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Food commodity prices escalated during the 2007/2008 food crisis, and have scarcely fallen since. 
We show that high fertilizer prices, driven by the formation of an international export cartel as well as 
high energy prices, explains the majority of the recent price spikes. In particular, we estimate the pure 
fertilizer cartel effect explains up to 50% of crisis food price increases. While population growth, biofuels, 
high energy prices and financial speculation doubtlessly put stress on food markets, our results help to 
understand the severity and sudden emergence of the crisis and suggest avenues to prevent its repetition.
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1. Introduction

During the 2007–2008 food crisis, commodity prices escalated leading to food insecurity and political 
instability in the developing world (Timmer, 2010). Simultaneously an export cartel for fertilizer, an 
essential input to industrial crop production, established itself and fertilizer prices tripled (Jenny, 2012). 
This paper estimates that the cartel directly led to a 40-50% overcharge in the fertilizer market, which

– through cost passthrough to agriculture – translated into up to a 20% increase in food prices. Since 
food prices rose on average by 40% during the crisis, we can attribute nearly 50% of the price increase to 
the formation of the fertilizer cartel. Moreover, while the cartel channel has apparently been overlooked 
in the literature so far, it can explain not only the severity but also sudden emergence of the food crisis 
which other explanations – such as population growth or high energy prices – do not. More generally, 
our results indicate an urgent need to better understand the role of export cartels in addressing future 
challenges to food security (Grote, 2014).

Commensurate to the importance of the food crisis, a large literature is developing to estimate its 
causes

2
. On the demand side, analysts emphasize population growth and rising per capita meat 

consumption (Trostle, 2010). Mitchell (2008) focuses on the role of biofuel subsidies in raising demand for 
crops, although subsequent research is ambiguous at best (Serra and Zilberman, 2013). Adverse supply 
shocks due to high energy prices are a potential explanation (Harri et al., 2009), although challenged by 
Zhang et al. (2010). Bad weather in some regions certainly did not help (Headey and Fan, 2010, chapter 
2), although harvests were not unusually poor during the crisis period. Synchronous low grain stocks, 
or more precisely low stockto-use ratios is also frequently blamed (Bobenrieth et al., 2013). Current 
research and debate largely focuses on determining the relative importance of these causal factors to 
the food crisis

3
. Additionally, a growing body of research investigates the role of financial speculation 

in the food crisis, e.g. Irwin and Sanders (2012); Fattouh et al. (2013); Sanders and Irwin (2010), although 
there is considerable evidence against herd behaviour (Steen and Gjolberg, 2013). Finally, trade shocks 
(Headey, 2011) may have been a factor.
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One view is succinctly expressed by then-President George W. Bush in a White House press conference on 29.04.2008: “I 

thought it was 85 percent of the world’s food prices are caused by weather, increased demand and energy prices ... 15 percent 
has been caused by ethanol”
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Fertilizer has so far been at best at the sidelines of the discussion. While high fertilizer prices during 
the crisis are sometimes noted, they are often attributed to high energy prices (e.g. Headey and Fan 
(2010, p. 25)). Mitchell (2008) notes that “energy–intensive” components of total production costs account 
for 6.7%–13.4% in USDA farm survey data; but we know from economic theory that prices depend on 
marginal cost in a competitive industry. According to USDA (2014a), the average fertilizer cost share in 
years 1975-2013 accounted for 32% of the marginal cost of wheat and 37% of the marginal cost of maize.

4
 

High fertilizer prices can also have adverse impacts on the government budget of developing countries; 
e.g. Dorward and Chirwa (2011) point out that high fertilizer prices increased Malawi’s fertilizer subsidy 
expenditures in 2008/2009. Yet we are not aware of previous literature taking fertilizer seriously as a 
driver of the food crisis, or estimating a formal econometric model in this direction.

An appreciation of the role of fertilizer may be crucial to understanding the past food crisis and mitigating 
future ones. Given the large share of agricultural marginal cost accounted for by fertilizer, strong price 
passthrough from fertilizer to food is predicted by standard economic theory

5
; careful econometric 

analysis is thus needed. Second, fertilizer prices are at times determined by an international export 
cartel (Hoekman and Saggi, 2007) or the degree of market concentration (Hernandez and Torero (2013)) 
and not market forces. Understanding the extent of the cartel overcharge is crucial to estimating 
the potential effects international competition enforcement against such cartels could have on food 
markets– particularly on developing countries, where households spend roughly half their income on 
food (Mitchell, 2008).

Contribution: We contribute to the literature in three ways. First, using established time series 
methodology (cf. Baffes (2010); Nazlioglu and Soytas (2011); Zhang et al. (2010)), we establish the strong 
cost passthrough from fertilizer to food. Second, we estimate the cartel overcharge (Connor and 
Bolotova, 2006; Connor, 2010) in the fertilizer market during the crisis period. Finally, we conduct a 
simulation of food prices in the counter–factual case that no cartel would have been formed and show 
that the majority of the crisis food price increase can be explained by the fertilizer cartel alone.

