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INTRODUCTION

A primary objective of this paper is to encourage the widespread use of scientific
forecasting methodologies within the fertiliser industry. This will have payoffs
within the industry in terms of reduced information costs leading to a more certain
enviroment for decision making. Nationally, the advantages of planning are also
evident as the efficient usage of fertilisers, indeed of all inputs is paramount to
achieving maximum agricultural output. This paper is an attempt to redress an
imbalance that has existed in agromomic research and cannot be the final word
on the matter. The single most important task facing researchers is to develop
models relating the interdependencies between all sectors of the agricultural
economy. A feature of this paper, therefore, will be to highlight the role of
fertiliser consumption within the totality of input usage. This paper is organised
as follows. Section 1 discusses the methodology of short-term forecasting i.e.,
weekly or monthly. Section 11 develops an explanatory model of demand and
presents medium-term forecasts i.e., one to two years ahead. Section 111
considers the long-term outlook for national fertiliser usage. The final section
indicates some conclusions and presents some priorities for future research. The
methodologies discussed in Sections 1 and 111 make no aftempt to ‘explain’

consumption but rely on the extrapolation of historical trends.

SECTION 1. SHORT-TERM FORECASTS OF FERTILISERS

The best known method of short-term forecasting is the simple moving average
(MA) model which is often used quite effectively for one step ahead forecasts.

Simple MA model

(Forecast value) Mt = I1q (Xt + Xt—1 +——=) (1)

While this model’s principal virtue is its obvious simplicity, clearly its usefulness
is severely limited. We can, however, modify this model by making the convenient
though reasonable assumption that future values of Xt are some weighted average
of past values where the weights are not constant but decline geometrically as one
goes back the series. The resulting model is equivalently referred to as the -
Expdnentially Weighted MA or Adaptive Smoothing Model.

Mt = M_q +a (Xt — M_,) (2)

Implicit in model (2) are all previous values of the series Xt yet the actual model
to be estimated only contains two terms. The two terms on the right hand side of
equation (2) refer to the current value of Xt and the error in the previous period’s
forecast. Obviously the estimation of equation (2) involves iterative procedures and
such are well documented in most text books. _In fact, as a general rule many
practitioners suggest that a value of a; of around 0.3 is optimal for most products.
Model (2) can easily be extended to account for trend and seasonality.

Recently a powerful class of time series models has been developed by Box and
Jenkins (1970) (1) which has models 1 and 2 and among others, as subsets. The
Box—Jenkins approach is perfectly general and can account for seasonality, trend
and random deviations simultaneously. Its principal advantage to the practitioner
is that forecasts can be quickly computed for short lead times say up to three
periods ahead, and updated as new data become available. The greatest restriction
with using this procedure is that one needs at least 100 observations on a series. In
many cases this might prove inhibiting to the practitioner. Fortunately to illustrate
the usefulness of this technique, | have been able to obtain company data on a
certain product for monthly time intervals. The time period under review. was
1965/66 — 1977/78. Out of sample forecasting performance is illustrated in Fig. 1.
The most notable feature of fertiliser consumption is undoubtedly its seasonality.
Obviously the seasonal pattern will be different for-the different compounds. The
bulk of sales for the product examined here are concentrated between January and
June with sales for the remaining months fairly sluggish. As seen from the Figure,
forecasts of up to twelve months ahead reflect the series quite accurately. In this

particular application it was found that better results were achieved by making
forecasts for the calendar year rather than the July—June fertiliser year.
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SECTION 11 — AN ECONOMETRIC MODEL OF FERTILISER DEMAND

1953/54 — 1977/78
This section attempts to explain the variation in fertiliser consumption in terms

of certain causal variables. The variables suggested by economic theory would be
the price of fertilisers, the price of all other competing and complementary inputs
and thg price of aQricuItural output. Thus economic theory establishes the
interdependency bétween all inputs within production, a point illustrated so
cogently by Heavey (2). Economic theory also gives some indication of the '
mathematical form (e.g. linear or quadratic) of the relationship between fertiliser
usage and its determinants. The requirement here is that the relationship between
output and inpgts be sensible. A reasonable requirement of a production relationship
would be that any one input would be subject to eventually diminishing returns
in production. In this paper all variables are measured in logarithms and this may
be justified for two reasons:

1) This relationship implies a reasonable and extensively used production
function.

