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We analyze the farm-gate prices of twelve representative crops in 1991-2016, considering data from 162 countries. The
association between crop price and unit water footprint is investigated, also accounting for the country’s water scarcity and of
the land footprint as possible confounding factors. We find that prices of staple crops (e.g. wheat, maize, soybeans, and
potatoes) seem to embed the amount of water used for their production. Differently, food products whose production is more
export-oriented (e.g. coffee, cocoa beans, tea, vanilla) exchibit weaker or negligible water price links. These variations may be

ascribable to specific market dynamics related to the two product groups.

Water is crucial for all human activities, but agriculture consumes 70% of all freshwater withdrawals on
the earth (FAO 2017). Moreover, every increase in the world population drives an increment in the
demand for agricultural crops (Hejazi et al. 2014)). At the same time, researches estimated that an increase
of one Celsius degree in global temperature is associated to a reduction of the renewable water resource
availability by 20% for almost 7% of the global population IPCC 2014). Moreover, higher incomes and
urbanization trends generate an increase in consumption of livestock products that are highly water
intensive (Molden et al. 2007). Therefore, according to these estimations water withdrawals are expected

to increase constantly over time, despite undeniable progresses in technological solutions.

In this framework of growing water stress there has been a debate on the possibility to attribute a price
to water (Young and Loomis 2014, Rey et al. 2019). Some scholars argue that assigning an economic
value to water would improve the efficiency in its allocation, providing incentives for more sustainable

patterns of consumption (Subramanian 1997, Rogers et al. 2002, Gomez et al. 2018).
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On the opposite side, other streams of thought argue that water should not be considered as a private
good because it is a fundamental human need and its allocation should not follow market dynamics
(Brentwood et al. 2004, Savenije et al. 2002, Perry et al. 1997).

In the context of this debate, some scholars claim that agricultural goods’ prices do not reflect correctly
the amount of water used for their production (Nature Food Editorial 2020, Hoekstra and Hung 2002).
However, in this general framework, there is a lack of large scale data-driven analyses.

In this work we investigate whether the water consumption related to agricultural production is reflected
in crop prices. We consider twelve crops which are cultivated worldwide over the period 1991-2016,
encompassing 162 countries. We analyse the relation between the crop water footprints and crop prices,
taking into account also the level of water scarcity at the country level and the role played by the land
footprint, defined as the ratio between the harvested area and the tons produced for each crop. It is the
reverse of the yield - 27/ ha (Hogerboom and Hoekstra 2017).

There are two main innovative features in our work. First, we use a data-driven approach to explore the
subject on a global scale, considering a wide temporal frame, and analysing a heterogeneous set of
representative crops cultivated in an extensive range of countries. Second, we use a unique dataset that
considers the time variability of the crop water footprint (Tamea et al. 2021).

In relation to some selected literature, our work aims to respond to the challenging issues raised, among
others, by Hoekstra (2017), who argue that crops prices do not propetrly reflect the cost of the water used
for their cultivation, and by Wichelns (2014), who discusses on whether crop water productivity estimates
are useful for a better understanding of water management in agriculture. Our study is complementary
to the one of Gower et al. (20106) that addresses the relation between water content and crop economic
value and it discusses the clusterization of behaviours in the categories of subsistence and market crops.
Moreover, it extends considerably the research of Fulton et al. (2019) who performed a similar analysis
but considering only one single crop in a limited area (almond in California), in order to inform policy

makers about the allocation of water in local agricultural practices.

We consider the following crops: wheat, maize, rice, soybeans, potatoes, apples, avocados, cocoa beans,
coffee, cottonseed, tea, and vanilla. Wheat, maize, rice and soybeans are staple crops that, together with
potatoes, cover roughly 60% of the global calorie intake (D’Odorico et al. 2014). Besides, the large-scale
cultivation of the so-called cash crops such as cocoa, cottonseed, tea, coffee and vanilla is more oriented
for export. Avocado and apple represent fruit items for tropical and temperate areas, respectively. These
crops exhibit wide variability in average water footprint and price among them.

