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Abstract

It is costly to acquire information about markets in other places, especially in devel-
oping countries. In this paper, I examine the effect of such information frictions on trade.
I develop a model which embeds a sequential search process into a many-region Ricardian
trade model with heterogeneous producers. Information frictions explain the empirical
failure of price arbitrage and provide new insight into the factors governing trade flows.
Using a data set I assemble on regional agricultural trade in the Philippines, I show that
observed trade flows and price dispersion suggest the presence of substantial information
frictions. I then structurally estimate the model to disentangle information frictions from
transportation costs, and find that (1) estimated transportation costs are half as large as
those implied by complete information models and more consistent with observed freight
costs; and (2) the vast majority (93 percent) of the “gravity” relationship between trade
flows and distance can be attributed to information frictions rather than transportation
costs.
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1 Introduction

Why does the price of a good differ across space? The standard explanation is that trade is
costly.! Indeed, nearly all trade theories rely on a no-arbitrage condition that equates the price
gap between two regions with the trade cost between those regions.?:® Recent empirical work
by Jensen (2007), Aker (2010), and Goyal (2010), however, suggests that price variation is due
not only to the cost of trading goods, but also to the cost of acquiring information about prices
elsewhere (“information frictions”). Since producers must first discover the destination price
before engaging in arbitrage, information frictions affect prices through the producers’ search
process rather than directly entering the no-arbitrage condition like traditional trade costs. De-
spite recognizing that information frictions exist, we currently lack a theoretical understanding
of how they affect trade.* Understanding the role of information frictions is of particular im-
portance to policy makers, as policies reducing information frictions differ substantially from
policies reducing transportation costs.

In this paper I contribute to the understanding of how information frictions affect trade in
three ways. First, I develop a trade model that explicitly incorporates the search process pro-
ducers undergo to acquire information about market conditions elsewhere. The model generates
new predictions of how trade flows respond to market conditions and highlights the distinct ef-
fects of information frictions and transportation costs. Second, using a data set I assemble on
regional agricultural trade flows in the Philippines, I show that observed trade patterns and
price dispersion cannot be explained by standard trade models but are consistent with my model
incorporating information frictions. Finally, using the same data set, I structurally estimate the
model to quantitatively assess the relative importance of information frictions and transporta-
tion costs. I conclude that information frictions are at least as important as transportation

costs in determining trade flows.

!This explanation dates back to at least Heckscher (1916).

2By trade costs, I mean all costs associated with transporting a good from one location to another, including
freight costs, the time spent in transit, policy barriers (e.g. tariffs), risk of damage, insurance costs, and local
distribution costs. In what follows, I refer to these trade costs as transportation costs in order to distinguish
them from information frictions.

3The price arbitrage condition arises from the assumption that producers sell to the destination with the
greatest price net of trade costs, which is present in all seminal models of trade with perfect competition,
e.g. Samuelson (1954), Anderson (1979), and Eaton and Kortum (2002). The no-arbitrage condition is also
present in trade models with monopolistic competition and CES preferences, since producers price their products
at a constant markup over marginal cost, e.g. Krugman (1980) and Melitz (2003). Even in models with
imperfect competition where producers find it optimal to vary their mark-up across destinations (e.g. Brander
and Krugman (1983), Krugman (1986), Melitz and Ottaviano (2008), Alessandria and Kaboski (2011), and
Simonovska (2011)), the no-arbitrage condition requires that the price gap does not exceed the transportation
cost (see Feenstra, Markusen, and Rose (2001)).

4Related work includes the firm learning models of Albornoz, Pardo, Corcos, and Ornelas (2010), Eaton,
Eslava, Krizan, Kugler, and Tybout (2011), and Arkolakis and Papageorgiou (2011) and the network models of
Rauch (1999), Rauch and Trindade (2002), Rauch and Trindade (2003), Rauch and Casella (2003), and Chaney
(2011b).



To introduce information frictions, I embed a sequential search process based on the seminal
job-search models of McCall (1970) and Mortensen (1970) into a many-region trade model with
heterogeneous producers. In the model, all producers make the same homogeneous commodity
and sell it in perfectly competitive regional markets. After production, producers can either sell
locally or search for a better price elsewhere. If a producer decides to search, she pays a fixed
cost and observes the price (net of transportation costs) in another market. The producer can
then sell in that market or pay the fixed cost and search again. A producer finds it optimal to
sell in the first market where she discovers a price greater than her reservation price. Because
the fixed cost of search comprises a smaller proportion of total revenue the greater the quantity
produced, larger producers have higher reservation prices. The heterogeneity in reservation
prices results in a threshold producer size that determines the range of producers willing to
sell to any given destination. Bilateral trade flows can be calculated by aggregating across the
range of willing producers that search a particular destination.

The introduction of information frictions yields several key implications for trade flows and
prices. First, because it is costly to learn about prices elsewhere, price arbitrage opportunities
remain in equilibrium. As a result, information frictions can explain several empirical puzzles
— including why regions import and export the same commodity and why price shocks are im-
perfectly transmitted to trading partners — without having to appeal to product differentiation
or imperfect competition.

Second, since producers weigh the opportunity cost of searching again against selling in a
particular destination, market conditions elsewhere have a direct effect on trade. In particular,
since larger producers search more intensively, regions inhabited primarily by large producers
will export a greater share to destinations with high relative prices than regions inhabited
primarily by small producers. As a result, the standard perfect competition model under-
predicts (over-predicts) exports from more-productive (less-productive) regions to these more
attractive destinations.