2) Measuring variables in their logarithmic values approximates percentages
which are often of most interest in economic analysis.

An intuitive perception of the interdependency of input consumption may had
from Table 1. The table indicates that the dairy based enterprises dominate consumption
nationally accounting for 656% of the total nitrogen usage in 1977.

TABLE 1. % consumption of fertilisers by farm system — Ireland (1977).

% Acreage N P K

Creamery Milk 24 29 23 23
Creamery Milk + Tillage 12 26 19 20
Creamery Milk + Pigs 6 10 7 8
Liquid Milk 3 6 4 5
Drystock 29 10 20 17
Drystock + Tillage 15 17 22 23
Hill Sheep + Cattle 11 2 3 3
Miscellaneous 1 1 2 2
Source: Farm Management Survey, 1977.
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To the extent that economic optimum usage of fertilisers and intensity of
production are somewhat synonomous the obvious reason for the predominance
of these enterprises in the national usage of fertilisers must be the profitability
of the enterprise at the margin of production. The enterprise that one engages
in determines to a large extent the technologies i.e. the input combinations that
may be adopted to achieve a given level of output. The production process on
dairy farms will involve increasing or maintaining milk output at a certain level
either by increasing herbage quantity through more efficient fertiliser usage or by
feeding additional levels of concentrate feed. This interdependency is further
revealed once concentrate feeding reaches a level that makes more roughage
available for animal feed, thus making an improvement in stocking rate possible.

Labour and fixed capital are likely to complement increased fertiliser and
feed consumption. On a less intensive enterprise this interdependency between
inputs may be less evident and the farmer may have few options open to him.
The importance therefore of not looking at fertiliser consumption in isolation
is obvious. This discussion has emphasised the economics of consumption but
allied to such considerations and perhaps of equal importance are the influences
of changing technology.

Technology is a generic term and refers here to changing structural relation—
ships in agriculture, either from the perspective of a changing resource base, or
developments in cropping patterns or livestock production. The emergence of
a more skilled farming population embodies technology in labour. The influences
of agricultural research and indeed greater promotional activities on the part of
the fertiliser companies have contributed to the increased consumption of
fertilisers. The measurement of these influences presents considerable difficulties
but the impact of at least ‘one important development in recent years may_be
seen from Table 2. )

The proportion of total fertilisers allocated to the silage crop is striking.

Not alone will the growth in silage as a source of winter feed induce increased
fertiliser usage through the simple scale effect but the degree of nutrient
depletion is considerable and demands ever increased usage to maintain vyields

at acceptable levels (3).

TABLE 2. % consumption of fertilisers by crop — Ireland (1977).

% Acreage N P K
Tillage 9 11 22 22
Hay 15 10 16 16
Silage 9 22 12 18
Pasture 67 57 50 44

Source: Farm Management Survey, 1977

A further technological consideration must be the influence of changing soil
fertility. The impact of this factor may be seen in a number of ways. Murphy
and Brogan (4) demonstrate that increased response to incremental additions of
fertiliser is: possible only after a certain fertility build pp. Thus if a farmer-is on
or near this threshold he may be induced to purchase'because of the evident
response. However the fertility bank will increase to such an extent that after a
period of application very little response will be had to applying additional units
of fertiliser:

A model of fertiliser demand

It is proposed to analyse initially the aggregate demand for fertilisers (excluding
lime) and then, using the principal conclusions suggested by the analysis, to look
at the demand for N, P and K. We may outline the explanatory model as fellows:

4
QFt = A+ b, FPFt + bZRPAFt + b3Time +i=E b, Tech it U, (3)
where
QFt The quantity of fertilisers measured in product tonnes, 1953/564 —
1976/77.
RPFt The price of fertilisers deflated by the price of agricultural output

lagged one period.

RPAFt The price of animal feedstuffs deflated by the price of agricultural
output lagged one period. .

