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Abstract

Many empirical exercises estimating demand functions are concerned with estimating dynamic effects of price and income
changes over time. Researchers are typically interested in getting estimates of both short-run (SR) and long-run (LR) elas-
ticities, along with their standard errors. This study aimed to contribute with estimations of demand elasticities of world
phosphate fertilisers. It answered the research question “How world demand of phosphate fertilisers is affected by its own
price changes, cross price changes, income changes and other variables?”. Short and long run elasticities are calculated
using an economic model in this paper. The findings indicate that global phosphate demand is price inelastic both in the
short and long run. In addition, in both the short and long run, income elasticity, cross price elasticity, and cross yield elas-
ticity are inelastic. Our modeling predicts that phosphate consumption for fertilisers will increase from 45.35 million tons
in 2018 to around 59.16 million tons by 2028; which implies that an average annual growth rate of 2.7% of P2 O 5 will be
required every year by phosphate consumers and that additional production capacity may be needed in order to meet this
future demand. The results suggest that phosphate prices are forecast to increase, as long as demand continues to rise and

no new production facilities are built.

Keywords Demand elasticity - Price elasticity - Income elasticity - Cross elasticity - Phosphate fertilisers - Price

forecasting - Precision farming

Introduction

Phosphate, which is an essential element for the human
body, occurs naturally in the form of phosphate rock that
is processed to produce diammonium phosphate (DAP)
and various fertilizer derivatives. Phosphate rock was
first produced commercially in the UK in 1847 (Cathcart,
1980), and mining was almost certainly done by hand at
the time. Mining of phosphate in the USA began in 1867 in
South Carolina, where phosphate deposits were extracted
manually and later by dredges (Shepard, 1880). According
to Van Kauwenbergh (2010), phosphate rocks in Africa
countries especially those in Algeria and Tunisia were
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discovered in the late nineteenth century, whereas phosphate
rock production began in Morocco, the country with the
world’s greatest phosphate reserves, in the early and mid-
twentieth centuries. As US Geological Survey Data
(various years) revealed, between the 1920s and 1950s,
at least five countries extracted phosphate, and major
companies were mainly operating in two nations — USA
and Tunisia — which were jointly accounting for nearly
70% of the total production; however, in the latter half of
the twentieth century, the geography of the industry has
changed, and currently, firms based in China, Morocco,
and Russia have emerged and have become major
producers in the market.

The global market rivalry is intense and relatively inte-
grated, with a small number of prominent competitors
taking a significant portion of the total revenue in 2020.
Annual global production in 2020 reached to around 223
million tons, while estimated reserves stood at 71 billion
tons (US Geological Survey, 2020). Using modern technol-
ogies, this figure indicates that the reserve may be drained
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Fig. 1 Major phosphate produc-
ers and their market share in
2020
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in roughly 318 years.' The world’s top producers in 2020
— many of them are government owned” — include China (Yun-
tianhua Group), Morocco (Office Cherifien de Phosphate), the
USA (Mosaic), and Russia (EuroChem). Figure 1 depicts the
global phosphate output percentage shares by country in 2020.
China contributed to 40.4%, followed by Morocco,’ the USA,
Russia, Jordan, Saudi Arabia, and Brazil which accounted for
16.6%, 10.8%, 5.8%, 4.1%, 2.9%, and 2.5%, respectively.

As illustrated in Fig. 2, the most rapid expansion in phosphate
consumption occurs from 1961 to 1988, when annual growth

! As stressed by Mew (216) and Wellmer (2008), it seems generally
accepted that (reserve/Ccnsumption) ratio of a commodity is not an indi-
cation of its lifetime. It is only a static figure in a dynamic system but
can been regarded as an early warning indicator assuming that nothing
related to resources use — including exploration efforts, technology devel-
opment, population dynamics, or demand characteristics — changes.

2 According to Al Rawashdeh (2008), there has been a noteworthy
trend in the recent years toward combining governmental and private
ownership in the phosphate business. This approach delivers some of
the benefits of public ownership while also providing the efficiency of
private ownership.

3 As the United States Geological Survey states, Morocco controls more
than 70% of global phosphate rock reserves, which is why some analysts,
such as Handfield (2012), predict Morocco’s market share could reach up
to 80-90% of global phosphate demand by 2030. Unless additional pri-
mary supplies of phosphate can be obtained, the globe will grow increas-
ingly reliant on one country for a crucial resource.
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averaged more than 4.4 percent. Between 1988 and 1993, rock
phosphate consumption dropped from 37.6 to 28.9 million tons,
respectively; most likely was a consequence of political factors
such as the collapse of the Soviet Union and decreased fertilizer
demand from Western Europe and North America* (Cordell
et al., 2009). Nevertheless, consumption started to recover in
the late 1990s and has continued to increase in the 2000s until it
reached 37.7 million tons in 2007; it had then fallen to 32.8 mil-
lion tons in 2008 due to the global financial crisis and continued
rising after that due to rising economies such as China and India
till 2019, when it hit 45.6 million tons.

The significance of this study arises from the fact that
phosphate is regarded as a critical® and crucial commodity
on a global scale. Indeed, almost 90% of all phosphate mined
is used in the manufacturing of fertilizers (Tirado & Allsopp,
2012). An analysis of 362 seasons of crop output conducted
by Stewart et al. (2005) found that commercial fertilizer

4 As reported by Scholz et al (2013), developed countries that have
the most efficient use of resources and higher environmental concern
reached the peak of fertilizer consumption and the decline earlier than
any other countries and that could be an additional reason for the sudden
decline of phosphate consumption in the late eighties and early nineties.