Third, information and transportation frictions affect bilateral trade flows differently, al-
lowing the two to be disentangled empirically. Transportation costs alone affect the extensive
margin (i.e. whether or not a region exports any of a commodity to another region), while
both transportation costs and information frictions affect the intensive margin (i.e. the quan-
tity exported). The intuition is straightforward: bilateral trade occurs only when the price
gap between destination and origin exceeds the cost of transporting the good since individual
producers only export when it is profitable to do so. In contrast, total trade flows depend on
the number of producers aware of the arbitrage opportunity (i.e. information frictions) as well

as the cost of transporting the good.?

SWhen a product is produced in only one region and consumers have an infinitely high marginal utility at
zero consumption, in equilibrium there will only be positive bilateral trade flows, so that most trade models are



In the second part of the paper, I evaluate the model using a comprehensive data set on
the universe of domestic shipments of agricultural commodities in the Philippines from 1995-
2009. The Philippines is an ideal setting to test the model because the empirical context
closely matches the model assumptions. I first provide evidence that information frictions exist
by showing that the observed patterns of trade and prices are consistent with my model but
inconsistent with a standard trade model with complete information.

I proceed by structurally estimating the model to quantify the relative importance of trans-
portation costs and information frictions. The average estimated ad valorem tax equivalent
transportation cost is 36 percent, which is roughly half the size of traditional estimates and
much more consistent with observed freight costs and detailed marketing surveys. In addition,
the vast majority (93 percent) of the observed decline of bilateral trade flows in shipping dis-
tance is a result of decreases in the probability of search rather than increases in transportation
frictions. A counterfactual exercise suggests that comparable reductions in transportation costs
and information frictions result in similar increases in aggregate welfare, but a reduction in
information frictions has the added benefit of reducing inequality.

Finally, I extend the basic model to incorporate intermediary traders. While the predictions
regarding regional trade flows remain qualitatively unchanged, the extension allows me to di-
rectly examine the search process undertaken by farmers. Using a data set of more than two
million individual farmer sales, I provide micro-level evidence supporting the model by showing
that reductions in the cost of search owing to the introduction of mobile phones disproportion-
ately increased the probability that smaller farmers searched for traders.

The paper is organized as follows. In the next section, I present the model. In Section 3,
I describe the empirical context and data and provide reduced-form evidence that information
frictions exist. In Section 4, I structurally estimate the model and quantify the relative im-
portance of information and transportation frictions. In Section 5, I perform counterfactual
simulations to assess the welfare implications of information frictions. In Section 6, I extend
the model to incorporate intermediaries and test the predictions using micro data on farmer

sales. Section 7 concludes.

2 Model

In this section I present the model. In the first subsection, I describe the setup; in the second,
I describe each producer’s optimal search behavior; in the third, I aggregate producer behavior

to determine aggregate trade flows; in the fourth, I close the model by proving the existence

unable to explain the prevalence of observed zero bilateral trade flows. This model contributes to a growing
literature (e.g. Helpman, Melitz, and Rubinstein (2008) and Novy (2010)) providing alternative trade models
explaining the extensive margin of trade.



and uniqueness of prices that equilibrate supply and demand; and in the fifth, I highlight two

key empirical implications of incorporating information frictions.

2.1 Setup

There are N regions in the world, each inhabited by consumers and a mass M; of producers.
All producers in all regions produce the same homogeneous good, take prices as given, and
maximize profits. Since the empirical portion of the paper focuses on the agricultural sector, I
refer to producers as farmers and the homogenous good as rice. In what follows, I use ¢ to refer
to the origin region and j to refer to the destination region.

Demand: Consumers in region j are endowed with exogenous wealth and have a continuous
utility function that is increasing and concave in rice.® As a result, I can write the inverse
demand function that yields the price of rice p; as a function of the total rice consumed in a
regionr;, i.e. p; = D, (r;) . It is straightforward to show that D; (r;) is non-negative, continuous,
and strictly decreasing in r;.

Production: Regions are subject to productivity shocks A; € (0, 1], where A; indicates
the fraction of farmers that produce. If a farmer produces in a period, she produces an amount
equal to her productivity ¢.” In an agricultural framework with constant returns to scale
technology, ¢ can be interpreted as the landholdings of the farmer.® Productivity ¢ € [1,00) is
heterogeneous across farmers and distributed according to the cumulative distribution function
F}, which I assume is a Pareto distribution with shape parameter 6; > 1,i.e. F/, (p) =1—¢ %7

Search: Farmers know their local price and the true distribution of prices (net of trans-
portation costs), but must engage in a sequential search process to learn the actual prices
elsewhere. The search process begins after production and works as follows. A farmer can
either sell at home or pay a fixed amount f; to search, which reveals the price (net of trans-
portation costs) in a region j and allows the farmer to sell there. The probability a farmer
from region ¢ searches region j is s;; > 0, where ) iS5 = 1. I assume that the probability of

search s;; is the same for all farmers in a particular region and constant throughout the search

6In Section 5, I explicitly model the income process of consumers when I embed the model in a general
equilibrium framework.

"In a more complicated framework, producers would choose the quantity to produce given their productivity
in order to maximize expected profits. I pursue such a tactic when I incorporate intermediaries in section 6.
Since larger producers find better prices on average, the cost of production must be convex in quantity produced
in order for the profit function to be concave in quantity produced.

8] assume that the landholdings of farmers are determined exogenously, which is a realistic assumption in a
context like the Philippines where most land is acquired by inheritance and land markets are largely missing (e.g.
Estudillo, Quisumbing, and Otsuka (2001)). To mitigate any concern of land sales responding to trade flows, in
the empirical portion of the paper I use the distribution of landholdings four years prior to the beginning of the
trade data.