This paper proceeds by briefly presenting the role of fertilizers in modern agriculture and describing 
the fertilizer market. Subsequently, data and methods are introduced in section 3, succeeded by a 
discussion of the economic motivation of the regression equation and our the estimation strategy. We 
present results in section 4, and place them in the context of the literature. Section 5 simulates the 
development of food prices had no cartel been in place. Robustness checks are collected in section 6. 
Finally, we conclude.

2. Fertilizers and Market

Mineral fertilizers - nitrogen, potassium and phosphorus are the key nutrients crucial for plant growth 
and hence modern agriculture. The increase in use of commercial fertilizers was the main component of 
the so called green revolution and at least 30 to 50% of crop yield is attributable to commercial fertilizer 
nutrient inputs (Stewart et al., 2005). Currently the world fertilizers market is worth approximately $170 
billion annually.

The fertilizer industry is conducive to cartelization, for individual nutrients and all three nutrients 
together. This feature of the fertilizer industry is based on heavy concentration of the essential mined 
inputs - potassium and phosphorus - where reserves are being exploited only in few countries and 
by few firms. Together with the high investment required in mining operations and the presence of 
export associations such as e.g. PhosChem and Canpotex, the fertilizer industry provides favorable 
conditions for collusion; indeed, cartel episodes have been documented since the late 19th century (see 
Taylor and Moss (2013) for a detailed study of the industry). Since the main input for nitrogen fertilizer 
is energy (used to convert atmospheric nitrogen to a nutritionally available form via the Haber-Bosch 
process), one would expect a higher degree of competitiveness on that market. However, many of the 
major phosphorus producers also manufacture nitrogen fertilizer, partly because a source of nitrogen 
is required to stabilize phosphorus, and partly because many fertilizer manufacturers sell blended 
nitrogen-phosphorus-potash fertilizer at wholesale and retail (Taylor and Moss (2013).

Furthermore, producers of fertilizers are often central to their local economies – e.g. PotashCorp for the 
Sasketchewan region of Canada – or indeed leading national exporters, as in the case of Office Cherifien 
des Phosphates (OCP) in Morocco or the Belarusian Potash Corporation, they are politically entrenched 
and backed by legal or de facto exemptions from usual antitrust enforcement.

4
Those fi gures represent the share of marginal costs. For total costs one must add an overhead – largely the rental cost of 

capital and land, since US agriculture is not labor intensive. These overheads can be interpreted as a largely fi xed cost, which 
should not affect competitive market prices.
5
See section 3 for details
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Dating the Cartel: The propensity of the fertilizer industry to establish cartels is well known (al Rawashdeh 
and Maxwell, 2014). However, competitive periods – after breakdown of a cartel – also occur. This makes 
it imperative to precisely date cartel periods for empirical analysis. Taylor and Moss (2013) conduct 
a detailed micro–level study to distinguish different phases of market competition in fertilizers. They 
conclude, based on qualitative and quantitative evidence, that the cartel exercised in market power in 
the 2008–2012 period

6
.

Furthermore, there exists evidence suggesting a successful attempt to form a Moroccan–lead 
phosphates cartel in 1974. In that period, Morocco’s share of the international market was 40 percent, 
and with the other African and Middle Eastern producers, Morocco controlled 55 percent of world trade 
in phosphates (Johnson, 1977). However, due to significant decrease in exports (by 30 percent) during 
1975, Morocco was forced to announce a price reduction in January, 1976. Later that year the Afro-
Arab Phosphate Commission (APC), an export group to which Morocco, Tunisia, Senegal, and Jordan 
belong, announced that they would not further tighten the supply highlighting that they only pursued 
price stabilization and a guaranteed minimum price.

3. Data and Methods

Model Specification: Our interest is in determining the price passthrough from fertilizer and energy 
indices on food prices. Thus, based on annual time series data, we estimate reduced form regressions 
explaining food commodity prices as a function of fertilizer and energy indicies, controlling for inflation 
and allowing a linear time trend. This yields the regression model:

where t denotes a year between 1960 and 2013, FERTILIZERSt is the index of fertilizer prices and 
ENERGYt the index of energy prices; moreover, a price deflator, denoted MUVt, US dollar exchange rate 
USDt and linear time trend t are a ded as controls. The dependent variable is denoted Xt; in our analysis, 
we consider a general food price index FOOD as well as prices for main agricultural commodities, wheat 
and maize, soybeans, barley, sorghum and rice. To facilitate comparison with the existing literature, 
we also estimate a reduced model where the restriction 1 = 0 is imposed. Furthermore, similarly to 
Nazlioglu and Soytas (2011) we present a specification without MUV and similarly to Baffes (2010) a model 
without the exchange rates.

