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New Marketing Opportunities for Local Food Producers
Kristin Kiesel and Ashley Spalding

The burgeoning local food
movement has the potential to
connect consumers with how,
where, and by whom their food
is produced. Yet small farmers
and food businesses struggle to
sell their goods to local buyers
at profit-generating prices. We
argue that authentic regional
brands rather than labels defined
by the proximity of production can
capture complex consumer values,
support farming communities, and
attract new food entrepreneurs.
Interest and participation in local food
markets is growing, buoyed by consumers’ increasing concern about how
their food is sourced and expanded
government support. In a recent
Nielsen study comparing awareness of
16 different food-related causes, U.S.
consumers paid more attention to local
production than any other attributes,
including avoidance of genetically
modified ingredients. More than 85%
of consumers polled by the National
Grocers Association state that whether
a retailer carries foods produced
within the region factors into their
choice of grocery stores, and restaurateurs believe hyper-local sourcing
to be one of the top ten food trends in

the industry. Finally, the USDA began
incorporating support for local food
systems into their programming in
2009 and has since invested over $1
billion in regional projects nationwide.
This article explores whether the local
food movement can simultaneously
give consumers what they are asking
for, support rural communities, and
attract new talent to farming and
food-related businesses. Sales of local
foods have continuously increased,
and general trends of job growth and
reduced unemployment in both urban
and rural areas coincide with consumers’ increased attention to “buying
local.” Beyond this, however, the effects
of this new food trend on farmers and
consumers are hard to quantify, partly
due to the fact that local foods are only
loosely defined.

No Uniform Definition
of “Local”
The 2008 Farm Act defines local foods
as those sold fewer than 400 miles
from the product’s origin or within the
state in which the product is produced.
While this definition is used by several
USDA programs for funding purposes,
it provides little guidance on how
to market local foods to consumers.
Consumer perceptions of distances

that define local foods vary. They range
from the belief that baked goods, eggs,
and produce are local only if they originate in the same city/town as where
they are sold, to the beliefs that milk
and dairy are local if they are produced
in state, and frozen and shelf-stable
goods as long as they are made in the
United States.
To many consumers, local foods are
defined by direct-to-consumer sales or
direct distribution to local retailers in
regional markets. While the environmental impact of transport miles might
be part of these considerations, some
associate “localness” primarily with
adherence to organic and/or sustainable production practices or with small
family farms. Others are motivated by
a desire to ensure the livelihood and
economic stability of all members of
their community. Finally, consumers
might simply perceive local foods to be
of higher quality than other products.
Our ongoing research on consumer
demand and marketing strategies for
locally produced foods, in collaboration
with the Davis and Sacramento Natural
Food Co-ops, shows that a local label
can evoke all of these beliefs. Despite
these stores’ precise definitions based
on mileage and a generally high consumer awareness of their definitions,
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Figure 1. Consumer Perceptions of the Meaning of a Local Label
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we detected biases in consumer
perception regarding the meaning of a
local label in survey responses. When
consumers were asked to pick the statement most likely to be associated with
a local label displayed by the store, the
stores’ definitions did not dominate,
and responses varied widely. In one of
the two stores, 204 consumers stated
that a local label most likely implied
that a food item was of a higher quality
and produced by a small farm or business using only organic ingredients.
Across both stores, far more consumers
reported stronger associations with one
or more of these characteristics than the
actual definition used by the stores (see
Figure 1).

Market Trends
Industry experts estimate that U.S.
sales of local foods have more than
doubled from $5 billion in 2008 to
$12 billion in 2014 and project sales to
reach $20 billion in 2019; however, it is
not easy to measure purchases of local
foods. Added value defined by proximity of production is only relevant
to consumers in specific geographic
regions, making it more likely that local
products are promoted on retail shelves
or via social media than directly on
their packaging. For instance, Nielsen,
the leading industry source for consumer purchase data, only tracks $239
million in sales of local foods based on
package labeling.
2