9The Pareto distribution is a reasonable approximation of the the observed land distribution in the Philip-
pines; see Appendix B.7 for details.



process. After searching, the farmer can either sell to that region or pay the fixed cost f; to
search again. The process continues until the farmer sells her produce. I model transportation
costs in the standard iceberg form, where 7;; > 1 units of a good must be shipped from region
i in order for one unit to arrive in region j, where 7;; = 1 for all .1°

The model hence has two types of information frictions: the fixed cost of search f; and the
search probability s;;. The fixed cost of search f; captures all costs associated with gathering
sufficient information about a market in order to sell there. Since a farmer pays the fixed cost
prior to searching a particular destination, the fixed cost is destination invariant.!! The search
probability s;;, in contrast, captures the propensity of farmers to search certain destinations
more intensively than other destinations. Farmers may be more likely to search a particular
region for a number of reasons, both economic (e.g. higher expected prices or lower shipping
costs) and non-economic (e.g. common religion, family ties, etc.).

The assumption that the search process is stochastic deserves some discussion, as it is
crucial for the tractability of the model. There are at least two concerns. First, a stochastic
search process may appear to be suboptimal: why would a farmer not immediately search
the destination with the greatest expected price net of transportation costs? The answer is
straightforward: if all other farmers also search this destination first, then any initial arbitrage
opportunity would be eroded by their exports. As a result, any individual farmer can profit by
deviating and first searching the second-most attractive destination. Indeed, as long as there
are a sufficient mass of farmers exporting, the only symmetric equilibrium search strategy is a
mixed strategy.!?

The second concern is that a farmer may discover prices during the search process that offer
her additional information about prices in regions not yet searched, creating an incentive to
alter her search probabilities mid-search. For example, a farmer may reduce the probability
of searching regions nearby a region she discovers has a low price. In the online appendix,
I extend the model to explicitly incorporate such spatial correlations. The extension builds a
two-stage search model motivated by the particular geography of the Philippines, where farmers
first search across islands (across which prices are assumed to be uncorrelated), and then search
across markets within an island (where prices may be correlated). I show that this extension

delivers the same qualitative predictions of the basic search model.

10Tn the online appendix, I extend the model to incorporate fixed costs of exporting in addition to variable
transportation costs. The insights of the model remain unchanged. Furthermore, incorporating fixed costs of
export into the structural estimation does not affect the main results of the paper in any substantial way.

ITf the realized fixed cost of search varied by destination, then a farmer would undertake the search process
if and only if the gains from doing so exceeded the expected fixed cost of search, i.e. f; = Zj# sijfij-

12In particular, the mass of exporting farmers in a particular region ¢ must be sufficiently large so that
the expected price net of transportation costs in the most attractive destination conditional on all exporting
farmers from 7 selling there is less than the expected price net of transportation costs in the second most
attractive destination conditional on no farmers selling there. In ongoing work, I allow for the search process to
be determined endogenously in order to examine the determinants of information frictions.



2.2 Optimal search behavior

In this subsection, I determine the optimal search behavior of a farmer given the distribution of
prices. Define F (p) to be the cumulative distribution function of prices net of transportation

costs received by farms if they choose to search:
i _ Dj
Fy (p) = > sijl g (1)
J#i "

where 1 {-} is an indicator function.'”® Consider a farmer of with landholdings ¢ from region ¢
that had positive production. Let p be the price (net of transportation costs) the farmer has

discovered. Then the value function of the farmer is:

max

p; )
Vi (p; ) = max gop,/, Vi(p'sp)dFs () — fi p s
\/ll/ p;nm T

Vv
search again

where p™ = min; {f—]]} and p"™ = max; {%} are the worst and best prices net of
transportation costs that a farmer can encounter.

The farmer’s optimal strategy yields a reservation price p; (¢) such that the farmer will
choose to sell if p > P; (¢)."* Because of the stochastic nature of the search process, the
reservation price is invariant to the number of regions already searched, so no producer will
prefer to sell to a previously searched region. I show in Appendix A.1 that the equilibrium
condition governing the reservation price is:

max

fime [0 - no) R ). )

Equation (2) says that at the optimal reservation price the cost of continuing to search
is equal to the marginal benefit of continuing to search. Hence, as the fixed cost of search
approaches zero, the reservation price that a farmer is willing to accept increases. In the limit
where the fixed cost is equal to zero, the reservation price for all producers regardless of land
size is p/*** i.e. all producers sell to the best destination. As a result, it can be shown (see

Appendix A.5) that my model converges to a standard Ricardian trade model as the fixed costs

13With finite N, F ; (p) is not everywhere differentiable. For ease of notation in what follows, however, I use

[ g9 (p)dF} (p) to refer to the Lebesgue integral, i.e. for any function g (-), [ g (p dFl =459 (T )
ij
14VVhen p = pi (@), the farmer is indifferent between searching and selling, so her optlmal decision is indeter-
minate. I assume that some fraction of farmers choose to search again. Since the mass of indifferent farmers is
zero, this does not affect quantity traded.



of search approaches zero.

With positive search costs, equation (2) also implies that the threshold cutoff p is strictly
increasing in ¢; i.e. more productive producers have greater reservation prices. Intuitively,
larger farmers have more to sell so their returns from discovering a better price are greater. As
a result, they search more intensively than smaller farmers.!® Since p is strictly increasing in
¢, I can invert equation (2) to yield the productivity ¢* (p) of the farmer that is indifferent
between selling and continuing to search at price p, i.e.:

¢; (p) Kfém : (3)

where .
P}
Ki(p)E/ (' —p) de Zs”max{——p,O}. (4)
p i

Since K; (p) measures the per unit benefit of continuing to search as a function of the current
price p, I refer to it as the “value of search.” Note that K; (p) is strictly decreasing: the greater
the offer in hand, the lower the value of continuing to search.'® As a result, o} (p) is strictly
increasing: the greater the offer price p, the higher the productivity of the firm that is indifferent
between continuing to search and sell. In other words, as the price in hand increases, larger
farmers become willing to sell at that price.