> While some institutions, such as Raw Material Information System
(2020), consider phosphate to be a critical mineral, this is not due to
limited reserves and resources; rather, as Mew (2016) reported, the
implications of a PR supply-driven constraint are enormous, given the
irreplaceable nature of P in biological processes.
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Fig.2 Phosphate consumption (in P,Os) from 1961 to 2018

inputs are responsible for at least 40 to 60% of crop yield.
If global population is anticipated to reach over 9.7 billion
in 2050 (United Nations, 2019), it is critical to ensure that
the fertilizers required to improve global food production
are available. The Tomlinson (2013) study argued that in
order to ensure that the world’s population will be fed by the
year 2050, food output needs to expand by 70 to 100%, and
hence, most experts agree that, with genetics, biotechnology,
and other inputs, the most important factor to consider is
how to ensure a sufficient supply of phosphate fertilizer in
order to boost harvest yields in the future.

The examination of the key elements influencing the
phosphate market in the past has aroused the interest of an
increasing number of analysts. Al Rawashdeh and Maxwell
presented a paper in 2011 in which they explored in greater
details the major factors affecting phosphate demand and
supply. Several authors like Geissler et al. (2019), Mew et al.
(2018), Manning (2015), and Horn and Sartorius (2009)
have also made significant contributions to the literature.
Although phosphate is relatively a cheap product with each
person in the world consuming around $US 6 of rock phos-
phate every year (Scholz et al., 2013), many impoverished
farmers around the world are unable to enter the phosphate
fertilizer market due to low purchasing power or insufficient
funding. Indeed, many empirical studies of demand func-
tions focus on the dynamic implications of price, income,
or technology changes over time in order to derive demand
elasticities that measure the degree to which individuals
and consumers change their demand in response to price,

income, or technology changes. For example, as Ridder et al.
(2012) asserted, the sudden price surge in 2007 weakened
the purchasing power of poor farmers, limiting their access
to fertilizers; this resulted in a decrease in overall demand
for phosphate fertilizers from 37.8 to 32.8 million tons (see
Fig. 2).

The consequences of economic circumstances such as
declining income in a recession or substantial rises in energy
or fertilizer costs can be predicted using elasticity estimates
generated with data acquired under normal market condi-
tions. Given, for example, the income elasticity of demand,
one can forecast the amount of consumption growth that will
occur in response to an increase in income. For instance, if
the income elasticity is 0.3, which is inelastic, and income
increases by 1%, consumption should increase by less than
1% (~0.3%). This suggests that if baseline consumption was
1000 units, a 1% rise in income would likely raise consump-
tion to 1003 units (1000 + 1000*0.3%). Production mainly
depends on consumer demand, and care should be taken
to adjust it to the extent of demand. Hence, elasticity is a
concept which enables all producers to take correct deci-
sion regarding the quantum of output based on the demand,
a knowledge of the elasticity of demand helps the govern-
ments and market players in formulating their plans and
policies in cases of price, income, and technology changes.

Upon this brief introduction, this paper attempts to
answer the question “How would global phosphate demand
be affected by changes in its own price, cross price, income,
and other factors that may affect it?”” The goal of this study
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is to identify the major determinants of phosphate demand;
to estimate price, income, and cross elasticities; and to fore-
cast future phosphate consumption. To determine short- and
long-run elasticities, the study typically employs a compre-
hensive econometric model. The first section has already
introduced the paper. The second section provides a lit-
erature review on the various factors affecting fertilizers
demand in general and discusses previous studies that have
estimated demand elasticities related to different types of
fertilizers. The third section discusses the demand function
and specifies the main variables used in our model. It also
examines the major tests (e.g., stationarity, cointegration,
lag selection and weak exogeneity) required in order to reach
to an appropriate estimation of the model. In section four,
with reference to the error correction model (ECM), long-
and short-run elasticities results have been discussed, and
a forecasting model has been utilized to project phosphate
consumption and prices for the next decade. The final sec-
tion concludes the paper with some comments.

Literature review

Studies on fertilizer demand, such as those by Chianu and
Tsujii (2004), Croppenstedt and Demeke (1996), Zhou et al.
(2010), and Maganga et al. (2011) have revealed that the
primary causes of low fertilizer demand are inadequate rev-
enues and low production levels, as well as lack of access to
financial resources. Randive et al. (2021) reported that the
limited geological resources of raw material for the manu-
facture of fertilizers and market fluctuations of fertilizer min-
erals initiate wide-reaching competition and raise challenge
of food security. Previous research papers, such as those
conducted by Hsu (1972), analyzed the impact of prices on
the demand for fertilizers in Taiwan and concluded that fer-
tilizer prices have a big impact on nitrogen demand, and
less impact on phosphate and potash demand. Quddus et al.
(2008) argued that while demand for nitrogen and phosphate
fertilizers in Pakistan is inelastic, demand for potash ferti-
lizer is elastic (Quddus et al, 2008). Furthermore, they found
that the time variable employed to quantify the progress in
technology had a large significant positive effect on fertilizer
consumption. Rayner and Cooper (1994) employed appro-
priate error correction models to come to the conclusion
that nitrogen’s short- and long-run price elasticities were
both quite low. Al Rawashdeh et al. (2016) developed an
econometric model to evaluate short- and long-term demand
elasticities for potash fertilizers. They discovered that potash
demand is price, income, and cross price inelastic in both
short and long term.