Time A simple time trend with the values 1953/54 = 1, ..., 1976/77 = 25.



TECH, A number of technological variables including total grazing livestock
units, hay and silage yields, tractor inventories and labour units.

Ut A random error term.

{N.B. All variables, except the time trend, are measured in logarithms. A .
discussion of the actual construction of the variables is presented in the Appendix).

Discussion of the demand model and the method of estimation

The trend variable in equation (3) can be interpreted in a number of ways.
In view of the difficulty of measuring the precise contribution of the various
technological variables to ekplaining the total variation in fertiliser consumption,
the combined effect of these influences may be subsumed within the time trend.
Thus the time trend represents a proxy for technological influences. The possible
influence of farmer expectations is explicitly excluded from equation (3) though
using the lagged price of output introduces some dynamic effects. The effect of
incorporating some expectation mechanism into equation (3) would be to separate
the demand for fertilisers into a permanent and a transitory component. The time
trend would pick up any permanent influences on demand. Most economic variables
are contemporaneously related and estimated relationships may be spurious for this
reason. In this case the time trend effectively de-trends all the other variables thus
lessening the possibility ‘of spurious results. As argued in the introductory paragraph
the mode! presented in equation (3) is at best a partial model of demand and ought
to be seen primarily as a pragmatic attempt to develop a reasonable forecasting
model.

Estimation and interpretation of the results

If the relationship in equation (3) was exact then we would only need one
observation on each of the variables to determine the b’s i.e. the coefficients.
Because we cannot account for all factors influencing consumption we can only
estimate the b’s in a statistical sense. Thus each coefficient will have a range of
possible values within which we may believe with a given probability that the true
b lies. The technique of estimation is regression analysis. We may interpret the b’s
as coefficients of respdnse or since the variables are measured in logarithms, as
elasticities. The latter concept is defined as, the % change in quantity
demanded relative to a given percentage change in the variable
determining it e.g., if the elasticity of demand with respect ot the price of

fertilisers equals —0.8 then for a 10% increase in price the quantity
demanded would fall by 8%, holding other things constant. This measure
then is of ‘considerable use in predicting future demand. The predictive importance
of a variable will be indicated by the range of the estimated elasticities. In general
the greater the range the less useful the variable will be in making predictions.

Results — total fertilisers

Table 3 represents elasticity estimates for demand with respect to the prices of
fertilisers, feedstuffs and land, the latter two inputs being considered substitutes
for fertilisers.

TABLE 3: Demand elasticities for total fertilisers (excluding lime)

1953/54 — 1976/77 1953/564 — 1972/73

Variable RANGE RANGE

Fertiliser Price —0.88 —0.49 —0.91 —0.43
Feedstuffs Price —0.04 +1.36 —0.29 +1.61
Land Price 0.00 +0.22 —0.01 +0.20

The estimates are presented for two time periods in order to gauge the stability of
the estimated coefficients. The results suggest that for a 10% increase in the
price of fertilisers we could expect consumption to fall by about 5%—8%. This
relationship is seen to be stable for the two time periods considered. The signs on
the estimated elasticities for feedstuffs and land are consistent with their being
competitive with fertilisers i.e. an increase in the price of feedingstuffs or
land should lead to an increase in the consumption of fertilisers. However, in the
case of feedingstuffs, particularly, the range of the estimates is quite wide and
unstable over the two sample periods making its usefulness for prediction
fairly limited. It is unlikely that this relationship will become critical until the
relative prices of fertilisers and feedstuffs so dictate. It is interesting to note that land
seems to be a substitute for fertilisers though the land price series is likely to be
subject to measurement error and consequently the range of elasticity estimate may
be understated. A further result that emerged from this analysis was, where the



input and output prices were included separately in the equation rather than as a
ratio, the estimated coefficients were theoretically implausible. We may conclude
therefore that farmers are fairly rational in their consumption of fertilisers.