Unlike in Melitz (2003), the threshold landholding size ¢ (p) indicates the mazimum land
size such that a farmer would be willing to sell to a particular destination rather than the
manimum productivity required to enter a market. The difference arises because in this model,
farmers have a fixed amount of produce to sell, so the decision to sell to one destination comes
at the cost of selling elsewhere, whereas in Melitz (2003) firms have constant marginal costs,
allowing them to decide how much to produce in each market independently of all other markets.
Hence, the model developed here is more realistic in settings where production cannot be easily

scaled to respond to changes in market demand, e.g. agriculture.'”

2.3 Aggregate trade

Given the optimal search behavior of each farmer, it is possible to characterize total trade flows

by aggregating across all farmers within a region. I examine the extensive margin and intensive

151t can be shown (see appendix A.2) that the expected per-unit revenue that a farmer receives from searching
is her reservation price p (¢). Since the reservation price is strictly increasing in quantity produced, the expected
per-unit revenue is also increasing in quantity produced.

161n particular, 8%Ki (p) = — (1 - F (p))
In ongoing work, I examine how such capacity constraints affect trade flows in a context characterized by
imperfect competition and product differentiation.



margin in turn.

2.3.1 The extensive margin of bilateral trade

Consider first the extensive margin of trade, i.e. whether or not any trade from i to j occurs.
Only farmers with reservation price p () > p; will decide to search rather than selling in their
own region. As a result, if f—’g < p;, then no farmer searching region j will choose to sell there,
since all farmers who choose to search will necessarily be unsatisfied with all prices worse than
their local price. Conversely, if f—’j > p;, then any farmer with reservation price p(¢) € [pz-, f—ﬂj]

(or, equivalently, landholdings ¢ € [} (p;) , ¥} (f—J)]) who searches region j will choose to sell
ij

there. Since the distribution of landholdings is continuous, such a farmer will search region j

with a probability of one. As a result:

Qij>0@&2pi, (5)

Tij

where Q;; denotes the quantity exported from i to j. Equation (5) implies that some exports

to a region will occur if and only if there exists a price arbitrage opportunity.

2.3.2 The intensive margin of bilateral trade

Now consider the intensive margin of trade, i.e. how much rice exported is from i to j, Q;;.

Suppose that f—g > p; so that some trade occurs. By summing across the infinite number of
ij

possible search paths and integrating over the distribution of landholdings, it can be shown (see

section A.3 of the appendix) that:

i \0i—1 i\ 0i—1
b 1-0; =K, (l) " - Ki(p')
Qij - —91 _ 1A1M1f@ Sij ; 1_ Fé (p;j_l)

: (6)

where péj = p;, pg = %, and pﬁl < pfj Vi € {1, ..., L} are the set of prices net of transportation

costs to all other regions that are between p; and f—J
ij

Equation (6) shows that bilateral exports are increasing in the total quantity produced

( eeleiMi), decreasing in the fixed cost of search f;, and increasing in the probability of search
s;j. The summation term captures how prices affect bilateral trade flows (henceforth the “pre-
dicted trade share”).'’® Since a%Ki (p) = — <1 — I (p)), as the difference in ordered prices

p; — p;’, converges to zero, the predicted trade share converges to a more intuitive expression:

181t is straightforward to show that the magnitude of the elasticity of bilateral trade flows to transportation
costs is decreasing as the difference between the destination price net of transportation costs and the origin price
increases. This is consistent with the finding of Novy (2010) that bilateral trade flows respond less to changes
in transportation costs the greater the size of trade flows.



L ' ij 6;,—1 _ ' ij 6;,—1 71—77]
lim K (vit) : K i) _ (0 —1) [ 7 K (p)"dp (7)
maxl(pfjfpﬁl)ao =1 1 — Fé (plj—l) pi

Hence, trade flows are greater the larger the difference between the origin price and the des-
tination price. The difference in how prices affect trade flows, however, depends on prices in
other regions through the value of search. Regions with many small farmers (i.e. high 6;), will
concentrate exports to destinations with low relative prices (i.e. high K; 71_7_]] ), whereas regions
with many large farmers will concentrate exports to destinations with high relative prices. This
occurs because smaller producers search less intensively than larger producers and will therefore
export disproportionately more to destinations with relatively low prices.

It will prove helpful later to decompose bilateral trade flows into the total amount traded

and the share which is exported to each destination. Define \;; = ZQijQ" as the share of
j#i Qi
exports from region ¢ destined for region j and A; = % to be the fraction of production
i Qi

that is exported. Combining equations (3) and (6) yields:

L K (p” )97;—1 _K (pi‘j>91_1
Nij = s K (pi) ™" LA Y (8)
= P ) T T )

ne (S pr)) | )

The share of exports sent to a destination depends on the probability that it is searched and

its predicted trade share (normalized by the value of search at the home price). In contrast,
the fraction of production exported (the “openness” of a region) depends only on the fixed cost

of search, the value of search at the local price, and its distribution of landholdings.

2.4 Equilibrium

Thus far, I have taken prices in each region as given. In this subsection, I show that there exists
a unique set of equilibrium prices that are consistent with both the optimal search behavior of
farmers and consumer demand. Equilibrium prices {p;} are characterized by the following two

properties:

1. Given prices, supply is governed by the optimal search of farmers, i.e. trade flows are

determined by equations (5) and (6).

