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SOME ESTIMATES OF THE PRICE
ELASTICITY OF DEMAND FOR
PHOSPHATIC AND NITROGENOUS
FERTILISERS

JAMMIE H. PENM and D. P. VINCENT*
Industries Assistance Commission, Belconnen, ACT 2616

Manufactured phosphatic and nitrogenous fertilisers are used
extensively in Australian agriculture to improve crop and pasture
yields. Phosphatic fertilisers are applied mainly to pastures and those
crops such as cereal grains which are extensive in their use of land. A
little less than half of phosphatic fertiliser consumption is on pastures
and the remainder on crops, mainly wheat. Nitrogenous fertilisers are
applied mainly to the traditionally high return per area crops such as
sugar cane and vegetables. About one-third of the nitrogenous fertiliser
used is applied to sugar cane, about one-third to fruit and vegetables and
about one-third to pasture and cereals. In recent years the use of
nitrogenous fertilisers on cereal crops has been increasingly combined
with phosphorus in the form of ammonium phosphates.

Various schemes have operated intermittently since the early 1930s
to encourage the consumption of these fertilisers. Current arrangements
involve subsidies paid on the quantity of available phosphorus and
nitrogen per tonne. The effectiveness of the subsidies in stimulating
consumption depends on the nature of the fertiliser demand function. In
particular, the effectiveness depends on the responsiveness of con-
sumption to changes in price as opposed to changes in other factors
such as the profitability of agricultural industries. These factors de-
termine the extent to which a fertiliser subsidy will affect the demand
for fertiliser directly, via substitution with other inputs, or indirectly,
via changes in agricultural output.

In this paper estimates are presented of some phosphatic and
nitrogenous fertiliser demand relationships in Australian agriculture.
For phosphatic fertilisers the aim is to obtain a demand function for
agriculture as a whole. Demand functions are derived for nitrogenous
fertilisers applied to five crop categories. Finally, an assessment is made
of the relative importance of variations in fertiliser price, as opposed to
variations in other factors, in explaining the observed year-to-year
variation in the fertiliser application rate.

Previous Studies

In its report on assistance for the consumption of phosphatic
fertilisers, the Industries Assistance Commission (1976, p. 10) found
that ‘farmers can and do make quite significant adjustments in the case
of phosphatic fertilisers if price changes’. The evidence to support this

* The analysis and opinions in this paper are the authors’ and do not necessarily reflect
the views of the Industries Assistance Commission. The authors are indebted to two
anonymous referees for helpful comments.
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view, some of which has emerged since the above report was issued, is
rather mixed.

Price elasticities of demand for superphosphate in selected regions of
Australia were estimated by Duncan (1972) from a model designed to
measure the effects of research on expansion in improved pastures. He
obtained short-run estimates ranging from —0.7 (Northern Tablelands,
New South Wales) to —3.2 (Maryborough, Queensland). Waring and
Morris (1974) applied an ad hoc single-equation specification to
estimate the demand for superphosphate on pastures in each state using
data for the period 1947-48 to 1970-71. Their equation explained area
top dressed as a function of lagged fertiliser price, lagged farm income,
lagged area top dressed, time, and a dummy vanable representing the
operation of the bounty. The price elasticity of demand estimates
ranged from —0.2 to —1.0. More recently, Gargett (1983) used an ad hoc
single-equation specification relating superphosphate application rate
to real prices of wool, wheat, beef and superphosphate, weather and a
time trend. This equation, and a similar equation 1in which real product
prices were replaced by real cash operating surplus per hectare, when
fitted to time-series data from Australian Sheep Industry Survey farms
for the period 1965-66 to 1978-79, yielded small and statistically
insignificant coefficients on the superphosphate price variable.
Coeflicients on the real price of wool and real cash operating surplus per
hectare were statistically insignificant.

Price elasticity estimates have also been derived from normative
programming models of Australian agriculture which incorporated
production activities using superphosphate. Easter and Kingma (1976)
used the Bureau of Agricultural Economics’ regional farm model for this
purpose. Long-run demand elasticities were obtained by fitting
functions to the simulated results for fertiliser consumption over a range
of input and output prices. The price elasticity estimates so derived
ranged from —0.2 to —0.4.