Table 4 considers the role of technological variables in determining demand. In
general the results in this instance are disappointing especially in the case of the
effects of livestock numbers. The relevant variable here was considered livestock
numbers lagged one period suggesting that farmers react to a buildup in their herds
in relation to increased fertiliser usage rather than anticipate such a buildup. The
only variable that shows any consistency in terms of sign and to a lesser extent of
magnitude is hay and silage yields.

TABLE 4. Estimated responses to technological variables.

1953/54 — 1976/77 1953/64 — 1972/73

RANGE RANGE
Grazing Livestock Units - 0.97 +1.34 — 1.84 0.44
(Lagged One Period) - 0.10 +064  — 041 +0.59
Hay and Silage Yields - 0.10 + 0.64 - 0.41 + 0.59
Tractor Numbers — 0.92 + 0.22 - 15 +0.71
Labour Units - 1.94 + 0.46 - 2.7 +1.18

The variables are probably reflecting the effects of the predominant time trend
rather than measuring any degree of resource substitution that may exist. In fact
the most obvious effect of the introduction of these variables was to decrease the
significance of the time trend. A more refined procedure is called for and is being
currently purs;éd. In view of the largely inconclusive estimates in Table 4 the time
trend was used as a catchall for these variables. It should be noted however that the
failure to register a significant relationship over time between fertiliser éonsumption
and livestock numbers is disturbing and especially if we constrast this result with
the tentative evidence in Table 3 regarding the substitutability of fertilisers and
feedingstuffs we see the real extent of the problem.

The overall conclusion from this section is that economic factors are seen to be
important in determining demand but of equal importance are technological
influences. ‘
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The demand for N, P and K

Using the evidence from Table 4 that certain technological variables are seen tqQ
have a statistically negligible effect on consumption, the demand for N, P and K is
analysed in terms of their respective deflated prices and time trends. In the course
of the analysis some tentative evidence was found to suggest that N has a much
shorter response to price influences than either P or K. This consideration should
be borne in mind when making projections of demand. Furthermore, despite the
physical complementarity of the three nutrients they may be substitutable
economically. Thus the demand for each nutrient may be inter-related with the
consumption of the other two. Unfortunately the price trends of all three
fertilisers are interdependent over time thus making it difficult to separate the
importance of the price of any one when one includes the other two. The elasticity
estimates are presented in Table 5. Their interpretation is similar to that in Table 3.

TABLE 5. Demand elasticities for N, P and K

1957/58 — 1976/77 1957/58 — 1971/72

Range Range
N - 1.31 - 0.1 —2.40 0.06
P - 1.31 —0.43 — 0.61 1.34
K —-136 —0.58 —0.90 0.07

Interestingly the estimates for the entire time period are all fairly similar. The
elasticities are not robust with respect to sample change in contrast with the estimates
for total fertilisers. The era of fertiliser usage prior to 1971/72 was characterised by
stable input prices with some fluctuations in the output side. Nitrogen was the only
fertiliser that seemed to have any discernible response to economic factors up to
1971/72. Thus previous to the 1971/72 season the consumption of all three fertilisers
was determined by a permanent continuous growth due to technological influences.
Table 6 illustrates the importance of this autonomous growth factor. These growth
rates may be interpreted as rates net of price influences.
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TABLE 6. Secular (%) growth in consumption of N, P, K.

1957/58 — 1976/77 1957/68 — 1971/72

Range Range Fig. 2: The relation between fertility status and consumption of P and K
19 -
N +11 +13 +10 +14 5859 — 197778

—PPM -P, K
+5 + 8 +7 + 9 §

K + 6 + 8 + 7 +10 % CHANGE = - - -aP, K cONSUMPTION

One notable feature from this table is the contrasting growth rates for the

different time periods conforming to the experience of fertiliser usage since
1973/74.

Soil fertility and fertiliser consumption

As argued previously there are a number of ways of considering the effects
of soil fertility. We would expect a positive relationship if soil fertility had not -20 \
reached its plateau response phase. Changing fertility status indirectly picks up \
the unquantifiable influence of increased slurry and F.Y.M. application and to =0 ‘;
the extent that the latter may be substitutable for chemical fertilisers we would
expect a negative relationship between fertility status and usage of P and K. % GHGE Potassium
However farming practices, especially on grassland, are such that organic fertilisers 9 ! 1
may not be in direct competition with chemical fertilisers. Increased slurry and .
F.Y.M. usage may encourage more frequent fertilisation of grassland and not
affect the consumption of P and K.

