivatives of equation (9) with respect to
each unknown parameter, and the a B;, are the deviations of the eio from
the true parameters. The variable Yi - Yto is regressed on the 434 1o
obtain estimates of the & §;,.

If the estimated 4 0;, thus obtained are not small, the process

is repeated using as the second start point:

Pn = [(9,0+Aé;o> 5 (Gzo"'aézo) , (930+Aé30>3 (ez,o'*’bé\‘fo J (12)

A - - .
where the a 8j, are the least-squares estimates of 4 ;. Iteration is
. . AN . . « s
carried on until the 2 @;; become insignificantly small and thus converge

to a final solution.
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APPENDIX E
TABLE E-1

STMPLE CORRELATION COEFFICIENT MATRIX FCR VARIABLES IN FERTILIZER DEMAND
FUNCTION, CANADA, 1926-1965 (1940-1945 EXCLUDED)

Y X Azst_l A},t-l XA A5,t-l ké Y t

Y 1.000
Vol -0.872  1.000

X 41 -0.421  0.224  1.000

Xy, ¢-1 0.886 =-0.946 -0,119 1.000

£ -0.131  0.359 -0.763 =-0.442 1.000

X5 4.1 0.568 -0.459 -0.128 0,620 =-0.109 1.000

X% 0.368 =-0.374 -0.202 0.416 -0.090 0.253 1.000

Yi 1 0.993 -0.886 -0.454 0.889 -0.115 0.564 0,401  1.000

t 0.951 =0.901 -0.484 0.863 -0.082 0.468 0,961 0.961 1.000

TABLE E-2

STUFLE CORAELATION COEFFICIENT MATRIX FOR VARIABLES IN FERTILIZER DEMAND
FUNCTION, THE ATLANTIC REGION, 1929-1965 (1940-1945 EXCLUDED)

S o
oyt o e e

i L0 K HBa oy Te1 t
Y 1.000
b} -0.879 1.000
% 41 0.099 0.187 1.000
X30p1 0.918  -0.893 0.133 1.000
X, ~0.59%4 0.430  -0.732  =0.620 1.000
Y 4 0.904  -0.881  -0.008 0.873  -0.537 1.000

t 0.738 -0.892 -0.430 0.762 -0,141 0,710 1.000




TABLE E-3
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‘SIHMFLE CORRELATION COEFFICIENT MATRIX FOR VARIABLES IN FERTILIZER DEMAND
FUNCTION, QUEBEC REGION, 1929-1965 (1940-1945 EXCLUDED)

! X g K34 Xy Tio1 t
Y 1,000
X -0.929 1.000
X5 41 ~0.247 0.178  1.000
3741 0.960  -0.964 =-0.210 1.000
X3’ -0.310 0,430 -0.376  -0.376 1.000
T 4 0.974 -0.941 0.963 0.963  ~0.284 1.000
t 0.950  -0.892  0.943 0.943  -0.141 0.941 1.000
TABLE E-L

SIMPLE CORRELATION COEFFICIENT MaTRIX FOR VARIABLES IN FERTILIZER DEMAND
FUNCTION, ONTARIO REGION, 1929-1965 (1940-1945 EXCLUDED)

t 0 e KB & % T E
Y 1.000
) -0.859 1,000
2 -1 -0.415 0.178 1,000
X3,4-1 0.943  -0.853 -0.233 1.000
Xy -0.135 0.892 -0.732 -0.342 1.000
X7 -0.473 0.751  -0.109 -0.575 0.566 1.000
T 1 0.991  -0.848 -0.446 0.935 -0.117 -0.436 1.000
t 0.977 -0.892 -0.,416 0.945  -0.141 0.751 0.975 1.000




STIFLE CORRELATION COEFFICIED
FUNCTION, THE FRAIZIZ R

TABLE E-5

\
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IT MATRIX FOR VARIABLES IN FERTILIZER DEMAND
BGION, 1929-1965 (1940-1945 EXCLUDED)

t il Ll B, ot Te1 E
¥ 1.000
I -0.639 1,000
Ip -1 =0.22h 0.055 1.000
X3 t-1 0.613 -0,929 0.102 1.000
XL -0.223 0,607 ~0.666 ~0.698 1.000
Yi1 0.988 -0.644 ~0.237 0.634 ~0.227 1.000
% 0.766 ~0.895 ~0.248 0.827 - 0,407 0.781 1.000