The study by Zhou et al. (2010) demonstrated that ferti-
lizer’s use in Northern China is heavily influenced by crop
output and overall revenues. Their findings also showed that
the area of the land, soil fertility, and the cost of delivery
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all had an inverse relationship with the amount of fertilizer
used. According to Likoya and Mangisoni (2006), who
examined the factors that drive the demand for fertilizers
in Malawi, the main factors affecting demand in their study
are fertilizers prices, loans access, food production index,
and farm size. As Williamson (2010) observed, most indus-
trialized countries’ fertilizer consumption is price inelastic,
but recently, farmers’ response to rising fertilizer prices has
become more sensitive. Griliches (1958) and Gunjal et al.
(1980) both reported that the demand for fertilizers for grain
is more responsive to price than cash crops. On the other
hand, the influence of income on the cash crop model is
large, while that of wheat and soybean models is negligible.

Socioeconomic factors, market access, information, and
agricultural characteristics (e.g., soil fertility; irrigation)
can influence farmers’ use of inorganic fertilizers (Shrestha
et al., 2013; Fishman et al., 2016; Kpadonou et al., 2019;
Ward et al., 2019). A study by Acheampong and Dicks
(2012) concluded that increased global demand for fertiliz-
ers is the result of global population and general economic
growth. Enk et al. (2011) and Steiner et al. (2019) have noted
that the main drivers of phosphate demand include popula-
tion growth, increased food demand, increasing economic
wealth, modifications in dietary habits, and increasing need
for biofuels. Nygards and Svenungsson (2020) estimated
phosphate fertilizer demand function in Sweden and found
that, by including total harvest area variable or arable land
variable in their econometric model, both would have a sig-
nificant statistical positive impact on fertilizers consumption.
Parthasarathy (1994) claimed that rainfall distribution over
time is a fundamental predictor of fertilizer usage, and the
greater the threat of adverse weather, the more farmers are
reluctant to use fertilizers even if the cost—benefit analysis
is favorable. Gruyter (2020) discovered that fertilizer use
in Rwanda is dependent on various parameters relating to
market access, financial liquidity, household assets, human
resources, and extension services.

Econometric analysis
General view of the model

Tilton (1992) published a seminal work in which he listed
the most critical parameters influencing minerals demand.
The general form of the demand function is presented in
Eq. 1.

Demanded quantity of phosphate =f (real price of phos-
phate, real prices of complementary/substitute products, real
income, technological progress, other variables) (1).

A mineral’s own price is usually an important determinant
of its demand, with demand tending to fall as price rises.
Recall that, in general, if the price of a product increases,
buyers will purchase less of it, all other factors being equal.
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In other words, if the price increases, the quantity demanded
decreases; if the price decreases, the quantity demanded
increases. This is the law of demand; it denotes that if the
price of a product rises, there will be a leftward movement
along its demand curve, and vice versa. Because there are no
alternatives or substitutes for phosphate in its predominant
usage (US Geological Survey, 2021), this expression in Eq. 1
does not account for any substitute minerals’ price. In addi-
tion, nitrogen and potash fertilizers, which are also essential
for plant growth, are complementary products. According
to al Rawashdeh and Maxwell (2014), changes in income
are directly tied to mineral demand. Mineral consumption
tends to rise over long periods as real incomes rise. Mineral
demand® moves more closely with the business cycle over
shorter time periods; it is high during economic expansions
but low during recessions. Historical data on phosphate
prices, the price of its complementary products (e.g., potash
fertilizers), and world income are widely accessible.

In order to catch the technology variable, crop yield (cereal
yield per hectare), which measures the quantity of agricul-
tural output produced per unit of land area, can be used. Many
scientific investigations have proven the positive influence of
phosphate fertilizer applications on agriculture quality and
yields. Tilman et al. (2011) evaluated how breakthroughs in
technology could boost agricultural yields and then utilized his
estimates to forecast demand for crops. Gordon (1998) note that
the Green Revolution, which they claimed was connected with
a more sophisticated application of fertilizers, was substantially
responsible for the ability of formerly less fertile land to support
increased food production. Pei and Tilton (1999) and Stuermer
(2014) have both employed time variables instead to gauge the
effects of changing technology on mineral demand, but as Scot
(1964) reported, a time variable may imply that a continuous
function represents a change in technology, and it is doubtful
that development of technology follows a continuous function;
therefore, the use of a time variable to represent change in tech-
nology is not wholly satisfactory.

Dummy variables can be included in the empirical analy-
sis to reflect big shocks in the phosphate market, such as the
break up of Soviet Union (USSR) in 1989 t01990 or the last
world economic crisis of 2007-2008. Other variables like
world population have not been included into our model;
currently, the global population is above 7 billion, compared
to the 2.5 billion people in 1950. Recent estimates by the
United Nations (2019) indicate that it will grow to 9.7 billion
by the year 2050. There is a strong tendency for real GDP

% When it comes to mineral functions in general, each mineral has a
certain purpose that can be met by another mineral (or with another
technology); fertilizer minerals, on the other hand, are unique in that
they are absolutely necessary for life and cannot be replaced or sub-
stituted (Schebek & Becker, 2014).

and population7 to be closely related (Mankiw (2010), Sibe
et al. (2016). This presents a problem with setting up an
empirical model that has both variables present; therefore,
(GDP/population (GDP per capita)) may be a more realistic
alternative. Total calorie food intake can also be measured
as a proxy for food consumption (Matthews & Hammond,
1999), because as food consumption increases, demand for
phosphate fertilizers increases. However, the World Health
Organization (2014) and Fukase and Martin (2020) discov-
ered substantial levels of collinearity between total calorie
food intake and world real GDP estimations. Based on the
findings of Tilman et al. (2011), an effective method for
forecasting global crop demand entails using real per capita
income as a proxy without taking into account other vari-
ables such as population or agricultural calorie intake.