The relationship such that it exists can be seen from Fig. 2. It must be stressed
that at any one point in time these measures of soil fertility are likely to be .
biased upwards and do not represent a random sample of farms. Over time hewever 1960 %,
the trends are believed to be reasonably accurate. ' “ -10
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A quantitative indication of the relationship is presented in Table 7. It is
indicated that while the coefficient has a predominantly positive sign its variance

is quite wide suggesting that no significant statistical relationship can be discerned.

TABLE 7. Estimated responses of P and K consumption to changes in soil
fertility (ppm P, ppm K) 1957/58 — 1976/77

RANGE
Phosphorus —-0.14 + 0.81
—0.76 +1.72

Potassium

Using the estimated models to project the demand for N, P and K, 1979/80

Projections calculated with the aid of econometric models are necessarily
conditional. Thus no econometric model can be used simply as a convenient
mechanical method of generating future values of a variable. Yet these models
are ideal for the agronomist with a keen perception of the fertiliser market. If one
subjectively believes for example that the response to a real price fall is essentially
different to a real price increase then this would modify the elasticity estimates.

The entire area of farmer decision making and how expectations affect this
process is something that cannot be accurately assessed with present statistical
techniques. The dynamics of price adjustment may be impossible to measure even
though we know they exist and are of consequence. The real usefulness of these
models | would argue is in a situation of comparative ignorance regarding possible
future demand e.g. the current season 1979/80. They provide a guide to the
decision maker, a set of options, an objective indication of likely outcomes.
Ultimately, | submit, the accuracy of the projections will be determined not by
the model per se but by how it is interpreted and used by those intimately
associated with the product under review.

At the time of writing the expected nominal price increases of N, P and K on
the 1978/79 season are 12%, 20% and 20% respectively. The price of agricultural
output (1979) is estimated to have increased by 6% over 1978. Thus the real
price (ratio of fertiliser to output price) is expected to increase by 5%, 13% and
13% for N, P and K respectively on the corresponding real price for 1978/79.

14

Using these price forecasts together with the results presented in Tables 5 and 6,
we can make the following projections for N, P and K.

TABLE 8. Projections of consumption for the current season
1979/80 (% change)

RANGE
Nitrogen + 4% + 11%
Phosphorus - 1% 0%
Potassium - 9% 0%

These projections assume that the prices forecast for the current season will
materialise though clearly the projections can easily be modified to account for

different price regimes. They further assume that part of the decrease in consumption
due to price changes will be offset by an autonomous upward growth. To the extent

that the response will be purely a price one the projections in Table 8 may be
understated. It is explicitly assumed in the case of N that users will be resilient in
the face of real price increases thus the lower bound to the elasticity estimate in
Table 5 is considered inappropriate.

TABLE 9. Projected % changes in consumption 1977/78 and 1978/79

1977/78 1978/79

Predicted Actual Predicted Actual

N 12% - 30% 38% 12% - 19% 14%
9% - 21% 17% 6% - 9% 6%
K 15% - 31% 21% 8% - 13% 7%

As an indication of the accuracy of the model presented here its out of
sampling forecasting ability may be assessed from Table 9.
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The demand for urea as an alternative nitrogen source

The consumption of urea has assumed a position of particular importance with
the establishment of the NET plant at Marino, Co. Cork. The most striking aspect
of the product’s history on the Irish market has been its price responsiveness —
partly determined by the availability of the product on the Irish market.