Store 1

135
134

Local Definition + Organic
Organic

204

203
100
150
200
Number of Respondents

250

The USDA’s local food marketing
survey collects information directly
from U.S. farmers. In 2015, 167,000
farms participated in local and regional
markets and sold $8.7 billion worth of
food products directly to consumers,
retailers, institutions (e.g., schools and
hospitals), and intermediaries (e.g.,
distributors and wholesalers). Nearly
70% utilized direct-to-consumers
(DTC) sales channels, such as farmers
markets, farm stands, and community-supported agriculture (CSA) boxes.
Thirty-six percent sold directly to
institutions and intermediary business,
and only 14% sold directly to retailers.
Institutions, however, accounted for the
largest share of overall dollar sales, and
only 35% of all dollar sales were generated through DTC sales channels.
These data suggest that opportunities to generate future sales through
DTC channels might be limited. The
Census of Agriculture further shows
that despite an increase in the number
of farms selling directly to consumers, overall DTC dollar sales did not
increase between 2007 and 2012,
and the number of farmers markets
increased by fewer than 1% annually
since 2016. In contrast, retailers will
likely continue to strategically promote
local foods, especially since the majority of consumers state that the main
barrier to buying more local foods is
that they are not clearly advertised (see
Figure 2).
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Available data already indicate that
intermediated sales have become a
more significant channel for selling
local foods, but questions of how best
to access consumer markets remain.
Working closely with two local
non-profits and supported by separate
USDA Local Food Promotion Planning
Grants, we evaluated two proposed
business models aimed at improving
access to local markets for small food
businesses and farmers. Alchemist
CDC proposed the development of
Alchemy Kitchen, a business-training
program and incubator serving aspiring food entrepreneurs from low-income populations in Sacramento.
Sustainable Solano proposed establishing small-scale, consumer-driven food
centers sourced by local farmers in each
of Solano County’s seven cities.
In our feasibility studies, we interviewed local farmers and food producers in Sacramento and Solano counties
to understand the challenges they face.
We also gleaned the existing literature and publicly available data and
provided recommendations regarding
implementation of the proposed projects. The issues we identified are likely
a snapshot of the challenges faced
when building regional food systems
across the U.S.
As a starting point, Sacramento
declared itself the Farm-to-Fork Capital in 2017, but only 2% of the food
consumed in the Sacramento region
is locally sourced, and producers who
marketed their products directly within
the Sacramento region reported significantly lower average annual sales
than producers who did not engage
in direct marketing. Solano farmers
participating in local markets were
similarly small, with the majority of
those interviewed generating less than
$50,000 per year in revenue. Nationally,
the majority of farms engaged in DTC
marketing are small as well. Eighty-five

percent of these farms reported gross
farm incomes below $75,000 in 2012.
The majority of the small farmers
interviewed in Solano County were
already utilizing DTC channels. They,
however, view farmers markets more
as an opportunity for outreach than
as an effective sales channel. Many
nearby consumers expect discounts
when buying directly from farmers,
so small farmers are not able to charge
profit-generating prices in Solano
County. The farmers who successfully
engage in DTC sales are also participating in farmers markets in the Bay Area,
where consumers have an established
preference and, thus, a greater willingness to pay higher prices for locally
produced foods.
Solano farmers faced similar challenges
when trying to market directly to
restaurants and retailers. Few Solano
restaurants have adopted the farm-tofork philosophy, and the majority of
food retailers do not sell fresh fruits
or vegetables. We did identify a small
number of restaurants and other food
businesses with an interest in serving
locally sourced foods, though they
will need help identifying and establishing local supply relationships. In
the absence of these relationships,
Solano farmers are currently looking
to Bay Area specialty retailers and
established farm-to-fork restaurants to
sell their goods. It is also worth noting
that it isn’t exclusively small farms
participating in local markets who are
struggling. Only 41% of all farming
operations in Solano County reported a
positive cash income in 2012.
Sacramento consumers might not have
as established preferences as Bay Area
consumers, but their interest in locally
produced foods is growing. When
we interviewed small food entrepreneurs operating in this market, they
stated that potential cost savings due
to synergies and economies of scale in
an incubator program that provides
training, kitchen space, and access to
broader networks could help them take

Figure 2. Barriers to Buying Local Products
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their ideas to the next level. In addition
to regulatory challenges faced (e.g.,
under the current Cottage Food Bill,
operators are not allowed to use any
shipping services or alternative distribution channels), they were concerned
that they might replicate already existing marketing strategies and would
not be able to properly differentiate
and market their products. “Anonymity is the biggest killer of businesses,”
noted one of the cottage food operators
surveyed.
Assessing the feasibility of these
two different concepts allowed us to
develop two key insights. First, in
order to access consumer markets successfully, farmers and businesses need
to cooperate and scale their production
without losing their authenticity. While
we identified possible cost savings
for entrepreneurs under the proposed
Sacramento project, cooperation across
farms to bundle individually produced
commodities and sell them at seven
different locations as proposed in the
Solano project was likely too costly.
Second, proximity or at least access to
urban centers and consumers with a
developed preference for local foods
is a crucial determinant of success.
Consumers in Solano County’s cities
do not seem to have strong preferences
for local foods.

Implications and Conclusions
Despite consumers’ concerns about
how their food is sourced and policies
purporting to attract new talent to
farming and food-related businesses,
small farmers often struggle to connect with and market their products
directly to local buyers who are willing
to pay profit-generating prices. In
general, market opportunities for local
foods seem greater for farmers in close
proximity to urban centers. Even for
Sacramento-area farmers, only 30%
of DTC sales come from sales in the
Sacramento Region, however. The
remaining 70% are generated from
sales in the Bay Area, other parts of the
state, or outside of California. Furthermore, growth in DTC sales has slowed
significantly nationwide.
The idea behind value-added agriculture is that by changing the manner
in which a commodity is produced
and segregated, the consumer base is
expanded. The local food movement
created new opportunities for small
farms and businesses in this context,
but they must overcome challenges
presented by greater product differentiation in increasingly concentrated
retail markets. Only if farmers are
able to integrate vertically along value
chains—to grow, store, process, market
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Figure 3. Pillars of Local Food Systems
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and distribute local foods to consumers
that are willing to pay more for these
foods—will they be able to capture
a portion of the additional revenue
generated by local labels. If they continue to sell commodities that are only
differentiated by labels and promotions
added during processing and at the
store, they will not benefit much from
this new food trend.
While consumers are requiring more
transparency, preferences for local
foods are complex. They can be
mapped into three main areas of perceived value (see Figure 3) and might
be more developed in urban consumers. Being removed from agriculture
and small-town living might mean
that urban consumers assign a greater
value to creating a sense of belonging
and community through their food
purchases.
The promotion of local foods is first
and foremost relationship marketing,
an opportunity to tell a story and
create authentic brands and products
that align with consumer values. Our
ongoing research indicates that local
labels do not compete with other
value-added attributes such as organic
production. Furthermore, across
consumer groups, low-income consumers are more likely than middle- or
high-income consumers to say that
buying local is extremely important to
them, indicating even greater marketing opportunities than for other
4