Specifications of the model

We can infer from the demand components outlined above that the
demand for phosphate (Q) can be written in the following form:

0, =py+ b P+ BY, + fH + X, (D

where P is phosphate real prices, Y is per capita real
income, H is cereal yield, and X is the explanatory variables;
the subscript for ¢ ranges from 1961 to 2018, the intercept
is set to f,, and the other coefficients for other independent
variables are set as f,,6, 0,

Consideration of both short- and long-run elasticities is ben-
eficial for estimating such a model. The procedure presented by
Cuddington and Dagher (2015) will be used in our methodol-
ogy, and it is appropriate to include lagged variables in our
model because demand functions for the majority of commodi-
ties display serially correlated errors. Our model will estimate
the auto regressive distributed lag (ADL) shown in Eq. (2), with
the standard lag selection approach of AIC being employed.

L L
Q, =hy + 21=1 BuQir + Zz=1
BoPr+PyYiy + B, H_+0X, ) + €

(@)

Once ADL is re-estimated, error correction model (ECM)
will be produced in Eq. (3). ECM is regarded as completely
efficient only when long-run elasticities are exogenously weak:
AQ, =ay+ Li o, AQ, + 12 (a,,/AP,,,+q‘,,AY,,, + ah,AH,,,+aA,AX,,,)

I=1 1=0 (3)

+1(Qiy — P =Y v - rXioi) + o,

7 We have added logarithm of population to the empirical model,
but results did not make sense as a result of high multicollinearity
(~95%) between world population and real GDP per capita. Even
when population growth is included, the same poor results are
obtained.
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Fig.3 Plot of logged data for all variables from 1961 to 2018

where 7 is the parameter used to quantify the speed of
adjustment to equilibrium, and A denotes the first-differ-
ence estimators. The 7y represents the long-run elasticities,
whereas the a's represent short-run elasticities.

Data and variables description

Our sample spans the years from 1961 to 2018, and the data
used in our model were compiled from a number of different
sources. The major variables are described as the following:

e (: The yearly phosphate fertilizer consumption obtained
from International Fertiliser Association Statistics (2021)

e Y: The estimated average GDP per capita for the world coun-
tries in 2010 $US (Y), gathered from World Bank (2021)

e P: The real average annual price per ton phosphorus pen-
toxide (P,0O5) obtained from US Geological Survey (2021)

e H: The real average annual price per ton of potassium
oxide (K,O) extracted from US Geological Survey
(2021)
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e X: This includes additional variables such cereal yield (kg
per hectare) which is used as a measure of technology.
The World Bank (2021) provides data for this variable.

Natural logs of the raw data for all variables have been plot-
ted in Fig. 3. Additionally, dummy variables® have also been
added; a dummy variable denoted by the letter (M) was used
to represent the unfavorable economic conditions that occurred
in the years leading up to the dissolution of the USSR in 1988.
The 2008-2010’s global financial crisis was also represented
with a dummy variable designated by the letter (S).

To better grasp the phosphate market, certain additional vari-
ables were taken into consideration, however, when they were
added to the model, the results did not fulfill the standards of the
weak exogeneity test. The variables in question were as follows:

e Annual real price of urea fertilizers, as a complemen-
tary products derived from International Fertiliser
Association Statistics (2021)

8 These dummy variables will be added to the modified Eqs. 3 and 4
and will be used later in Eq. 5.



Estimating short-run (SR) and long-run (LR) demand elasticities of phosphate

e Livestock units per county area, which accounts for
fecal excretion and manure generation by many animals
as a substitute for chemical phosphorus FAO (2020)

e Agricultural machinery per hectare of arable land, as
technology measure (e.g., no. of tractors per 100 square
kilometers arable land) (World Bank, 2021)

e Natural disasters (e.g., droughts, floods) (World Bank, 2021)

Major tests of the model
Unit root test and lag selection tests

In order for econometric models to yield conclusive and
unequivocal regressions, time series variables must be sta-
tionary (Granger and Newbold, 1974). The current study
will employ the Augmented Dickey-Fuller (ADF) (Dickey
and Fuller, 1981) and Phillips-Perron (PP) tests (Phillips
and Perron, 1988) to discover whether the variables in
the model have unit roots or not. As for the lag selec-
tion criterion, in general, adding too many lags increases
the standard errors of coefficient estimates, implying an
increase in forecast error, but omitting necessary lags may
result in estimation bias. In order to get the appropriate
lag numbers, we will use the Akaike information criterion
(AIC). We permit up to four lags and include a constant
owing to the Q trend from 1961 to 2018.

Cointegration and weak exogeneity tests

Cointegration can be detected by employing Johansen’s
multivariate vector error correction (VEC) approach
(Johansen, 1988). This approach uses the trace statistics
and the Eigen value maximum statistics to determine coin-
tegration. Following Cuddington and Dagher (2015), when
estimating the ECM version of the ADL model, we use
the most comprehensive model with weakly exogenous
variables. To do so, we constrain our specification in the
following ways:n (=1,7,=0,17,=0,7,=0, andn . =0,
which can be set in Eviews 10 as, B (1,1)=1, A(2,1)=0,
A(3,1)=0, A(4,1)=0, and A(5,1)=0.