TABLE 10. Some relevant statistics on urea consumption

% of Total % Change In % Change Urea Price +
Year Nitrogen Consumption In Price Can Price
1968/69 6% - — —
1969/70 12% 131% - 0.66
1970/71 14% 49% 9% 0.73
1971/72 26% 107% - 7% 0.64
1972/73 23% 20% 16% 0.69
1973/74 12% —50% 72% 0.80
1974/75 6% —43% 54% 0.91
1975/76 11% 10% —24% 0.69
1976/77 1% 10% 15% 0.69
1977/78 8% 1% 15% 0.75

In the fertiliser seasons 1971/72 and 1972/73 urea uéage accounted for about
a quarter of total nitrogen consumption and was primarily due to changes in its
own price and especially the Urea/CAN price ratio. Though in the 1972/73 season
the own price of urea increased by 16%, consumption rose by about 20% because
relative to CAN, urea was still very good value. As a general rule once urea exceeded
70% of the price of CAN consumption seems to have fallen. The ecanomics of
consumption therefore are critical and of equal importance to the comparative
physical responses of both nitrogen sources. It is of interest to contrast the imp—
lication of the data in Table 10 with the inferences possible from experimental
results. Murphy (5) has fitted quadratic response curves to CAN and urea for

Spring and Summer grass production. The economics of usage can be evaluated
by simply estimating the marginal contribution to output and compatring the value
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of this marginal contribution to the incremental cost of the nitrogen source1. For
1979 the relative marginal product of urea versus CAN ranged from about 93% in
Spring to 80% in Summer averaging at about 856%. Assuming, that if animals were
the output unit, this ratio wouid be unaltered, then for economic usage the price
ratio should have a similar range. Currently the price ratio is about 75% indicating
that in general consumption of urea is justified economically. It is important that
the actual price ratio take cognisance of the difference in the agronomic behaviour

of the two nitrogen sources.

SECTION 111 — LONG—RANGE FORECASTS, N, P, K

It might be appropriate at this stage to distinguish between a forecast and a
prediction. To forecast the future value of a variable is to admit ignorance of the
underlying causal forces determining its value and to extrapolate on the basis of
its historical trend. A prediction on the other hand is to foretell the future values of
a variable on the basis of responses to exogenous shocks on the variables determining
it. This was attempted in the last section. The present section hopes to estimate a
trend model for each fertiliser incorporating previously estimated ceilings to con—
sumption together with an a priori growth curve reflecting (one hopes) the
expected curvature of the time path for a product such as fertilisers. Standard trend
curves such as linear or exponential growth curves are unsatisfactory for most fore—
casting purposes because they do not allow any possibility of changing coefficients
at different levels of consumption nor do they imply any saturation level to
consumption. One has but to glance at the Institute’s recommendations to realise
that incremental units.of application yield lower and lower returns in terms of
improvement in stocking rates. A characteristic of the consumption path of nitrogen
for many developed countries has been its sigmoid or ‘S’ shape over time. A similar
concurrence in consumption paths is less evident for P and K. The apparent similarity
of consumption of N is depicted in Fig. 3 and a more detailed outline may be found
in the Appendix.

1 This corresponds to economic optimum usage of the fertilisers i.e. marginal costs =
value of thé marginal product. The marginal product is simply the derivative of the
quadratic response curve

2
ie. Y =A+DbN-CN
ﬂ = b — 2.CN = marginal product
dN

17
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In the ten year period (1968/69 — 1977/78) the average growth in N
consumption in Ireland was about 16% per annum in contrast with an average
of about 4% per annum for the other countries examined. However, consumption
has proceeded from a much lower base and the average rate for the period (1961/
62 — 1967/68), excluding the increase in 1966/77 as exceptional, was about
7% per annum in contrast with an average annual growth of about 10% for the
other countries examined. We may conclude that consumption in Ireland has lagged
that in other countries and that there is a strong likelihood that our current rate of
growth may not continue indefinitely but may level out at some future stage.

Model specification

The logistic curve has been the most popular trend curve of the sigmoid family
used in applied analysis.

in Fiez Fi —jna_BiT @)
Fi — Fib
where
Fi = fertiliser N, P, K
Fic = ceiling or saturation level N, P, K
Fib = base level N, P, K
T = time in years

The model in (4) contains a number of desirable properties:

1) Consumption approaches the saturation level Ficas T

»

11)  Growth in consumption approaches zero as the current level of consumption
approaches the estimated ceiling or saturation level, since

dFi
dT

= K.Fi (Fic — Fi)

111) Consumption increases at an increasing rate up to the inflection point and
then increases at a decreasing rate as the upper ceiling is approached.