The data used in this study are the following: agricultural production (#ons), farm-gate crop prices (in
current US$, translated in PPP), hectares harvested of each crop (ba/ton), evapotranspitation (z/ ha)
(FAO 2019), total per capita renewable water resource (73/pe) (AQUASTAT 2019), and crop water
footprint (73 /ton) (Tamea et al. 2021). All data we use are at the country scale and refer to annual values
from 1991 to 2016. All data except total water resource are also crop specific. In order to assess whether
the water component is reflected in the market price of the selected goods, we perform multivariate
regressions, considering both all 12 crops together (all-product analysis) and each crop separately (single-
product analysis). The crop price in deflated PPP is the dependent variable while we utilize different
explanatory variables such as the crop water footprint, the land footprint, the evapotranspiration and the
per capita water deficiency indicator, constructed through the data presented above.




On the one hand, results illustrate that the prices associated to the products which contribute the most
to human nutrition (e.g. wheat, maize, soybeans) tend to reflect the amount of water necessary for their
production. On the other hand, agricultural commodities that are traditionally cultivated for export
purposes (the so called ‘cash crops’, e.g. cocoa, coffee, tea) seem to have prices that do not reflect their
water footprint. Paradoxically, this second finding is related to more water intensive crops. Moreover, in
general, crop prices tend to raise in the presence of greater per capita water scarcity at the country level.
Rice displays a particular behavior since it belongs to the staple crops category, but it shows a pattern
similar to the one of the cash crops. This could be due to the fact that although the water footprint of
rice documented in the Asian regions is high, relying extensively on irrigation water, on average it does
not contribute excessively to water scarcity in the region, given the abundance of water resources (despite
high heterogeneity within the area) (Chapagain and Hoekstra 2010). This may lead to a detachment of
the dynamics of water use for rice production from those linked to prices. Moreover, more research is
needed on the role of subsidies in the prices of irrigation water, that may lead to an under-representation
of water in the final farm-gate price of rice.

In general, we infer that the difference between staple and cash crops in the water-price relation can be
ascribable to specificities in the production and commercialization dynamics of the two product groups,
although more research is needed to understand these emerging behaviours. Although many exceptions
may apply, staple crops are often cultivated in contexts of more competitive market dynamics, in which
producers, in order to maximize profits, are more dependent on the value of inputs, including water.
Differently, cash crops are often produced in situations of oligopsony and oligopoly, where the farm-
gate price is more influenced by few producing or trading firms that are in a "price-taker" position with
respect to the international markets. In oligopsony, few companies buy cash crops from many small
producers and re-sell them on the international market at a fixed price (Piyapromdee et al. 2013, Porto
et al. 2011). In an oligopoly, few corporations are directly involved in the extensive production of those
crops. In both cases, large firms own the market power for setting final prices according to the incentives
provided by the international trade trends and can afford to decouple the price making from the cost
dynamics related to some inputs, such as water. Paradoxically this process concerns those products that
require relatively more water for their cultivation if compared to the others included in this study. Few
companies that produce cash crops have the freedom to decide the economic parameters of the
commercialization processes and for example coffee experienced abrupt price changes over time (Henkel
et al. 2015). The coffee markets are indeed controlled by a few corporate groups through a restriction of
the export quotas with the aim of keeping the prices high (Distefano et al. 2019, Gilbert and Morgan
2013). As another example of market concentration, 80 percent of all cocoa exported by Sierra Leone is
handled by one single firm (Bulte et al. 2018). From a theoretical standpoint, our results address the
unequal consideration given to the different production inputs of crops, from which water is often
excluded (Nature Food Editorial 2020). From a more practical point of view, the result may help in
designing targeted solutions for contexts in which a clear tendency of overuse of water is present, such

as one of the cash crops.
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