Finally, we estimate the reduced model with the fertilizer index as the dependent variable. Throughout, 
we follow Engle-Granger methodology, i.e. we use OLS as our estimation method and carefully check 
for non-stationarities using appropriate versions of the Augmented Dickey Fuller (ADF) test. We assume 
that unobserved variables (e.g. other cost–push factors such as wages) are uncorrelated with the error 
term; further properties of the error time series will be subjected to statistical testing below. Specifying 
the model as in equation 1 we implicitly assume existence of a single cointegration relation between all 
variables in the equation. We find no evidence to reject this hypothesis if the residuals of the regression 
from equation 1 are stationary, as non-stationarity of the error term invalidates the OLS approach. If 
we  can’t reject the hypothesis about residuals non-stationarity, we reject the hypothesis of a single 
cointegrating and are unable to interpret the model parameter estimates.

This statistical model can be given a structural economic interpretation. Consider a competitive industry, 
where each firm produces according to a constant returns to scale Cobb–Douglas production function. 
Then, the unit marginal cost function has the functional form of (1), allowing for a time trend in total 
factor productivity and possibly non–neutrality of money (unless  3 = 1 2). Coefficients 1 and 2 can 
thus be interpreted as the factor weights in the production function; moreover, the predicted cost share 
of each factor corresponds to the coefficients i. For proof see the appendix.

Data Sources: Our commodity price series is based on the World Bank Global Economic Monitor 
Commodities database (World Bank, 2014). We study the broad–based food price index (series IFOOD), 
which includes grains, cereals and oils among other food items as our dependent variable of interest; 
furthermore, key commodities – maize, wheat, soybeans, barley, sorghum and rice – are studied 
separately. Our explanatory variables are the fertilizer index (series IFERTILIZER), which includes all 
widely used fertilizer types: potassium, nitrogen and phosphate rock, and energy prices (IENERGY 
index). More detailed description of the composition of each of the indices is presented in the appendix.

Individual commodity prices are given in nominal USD; indices are also of nominal prices, with 2010 as 
the base year. The Manufactured Unit Value (MUV) index, also provided by the World Bank, is included 
in the regressions as a deflator.

6
Since the fertilizer export cartel is not constrained by usual anti–trust enforcement, the cartel is relatively transparent. For 

example, according to the Potash Investing News, potassium producers simultaneously announced in 2009 an intention to 
further reduce output (Toovey, 2009). Following a rapid collapse in fertilizer prices, Uralkali Chief Executive Offi cer Vladislav 
Baumgertner was detained in a prison in Belarus in August 2013 after talks on restoring the cartel were apparently unsuccessful 
(Fedorinova and Kudrytski, 2013)
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Furthermore, we account for USD real exchange rates, based on Breugel Institute’s monthly data 
series

7
 (Darvas, 2012). Data were current as of December 2014. The dataset is closely related to Baffes 

(2010), who studies the 1960–2008 period; however, his analysis omits consideration of fertilizer prices 
as an explanatory variable.

Descriptive Analysis: The starkness of the ongoing food crisis is illustrated in figure 1. Food prices 
are drawn in the top panel; in 2010, they were 40% higher than two years previously; moreover, after 
a brief recovery in 2009, prices at the end of the sample period exceed the peak of the crisis level. 
Simultaneously with the food crisis, energy prices also rose – yet more mildly, by merely 25% over the 
same period. But by far the most drastic change in the crisis period took place in the fertilizer market: 
by 2010, fertilizer prices more than tripled compared to 2006 levels.

All time series are trending upwards; this includes those in the data set that are not drawn in the 
figures. By visual inspection, one may suspect nonstationarity in the form of a unit root; this intuition is 
supported through autocorrelation functions. Below, we conduct an ADF test to test this view against the 
alternative hypothesis of a trend stationary process.

Fertilizer–Energy Link: Fertilizer and energy price indices are closely linked. This is apparent from 
visual inspection: from the mid–1970s to 2005 or so, energy and fertilizer indices move almost entirely 
in parallel. This is explained by the fact that fertilizer production is highly energy–intensive, be it due to 
mining (potassium, phosphate rock) or as a direct input (e.g., natural gas in the Haber–Bosch process). 
Yet there is independent variation in fertilizer prices: in both 1973/1974 and 2007/2008, fertilizer prices 
are much higher than one would expect from energy prices. Moreover, in both of these periods food 
prices were abnormally high – indeed, at crisis levels. It is this variation that underlies the more formal 
analysis below and allows us to estimate the direct impact of fertilizer prices on food commodities.