attributes that appeal primarily to
higher-income consumers.
Local labels relying on specific, proximity-based definitions will likely not
be able to communicate credibly what
consumers are looking for in local
foods. Rather than allowing farmers
to differentiate their products in a
meaningful way and expand their
sales by educating consumers about
the sources of their food, they restrict
the geographic areas in which farmers
can market their goods. In contrast,
regional brands would allow farmers
and small businesses operating in
urban and more rural communities to
preserve their unique product offerings
while creating economies of scale when
marketing and distributing their local
foods.
Instead of implementing the proposed
food centers, we, for instance, recommended that Sustainable Solano
focuses on reviving and strengthening an already established “Solano
Grown” brand. Under this umbrella
brand, farmers could more easily sell
to institutional buyers and increase
consumer awareness within their
community through signage in schools
and hospitals. Farmers could further
increase brand recognition and grow
their consumer base in established
urban markets through coordinated
investments in agritourism or county
fairs that invite urban consumers to
visit Solano County. On a larger scale,
regulators wanting to support the local
food movement in the U.S. can look to
the EU’s ‘geographical indication’ (GI)
labels. They give even small producers
access to the marketing potential of recognized brands defined by geographic
origin and quality standards.
Wendell Berry, writer, food activist,
and farmer, inspired a heightened
curiosity about the food we eat when
he said “Eating is an agricultural act.”
In a recent interview, he clarified that
he was referring to the importance of
consumers knowing their place in the
agricultural value chain. Authentic
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regional brands can provide this muchneeded context more so than local
labels standardized by a mileage-based
definition. Knowing how, where, and
by whom our food is produced matters
more than how close to the product’s
origin we take a bite.
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Does Trade in Primary Commodities Matter?
Thibault Fally and James E. Sayre

Geopolitical instability and a
burgeoning demand for critical
resources have made understanding the role of international trade
in primary commodities ever more
important. While the share of primary commodities (mineral, fuel,
and agricultural products) in world
trade has declined over the past
century, they play an essential role
in global value chains and are particularly vulnerable to trade wars
and tariffs. Here, we argue that the
aggregate welfare gains from trade
are much larger than previously
hypothesized when we account for
key features of commodities, such
as difficulty in finding substitutes
and in increasing supply, and high
dispersion of natural resources
across countries.
Primary commodities such as agricultural products, minerals, and fuels are
the building blocks of every consumable good and manufactured product.
Given the importance of commodities
for the production of such goods, a
concern associated with globalization is
whether countries can rely on trading
partners for access to these crucial
inputs to production, and ultimately
how important such access is. In particular, the prospect of continued trade
disputes and increasing demand for
critical minerals has made worries over
access to commodities more pressing.
It is important to develop measures
that quantify the interdependency
of countries through trade in natural
resources, and whether they play a
specific role relative to other traded
goods. These measurements can help
to understand the losses from imposing
barriers to commodity trade, such as
the creation of tariffs on imported commodities or embargoes of key trading
partners.

Risks of Importing Primary
Commodities Compared to
Manufactured Goods
There are risks for importers sourcing
any product from abroad, whether it
be the imposition of import tariffs on
primary commodities, such as iron and
aluminum, or on manufactured products, such as solar panels or washing
machines. Recently, in February 2018,
the U.S. implemented tariffs on almost
13% of total imports, including products such as these. In a recent NBER
working paper from 2019, Fajgelbaum
and co-authors examine the rise in
average tariffs on those goods from
2.6% to 17% and conclude that these
tariffs have been completely passed on
to U.S. consumers in the form of higher
prices on imported inputs.
Given these risks, a natural question
may be: from the perspective of domestic consumers, are the risks of importing manufactured products, such as
consumer appliances, larger than that
of primary commodities? As a share of
world trade, manufactured products
compose a much larger share of world
imports than primary commodities.
Thus, it may seem natural to conclude
that the risks of importing finished
products such as washing machines are
much larger.
However, this logic ignores that, with
the proper blueprints, any country
with access to the inputs required to
make washing machines (such as steel,
copper, zinc, and oil for use in plastic)
could theoretically produce them if one
can no longer access washing machines
on the world market. But suppose that
you want to make a washing machine
without some of these primary commodities—it may be possible, but it
would be very difficult and costly to
find substitutes to these materials. This
holds true, of course, for most manufactured products.