The only study of the demand for nitrogenous fertilisers reported
in the literature is that undertaken by the Industries Assistance
Commission (1974) in which estimated demand functions for
nitrogenous fertilisers on six categories of crops are reported. In this
study, the application rate in period ¢ was regressed on the application
rate in the previous period, the real price of nitrogen and the real price of
crop output for the period 1953-54 to 1972-73. For most of this period,
statistics on application rate on individual crops were not available. A
procedure was therefore devised to generate these data series. Short-run
price elasticity estimates ranged from —0.2 (fruit and vines), —0.3
(vegetables), —0.7 (sugar) to — 1.0 (pasture).

Methodology

In the present study, two approaches to estimation of phosphatic
fertiliser demand were pursued. The first involved estimating the
demand for fertiliser as part of a system of farm input demand equations
with explicit allowance for substitution between fertiliser and other
inputs. Variants of this approach, one using a system of input share
equations derived from a translog cost function, the other involving
direct specification of the input demand system on which homogeneity
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and symmetry conditions were imposed, yielded unsatisfactory results.
The failure of the systems approach was attributed to insufficient
variation in relative input prices and input mix leading to an extremely
flat likelihood surface with respect to the input substitution par-
ameters.

The second approach, used in both phosphatic and nitrogenous
fertiliser demand relationships, involved a single-equation specification
designed to minimise the problem of high correlation between agri-
cultural input prices. It was postulated that the desired demand for
fertiliser on crop i, Q/*, is a function of the price of fertiliser, Px, the price
ofl'1 other farm inputs, P,, and the desired level of output of crop i, Y*.
That is,

(1) Q*=f(P«, P,, Y*)

In turn, the desired output level was specified as a function of the price
of a unit of output of crop i, P;, the desired area fertilised, 4;*, and the
price of all inputs including fertiliser. That is,

2) Y*=g(P:i, A*, Pi, P,)

Assuming linear homogeneity of the production function and
homogeneity of degree zero in prices of the input demand function,
(1) and (2) can be written as:

Pi P k)

* — - =

@) x*=z o

where X *= Q*/A/*, the desired application rate of fertiliser on crop i.

The application rate observed in a particular year may not reflect the

long-run or desired level given prevailing prices and conditions. It is

assumed that changes in the desired (long-run) application rate are only

partially achieved due to habit persistence and the time taken to obtain

information on fertiliser response and prices. A partial adjustment
mechanism of the form:

4 InXip—InXie-n=a:(InX*y—InXi¢-1)

was proposed, where a; is an adjustment coefhicient (0<a;,<1)
measuring the extent to which current usage of fertiliser on crop i
represents the desired use rather than the past level of use.

Combining (4) with, for convenience, a double logarithmic version of
(3) yields an estimating equation of the form:

(5) lnX,-(,) =q;boi + (1 - a,—)lnX,-(,_ 1)

+ a,‘bnln(%)(n + aibz;ln(ﬁ)m + Ui

o

where ai, boi, bi:, bx are parameters to be estimated and u;( is a
disturbance term. In (5) the short-run elasticities of fertiliser application
rate with respect to changes in the real price of fertiliser and changes in
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the real price of output of type 7 are a:bi; and aibai, respectively. The
corresponding long-run elasticities are by; and bai.

Estimation and Results

For phosphatic fertilisers, equation (5) was fitted using annual data on
application rate and input prices covering the period 1952-53 to
1979-80. The series on application rate (kg/ha) refers only to
superphosphate. Although the use of high analysis phosphatic fertilisers
has grown rapidly in recent years, phosphorus in the form of super-
phosphate still accounts for over 70 per cent of total phosphorus applied
on Australian farms.

The application rate series was constructed from information in
Gargett (1983) and the Bureau of Agricultural Economics’ Australian
Sheep Industry Survey (which is drawn from a farm population
accounting for about 80 per cent of total phosphatic fertiliser usage in
Australia). This series was constructed by dividing total superphosphate
used by the area of crop fertilised plus the area of improved pasture, that
is, pasture with a history of fertilisation though not necessarily fertilised
in that year.