Figure 1 - Trends in food and energy/fertilizer prices

4. Fertilizer Matters

Unit Root Tests: We use the Augmented Dickey–Fuller (ADF) test testing the null hypothesis of a unit 
root against the alternative of a stationary autoregressive process. The optimal lag order is determined 
through the Akaike Information Criterion (AIC); results are presented in table 1. It is evident that for the 
levels series – displayed in the left panel – the ADF test largely fails to reject the unit root hypothesis. 
For the fertilizer and USD, there is weak evidence for stationarity at the 10% level; we consider this 
significance level insufficient to reject the null. Thus, all levels series are considered to have a unit 
root. In the right panel, the corresponding ADF test for the first–differenced series is displayed. Here, 
results are rather straightforward: the null hypothesis is rejected at the 1% level for all series. Hence, 
the evidence suggests that our data follows an I(1) process.

The I(1) finding has profound implications for our econometric analysis of model (1). On the one hand, 
standard errors and the R2 statistic are biased towards excessive significance (the “spurious regression” 
problem); hence significance tests need to be interpreted with care. On the other hand, as we show 
below, the model in fact provides a cointegrating regression; hence the error term t will be stationary 
and, importantly, OLS parameter estimates are super consistent, i.e. they converge to the population at 
a faster rate than in an I(0) regression with the same sample size.

7
Offi cial FED USD exchange rates are reported only since the collapse of the Bretton Woods system in 1971.
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Table 1 - Unit Root Tests

Estimation Results: Table 2 collects estimation results. Given the I(1) data, universally high values 
of adjusted R2 are expected, therefore the statistics are not reported in the regression tables; 
encouragingly, we are able to reject statistical significance of some parameters. In particular, there 
appears to be essentially no time trend in commodity prices. Moreover, the deflator MUVt is mostly 
insignificant, reaching the 5% level only in few specifications. In regressions (1-3), which include the 
fertilizer index, there is robust evidence in favor of cointegration. The Augmented Dickey Fuller test, 
computed on residuals of the estimated equation, is able to reject the null hypothesis of a unit root in 
all cases at the 5% level. There is mixed evidence regarding cointegration in the restricted model which 
omits the fertilizer index (specifications 4-6). The no cointegration null hypothesis cannot be rejected 
even at the 10% level in specification (4), in which as in Baffes (2010) only energy and price index are 
included. In specification (5), as in Nazlioglu and Soytas (2011), i.e. with energy and exchange rate indexes 
the no cointegration null hypothesis can be rejected only at the 10% level. Once both USD exchange rate 
and the price index are included the no cointegration null hypothesis can be rejected at the 5% level. 
Relatedly, Zhang et al. (2010) also reject both cointegration and Granger causality from fuel to food in a 
different dataset. Baffes (2010) found cointegration for a similar dataset to ours, but with a shorter time 
period. In line with Harri et al. (2009), our results indicate lack of a robust cointegration relationship 
between energy and food across different commodities.

Fertilizer is a consistently statistically and economically significant price driver in food markets. Estimates 
for 1 range from 0.28 to 0.42 depending on the specifi cation; this implies that a doubling in fertilizer 
prices would be predicted to lead to at least a 28% increase in food prices. The estimates may, at first, 
seem surprisingly high, but they indeed stay very much in line with the fertilizer cost shares in variable 
costs from the USDA farm cost surveys as shown on figure 2. We compare cost share coefficients from 
the reduced form regressions (see appendix for the regressions tables) and the average fertilizers share 
in the variable production cost using USDA data for years 1975-2013

8
 (USDA (2014a)). The data points on 

figure 2 lay along the 45, which indicates that a nearly perfect match is achieved, thereby confirming the 
validity of the approach.

9

There is mixed evidence supporting statistically significant effect of energy on food prices once fertilizer 
is included. This finding is especially striking in light of the spurious regression problem: due to biased 
standard errors, it may be difficult to reject truly insignificant parameters. The estimates at around 5-13% 
stay in line with USDA survey suggesting that the combined costs for “fuel, lube and electricity” account 
for 9% to 12% of operating costs for the main crops (USDA, 2014a). Note that since commodity prices are 
generally quoted “free on board”, the bulk of transportation costs does not enter directly in the data.

The energy–food price link reappears once fertilizer prices are excluded. Our estimates suggest an cost 
elasticity in the range 0.3 of food prices with respect to the energy index; these findings are close to 
earlier estimates in the literature10.

Combined with the lack of cointegation between energy and food, this suggests that earlier studies 
– which omitted fertilizer – may have identified only the indirect impact of energy on food, channeled 
through higher fertilizer prices.

At an estimated 38-62% cost share (specifications 7-9 of table 2), energy prices have a very strong cost 
passthrough to fertilizer prices. Due to the energy–intensive production of fertilizers – with energy costs 
accounting for up to 90% of nitrogen fertilizer cost (Headey and Fan, 2010, p. 25) – the estimate is plausible.