Furthermore, iron, copper, and zinc are
all scarce natural resources, for which
the expansion of supply requires costly
exploration efforts. For many countries, it is either difficult or impossible
to find such natural resources, and we
observe that some countries are quite
rich in natural resources that others
do not possess. Therefore, only a few
countries can cheaply provide the
natural resources required to produce
manufactured goods. If you need
sorghum for products and you cannot
source from the U.S., or need uranium
but cannot trade with South Africa, or
rely on China for rare earth elements, it
will be far more difficult to source these
commodities from abroad, as these
respective countries account for the
largest share of each commodity on the
world market.

Theoretical Motivation
These combined factors lead us to
believe that commodities play a crucial
role in international trade. In particular,
both the difficulty in finding substitutes
for commodities (economists refer
to this as having a low elasticity of
demand) and the difficulty in increasing supply of commodities in response
to higher prices (correspondingly, a
low elasticity of supply) magnifies their
importance in trade.
The logic for this is as follows—to evaluate the gains from trade, we need to
know what a country would produce
and consume in a counterfactual equilibrium without trade, as well as in one
where trade is permitted. Since moving
back to a world in autarky would mean
that countries could consume only
what they produce, countries would
have to move away from their specialized production patterns in commodities that we observe (as we highlight
below).

Giannini Foundation of Agricultural Economics, University of California

5

Table 1. Selected Estimates of Supply and
Demand Elasticities for Mommodities
Commodity
Alfalfa
Almonds
Aluminium

Price Elasticity
of Demand

Price Elasticity
of Supply

-0.107

0.44

(-0.35 to -0.48)

0.19

(-0.07 to -0.7)

(0.05 to 1.15)

(-0.566 to -0.738)

(0.2 to 0.4)

Barley

(-0.11 to -0.435)

(0.11 to 0.45)

Chromium

(-0.1 to -0.277)

Bananas

Citrus

(-0.804 to -0.994)

Coal

(-0.3 to -0.7)

0.057

Cobalt

(-0.029 to -0.5)

(0.21 to 1.0)

Cocoa

(-0.01 to -0.14)

(0.03 to 0.12)

Coffee

(-0.07 to -0.54)

(0.02 to 0.55)

Copper

(-0.035 to -0.42)

(0.06 to 1.2)

(-0.1 to -0.39)

(0.08 to 0.7)

(-0.003 to -0.08)

(0.0 to 0.289)

Corn
Crude Oil
Gold

-0.411

Iron

-0.086

0.589

Lead

(-0.111 to -0.22)

(0.109 to 1.84)

Manganese

-0.1

> 1.0

Mercury

-0.1

1

(-0.053 to -0.95)

(0.0 to 0.15)

-0.038

(0.133 to 2.03)

Natural Gas
Nickel
Niobium

(-0.295 to -0.3)

Palladium

-0.2

Peanuts
Petroleum
Platinum
Pulse grains

(0.0 to -0.4)
(-0.034 to -0.44)
(-0.28 to -0.7)
(-0.339 to -0.71)

0.17

Rice

(0.0 to -0.55)

(0.01 to 0.57)

Roots

(-0.635 to -0.737)

Silver

-0.042

Sorghum

(-0.06 to -0.49)

Soybeans

(-0.05 to -0.329) (0.061 to 0.705)

Sugar

(-0.01 to -0.643)

(0.16 to 0.53)
(0.055 to 0.21)

Sunflower

(-0.083 to -0.15)

(0.15 to 0.41)

Tin

(-0.097 to -0.55)

(0.032 to 1.11)

Titanium

-0.16

Tomatoes

(-0.32 to -0.723)

0.27

Tungsten

(-0.15 to -0.5)

(0.11 to 0.15)

Uranium
Vanadium
Walnuts
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(0.04 to 0.5)

(1.1 to 11.4)
(-0.254 to -0.3)
(-0.251 to -0.267)

0.02

Wheat

(-0.09 to -1.6)

(0.059 to 0.43)

Zinc

(-0.064 to -0.47)

(0.085 to 1.75)

A low elasticity of supply would
suggest a higher degree of difficulty in
changing production patterns to match
domestic demand in the absence of
imports, which would lead to much
higher prices for these commodities.
Likewise, a low elasticity of demand
for commodities would suggest that
end users of these goods (say, domestic
producers in the manufacturing sector)
would be less able to adjust their
sourcing towards commodities more
readily available domestically. Such
adjustments would help to cope with
the sudden inability to import a given
commodity, even if the price of these
commodities greatly increases. As such,
with low elasticities of supply and
demand for commodities, we would
expect that consumers would be much
worse off in a world without trade than
they would in one where supply and
demand adjust more flexibly.