By using this formulation it was possible to represent approximately
the ‘super bank’ aspect of phosphatic fertiliser application. In the
development phase, heavy application rates are required as a large
proportion of the applied phosphorus reacts in the soil to form products
not readily available to plants. Once a sufficient soil level of phosphorus
is achieved, it becomes available through accumulation in what is
commonly referred to as the super bank. In the maintenance phase, less
of the applied phosphorus is fixed in the soil and some existing fixed
phosphorus reverts to an available form. Unfortunately, it i1s not
possibie to apportion with any confidence the total fertiliser usage in a
particular year between usage on unimproved land and usage on land
previously fertilised. The land base receiving phosphatic fertiliser
expanded by about 240 per cent between 1952-53 and 1979-80.

The series on other input prices and the price of output were
constructed using Bureau of Agricultural Economics’ series on farm
input prices and prices received for crops and livestock.

Nitrogenous fertilisers are used on a variety of crops whose
production functions and underlying input demand relationships
exhibit marked differences. Equation (5) was therefore estimated
separately for five categories of crops — sugar, wheat, vegetables, fruit
and pasture — using annual data for the period 1970-71 to 1982-83.

Data on the application of nitrogen by crop are available only on a
bulk fertiliser basis and not in terms of elemental nitrogen. Series on the
application of elemental nitrogen to each crop were constructed by
apportioning the total crop application of elemental nitrogen in year ¢
according to the ratio of the bulk application of nitrogenous fertiliser on
crop I, to the total bulk application to crops for that year. These series
were obtained from Australian Bureau of Statistics (1984). This
procedure is not entirely satisfactory in that it is necessary to assume
that the concentration of nitrogen on an elemental basis in bulk fertiliser
applied to crop / is the same as that applied to crop j. Nevertheless it is
the best that can be done with the available data.

By dividing each series by the area fertilised (obtained from
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Australian Bureau of Statistics 1984), series on the application rate of
elemental nitrogen for each crop were obtained. Unlike the case with
phosphatic fertilisers, nitrogenous fertilisers have little if any residual
effect. They are much more subject to loss by leaching and volatilisation
and cannot be stored in inorganic form in the soil. Hence, the appli-
cation rate series obtained by dividing application quantity by the area
actually fertilised is likely to reflect accurately the desired demand for
nitrogen on a per unit area basis.

The nitrogenous fertiliser price series, Py, is a weighted sum of the
elemental prices of nitrogen in each of three types of nitrogenous
fertilisers used on the crops under consideration. It was constructed
according to the formula:

3
(6) Px=0.33 X (P/a;)
j=1

where P; denotes the per unit bulk price of the j-th type of nitrogenous
fertiliser (j = urea, ammonium sulphate, ammonium nitrate), a;denotes
the amount of elemental nitrogen in nitrogenous fertiliser of type
j(aj= 46 per cent where j=urea, a,= 21 per cent where j=ammonium
sulphate, a;= 34 per cent where j = ammonium nitrate). Information on
a; and P; was obtained from Department of Primary Industry (1984).

The other input and crop output price series were constructed from
Bureau of Agricultural Economics’ indexes of input and output prices.
In the case of nitrogen use on pastures, the output price series for market
milk was used to reflect the considerable use of nitrogen by dairy
farmers engaged in supplying the fresh milk market.

Equation estimates are presented in Table 1. The results for
phosphatic fertiliser application rate and the application rate of
nitrogenous fertiliser on sugar cane are satisfactory from economic and
statistical viewpoints. In the case of the equation for nitrogenous
fertiliser applied on wheat, the coefficient on the real price of wheat is
statistically insignificant. To improve the specification, equation (5)
was modified by replacing the other input price variable with the price
of superphosphate, with both this price and the price of nitrogen
deflated by the price of wheat. In most wheat areas, soil nitrogen is built
up by growing wheat in rotation with legumes which require the
application of phosphatic fertiliser for satisfactory growth. A change in
the real price of superphosphate might cause farmers to change their
reliance on the superphosphate-legume nexus for soil nitrogen. All
coefhicients in the modified equation are significant at the 5 per cent
level.

Because of the unsatisfactory results with the habit persistence model
in the case of nitrogenous fertiliser applied to pastures, the lagged
adjustment rate variable was replaced by a time trend. The estimated
coefficients on the real price of nitrogen and output are therefore
interpreted as long-run elasticities. In the revised equation, the co-
1efﬁc}ent on the real price of nitrogen is not significant at the 5 per cent
evel.