8
The estimates are based on producer surveys conducted about every 4-8 years for each commodity and updated each year 

with estimates of annual price, acreage, and production changes. Estimates for non-survey years use the actual survey year 
as a base and use price indexes and other indicators to refl ect year-over-year changes. The cost estimates include both cash 
expenditures and non-cash costs that constitute an economic cost. The USDA cost classifi cation was changing over time. To 
reconstruct a cost category “Total, variable cash expenses” available only for the older series, hired labor costs were added to 
category “Total, operating cost”.

9For the analysis all food commodities for which data are available in both USDA and GEM databases except for rice. The 
exclusion of rice from the analysis is on both on econometric and economic grounds. The former are due the the fact that we 
can’t reject the hypothesis that rice price is I(0). From more economic perspective, rice markets are very thinly traded and the 
market price is often driven by import and export regulations and not by the cost factors (see e.g. (Timmer, 2010)).
10

Baffes (2010), using a similar data set until 2008, estimates an elasticity of 0.28; due to persistently high energy and food 
prices, the correlation appears to be stronger in the extended sample used in the present analysis. Relatedly, Gilbert (1989) 
estimates an elasticity of 0.25 using quarterly data from 1965.Q1 to 1986.Q2
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Figure 2 - Cost share estimates: model fit vs. USDA (2014a) survey data

5. Did the Fertilizer Cartel cause the Food Crisis?

During the “perfect storm” of 2007/2008, the food crisis coincided not only with an energy crisis but also 
the establishment of a fertilizer cartel. Given our estimation results above, we are interested in isolating 
the effect of the cartel formation on fertilizer prices, and hence, ultimately on food. To this end, we 
first seek to date the recent cartel period in the fertilizer industry and then we estimate an augmented 
fertilizer pricing equation in the spirit of model (1). Based on predicted fertilizer prices in the counter–
factual case of no cartel formation, we then simulate what food  prices would have been had a cartel not 
been formed.

Estimating Cartel Overcharges: We seek to estimate a model that disentangles the impact of energy 
prices and cartel formation on fertilizer prices. To this end, we augment the version of model (1) already 
used to estimate potash prices with the cartel variables. To accommodate for the non-competitive 
periods in the fertilizer industry described in section 2 we introduce a new dummy variable CARTEL0812t, 
which takes value 1 in those years and zero otherwise (i.e. 1960–2007 and 2013). To account for the 
Morocco-lead phosphates cartel from the 1970s we introduce a dummy variable CARTEL7475t, which 
takes value 1 in year 1974 and 1975 and zero otherwise. The cartel impact on fertilizer prices is very 
strong, as shown in table 3. According to the model, the 2008 cartel formation was associated with a 
42-51% overcharge in the fertilizer market. The previous attempt to form a cartel resulted in slightly 
higher overcharge at approximately 51-65%. Statistical significance at the 1% level, in spite of only few 
years of observations with the cartel in place, is a reflection of the magnitude of the economic effect. 
Such large overcharges are not uncommon: in a meta–study of cartel overcharges, Connor and Bolotova 
(2006, table 3) report an average overcharge of 54.2% for international cartels based on a sample size 
of 365 cartel episodes. Allowing for the cartel reduces the earlier estimate of energy passthrough on 
fertilizers; this is intuitive, since the cartel period coincided with high energy prices.

A possible threat to the estimation strategy is the impact of the oil crises on the relation between energy 
and fertilizer prices and the market turbulences in the aftermath. Therefore, to check the robustness 
of the results we introduce dummy variables for the 1973-74 and 2007-08 oil crises years (DUMMY7374 
and DUMMY0708 respectively). The inclusion of additional out-of-the-sample information affects the 
results only marginally reassuring that strong fertilizer price spike was not caused only by the increase 
in energy prices.

Impact on the Food Crisis: The fertilizer cartel can potentially explain up to a halve of food price increases 
during the crisis time. According to our earlier estimates, the 42-51% fertilizer cartel overcharge would 
be expected to lead to a 12-21% 

11
 increase in food prices. Given the observed increase in the food price 

index of 40%, our model attributes 29-53% of the crisis price hike to the fertilizer cartel. Figure 3, 
based on specification (1) in table 3, shows the counter–factual food and fertilizer prices without cartel 
formation side–by–side with actual values: it is apparent that, according to our estimates, food prices 
could have remained nearly stable over recent years in the absence of the cartel.