A critical parameter in equation (4) is the ceiling level to demand, Fic. As this
is an aggregate study the ceiling levels we are considering would be the maximum
possible amount of fertiliser, N, P, K that could be purchased consistent with

_optimal usage of available agricultural land. At a less aggregated level optimal

market shares for the particular company’s product might be the appropriate

19



saturation levels to consider.

Estimated ceilings to consumption N, P, K

The calculation of appropriate ceiling levels is not a trivial exercise and is
complicated further by the fact that these levels are in reality unlikely to be
constant. For simplicity the ceiling levels used in this analysis are assumed fixed
for the foreseeable future. The difficult feature of estimating ceiling levels for
Irish fertiliser usage is that our fertiliser requirements are dominated by grassland
and estimating responses to fertiliser usage will vary depending on the output ~ ______ Forecast
unit used and the economies of usage will vary likewise. The contrasting situation Actual
with tillage crops is envious where most physical response curves will usually

Fig. 4: Trend Forecasts of N, P, K Consumption

> N
have a quadratic shape rendering the calculation of marginal responses fairly easy 800 1
thus enabling one to calculate optimum levels of usage in an economic sense. | i
have eschewed the considerable difficulties associated with calculating these
ceiling levels by using calculations of national fertiliser requirements made by 400 et '_ S
previous researchers, Lee, J. and Diamond , S. and Brogan, J. C. (6, 7). Table 11 200 /’
presents the estimated national saturation levels for N for these two studies L aanh
together with the different assumptions underlying both papers.
TABLE 11. Nitrogen requirements in relation to possible livestock
numbers P
120 e — .=
National 80
Application L.U. (mill.)/ Requirements 40
Study Rate Ac. (mill.) | ‘000 Tonnes"
Brogan, J. C. 23 kg/ac. 9m./10m. 3882
K
Lee, J. and 94 kg/ac. 9.7m./10m. 8123 400 ——
Diamond, S. =T
300 o
1 These estimates do not make allowance for animal wastes 200
100
2 This figure includes estimates made for silage and tillage crop requirements
3 Allowing for a similar tillage requirement as estimated by Brogan results
in a total requirement of c.840 tonnes (‘000) 1965/ 1970/ 1975/ 1980/ 1985/ 1990/
166 -171 '76 '81 86 '91
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With regard to the P and K ceilings no significant difference exists between
both estimates. Accordingly | have assumed upper limits of 129,000 tonnes and
385,000 for P and K respectively. In the case of each fertiliser, N, P and K lower
bounds to consumption have been fixed at the consumption levels applying in
1957/58. Using equation (4) projections for nitrogen were estimated over the
period (1958/59 — 1976/77). Preliminary analysis in the case of P and K estimated
logistic trends over the interval (1958/59 — 1971/72) excluding the period sub—
sequent to 1974/75 as an aberration from trend. In the case of K this period was
extended to 1958/569 — 1978/79. With P, a modified exponential curve was fitted
in addition to the logistic curve.

RESULTS

The resulting trend curves are presented in Fig. 4. It should be borne in mind that
the growth rates implied by these trends implicitly assume a static technology.

The estimated average growth rates are presented in Table 12. If we accept the
estimated ceilings as being appropriate the method applied above is perhaps a useful
exercise in determining the most likely progression towards these upper limits.

TABLE 12. Forecasted annual average % growth

Nitrogena Phosphorusb Potassium®
H L Log ME
1977/78 — 1981/82 14 8 2 1.6 7
1982/83 — 1986/87 85 4 1 1.26 3.4
1987/88 — 1991/92 33 1 1.35
1992/93 1.0 1 1 1 1
384  — Using the Lee and Diamond upper limit
L — Using the Brogan upper limit

bLog — Logistic growth curve i.e. has an inflection point
ME — Modified exponential curve, i.e. has not an inflection point

®These projections are based on a trend curve estimated over the interval
(1958/59 — 1978/79)
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It is instructive to compare the scenario for fertiliser consumption suggested
here with that of the NESC report (8) and summarised by Murphy (9). By
1985 NESC considered that N would be around 284 m.t., P, 104 m.t. and K,
283 m.t.2A higher forecast suggested N at about 410 m.t., P, 116 m.t. and K,
354 m.t. Murphy expressed concern with the forecast for nitrogen and argued
that the 500 m.t. forecast on the basis of a 15% exponential growth to 1985 was
unrealistically high.