Results and discussion
Tests results
To examine for unit root, implementing the usual ADF

test was the next step in the process. As seen in Table 1,
with the exception of Q, all parameters used in our model
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Table 1 Unit root testing by Dickey-Fuller and Phillips-Perron

Interpolated Dickey-Fuller critical

values levels
Series ADF t statistics 1% 5% 10%
Q —3.61%%* -3.57 -293 -2.60
P -2.10 -3.57 -293 -2.60
AP —5.12%%%* -3.57 -293 -2.60
Y —-1.81 —3.57 -293 -2.60
AY —4.98%%%* -3.57 -293 -2.60
H —2.06 -3.57 -293 -2.60
AH — 6.047%%* -3.57 -293 -2.60
C —1.81 -3.57 -293 -2.60
AC —7.70%%* -3.57 -293 -2.60

Phillips-Perron test critical values

levels

Series  PPerron t statistics 1% 5% 10%
Q —3.20% —4.14 -349 -3.18
AQ -6.09 —4.14 -349 -3.18
P -2.27 —4.14 -349 -3.18
AP —4.23%k% —4.14 -349 -3.18
Y —3.48 —4.14 -349 -3.18
AY —5.307%%* —4.14 -349 -3.18
H -2.12 —4.14 -349 -3.18
AH —6.40%%* —4.14 -349 -3.18
C -3.02 -4.14 -349 -3.18
AC —10.40%** —4.14 -349 -3.18

Significance levels expressed as 99% ***; 95%**, and 90%*

are non-stationary in levels at the 90%, 95%, and 99%
confidence levels, but when analyzed as first-differences,
they become stationary. Likewise, Phillips-Perron test
revealed that all variables are non-stationary in levels
(with the exception of Q at the 90% confidence level), but
they become stationary when viewed as first differences
at the 90%, 95%, and 99% confidence levels. The AIC,
with four other criteria (the LR, FPE, HQIC, and SBIC)
is shown in Table 2, which lists the lag selection methods.
In this model, the AIC selected a model with one lag.
Furthermore, HQIC, SBIC, and FPE all went with a one-
lag model, while LR went with a three-lag approach. The
results indicate that the appropriate choice is the inclusion
of one lag in all variables in the model. Our investigation
into cointegration proceeds from the lag determination,
and the tests for the Johansen trace and maximum eigen-
value are employed, yielding results that favor a one coin-
tegrating relationship, as seen in Table 3.

Following the approach established by Urbain (1992) and
Cuddington and Dagher, the Chi-square value of 6.87 with
a probability of 0.1428 suggests that at the 95% confidence
level, the weak exogeneity restrictions cannot be rejected,
and thus, the ECM specification (Eq. 4) is fully efficient.
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Table 2 Lag selection methods Lag IL IR daf P FPE AIC HOIC SBIC

0 162.56 0000 —5.46 -5.25 —-4.91

1 446.73 568.33 25 0.000 0000* —15.61%* —14.50%* —13.59%

2 480.98 68.5 25 0.000 0000 —15.40 —14.48 —13.01

3 511.60 61.25% 25 0.000 0000 —-15.22 —-14.33 -123

4 526.10 29.00 25 0.265 0000 —-15.0 —13.59 -11.0
Ta!ale 3 Results for Johansen Rank Eigenvalue Trace statistic 5% critical value Max statistic 5% critical value
cointegration test

None - 80.55 68.52 34.67 33.46

1 0.45 45.87* 47.21 27.07* 27.26

2 0.38 18.61 29.68 10.15 20.97

3 0.16 8.46 15.41 6.93 14.07

4 0.11 1.53 3.76 1.53 3.76

5 0.02

AQ, = ay+ @, AP +a,AY, + o, AH,+a,AC, +1(Q,_, = 8,P,_ = 8,Y, | — 6,H,_, = 5,C,_,

“

)+arM+ajS+cur

Phosphate short-run and long-run
elasticities

We have summarized in Tables 4 and 5 the elasticity coef-
ficients produced by our phosphate model for both the short
and long terms. Directly from the ECM estimation, it is pos-
sible to obtain elasticities (in both short and long run), as
well as their corresponding standard errors.

Price elasticity

Because all variables are defined using logged variables, the
regression coefficients are understood as elasticities; a 1%
change in an independent variable will result in a 1% change
in the dependent variable (Perloff, 2014). Due to human
necessity for food, it would seem that an increase or decrease
in phosphate prices would have little immediate effect on its
demand al Rawashdeh R. Maxwell P. (2011). The short-run
and the long-run price elasticities of demand were estimated
at (—0.003) and (—0.061), respectively, which indicates that
in general terms, phosphate prices have an inelastic effect on
demand (0 <l € I< 1). If the price of phosphate increases by
1%, phosphate use in the world would decrease by 0.003%
in the short run and by 0.061% in the long run. The results
from this study indicate that phosphate fertilizers are inelas-
tic goods and that the demand of phosphate will decrease
less relative to a hypothetical price increase. This implies
that farmers are not sensitive to phosphate fertilizer prices in
both short and long runs and that any change in these prices

@ Springer

would lead to insignificant changes in quantity demanded,
which also means that policies that could affect fertilizer
demand in the world are not likely to have serious impact on
the growth of the agricultural sector in the world if the prices
are not allowed to change drastically. These results coincide
with results of Nygards and Svenungsson (2020) and Den-
baly and Vroomen (1993) who found that price elasticities
for phosphate tend to be inelastic.