11
The lower bound is given by the lowest estimates from tables 2 and 3 (0.276*0.423=11.7%) while the upper bound calculated 

based on the highest estimates (0.419*0.508=21.3%)
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Table 3 - Regression Results: Cartel

Figure 3 - Actual and counter–factual food and fertilizer prices without cartel formation

6. Robustness Checks

To assert a robust impact of fertilizer prices on food commodities we replace the food price index with the 
main food commodities as the dependent variable in equation 1. More specifically, we test the following 
commodities: wheat, maize, soybeans, barley, sorghum and rice. Similarly as in section 4 we proceed 
with stationarity tests reported in the appendix. As we can’t reject the hypothesis about stationarity 
of the rice price time series we limit our attention to the remaining commodities in the cointegrating 
regression. The regression results suggest a strong impact of fertilizer consistent across specifications 
and commodities. In all specifications the coefficient on fertilizer is highly significant and in line with the 
USDA cost survey data presented on figure 2. The fertilizer cost share for soybeans is significantly lower 
than for other crops due to legumes’ nitrogen-fixing abilities. The ADF test on residuals suggests the 
existence of a cointegrating vector between the commodities. Results of specification (1) from table 2 
are presented in columns (1-5), specification (2) in columns (6-10) and specification (3) in columns (11-15) 
of the table in the appendix.

The availability of storing technology distorts the standard Marshallian supplydemand cross (Wright, 
2011). To control for the possible impact of storage on price dynamics, stock-to-use ratios for each of the 
commodities have been added to the regression. Although, the stationarity of commodity prices suggests 
that food stocks are not used as an investment device for arbitrage opportunity seeking investors, the 
distortions caused by state buffer stocks cannot be excluded. Therefore, similarly to Baffes and Dennis 
(2013) we include the stock-to-use ratio directly in the regression framework

12
. The estimates on stock-

to-use ratio are potentially biased due to endogeneity problems, however good instruments were not 
available to us. Except for wheat, stock-to-use ratios for all commodities are I(1) so we include them in 
the cointegrating regression. Results presented in specifications (16-20) in the appendix show that while 
being highly significant and negatively correlated with commodity prices, stock-to-use ratios do not 
affect the coefficients on fertilizers. This suggests that any endogenity problems in the stock-use-ratio 
do not affect our estimates of the fertilizer effect.

12
We calculate stock-to-use ratio following the methodology and data (USDA, 2014b) as suggested by Bobenrieth et al. (2013)
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The broad range of regressions performed robustly show the importance of fertilizers in determining 
food prices. For each of the five food commodities, in each of the four regression specifications, fertilizers 
persistently prove to be a major cost contributor of food commodity prices. Importantly, the changes in 
the specifications do not significantly affect the estimates of the fertilizer effect.

7. Conclusion

Since the Green Revolution, the increased application of fertilizer has been instrumental in raising crop 
yields worldwide. But, as this paper shows, this dependence on fertilizer is not merely technological, 
but economic: high fertilizer prices directly translate into high food prices. This link is crucial to our 
understanding of the recent food crisis, during which prices rose by 40% on average. We estimate this 
was largely caused by the formation of an international export cartel for fertilizers. According to our 
model, the cartel overcharge in the fertilizer market amounted to nearly 50%. his directly led to a 26% 
increase in the food price index. In other words, the formation of the fertilizer cartel explains up to a 
halve of the crisis price increase.

While many factors doubtlessly contributed to the food crisis, we believe the role of fertilizer should 
be taken seriously. First, while our results are stark, they are in line with the related literature. We 
estimate fertilizer cost passthrough from aggregate time series data running many years; but the 
share of fertilizer in marginal cost implied by our model is close to estimates obtained from production 
budgets and farmer surveys. Our estimated cartel overcharge of 42-51% is typical for international 
export cartels. Finally, we control for energy prices; according to our estimates, food prices would 
certainly have been high in 2007/2008 – due to the simultaneous energy crisis – but they would not have 
reached crisis levels. These results highlight the importance of addressing fertilizer cartel – the “OPEC 
of world potash markets” (Scherer, 1996) – in combating food crises. In recent history, various export 
cartels have at different times dominated the fertilizer market (cf. al Rawashdeh and Maxwell (2014); e.g. 
Newman (1948) discusses the role of the German potassium cartel in the Nazi economy). These cartels 
flourished, with either explicit or implicit state backing, because of the absence of effective international 
competition authorities and enforcement (Marquis, 2014)

13
. Sokol (2008) discusses possible institutional 

reforms to mitigate export cartels; Taylor and Moss (2013) make the case for global antitrust enforcement 
in the fertilizer industry. Perhaps above all, this paper is a call for further research. Since the “fertilizer 
hypothesis” is new, it is in need of further corroboration for additional food commodities and from other 
datasets. The recommended steps include data disaggregation. The analysis performed on the indices 
may miss some important subtleties of the fertilizer and energy markets. It would be very valuable for 
the agricultural policy to understand the co-movement of prices of nitrogen, potassium and phosphorus 
fertilizers. Furthermore, the recent dramatic shocks to the fertilizers markets caused by the cartel 
formation and the significant decrease of natural gas prices may help to identify the links between the 
different fertilizer types. Furthermore, a focus on the oil and natural gas prices rather than the analysis 
compound index would allow to separate the effect of cartel formation from the recent processes that 
change the shape of the relation between food, energy and fertilizer prices - the introduction of the 
fracking technology and the recent increase in the use of biofuels. Finally, we treated fertilizer cartel 
formation as exogenous; but a better understanding of the reasons for success and breakdowns in 
fertilizer cartels over time is sorely needed.