Low Price Elasticities of Supply
and Demand for Commodities
To confirm that commodities exhibit
inelastic supply and demand, we conduct a review of the academic literature
estimating price elasticities of supply
and demand. Such estimates cover a
wide number of commodities, as summarized in Table 1. On the supply side,
estimates less than 1 indicate that the
supply of the commodity is inelastic, or
that supply rises less than proportionally in response to price increases.
Conversely, on the demand side, estimates between zero and -1 indicate that
demand decreases less than proportionally in response to price increases.
We find that most estimates fall within
the 0.1 to 0.5 range in absolute value
on the supply and demand side. The
results are similar across a wide range
of commodities, from agricultural
products (e.g., cereals) to fuels (e.g.,
natural gas and petroleum), and indicate that the welfare gains from access
to commodities in the world market
may indeed be quite large.
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High Dispersion of Natural
Resources and Concentrated
Production Patterns
In our paper, Commodity Trade Matters, we have assembled a rich dataset
of information on commodity trade,
production, and prices, which we have
made available online at https://are.
berkeley.edu/~fally/data.html for
others to use. We use this source of data
to provide a series of stylized facts to
highlight the importance of commodities. Of particular interest are three
important facts regarding the concentration of production of commodities.
The first fact is that for some countries,
most of them low-income countries,
primary commodities and natural
resources account for a large share of
their income. We count almost 33 countries with a population of greater than
1 million for which natural resource
production accounts for more than a
quarter of total GDP.
Secondly, for many countries, a few
commodities account for a large share
of their total exports and subsequently
GDP, as seen in Table 2. Exports of a
single commodity make up more than
50% of exports for several countries,
even including large countries such
as Venezuela. For other countries, a
majority of their exports are comprised
by no more than a few commodities,
such as Angola. While petroleum is a
common commodity in which many
larger countries specialize (such as
Angola and Venezuela), other commodities also account for a very large
share of exports from some countries.
For example, cashew nuts account for
85% of Guinea-Bissau’s exports, and
cotton comprises almost three-quarters
of exports for Burkina Faso.
Such specialization leaves exporters
especially vulnerable to price fluctuations in commodity prices. But these
extreme specialization patterns also
shed light on the large gains from trade
in commodities. International trade
creates a much larger relative demand

in commodities than would be sustainable domestically in these highly
specialized countries.
Third, there are numerous commodities
for which a limited number of producers account for most of the world’s
supply. A common example is copper,
for which Chile accounts for 37% of
world primary ore production, making
it the world’s largest producer. However, many commodities are even more
geographically concentrated in terms
of production than copper. The list of
commodities where 75% of production
or more occurs in one country includes
many mineral products as well as agricultural products: canary seeds, spinach, garlic, rare earth metals, antimony,
and platinum, for example. Overall, in
2012, 39.5% of the total production of
primary commodities came from countries responsible for the production of
50% or more of their respective world
market share.

Modeling Commodity Trade
To confirm that commodities play
an outsized role in world trade, we
develop a general-equilibrium model
of consumption, production, and
input-output linkages. Relative to
the literature, our model explicitly
accounts for the features of commodities, such as their low price elasticities of supply and demand and high
dispersion of production. We use our
model to examine various counterfactual scenarios using computer simulations wherein we enact barriers on
the trade of primary commodities. Our
simulations confirm that the welfare
losses from trade barriers are significantly larger than models that do not
account for natural resources, especially when considering large trade cost
changes.

What Would Happen if
Trade Stopped Entirely?
One of the questions we answer is a
stark hypothetical, but nevertheless a
question popular in the international
trade literature—how much would

countries be hurt by completely closing
their borders to trade permanently?
The common answer, as posited by
a formula proposed by Arkolakis,
Costinot, and Rodriguez-Clare in 2012
in the American Economic Review, is
“not much”—most countries receive
a welfare loss of no larger than 10%,
which is even smaller (1.4%) for large
countries such as the United States.
These models, however, make stark
assumptions that do not fit stylized
facts about most primary commodities.
In contrast, considering the unique features of commodities, we find that the
welfare losses for countries, especially
small countries, can be extremely large
for this hypothetical. The welfare losses
for countries vary based on their size
and production composition; however,
we conclude that trade, and particularly commodity trade, matters greatly
for the well-being of nations.
This makes intuitive sense. Suppose
that a country can no longer import a
natural resource it does not possess. If
such a resource is crucial to the manufacture of modern products, such
an outcome could be very harmful,
turning back the clock substantially
on technological progress. The degree
to which a country experiences such
adverse effects depends on whether a
country can find suitable substitutes
for the natural resource among the
natural resources it does possess. Of
course, such a drastic scenario has
few examples in the modern era, and
whether countries can develop innovations or not in such a scenario remains
speculative. However, it is likely that
the adverse effects of trade shutdowns
would be quite large without some of
these crucial inputs.

Intermediate (and Temporary?)
Trade Barriers: Tariffs and
Trade Embargoes
However, milder forms of trade
barriers are not without precedent
in the modern era. In recent years,
unprecedented increases in import
tariffs and trade embargoes on crucial

Table 2. Countries with the Largest Share of Top
Commodity in Total Exports
Top
Commodity

Export
Share

Iraq

Crude Oil

0.990

Chad

Crude Oil

0.945

Angola

Crude Oil

0.930

Country

Guinea-Bissau

Cashews

0.857

Nigeria

Crude Oil

0.854

Iran

Crude Oil

0.807

Azerbaijan

Crude Oil

0.771

Saudi Arabia

Crude Oil

0.770

Congo

Crude Oil

0.767

Yemen

Crude Oil

0.744

Zambia

Copper

0.738

Turkmenistan

Natural Gas

0.737

Burkina Faso

Cotton

0.731

Tajikstan

Aluminium

0.687

Gabon

Crude Oil

0.663

Venezuela

Crude Oil

0.658

Oman

Crude Oil

0.631

Kuwait

Crude Oil

0.614

Malawi

Tobacco

0.558

Mozambique

Aluminium

0.555

Algeria

Crude Oil

0.536

Laos

Copper

0.520

Jamaica

Alumina

0.501

Crude Oil

0.490

Kazahkstan

Notes: Share of top commodity in total exports
by country in 2007, showing the countries with
the highest concentration of exports that have
a population larger than 1 million.