2. The supply of rice to each region is consistent with the demand for rice at that price, i.e.

pj =D (vazl Qij) :

10



Let a group of regions be connected if the graph of the undirected trade network of those regions
is connected. The following proposition guarantees that equilibrium prices exist and are unique

within each connected group of regions.

Proposition 1 For any set of consumer preferences that are increasing and concave in rice,
there exists a set of prices that satisfy equilibrium conditions 1 and 2. Furthermore, the prices

within any connected group of regions are unique up to a scaling factor.

Proof. See Appendix A4. m

Intuitively, differences in domestic production and demand result in differences in autarkic
prices across regions. Farmers engage in price arbitrage by exporting to destinations with high
prices, causing prices to converge. The unique set of equilibrium prices yields just enough
arbitrage opportunities to incite trade flows that ensure there is no excess supply or demand in

any region.'?

2.5 The empirical implications of incorporating information fric-

tions

How does my model compare to a standard perfect competition trade model where producers
simply sell to the destination with the highest price? There are two key differences that result
in empirically testable implications. First, arbitrage opportunities remain in equilibrium. In
a complete information model, the no-arbitrage condition requires that if region i exports to
region j, then the price ratio is equal to the transportation cost, i.e. % = 7;5. With information
frictions, however, trade flows imply that price ratio is at least as great as the transportation
cost, i.e. Z_Z > 7).

This difference in price arbitrage has two observable implications. First, in a standard trade
model, the same region never both imports and exports the same commodity.?’ With infor-
mation frictions, however, region j will import from region ¢ and export to region k whenever
pi < fTJ] and p; < fT’;. Second, in a standard trade model, as long as trade continues, the
no-arbitrage condition implies that changes to the price in the origin region will transmit one-

to-one to changes in the destination region. With information frictions, however, shocks to the

19The requirement that the graph of the trade network be connected in order to ensure uniqueness is necessary
because a slight change to the scaling factor in one trading bloc will not affect trade flows amongst regions in
another disconnected trading bloc, so prices in different disconnected groups of regions can be scaled differently.

20This is a direct implication of the triangle inequality, i.e. 7 < Ti;Tjx Vi # j # k. The proof is by
contradiction: suppose region j imports from region i and exports to region k. The triangle inequality requires
that 7, < 7;;7jx. From the price arbitrage equation, p; = 7’_’7—7] and p; = %, which yields p; = nfijk' By the
triangle inequality, this implies that p; < fT’;, which violates price arbitrage, as producers selling domestically
in region ¢ could profit by instead exporting to region k.

11



origin price may have negligible effects on the destination price if the quantity exported is small

relative to the total amount supplied to the destination, e.g. if the search probability is low.
The second key difference between the model developed above and a standard perfect com-

petition trade model arises from the relationship between trade flows and prices. In particular,

the Donaldson (2008) extension of the Eaton and Kortum (2002) (D-EK) yields an explicit

functional form for bilateral trade flows:?!

o (10)

InQ;; =0 +InX,+aln -
ij

where 6; is an origin fixed-effect, X is the total expenditure on the commodity in the destination
region, and p; is the CES price aggregator across all varieties of the commodity. Equation
(10) implies that the partial elasticity of bilateral trade flows to the destination price net of
transportation costs is constant.

With information frictions, however, market conditions in other potential destinations have

2 To see this, suppose that the price in region k

a direct impact on bilateral trade flows.?
increases. This raises the value of search for producers in region i, affecting trade flows from
region ¢ to region j in two ways: first, it induces smaller farmers to export; second, it increases
the reservation price of those farmers already searching, making them more picky about which
region they sell to. From equation (6), the first effect dominates in regions with many small
farmers (0; > 2), increasing exports to region j; in contrast, the second effect dominates in
regions with many large farmers (0; < 2), reducing exports to region j.

The presence of information frictions thus suggests that the D-EK equation governing bilat-
eral trade is misspecified. In particular, equation (10) under-predicts bilateral trade flows from
regions with many small farmers (and over-predicts bilateral trade flows from regions with many
large farmers) to destinations with relatively low prices. In contrast, the biases are reversed for
destinations with relatively high prices. As a result, the estimated partial elasticity of bilateral
trade flows to prices (a) will be biased downwards for regions with more small farmers (higher

0;) and biased upwards for regions with more large farmers (lower 6;).

21With complete information, trade flows cannot be written explicitly as a function of prices without resorting
to some form of product differentiation (see Anderson and van Wincoop (2004)). Accordingly, the D-EK model
assumes that each observed commodity (e.g. rice) is in fact an amalgamation of a continuum of different
varieties.

22 Anderson and van Wincoop (2003) make a similar point by showing that a correctly specified gravity
equation must control for the origin and destination “multilateral resistance.” Because equation (10) includes
an origin fixed effect and the destination price (which is a direct measure of the multilateral resistance in
the destination), it is correctly specified in their framework. My model implies that the gravity equation is
misspecified even if an origin and destination fixed effect are included.

23The bias arises because of the negative correlation between the destination price and the value of search

K; (p) for p € [pi, f—ﬂ This negative correlation occurs because K; (p) is decreasing in relative price of p and

identification of o comes from the log deviation of p; from the average destination price due to the inclusion of
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3 Evidence of information frictions

In this section, I test the empirical implications of information frictions using a data set I have
assembled on regional agricultural trade in the Philippines. I first describe the empirical context
and briefly describe the data set. I then provide reduced form evidence that information frictions
exist by showing that the observed prices and trade flows are inconsistent with a standard

complete information trade model.