For vegetables, the coefficient on the real price of output is not
statistically significant. For fruit and vines, equation (5) gave un-
satisfactory results. The model was modified by deflating the price of
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TABLE 2
Short-Run and Long-Run Own-Price and Output-Price Elasticity
Estimates
Own-price Output-price
Dependent variable Short-run  Long-run Short-run  Long-run
Phosphatic fertiliser application rate —0.26 —0.36 0.62 0.85
Nitrogenous fertiliser application rate
on:
sugar cane —0.16 —0.36 0.15 0.34
wheat? —1.18 —4.22 0.08 0.20
wheat” —1.40 —3.33
pasture —-0.32 1.29
vegetables —2.02 —4.05 0.63 1.27
fruit and vines —0.35 —1.67

9 Model as specified in equation (5).
Revised model with price of superphosphate and price of nitrogen deflated by output
price. In the revised model the short-run and long-run elasticities with respect to
superphosphate price are 1.01 and 2.40, respectively.

nitrogen by the output price and therefore deleting the real output price
as an explanatory vanable. In the revised equation the coefficient on the
real price of nitrogen is not significant.

Table 2 contains estimates of the short-run and long-run elasticities of
application rate with respect to real fertiliser price and real output price.
For Australia as a whole, the own-price elasticity of demand for
superphosphate is low. The elasticity with respect to product price is
somewhat higher than the own-price eclasticity of demand. For
nitrogenous fertilisers, the own-price elasticity is lowest for sugar cane
and pasture and highest for wheat and vegetables. The elasticity with
If'espect to product price is highest for pasture and vegetables and lowest
or wheat.

Decomposing the Variation in Application Rate

An issue separate from the estimation of the responsiveness of
fertiliser demand to changes in price is the source of year-to-year
variations in this demand. In particular, the following question is
addressed. How important in explaining variation in fertiliser use is the
price of fertiliser as opposed to a measure of farm profitability such as
the price of farm output?

One approach to answering this question relies on the identity:

n n
(7 Var(X)= _;ld?Var(V,-)+2 X X a6 Cov(Vi, V) + Var(p)

i=1j>i

where Var (X), Var (V) and Cov(V;,};) are the sample variances of the
dependent variable X, the independent variables V;, and the covariance
of V; and V], respectively; var(u) is the variance of the estimated
residuals and @& are the estimated regression coefficients in the
regression of X on V. If Cov(¥;V}) is close to zero for all i then,

(8) Var(X)=ZaiVar(V;)+ Var(p)
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Hence the ratio defined by contribution i[i= a?Var(};)/ Var(X)] can be
interpreted as the proportion of the sample variance in X associated
with the variance in ¥;. On the other hand, if Cov(}V;, V) are large then no
unambiguous method is available for attributing the variance in X to
variations in individual regressors. The results of applying (7) to the
phosphatic and nitrogenous fertiliser demand equation estimates are
shown in Table 3.

Although there is some covariance between regressors, changes in the
real price of superphosphate are relatively unimportant in explaining
changes in superphosphate application rate. Of far greater importance
are changes in the profitability of farming as indicated by changes in the
real price of farm output. For nitrogen applied to pasture, the covariance
terms are large, making it impossible to attribute the variation in appli-
cation rate to specific variables. Only for nitrogen applied to vegetables
do variations in real nitrogen price account for greater application rate
variability than other regressors.

It should be emphasised that there is no necessary connection
between the relative magnitudes of the own-price and product-price
elasticities of demand and the relative contributions made by variations
in fertiliser price and in output price to variations in application rate.
For the time period under study, fertiliser prices have exhibited
considerably less variability than output prices, hence their lesser
contribution to variations in application rate irrespective of the own-
price elasticity relative to the output-price elasticity.

Conclusion

The price elasticity of demand for phosphatic fertiliser for Australia
as a whole is low in both the short run and long run, a conclusion
consistent with those obtained in previous studies. The price elasticity
of demand for nitrogenous fertilisers appears higher, especially in the
case of application to wheat, where significant opportunities exist for
substitution between phosphatic and nitrogenous fertilisers. Variations
in fertiliser prices appear to be relatively unimportant in explaining
variations in application rate for both phosphatic and nitrogenous
fertilisers. ‘
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