natural resources have led many
countries and firms to re-examine the
risks present in their supply chains.
To understand the risks caused by
some of the largest exporters of given
commodities, we use our model to
simulate the welfare effects of tariff
increases, in addition to the adverse
effects of losing access to the largest
exporter of a given commodity.
We first consider the role that import
tariffs on commodities play in terms of
welfare. Our simulations indicate that
modest import tariffs hurt consumer
welfare on aggregate, but not much
more than in a world where commodities are elastically demanded and
supplied (an explanation is that lower
demand and supply elasticities generally imply smaller deadweight losses,
i.e., welfare losses from reduced trade
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695.66%

55.78%

Bismuth

680.68%

40.78%

29.69%

Antimony

299.08%

61.13%

89.60%

Onions, Garlic, and Leeks

262.92%

25.71%

69.30%

197.13%

26.91%

51.80%

Conversely, given the continued reliance of many countries on commodity
exports, price volatility as well as the
potential effects of trade barriers leave
exporters especially vulnerable to
fluctuations in the price of their main
export. These concerns indicate that
trade in commodities will continue to
play an important role in world trade.

168.05%

39.92%

84.30%

Suggested Citation:

Barytes and Strontium

142.30%

45.80%

66.94%

Manganese

104.42%

25.48%

27.85%

Table 3. U.S. Price Increase from Shutting Down Commodity Production in China
Compared to Chinese Market Share of Commodity

Commodity
Rare Earth Minerals

Peanuts
Magnesium

Simulated Price
Increase

98.40%

Graphite

101.17%

47.25%

70.70%

Talc

37.03%

22.36%

24.18%

Cotton

31.78%

17.06%

51.20%

Arsenic

16.77%

27.50%

54.10%

Tungsten

14.22%

12.82%

70.25%

Iron

10.96%

10.08%

36.67%

not recouped by consumers, producers,
or the government).
We then consider a number of potential
outcomes associated with the loss of
trading opportunities with key exporters, recalling the high degree of specialization associated with the production
of commodities. In particular, the
reliance of importers on a few countries leads to high costs associated with
barriers to trade with such suppliers,
as importers have to shift their sourcing to other, potentially less productive
suppliers. To illustrate and quantify the
role of critical suppliers, we can focus
on the role of China in commodity production, as China is the top exporter
for almost 15 common commodities. A
potential Chinese export embargo on
those commodities would lead to large
increases in prices and production
costs. In the figure below, we display
the counterfactual effect on prices for
these commodities in the United States.
The largest impact would be for
rare earth minerals, in which China
accounts for 55% of world exports. Our
simulations indicate a price increase
of almost 700%, as reported in Table 3.
This magnitude is large, but comparable with the temporary price increases
of 525% experienced between the
period of 2009–2011 due to the partial
8

China’s Share of China’s Share of
Exports (2007) Production (2007)

Chinese export embargo on rare earth
minerals. Such large price increases are
not limited solely to mineral commodities—for instance, we predict onions,
garlic, and leeks would temporarily
experience a 263% price increase in the
U.S. if China stopped exporting such
products, representing around a quarter of world trade in such products.
On the contrary, for iron, the simulated
effect on U.S. prices is limited to a 10%
increase, a commodity for which China
represents a smaller share of world
export supply.

Conclusion
Despite their share of world trade, the
role of primary commodities in international trade continues to be an outsized
one given their importance as inputs to
production processes and value chains.
The decline of the share of primary
commodities in world trade must be
considered against the large decreases
in tariffs and transportation costs over
the past 70 years, and the resulting
large increase in trade volume relative
to GDP.
Increasing barriers to trade would lead
to a resurgence of the share of primary
commodities in total costs and create
large welfare losses, particularly if
such barriers are imposed upon the
largest producers of such resources.

Giannini Foundation of Agricultural Economics, University of California

Fally, Thibault and James E. Sayre.
“Does Trade in Primary Commodities
Matter?“ARE Update 23(1) (2019): 5–8.
University of California Giannini Foundation of Agricultural Economics.

Authors’ Bios
Thibault Fally is an associate professor
and James Sayre is a Ph.D. student,
both in the ARE Department at UC
Berkeley. They can be reached at
fally@berkeley.edu and jsayre@berkeley.edu, respectively.

For additional information,
the authors recommend:
Arkolakis, C., Costinot, A., & Rodriguez-Clare, A. 2012. “New Trade
Models, Same Old Gains? American
Economic Review, 102(1), 94-130.
https://eml.berkeley.edu/~arodeml/Papers/ACR_2012_published.pdf.
Bradsher, K. 2010. “China is Blocking Minerals, Executives Say.” The
New York Times. www.nytimes.
com/2010/09/24/business/energy-environment/24mineral.html.
Fajgelbaum, P. D., Goldberg, P.
K., Kennedy, P. J., & Khandelwal,
A. K. 2019. “The Return to
Protectionism.” (No. w25638).
National Bureau of Economic Research.
www.econ.ucla.edu/pfajgelbaum/
RTP.pdf.
Swanson, A., & Plumer, B. 2018.
“Trump Slaps Steep Tariffs on
Foreign Washing Machines and
Solar Products.” The New York Times.
www.nytimes.com/2018/01/22/
business/trump-tariffs-washingmachines-solarpanels.html.