3.1 Empirical context

The Philippines is an ideal setting to examine information frictions, as the context closely
matches three key assumptions of the model. First, in the model production is subject to
idiosyncratic productivity shocks. The productivity shocks create idiosyncratic variation across
regions in the quantity produced, resulting in idiosyncratic variation in prices. Since farmers are
unable to predict prices elsewhere, they must engage in a search process. In the Philippines,
weather plays an important role in determining agricultural productivity, so that variation
in weather results in productivity shocks.?* Furthermore, given the island geography of the
Philippines, weather shocks vary substantially across regions, so that local weather yields only

® As a result, the spatial variation in prices

limited information about weather elsewhere.?
differs substantially over time, so that in any given year farmers have little information about
the actual prices elsewhere.?6

The second key assumption of the model is that production decisions occur prior to deci-
sions of where to sell the produce, so that farmers take their quantity produced as given when
searching for markets. In agricultural production in the Philippines, the most important deci-
sions impacting the quantity produced occur at or near the time of planting, which happens
months or even years before sales occur. As a result, farmers have little ability to adjust their
production in response to price shocks that occur after planting.

The final key assumption of the model is that information about prices elsewhere is costly

the origin fixed effect.

24This paper is not the first to note the importance of rainfall shocks in the Philippines to agriculture; for
example, Yang and Choi (2007) uses rainfall shocks as an instrument to see how remittances respond to income
shocks.

25In the online appendix, I provide evidence that the observed rainfall at any given weather station is only
weakly predicted by rainfall at all other weather stations.

26The relative price of a commodity in a particular province varies substantially over time. The correlation
between the previous year and the current year price rankings (measured as the empirical cumulative distribution
function of the price) varies from 0.64 for 1996-1997 to 0.83 from 2002-2003. The correlation also declines sharply
over time: the correlation between the relative price in 1995 and 2010 is 0.2. See the online appendix for a
figure of the complete correlation of price rankings across time. A fixed effects regression of the price ranking
on year de-meaned monthly mean and standard deviations of rainfall indicates that 58% of the variation of the
ranking within a province-commodity over time can be explained by variation in rainfall.
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to acquire. There is strong circumstantial evidence suggesting that this is the case in the
Philippines. Qualitative interviews I conducted with rice farmers and small traders suggested
that they had little knowledge of prices in nearby cities, let alone in other provinces. Larger
traders were better aware of market conditions elsewhere, but exerted a substantial effort to
keep their information up to date. Of the traders that were aware of prices elsewhere, all

reported that they learned the prices by directly contacting sellers in other markets.

3.2 Data

Data on the flow of goods within a country is rare, especially in the developing world. Because
of its island geography, I have been able to assemble data detailing the universe of commodities
shipped by water throughout the Philippines.?” I summarize the data I have collected here; see
Appendix B for a detailed description. The data provide me the quantity and value of every
commodity (at the SITC 5-digit level) shipped each year from every port to every other port in
the Philippines from 1995 to 2009. The core data set used in the subsequent sections consists
of 4,337 observations of annual bilateral trade flows between provinces of 10 major agricultural
commodities. The data set is summarized in Table 1. Figure 1 illustrates the network of rice
trade flows; as is evident, each province trades with many other provinces.

I combine the trade data with a number of other data sources, giving me information on
(1) province-year-commodity wholesale prices; (2) province-year-commodity production and
yields; and (3) a census of farms producing each commodity in each province. The price data
allow me to observe the market price that producers would receive (excluding transportation
costs) should they choose to sell to a particular destination.?® The production data allows me to
determine the fraction of produce exported for each commodity. Finally, the agricultural census
allows me to estimate the shape parameter of the land distribution for each commodity in each
province. In addition, I collect data on daily rainfall at 47 rainfall stations spread throughout

the Philippines which give me a measure of exogenous productivity shocks.

3.3 Arbitrage opportunities exist

In Section 2.5, I showed that the complete information no-arbitrage equation has two empirical
predictions: first, the same region should never import and export the same commodity; and

second, changes to the price in an origin region should result in equivalent changes to the

27Similar data for trade via air is unavailable. As trade via air constitutes less than 1% of total trade
flows in terms of both quantity and value (NSO, 2001), its exclusion from the following analysis is unlikely to
substantially affect the results.

28 As a result, I do not have to rely on the unit prices reported in the trade data, which are unobserved when
trade flows do not occur.
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price in the destination region. In this subsection, I show that neither of these predictions are
empirically validated, suggesting arbitrage opportunities exist.

In the Philippines, it is commonplace that a province both imports and exports the same
commodity. The top panel of Figure 2 indicates that on average half of importing provinces also
export the same commodity in the same year. The results do not appear to be driven by the
aggregation of trade data: the bottom panel of Figure 2 indicates that 26 percent of importing
ports export the same commodity within a three month period.?

The observed variation in prices across provinces is also inconsistent with the complete
information no-arbitrage condition. To see this, suppose that transportation costs can be
written as:3

1IlTZ‘th = 1I1Tij + 5t -+ 5c + gijct‘ (11)

If region i exports both commodities ¢ (corn) and d (rice) to region j in periods ¢ and ¢ — 1,
then the complete information no-arbitrage condition implies that changes in the log price ratio

of ¢ and d in the origin should co-move one-to-one with changes in the log price ratio in the

Aln (Zﬁ) = (AlIn <pm) + Vijt, (12)

Djdt Didt

destination region:

where v;;; = Azj—dz is the change in the ratio of the log of the idiosyncratic component of the
transportation costs of corn and rice, A denotes the difference between ¢ and t — 1, and the
complete information no-arbitrage condition implies 3 = 1.3 To see if equation (12) holds, I
examine how the destination price ratio responds to exogenous changes in the origin price ratio

due to local weather shocks. In particular, I use a two stage least squares (2SLS) estimation
DPict
Pidt
province-level rainfall, de-meaned by year to control for Philippines-wide weather shocks.??

strategy to estimate by instrumenting Aln( ) with a vector of measures of changes in

Table 2 presents the estimation results of equation (12). Columns 1 and 2 present the

29Tn the online appendix, I argue that the patterns do not appear to be driven by product differentiation
either, as the patterns are actually more prevalent amongst more homogeneous agricultural commodities using
the Rauch (1999) classification.