In the present study, using 1985 as a base for comparison purposes, if we use
the Brogan upper limit N would be close to 350 m.t. by 1985 and using the Lee
and Diamond limit the 500 m.t. would be a distinct possibility. P is expected to
be close to 120 m.t. using the logistic growth curve and about 100 m.t. using the
simple modified exponential trend. Potassium is expected to be around 300 m.t.
by 1985. In the case of nitrogen, therefore, the scenario for consumption will
depend crucially on the profitability of the farm enterprises especially dairying.
This will ultimately determine whether the Lee and Diamond or the Brogan limits
are the most appropriate for Irish fertiliser usage.

SECTION IV — CONCLUSION

The methodology of this paper has been to make an analysis of aggregate
fertiliser consumption and on the basis of this analysis to make a prognosis of
future usage. The long term outlook is for the continuing concentration of
consumption towards nitrogen. The short term outlook will be dictated by
economic considerations suggesting a possible increase in N with a decline in P
and K. This study is an aggregate study and the merits of this analysis must be
judged within this framework. It has been found, for instance, that no statistical
relationship exists between livestock numbers and fertiliser usage, aside from the
possible statistical reason for this result, it cannot be concluded that at a less
aggregated level (e.g. farm, county, province) no such relationship exists. Studies
of this nature can be quickly outmoded and must constantly be revised as both
technology and market conditions are perpetually changing.

Fertiliser expenditure has consistently represented about 14% of total agri—
cultural expenses ranging from about 18% to 11%. The comparative stability of
its share in agricultural expenses is characteristic of most other inputs (excluding
seeds whose share has declined consistently over time) and deserves further ana—
lysis. A feature of agricultural development is a changing resource base where some
inputs (e.g. labour) are gradually replaced by others (e.g. capital). Few inputs are

2; N,P,K ‘000 tonnes.
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completely independent in the production process and fertiliser is no exception.
Future research must concentrate on examining the relative substitutability of all
inputs for each other. Such an undertaking would be vastly more sophisticated
than the approach adopted in this paper but would be well worth the effort.
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Data Appendix 1: Comparative Nitrogen Consumption (‘000 m.t.) 1960/61 — 1977/78

TABLE 1C

U.K. France U.S.A. Netherlands Ireland
1960/61 462.6 565.1 2,749.5 223.7 24.2
1961/62 496.4 624.7 3,057.2 242.9 28.5
1962/63 541.1 682.8 3,664.4 293.8 32.5
1963/64 583.6 790.7 3.948.8 289.7 33.7
1964/65 596.0 860.5 4,208.0 293.7 28.7
1965/66 689.7 870.6 4,832.0 310.8 30.9
1966/67 759.8 990.0 5,468.0 337.4 46.3
1967/68 908.8 1,133.1 6,158.0 343.5 52.2
1968/69 855.3 1,243.1 6,312.0 339.2 62.0
1969/70 690.3 1,241.3 6,767.0 387.4 70.3
1970/71 800.8 1,453.4 7,379.0 405.3 84.3
1971/72 930.1 1,624.8 7,272.0 373.6 95.3
1972/73 789.2 1,688.1 7.525.0 376.3 127.6
1973/74 874.4 1,833.1 8.307.0 411.9 130.2
1974/75 927.0 1,654.8 7.808.8 434.9 133.0
1975/76 1,045.0 1,707.8 9,445.3 451.2 152.7
1976/77 1,110.0 -1.815.0 9,648.5 430.0 166.7
1977/78 1,177.0 1,831.7 9.037.2 447.0 230.2

Source: Annual fertiliser reviews, F.A.O.
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