Identifying Nonpoint Source Polluters
in National Scale River Networks
Peiley Lau, Julia Longmate, and Solomon Hsiang

Existing policies regulating nonpoint source water pollution in California and beyond are difficult to
enforce due to ineffective monitoring and gaps in available data. We
propose a method that generates
a more spatially and temporally
resolved dataset to help identify
sources of nitrogen and phosphorus pollution, with applications to
the U.S. Mississippi River Basin and
the country of New Zealand.
While California’s agricultural industry is the country’s leading producer
of specialty crops, it is also the main
source of water pollution in the state
resulting from fertilizer and pesticide runoff. Despite the passage of
the state-wide Porter-Cologne Water
Quality Control Act (PCWQCA) in
1969, which regulates point and nonpoint source (NPS) pollution in surface
water, groundwater, and wetlands,
deteriorating water quality continues
to afflict California. Discharge from
known sources, such as toxic waste
from factories or sludge from municipal treatment facilities, is known as
point source pollution. In contrast,
NPS pollution, including manure or
excess fertilizer, originates from diffuse
sources and is transported by precipitation into rivers or lakes.
In 2010, 8,000 miles of rivers and
300,000 acres of lakes across California
were impaired from agricultural pollution and deemed unsafe for swimming
or fishing. Furthermore, excess nitrate
runoff contaminated drinking water,
especially affecting communities in
San Joaquin and Salinas Valleys.
The PCWQCA utilizes a permit system
managed by the regional water boards.
Each of the nine regional water boards
(North Coast, San Francisco Bay, Central Coast, Los Angeles, Central Valley,

Lahontan, Colorado River Basin, Santa
Ana, and San Diego) sets its own
water-quality control plan outlining
regional water quality objectives and
how the board will achieve these goals.
However, given the difficulty in tracing NPS pollution, California’s water
boards largely failed to implement
an enforceable monitoring system for
agricultural runoff that would successfully curb water pollution levels. In
2017, the Central Coast Regional Water
Board deplored that “tens of millions
of pounds of nitrate leach into groundwater in the Salinas Valley alone each
year…[and] this presents a significant
threat to human health as pollution
gets substantially worse each year.”
A significant obstacle that regulators
face is the self-reporting of on-farm
nitrate applications. The sparse and
infrequent water monitoring system
renders it difficult to verify the veracity of the self-reports and identify the
location of the heavy polluters.
The difficulties associated with monitoring NPS pollution and improving
water quality are not unique to California’s waterways. Our research
focuses on two different regions facing
water quality challenges. Our first case
study is the U.S. Mississippi River
Basin, where water pollution remains
a salient environmental concern given
the largely nonexistent federal oversight of agricultural runoff. In 2017, the
anoxic Gulf of Mexico “Dead Zone”
reached a record size of close to 9,000
square miles, surpassing the size of the
state of New Jersey. The EPA attributes
the Dead Zone to nutrient runoff from
overapplication of fertilizer during the
spring.
New Zealand, the other case study,
is known for its robust and growing
pastoral dairy and livestock farming

industries. However, the country
faces a water quality crisis associated
with animal waste runoff. With over
two-thirds of New Zealand’s waterways deemed unsafe for swimming,
addressing water pollution has become
a top policy priority for New Zealanders, according to a 2018 public opinion
poll.

A Spatial Model
of Water Pollution
The challenge faced by all three of
these regions is that without the ability
to accurately monitor agricultural
water pollution, policymakers cannot
design policies targeting the pollution
source and farmers might receive
penalties for runoff originating from
adjacent or upstream neighbors. In
our work, we develop a spatial framework that combines water quality,
flowrate, and elevation data to create
localized annual estimates of nitrogen
and phosphorus pollution quantities.
Our approach can improve regulatory
efficiency through better targeting of
NPS polluters while minimizing the
burden on farmers for reporting nitrate
applications.
Tracing the source of NPS pollution is
difficult because the pollution measured at a water monitoring site could
come from any number of upstream
regions. Our method localizes the
pollution source by accounting for the
regional topography and the location
of monitoring sites along the river.
Incorporating elevation data, and
assuming that water flows downstream, lets us determine the path
water would travel from any given
point in that region. This allows us to
predict for each unit of a pollutant that
started from a point on the land, and if
it were picked up by rainfall, the path
it would take and where it would first
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can back out the amount of pollution
that is attributable to the land area
between the two monitoring sites. This
is the intuition that drives our spatial
approach.

Figure 1. Rainfall Patterns in the U.S. Mississippi River Basin, 2010

Rainfall (2010)
0% – 11%
11% – 22%
22% – 33%
33% – 44%
44% – 56%
56% – 67%
67% – 78%
78% – 89%
89% – 100%

We focus on nitrogen- and phosphorus-based chemical compounds that
are commonly found in agricultural
fertilizers and animal waste. Additionally, excessive levels of nitrogen and
phosphorus in rivers and lakes can be
detrimental to water quality because
it leads to eutrophication through the
promotion of excess algae growth, and
can be harmful to human health.
The outcome of our research allows
policymakers to look at maps that
illustrate the quantity of NPS pollution
that originated from a localized region
in a particular year. This allows them
to determine whether there are any
pollution hotspots across space and
what are the trends in various pollutants over time.