Price elasticities of demand in the long run are larger than
price elasticities of demand in the short run, as can be observed,
since consumers have more time to respond to price changes by
identifying more substitutes in the future (e.g., organic fertilizers).
In general, as Howie (2006) argued, a considerable proportion of
industrial minerals is utilized in the manufacturing of non-durable
end products such as clays in animal feedstuffs, as well as phos-
phate in fertilizers, and so, the longer customers have to adjust to
a price adjustment for non-durable end products, the greater the
response to a price change will be. As a result, long-term demand
for phosphate will be more price elastic than short-term demand.

The higher price inelasticity in the long run can also be
related to the ability of soils to retain nutrients which means
that a larger cut in fertilizers in the long run will not signifi-
cantly affect soil productivity. Crowson (1998) asserted that
although fertilizer application on a regular basis is required
for optimal plant growth, delaying fertilizers application
for one or two seasons can be done without significantly
affecting crop yield. Crowson (2006) stated that when most
phosphate producers increased prices significantly in the
mid-1970s to emulate OPEC’s success, farmers worldwide
responded by lowering phosphate fertilizer demand. Mew
(2016) reported that the ability of some soils to absorb a
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Table 4 Phosphate equivalent ECM results

Long run Coeff SE P-value
In(Q(-1)) 1.000

InP(-1) —0.061%* 0.035 0.086
InY(-1) 0.078 0.145 0.594
InH(-1) —-0.019 0.035 0.589
InC(-1) —0.185 0.144 0.265
ECM Coeff SE P-value
Cointegrating Eq —0.126%** 0.040 0.003
Constant 1.490%** 0.418 0.001
InAP —0.003 0.041 0.94
InAY 0.403 0.429 0.352
InAH —0.070%* 0.034 0.045
InAC -0.162 0.184 0.320
Dummies

M —0.187%** 0.042 0.000

S —0.072%* 0.029 0.019
R*=0.600

F(11,45)=6.15
Prob>F=0.000

Significance levels expressed as 99% ***; 95%**, and 90%*

significant proportion of the applied soluble P as low-sol-
ubility compounds creates a P bank or “sink” in the soil
that is released slowly over time as plant available P, this
mechanism allows farmers in many of the major grain grow-
ing regions such as Europe to lower, or remove all together,
P applications for one or more seasons, without detriment
to the crop yield. When farmers are pushed to do this by
deteriorating economics, the demand for phosphate fertiliz-
ers and hence phosphate rocks can be substantially reduced.
According to al Rawashdeh R. Maxwell P. (2011), a higher
price elasticity in the long run means that farmers have real-
ized that the use of heavy doses of fertilizer in the 1960s and
1970s created a soil that retained nutrients. So, by the 1980s,
the soil was rich enough that smaller doses of fertilizer were

Table 5 Demand elasticity estimates for phosphate in the short and
long run

Elasticities

SR LR
P (phosphate price) —0.003 —0.061
Standard error 0.041 0.035
Y (real income) 0.403 0.078
Standard error 0.429 0.145
H (complementary price) —0.070 —-0.019
Standard error 0.034 0.035
C (cereal yield) -0.162 —0.185
Standard error 0.184 0.144

sufficient to sustain fertility. This is also in agreement with
Heckenmiiller et al. (2014), who suggested that the overuse
of phosphate fertilizers would enhance crop yields and soil’s
phosphate supply, which may be utilized by crops in subse-
quent years. Thus, over-application of phosphate fertilizers
may be justified, particularly on phosphate-deficient soils.
However, once attained, it is prudent to apply only the amount
of phosphate required to maintain this essential level.

Income elasticity

According to Al Rawashdeh and Maxwell (2014), many peo-
ple perceive an increase in their income, which frequently
results in dietary shifts in their consumption, as they begin
to purchase more packaged food goods, as well as more
meat, dairy, and beverages from grocery stores. Demand for
phosphate is income inelastic, as seen in Table 5. It can be
noticed, that short-term income elasticity of demand (0.403)
is larger than the long-term income elasticity” (0.078).

In fact, as people become wealthier, they tend to spend
less on food and more on non-food products. While total
food expenditures rise, the proportion of total income spent
on food decreases, lowering demand for fertilizers; as people
become wealthy and their caloric requirements on a daily
basis are met, they begin to place a greater emphasis on the
taste and quality of food rather than the quantity (Jensen and
Miller, 2011; Skoufias et al., 2011). As a result, understand-
ing the relationship between wealth and food consumption
(and consequently phosphate fertilizer need) is crucial for
creating policies targeted at combating malnutrition and
enhancing food security in developing nations. Studies
such as those conducted by Melo et al. (2015), who used a
meta-analysis approach to explain the large heterogeneity in
income elasticities across the African continent, concluded
that the global relationship has exhibited a “trading up” phe-
nomenon (in which individuals consume more high-quality
protein foods as their income increases) and a “convergence”
phenomenon (in which individuals consume less food over
time as their spending habits of low income individuals
change).This will, in the long run, lead to the higher reduc-
tion in the consumption of fertilizers as income increases.