30This assumption, while restrictive, is much less restrictive than most assumed functional forms of trade costs
in the literature. For example, Waugh (2010) assumes that trade costs are a function of distance, a dummy
variable for a shared border, and an exporter fixed effect.

31Equation (12) resembles the “pass-through” test of how the relative price of a commodity in two countries
responds to shocks in the exchange rate between those countries (e.g. Goldberg and Verboven (2001)). In that
literature, arbitrage may fail because of firms using market power to vary their mark-ups across destinations,
which is unlikely in the context of agricultural commodity prices with many producers. In the online appendix,
I extend equation (12) to include many commodities and allow the estimated coefficient to vary by the degree
of homogeneity of the commodity pair using the Rauch (1999) classification. I find that the price arbitrage
equation actually does worse for more homogeneous goods (i.e. 8 is lower), suggesting that the results are not
due to imperfect competition.

32As long as the measurement error is classical, this procedure had the added benefit of correcting for bias
due to measurement error.
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OLS and 2SLS results, respectively, for the relative price of corn to rice in the Philippines. The
estimated elasticities (0.38 for OLS and 0.27 for 2SLS) are precisely estimated and substantially
below one, allowing me to strongly reject (p < 0.001) that the complete information no-arbitrage
equation holds in the context of the Philippines.

How well does this test fare in other contexts where information frictions are likely to be
smaller? In columns 3 and 4 of Table 2, I apply the same estimation procedure for the relative
price of corn and hay amongst U.S. states (see Appendix B.9 for details). While the estimated
elasticities in the U.S. are much greater than in the Philippines (0.56 for OLS and 0.831 for
25LS), I am still able reject that the elasticity is equal to one at the p =0.001 level. This
suggests that information frictions remain a concern even in the United States, albeit a smaller

one than in the Philippines.

3.4 Trade flows depend on market conditions elsewhere

Recall from Section 2.5 that the D-EK model implies that bilateral trade flows have a constant
partial elasticity to the destination price. With information frictions, in contrast, total trade
flows depend not only on the destination price, but also on market conditions elsewhere. As a
result, the estimated partial elasticity of the destination price will be biased upward for regions
with many small farmers and downward for regions with many large farmers.

To see if this bias exists empirically, I include the interaction of the origin land distribution

shape parameter ;. with the destination log price in equation (10):
In Qijer = BrInpjer + BoInTjjer + B3 In Xy + v0ic X Inpjes + icr + Eijer- (13)

Because regions with a greater proportion of small farmers have a greater 6,., the existence of
information frictions implies that v < 0.3

There are two concerns with the estimation of equation (13). First, because transportation
frictions are not observed, I cannot condition directly on 7. With the assumed functional form
of transportation costs from equation (11), however, I can consistently estimate v by including
an origin-destination fixed effect d;;, which restricts identification to variation in prices and trade
flows within a bilateral pair. Second, because trade flows and prices are jointly determined,
ordinary least squares (OLS) estimation is subject to simultaneity bias. In order to circumvent
this problem, I use a two stage least squares (2SLS) estimation technique to isolate changes in

the destination price due solely to local weather shocks. From the model, weather shocks in

33Tn the D-EK model, the elasticity of trade flows to the destination price is larger the greater the homogeneity
of the productivities of firms, as changes in the destination price induce a greater density of firms to begin
exporting. A similar effect is also present in the monopolistic competition model of Chaney (2008). In contrast,
my model implies the elasticity to the destination price declines as the distribution of farmers becomes more
homogeneous, as smaller farmers who search less intensively comprise a greater share of total production.
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the destination (A;) affect destination prices by changing total domestic supply, but only affect
bilateral trade flows through the change in prices, as required by the exclusion restriction.?*
In particular, I instrument for the destination log price with a set of rainfall measures in the
destination province, de-meaned by year and province to capture only idiosyncratic variation.3?

The results are presented in Table 3. To correct for the fact that the land distribution
parameter 0;. is itself an estimate from the agricultural census (see Appendix B.7 for details),
I calculate the standard errors using a bootstrap procedure, recalculating the 6;. for each boot-
strap repetition. The first two columns present the estimates of the basic trade equation (10)
using OLS and 2SLS, respectively. As predicted by D-EK, bilateral trade flows are increasing
in both destination price and destination expenditure, although neither variable is statistically
significant. Consistent with simultaneity bias, the estimated coefficient of the destination price
from 2SLS is larger than the OLS coefficient.

Columns 3 and 4 of Table 3 present the results of regression (13). Consistent with the
presence of information frictions, the interaction term ~ is negative and statistically significant
in both cases. Furthermore, the estimated magnitude of ~ is substantial: the 2SLS estimate
indicate that a one standard deviation (1.92) increase in 6;. from the mean (3.16) more than
halves the elasticity of bilateral trade flows to prices from 1.35 to 0.57. The last two columns
include a destination-year fixed effect instead of destination expenditures to circumvent any
simultaneity concerns of including the destination expenditures on the right hand side; the
estimated coefficients on the destination price and the interaction term remain statistically
significant and the magnitudes change only slightly.