References

al Rawashdeh, R. and Maxwell, P. (2014). Analysing the world potash industry. Resources Policy, 41:143–151.

Baffes, J. (2010). More on the energy/nonenergy price link. Applied Economics Letters, 17(16):1555–1558.

Baffes, J. and Dennis, A. (2013). Long-term drivers of food prices. World Bank Policy Research Working Paper, 
(6455).

Bobenrieth, E., Wright, B., and Zeng, D. (2013). Stocks-to-use ratios and prices as indicators of vulnerability to 
spikes in global cereal markets. Agricultural Economics, 44(s1):43–52.

Connor, J. M. (2010). Price fixing overcharges: Revised 2nd edition. Available at SSRN 1610262.

Connor, J. M. and Bolotova, Y. (2006). Cartel overcharges: survey and metaanalysis. International Journal of 
Industrial Organization, 24(6):1109–1137.

Darvas, Z. (2012). Real effective exchange rates for 178 countries: A new database.

Dorward, A. and Chirwa, E. (2011). The malawi agricultural input subsidy programme: 2005/06 to 2008/09. 
International Journal of Agricultural Sustainability, 9(1):232–247. 

Fattouh, B., Kilian, L., and Mahadeva, L. (2013). The role of speculation in oil markets: What have we learned 
so far? The Energy Journal, 34(3).

13
See in particular the discussion on pp. 65.



C16

37PROCEEDINGS  ICAS VII  Seventh International Conference on Agricultural Statistics I Rome 24-26 October 2016                                       

Fedorinova, Y. and Kudrytski, A. (2013). Uralkali ceo recently arrested in belarus over potash cartel 
bust-up moved from kgb prison to house arrest. http://business.financialpost.com/2013/09/26/ uralkali-
ceo-recently-arrested-in-belarus-over-potash-cartel-bust-up-moved-from-kgb-Gilbert, C. L. (1989). 
The impact of exchange rates and developing country debt on commodity prices. The Economic Journal, 
pages 773–784.

Grote, U. (2014). Can we improve global food security? a socio-economic and political perspective. Food 
Security, 6(2):187–200.

Harri, A., Nalley, L., Hudson, D., et al. (2009). The relationship between oil, exchange rates, and 
commodity prices. Journal of Agricultural and Applied Economics, 41(2):501–510.

Headey, D. (2011). Rethinking the global food crisis: The role of trade shocks. Food Policy, 36(2):136–146.

Headey, D. and Fan, S. (2010). Reflections on the global food crisis: How did it happen? how has it 
hurt? and how can we prevent the next one? Technical Report 165, International Food Policy Research 
Institute.

Hernandez, M. A. and Torero, M. (2013). Market concentration and pricing behavior in the fertilizer 
industry: a global approach. Agricultural Economics, 44(6):723–734.

Hoekman, B. and Saggi, K. (2007). Tariff bindings and bilateral cooperation on export cartels. Journal of 
Development Economics, 83(1):141–156.

Irwin, S. H. and Sanders, D. R. (2012). Testing the masters hypothesis in commodity futures markets. 
Energy Economics, 34(1):256–269.

Jenny, F. (2012). Export cartels in primary products: The potash case in perspective. Trade, Competition, 
and the Pricing of Commodities, page 99.

Johnson, P. H. (1977). Phosphates: the next cartel. Fletcher Forum, 1(2):154–163.

Marquis, M. (2014). Idea merchants and paradigm peddlers in global antitrust. In Bailleux, J. and 
Vauchez, A., editors, Exploring the Transnational Circulation of Policy Paradigms: Law Firms, Legal 
Networks and the Production of Expertise in the Field of Competition Policies. Robert Schuman Centre 
for Advanced Studies.

Mitchell, D. (2008). A note on rising food prices. World Bank Policy Research Working Paper Series, Vol.

Nazlioglu, S. and Soytas, U. (2011). World oil prices and agricultural commodity prices: evidence from an 
emerging market. Energy Economics, 33(3):488–496.

Newman, P. C. (1948). Key german cartels under the nazi regime. The Quarterly Journal of Economics, 
pages 576–595.

Sanders, D. R. and Irwin, S. H. (2010). A speculative bubble in commodity futures prices? cross-sectional 
evidence. Agricultural Economics, 41(1):25–32.

Scherer, F. M. (1996). International trade and competition policy. Technical report, ZEW Discussion 
Papers.

Serra, T. and Zilberman, D. (2013). Biofuel-related price transmission literature: A review. Energy 
Economics, 37:141–151.