Source: PRISM Climate Data, Oregon State University; map generated by authors

Figure 2. Flow Patterns in the U.S. Mississippi River Basin, 2010

Ground Truthing
our Spatial Approach
Flow volume
(2010)
0% – 11%
11% – 22%
22% – 33%
33% – 44%
44% – 56%
56% – 67%
67% – 78%
78% – 89%
89% – 100%

Source: U.S.Geological Service; map generated by authors

enter the nearest waterway. Secondly,
given that we know the location of
existing water monitoring sites, we
can determine which monitoring site
first measures that pollutant as it flows
past.
For example, imagine that there are
two nearby monitoring sites, A and
B, located along a river. Every unit
10

of pollution that flows past upstream
monitoring site A would also flow
past downstream site B. However, not
every unit of pollution that flows past
site B necessarily flowed past the monitor at site A, since some of the pollution could have originated from land
that was downstream of A. By taking
the difference between the pollution
measured at site A and B, our model
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In order to double-check our method,
we compare patterns of water flowing
across space to the observed rainfall
patterns in that year. In Figure 1, we
visualize existing rainfall data and
map the quantity of rainfall across the
Mississippi River Basin subcatchments
in 2010 colored by the decile of rainfall
volume, where dark blue indicates
higher amounts of rainfall and light
yellow indicates a lower amount of
rainfall in that catchment. Figure 1
shows that the western regions of the
Mississippi River Basin were more
arid, while the Midwest regions,
especially around the Iowa-Missouri
borders, and the Eastern South Central
regions, received the highest quantities
of rainfall in 2010.
In Figure 2, we take flowrate data
(which measures the quantity of
water flowing past a point along the
river at a given moment in time) and
run the data through our model. The

interpretation of Figure 2 is that darker
shaded subcatchments have higher
levels of water originating from that
region or, in other words, that region
received higher levels of annual rainfall. We find that Figure 2 (which visualizes the model’s results) recovers a
similar spatial pattern of water volume
as Figure 1 (which visualizes measured rainfall data), thus validating
the model. While we cannot externally
verify the pollutant loads estimated by
our model, the ability to validate our
approach using rainfall and water flow
data helps to improve our confidence
that our spatial approach recovers the
movement of pollution across space.

Identifying Annual
Pollutant Loads
We find that there is substantial heterogeneity in the amount of pollutant
loads, even in neighboring catchments
within the same state or regional
council. In Figure 3, we visualize the
quantity of total phosphorus (kg/
km2/year) attributable to each of the
subcatchments in New Zealand for
which we had data for in 2015.
We find that most of the subcatchments in the top 20–30th percentile
of total phosphorus loads are located
in Waikato, Gisborne, and Taranki
regional councils in the North Island.
The subcatchments in the bottom
20–30th percentile for total phosphorus
are located in Manawatu and Wellington regional councils. This is roughly
consistent with the agricultural land
use patterns in New Zealand. In 2019,
over a third of New Zealand’s dairy
cattle reside in Waikato region, and
another 14% of the country’s dairy
herd live in Taranaki. In contrast,
Manawatu only grazes 5% and Wellington 4% of New Zealand’s dairy
cattle.
The overall pollution patterns across
New Zealand reflect the land use in the
area, where areas with higher populations of livestock tend to have higher
levels of NPS pollution. Additionally,

the model uncovers that even within
a given region, there is a significant
difference in the amount of pollution
generated by nearby areas. This suggests that there are farms, perhaps due
to their unique topography or farming
practices, that are more susceptible to
generating runoff. This result offers
a valuable takeaway for California’s
agricultural industry since it demonstrates that it is possible to detect
differences in agricultural runoff even
at a small-scale level. This can simultaneously benefit both California’s
farmers and the health of the waterways, since regional water boards
will have the ability to monitor local
pollution and recognize farmers who
already implement best practices and
target areas that require more efforts to
reduce runoff.

Conclusion
Our spatial methodology identifies
sources of NPS pollution at a highly
resolved spatial scale, allowing
regional water boards to identify high
polluting regions. Given that much of
the existing water quality regulation
around NPS pollution regulates water
quality at an aggregate level, the maps
that we have constructed allow policymakers to observe spatial heterogeneity in polluting behavior, even within
the same district or region.
Additionally, the results of our work
overcome the challenge of relying on
self-reported fertilizer application,
where farmers might underreport
fertilizer quantities applied. Instead,
given that our data use water-quality
data measured in rivers, we can estimate the quantity of nitrogen- or phosphorus-based compounds attributable
to a given subcatchment. Hopefully,
this method will enable water agencies
to improve their capacity to enforce
and achieve their water quality objectives and improve the health of waterways for Californians and beyond.

Figure 3. Total Phosphorus Quantity Patterns
in New Zealand, 2015
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Source: Water quality and flow data from
New Zealand regional councils; map
generated by authors.
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