9 Metals, on the other hand, have a different explanation. Income
elasticity of demand for metals (such as copper), according to Pei and
Tilton (1999), is stronger in the short run (elasticity > 1) than in the
long run (elasticity ~ 1). Demand for metals is expected to be income
elastic in the short run, owing to the fact that metal prices are heavily
influenced by fluctuations in the global business cycle, and that met-
als are heavily consumed by the machinery industry and other eco-
nomic sectors whose output fluctuates significantly over the short run.
However, they predicted that the income elasticity would be approxi-
mately one in the long run.
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A further explanation for the reduced long-run income
elasticity can be found in the notion of “Intensity of Use”
addressed by Fernandez (2018), Crowson (2018), and
Guzman et al. (2005). Crowson (2018) confirmed that the
relationship between GDP per capita and consumption of
aluminum, refined copper, and crude steel per unit of GDP
in eight countries has an inverted U shape. This means, as
explained by Guzman et al. (2005), that as development pro-
gresses, the industrial, construction, and other metal-inten-
sive sectors expand, resulting in an increase in the intensity
of metal consumption. When the need for new dwellings,
roads, autos, and refrigerators reaches a certain level, the
growth rate begins to slow, and consumer preferences begin
to change toward services, computers, and other less metal-
intensive commodities. Therefore, as development proceeds,
the intensity of use finally reaches a peak and then begins
to decline. Thus, a classic inverted U-shaped curve may be
applicable over the long term in the context of phosphate
intensity and its relationship to economic development, with
recent fertilizer usage remaining stable or declining in afflu-
ent countries, while rising at a faster or equal rate to real
GDP growth in developing countries.

Complementary prices and cereal yield
elasticities

Potash and phosphate'® are frequently applied precisely in
order to suit the specific requirements of a certain crop, cli-
mate, soil type, or topographic feature. Fertilizers containing
phosphate help plants form new roots, make seeds, fruit, and
flowers, whereas potash helps plants make strong stems and
keep them growing fast. In our results, we found that the
complementary potash price elasticities in both short run
and long run were low and negative, indicating that potash
and phosphate are complementary products (not substitutes)
and that a 1% rise in potash prices tends to decrease phos-
phate demand by 0.07% in the short run and 0.019% in the
long run.

Regarding technological changes, cereal yield was used
as the measuring factor. Following the argument of Strengers
et al. (1999) with respect to metals, changes in requirements
for minerals may also occur as a result of substitution'' and
technological advancements, which may result in more
effective raw material utilization in the manufacturing of
finished goods. Our findings confirm that cereal yield is
negatively signed with an elasticity of 0.162 in the short
run and 0.185 in the long run. The results also show that, by

10 Nitrogen was added to the model, but the results did not fulfill the
standards of the weak exogeneity test.

11 This is the difference to metals, that the fertilizer minerals N, P,
and K cannot be substituted.
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producing more cereals, the amount of fertilizer is decreased
in the long term. New technology, including genetically
modified seeds, GPS systems, and nutrition management
programs, is being introduced into farming, according to
Sohn (2006) and al Rawashdeh (2011), who discovered that
this has resulted in increased efficiency when it comes to
the use of all types of fertilizers. Planting low phosphate
demanding crops by breeding specialized phosphate efficient
species has been prioritized with the aid of new technologies
(Richardson, 2009). Besides that, controlled-release fertiliz-
ers are part of a sustainable approach to agriculture known
as “precision farming” approach which improves crop yield
and minimizes excessive nutrient release by combining data
analytics. Carbeck (2019) stated that this approach utilizes
advanced sensor systems, as well as data analytics and artifi-
cial intelligence, to ascertain how much fertilizer is required
by plants at any moment of time. Then, autonomous vehi-
cles are used to deliver nutrients in prescribed amounts and
locations, which would at the end increase crop yields and
reduce excessive nutrient release. Bindraban et al. (2020)
has argued that current breakthroughs in nanotechnology
indicate an opportunity to decrease phosphate loss while
enhancing plant efficiency. The application of nanotech-
nology, which utilizes materials in the nanoscale (less than
100 nm), has been shown to improve the precision of phos-
phorus release rates to better fulfill crops demand and reduce
phosphorus loss.

Starting in 2029, phosphorus recycling is mandatory for
all German cities with populations above 50,000. This would
enable a decrease in phosphate product imports of up to
40% (Deutsche Phosphor-Plattform, 2019). Not only tech-
nology, but new research ideas have been adopted by some
countries in order to reduce phosphate fertilizers usage. For
example, on 250,000 hectares in Goias (Brazil), “natural”
nutrient sources have been used to enhance the soil using
“po de rocha”, which is created from native minerals rich in
nutrients, which come from volcanic rocks (MAPA 2019).

Forecasting measures and future prospects
Forecasted consumption

Figure 4 illustrates the 10-year out of sample projections for
all variables (with 95% confidence interval (CI),'? using the
VECM version of Eq. 5. From the forecasts of O, we can
project phosphate consumption in the next decade. Remem-
ber that our model’s parameters were in logarithmic form
and so quantity of phosphate in million tons is equal to €.

12 The confidence interval (CI) is a range of values that is likely to
include a population value with a certain degree of confidence. It is
often expressed as a % whereby a population mean lies between an
upper and lower interval.
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Fig.4 Log levels forecasts for key variables, Q, P, H, Y, and C

The results in Fig. 5 show that global phosphate consump-
tion for fertilizers is predicted to rise from 45.35 million tons
in 2018 to about 59.16 million tons in 2028, implying that
phosphate consumption would grow at a rate of 2.7% per
year. This also implies that phosphate users will require an
additional 1.2 million tons of P,O5 on an annual basis and
that producers would need to increase capacity to satisfy
this demand.

This is pretty much in line with the Research and Markets
Study (2020), which predicted that phosphate consumption
will rise at a rate of 2.4% from 2020 to 2027. The phosphate
market, on the other hand, is anticipated to grow at a pace
of 2% between 2020 and 2027, according to Data Bridge
Market Report (2021). As Williams (2021) suggests, the
global demand for phosphate is anticipated to climb in the
next 5 years in tandem with the increase in world population.
According to the FAO (2020), the agriculture sector’s need for
phosphate will continue to rise in the next few years due to:

As global nutrition patterns move toward higher levels
of animal-sourced meals, there will be an increase in the

number of crops and other agricultural and seafood prod-
ucts utilized as feed.