Sokol, D. D. (2008). What do we really know about export cartels and what is the appropriate solution? 
Journal of Competition Law and Economics, 4(4):967–982.

Steen, M. and Gjolberg, O. (2013). Are commodity markets characterized by herd behaviour? Applied 
Financial Economics, 23(1):79–90.

Stewart, W., Dibb, D., Johnston, A., and Smyth, T. (2005). The contribution of commercial fertilizer 
nutrients to food production. Agronomy Journal, 97(1):1–6.

Taylor, C. R. and Moss, D. L. (2013). The fertilizer oligopoly: The case for global antitrust enforcement. 
Technical report, American Antitrust Institute.

Timmer, C. P. (2010). Reflections on food crises past. Food policy, 35(1):1–11. 

Toovey, L. M. (2009). Potash prices at record high. http://potashinvestingnews. com/354-potash-prices-
at-record-high.html.

Trostle, R. (2010). Global Agricultural Supply and Demand: Factors Contributing to the Recent Increase 
in Food Commodity Prices (rev. DIANE Publishing.



C16

38PROCEEDINGS  ICAS VII  Seventh International Conference on Agricultural Statistics I Rome 24-26 October 2016                                       

USDA (2014a). Food production costs and returns per planted acre: All commodities. http://www.ers.
usda.gov/data-products/commodity-costs-and-returns.aspx.

USDA (2014b). Production, supply and distribution online. http://apps.fas.usda.gov/psdonline/psdHome.
aspx.

World Bank (2014). Global economic monitor: Commodities database. http://databank.worldbank.
org/data/views/variableselection/selectvariables.aspx?source=global-economic-monitor-(gem) 
-commodities.

Wright, B. D. (2011). The economics of grain price volatility. Applied Economic Perspectives and Policy, 
33(1):32–58.

Zhang, Z., Lohr, L., Escalante, C., andWetzstein, M. (2010). Food versus fuel: What do prices tell us? 
Energy Policy, 38(1):445–451.

Appendix

Food, Energy and Fertilizers Indices Composition

The main objective of this study is to understand the change of food prices. We use various World Bank’s 
price indices, the composition of which may not be clear to the reader. Indeed, the information about 
how price indices are constructed is surprisingly scarce. Therefore, to inform about what is actually 
being measured in this paper we reconstruct the price indices used throughout the the text.

To reverse-engineer the indices we perform OLS regressions of indices against all commodities included 
in the database from the given commodity group. To solve the collinearity problem first differences of all 
variables of interest are taken. If constant weights were used throughout the sample period to construct 
the indices of interest, this approach allows for full index reconstruction.

The number of food commodities in the data base is close to the number of observations, which leaves few 
degrees of freedom for the estimation of food price index, therefore, we take a two stage approach. First, 
we identify the subindices also included in the GEM database that IFOOD is made of. Subsequently, we 
identify components of each of the subindices. Finally, we verify if , indeed all components of subindices 
are included in the IFOOD index.

The IFOOD index is built of three subindices - IFATS_OIL with over 40% and IGRAINS and IOTHERFOOD 
with approximately 30% share each. The detailed composition of IFOOD with it’s shares (using 2010 
prices) and weights with which particular prices enter the index presented in the table below.

Soybeans prices (beans, meal and oil) are by far the most important component of the IFOOD index with 
over 25% weight. Also changes in palm oil, maize and sugar prices can significantly affect the index with 
each commodity having an over 10% share in the index.

Simialr analysis has been performed on the other two indices. Fertilizer price index has 4 components 
- potash, phosphate rock, TSP (triple superphosphate) with around 20% share each and urea with 40% 
share with details presented in table A.2. The energy price index is dominated by crude oil with 85% 
share equally divided between Brent, WTI and Dubai classifications. The remainder is coal (5%) and 
natural gas (10%) averaged over the European, US and Japanese prices, as shown in detail in table A.3.

Cost shares - a proof
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Table A.1 - FOOD price index decomposition

Table A.2 - Fertilizers price index decomposition

Food index share is a product of OLS coefficient estimates and commodity prices in 2010 PHOSROCK - 
Phosphate rock (Morocco), 70% BPL, contract, f.a.s. Casablanca; POTASH - Potassium chloride (muriate 
of potash), standard grade, spot, f.o.b. Vancouver; TSP - triple superphosphate, up to September 2006 
bulk, spot, f.o.b. US Gulf; from October 2006 onwards Tunisian, granular, f.o.b.; UREA_EE_BULK - Urea, 
(Black Sea), bulk, spot, f.o.b. Black Sea (primarily Yuzhnyy)

Table A.3 - Energy price index decomposition

Unit root test results

Table A.4 - Unit Root Tests
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Robustness check - regression results

Table A.5 - Cost Share Estimation

Table A.5 - cont’d: Cost Share Estimation