STHMPLE CORRELATION COEFFICIENT
FUNCTION, BRITISH COLUMBIA

omgse

MATRIX FOR VARIABLES IN FERTILIZER DEMAND
REGION, 1929-1965 (1940-1945 EXCLUDED)

oonse T
s

¥ £ 2,6-1 43,821 Ay Tgo1 K
Y 1,000
sl -0.929 1,000
X2,t-1  =0.132 0,055 1.000
43, 4-1 0.964 ~0.953 -0,033 1.000
X ~-0.504 0.607 -0.666 0.585 1.000
Yio1 0.973 -0,925 -0,158 0.960 -0.487 1.000
t 0.951 ~0.895 0.935 0.935 -0.407 0.951 1.000
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TABLE E=7
SIMPLE CORsBELATION COEFFICIENT MATRIX FOR VaRIABLES IN

FERTILIZER DEMAND FUNCTION
CANADA, 1946-1965

f S T I JE S R 0 L5,4-1 Ty F
Y 1.000
oY -0.450 1.000
o) -0.623 0.031 1.000
X3,4-1 0.635 -0.323 -0.001 1.000
el 0.647 0.324  -0,926 0,089 1.000

X5 £.1  O.bh7  0.350 =-0.277  0.487  0.479  1.000
Yiq 0.988 -0.403 0,899 0,582 0,701  0.484 1,000
t 0,883 =0.292 =-0.292  0.368  0.886 0,783  0.899 1,000

TABLE E-8

SIMPLE CORRELATION COEFFICIENT MATRIX FOR VARIABLES IN
FERTILIZER DEMAND FUNCTION
ATLANTIC REGION, 1946-1965

b X Lot-1 3,4 Xy, Tia t
Y 1.000
i -0.431 1,000
i 41 0.426 0,200 1.000
X3 4.1 0.653 0.119 0.768 1.000
yqf ~0.244 -0.102 -0.539 -0.539 1,000
i1 0.690 -0.579 0. 404 0.L04 -0.332 1.000

t =0.144 ~0.209 ~-0.488 -0.488 0.847 =0.329 1.000
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TALBLE BE-9
STYIPLE CORHELATION COEFFICIENT MATRIX FOR VARIABLES IN
FERTILIZER DEMaND FUNCTION
QUEBEC REGICHN, 1946-1965

Y 0 B KA Ay Le-a t
Y 1.000
bel -0.164 1.000
5ogq  =0.748 0,188 1.000
XB’t_l 0.769 ~0,329 -0.398 1.000
1, 0.844  -0.102  -0.908 0.629 1.000
Yi 1 0.652  =0.569  =0.435 0.742  =0.569 1.000
0.962  -0.209  -0.732 0.828  -0.209 0.687 1.000
TABLE E-10
SIMPLE COMRELATION COEFFICIENT MATRIX FOR VARIABLES IN
FRTILIZER DEMAND FUNCTION
ONTARIO REGION, 1946-1965
Y b 2,601 3,e-1 %y, e T, ot
Y 1.000
X -0.227 1,000

Xz 4-1 =0.70h4 0.188 1,000
X3,4-1  0.819  -0.757  -0.42L4 1.000

Xy 0.812 -0.102 -0,908 0.617 1.000

X 0.516 0.332 =0.306 0.469 0.605 1.000

Y1 0.977 0.535 -0.748 0.762 0.844 0.535 1.000

t 0.953 ~-0.209 ~0.732 0.789 0.847 0.620 0.962 1.000




TABLE B-11
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STMPLE CORRELATICH COEFFIGIENT MATRI: FOR VARTABLES IN
FERTILILER DEMAND FUNCTION
PRAIRIE REGION, 19U6-1965
t oo fea1 Hea Ay g F
Y 1,000
X1 ~0.593  1.000
2,41 =0.290  -0.098  1.000
Gig-1 0418 -0l5 0335 1,000
4L, 0.229 0343 =0.829  -0.3%2 1.000
Yt;"’l 00984 "00503 "Oe319 Oou’]-z 09385 loOOO
t 0.792  -0.320  -0.829 0,029 0,458 0.782  1.000
TABLE E-12
STMPLE CORRELATION COBFFICIENT MATRIX FOR VARIABLES IN
FERTILIZER DEMAND FUNGTION
BRITISH COLUMBIA REGION, 1946-1565
¥ L R W | £, Lo t
Y 1.000
X -0.561  1.000
X 4q =0.286 -0.098 1.000
2,41 &
g 4 0.814  -0.576 ~0.060 1,000
A1, 0.247 0,342  -0.829 0.168 1.000
o1 0.891  -0.09% -0.310  0.771 0.290 1,000
0.805  ~0.320 ~0.689  0.657 0,721 0.796  1.000
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