The increased income per capita for citizens in develop-
ing countries (i.e., China, India) and the dietary transition
from vegetarian to meat and dairy-rich diets will drive up
the demand for agricultural products, which will require
additional acreage for cultivation and greater agriculture
intensification, resulting in higher phosphate fertilizer use.
The worldwide arable land area is limited due to the
expansion of the world’s population, urbanization, and
the conversion of available land to residential uses.

In the future, the overall business strategy should be set
to ensure that there is enough supply of phosphate in the
world to meet the predicted demand at fair market prices.
According to the US Geological Survey (2021), the major-
ity of future production capacity increases are planned for
Africa and the Middle East until 2024, with large expan-
sion projects underway in Algeria, Egypt, Guinea Bissau,
Morocco, Senegal, and Togo. A strategy for responding to
global demand in the short term, bringing on significant

@ Springer



250

R. Al Rawashdeh

70

60

50

40

30

20

10

0

2018 2019 2020 2021 2022

Fig.5 Phosphate demand projections (in million tons) from 2018 to 2028

existing excess capacity, is more cost effective than building
anew one (e.g., greenfield projects). Therefore, the capacity
increase will likely be from a combination of new mines and
expansions of existing operations.

Forecasted prices

In light of the supply and demand variables, as can be seen in
Fig. 4e above, prices for phosphate are expected to increase
in the next 10 years. Due to the fact that there are no substi-
tutes or replacements for its primary purpose as a fertilizer,
phosphate prices will continue to climb as long as demand
increases, and no additional capacity is put in place. Recent
corona virus pandemic crisis has caused a high rise in phos-
phate prices in recent years, which has pushed prices for
food to high levels (Dietsch, 2021). As Bloomberg (2021)
reported, this is majorly due to the restrictions on import
and export, movement of people and goods across various
countries in the world, and delays and disruptions in supply
chain. Oxford Analytica (2020) confirmed the high boost in
phosphate prices in the coming years and reported that the
Chinese phosphate production, around one-third of which
is concentrated in Hubei province, has been hit hard by the
COVID-19 outbreak, and so, reduced Chinese exports in
the coming years combined with US and Indian inventories
being drawn down will likely push up phosphate fertilizers
prices in the coming few years. If the price of phosphate
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fertilizers remains high for the foreseeable future, existing
companies with high costs will be able to maintain their
viability; this will increase producers’ current net phosphate
production capacity and will enable them to bring greater
vertical integration with fertilizer producers, enhance local
value-added, undertake maintenance and modernizations of
production processes, improve foreign revenues, and create
employment opportunities.

To the contrary of the previously stated viewpoint, it is
crucial to note that if the price of phosphate remains high
for an extended period of time, new manufacturers will enter
the market, adding additional capacity to the existing ones,
finally resulting in a fall in the price of the commodity. In the
same way, as time goes on, any sustained price increase will,
according to Data Bridge Market Report (2021), encourage
further investment in the discovery and exploitation of new
alternatives, finally driving prices down. Furthermore, new
technological advances in the industry and the development
of environmentally friendly and innovative low-cost crop
nutrients will be a major factor among other factors that will
act as a restraint on the growth of the phosphate market dur-
ing the forecast period mentioned above. Van Kauwenbergh
(2010) reported that efforts are needed to more effectively
mine and process reserves/resources of phosphate rock and
to utilize phosphate fertilizer and phosphate-containing
waste as efficiently as possible. Keeping nutrients out of
watersheds and the oceans is most desirable. All of these
efforts must be tempered and explored realizing that only
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those techniques or processes that are logistically, techni-
cally and economically feasible are likely to be adopted.

Conclusion

Short-run (SR) and long-run (LR) elasticities, as well as
their respective standard errors, are of interest to most
researchers. Governments and industry officials would
be eager to learn how a potential own or complementary
price, income, or cereal increase would affect the phosphate
demand in the short run and long run. This study aimed to
contribute with estimations of demand elasticities of world
phosphate fertilizers. It answered the research question
“How world demand of phosphate fertilizers is affected by
its own price changes, cross price changes, income changes
and cereal yield changes?” To generate the most accurate
estimations possible, the study employs ECM version of the
ADL model, that considers weakly exogenous parameters
when estimating both short- and long-run elasticities. As the
results show, phosphate demand is inelastic and insensitive
to its own pricing, the prices of its complements, world per
capita income, and crop yield fluctuations over the short run
and long term.

Based on an investigation looking to the future, it was
projected that worldwide phosphate fertilizer consumption
and prices will both climb through 2028. The prediction
from our models shows that the consumption of phosphate
would rise from 45.35 million tons in 2018 to roughly 59.16
million tons by 2028. This means that phosphate consump-
tion growth will be roughly 2.7% annually for the next dec-
ade. This means that, on average, phosphate consumers will
need an additional 1.2 million tons of P,Os per year, and
therefore, to accommodate this demand, it is probable that
extra capacity will be required. According to our findings,
phosphate prices are forecast to increase, as long as demand
continues to rise and no new production facilities are built.
It is also possible that future lower quality reserves would
raise processing costs, leading to a price increase for both
mining and ore. However, since modern food production
relies heavily on phosphate, in countries where the domes-
tic agricultural sector struggles to feed its people, efficient
phosphate application could assist in reducing the need for
food imports by allowing farmers to increase their food pro-
ductivity, which in turn would increase their livelihoods and
keep their daily diet secure.
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