Since the response of prices and trade flows to productivity shocks is inconsistent with
standard complete information models but consistent with a model incorporating information
frictions, the reduced form evidence suggests that information frictions exist. In the next

section, I examine how important information frictions are.

4 Information frictions versus transportation costs

In this section, I use the model developed in Section 2 to separately identify information and

transportation frictions using observed market prices and bilateral trade flows. I then use these

34The restriction is on trade shares rather than levels because of the inclusion of the origin-commodity-year
fixed effect. In the D-EK model, trade shares depend only on prices, transportation frictions, and expenditures.
In my information frictions model, trade shares depend only on price, transportation frictions, and the search
probability. In both cases, the exclusion restriction is satisfied as long as rainfall shocks do not affect trade
frictions. While severe weather shocks may temporarily affect trade directly (e.g. by damaging ports), it is
unlikely that they would have a substantial effect on total annual trade flows.

35The rainfall measures include the mean and standard deviation of rainfall within each month in the province.
I allow idiosyncratic rainfall shocks to have different effects on the prices of each commodity by interacting the
rainfall shock with a commodity fixed effect.
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estimates to quantify the contribution of information frictions to observed price dispersion and

the “gravity” relationship between trade flows and shipping distance.

4.1 Disentangling information frictions and transportation costs

Recall that there are three frictions in the model: (1) iceberg transportation costs 7;;, (2) search
probabilities s;;, and (3) the fixed cost of search f;. I consider how each affects trade flows in
turn.

Transportation costs 7;; are the only friction to affect the extensive margin of trade. From
equation (5), trade flows from ¢ to j occur if and only if the relative price % exceeds the trans-
portation cost 7;;. Hence, it is possible to identify the transportation cost 7;; by determining
the threshold relative price % at which trade begins to occur. Since this requires observing
whether or not trade occurs for multiple observations of relative prices, identification arises
from variation over time.

Given transportation costs 7;;, search probabilities s;; can be identified from observed export
shares. From equation (8), the share of exports from region i sent to region j depends only
on the predicted trade shares and the search probability s;;. Hence, given observed prices and
transportation costs identified from the extensive margin, equation (8) can be implicitly solved
for s;;. Intuitively, if two destinations have the same price (net of transportation costs), but a
region exports twice as much to the first as to the second, then the first destination must be
searched twice as often.

Finally, the fixed cost of search f; is identified from the openness of a region. Given observed
prices, 7;; and s;;, K; (p;) can be calculated using equation (4), so that f; can be identified using
the observed trade openness and equation (9).3¢ Intuitively, if two regions are otherwise identical
but the first exports a greater fraction of its production, then it must have a lower fixed cost
of search.

The reason that information frictions and transportation costs can be disentangled by com-
paring the extensive and intensive margins of trade is intuitive. If trade is observed, it must
have been profitable, so that the difference in prices must have exceeded the costs of trans-
portation (and vice versa). At the same time, the number of traders that take advantage of
a particular arbitrage opportunity depends both on how attractive the opportunity is and the
number of traders aware of the opportunity, so the intensive margin yields insight into the

extent of information frictions.

36This requires observing the land distribution shape parameter 6;. I discuss how such a parameter is created
using the observed distribution of land holdings from an agricultural census in Section B.7 in the appendix.
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4.2 Estimation

In this subsection, I describe the estimation procedure.

4.2.1 Transportation frictions

The transportation cost from region ¢ to region j can be identified by observing the price ratio
in the two regions and whether or not exports occurred. I assume that transportation costs can

be written in a generalized form of equation (11):

In7ijee = InTije + O + €4jct, (14)

where the idiosyncratic component €;;; ~ N (0,0%).3” This assumption allows me to use a
maximum likelihood (ML) estimation procedure to identify In7;;. and ¢, based on variation in

observed trade patterns and prices within an origin-destination-commodity triplet over time.

From equation (5), the maximum likelihood estimator of the log transportation costs In 7;, is:*®
d I{cht:()}ln (1—(I)<l1n< Pjct >>>
ln %ijc = arg max ! g e5t7pict (15)

InT€[1,00) P +1 {Qijct > O} In ® (% In ( 6pjct

et TPict

where ® (+) is the cumulative distribution function of the standard normal distribution.

It is informative to compare the strategy for estimating transportation costs with information
frictions to the standard strategy of inferring transportation costs from price dispersion. With
information frictions, positive trade flows imply that the ratio of the destination to origin price
exceeds the transportation cost; in contrast, with complete information, positive trade implies
the ratio equals the transportation cost. As a result, the equivalent equation for estimating

the transportation costs under complete information, In 777" simply replaces the standard

ijc
normal cumulative density function in the second term with the standard normal probability
density function. Hence, traditional inference overestimates the true transportation costs in the

presence of information frictions.

3TThe year fixed effect controls for changes in transportation costs across time that affect all bilateral pairs
equally. In the online appendix I provide evidence that there is little systematic variation in the observed freight
costs over time. Reassuringly, the estimated year fixed effects are small in magnitude and exhibit no pattern
over time.

381f region 7 exports commodity ¢ to region j in every period, then equation (15) will yield 7;;. = 1; conversely,
if region i never exported commodity ¢ to region j in any time period, then equation (15) will yield 7;;. = oo.
Hence, for equation (15) to yield a 7;;. € (1,00) requires that there are both periods in which region i exports
commodity ¢ to region j and periods in which it does not.
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4.2.2 Information frictions

Given estimates of transportation costs, search probabilities {s;;+} and the fixed costs of search
{fict} can be identified from equation (6) governing export shares and equation (9) governing
trade openness, respectively. Since I do not observe the idiosyncratic component of transporta-
tion costs €;j., I cannot calculate the true value of K () or F «t (+) in order to directly estimate
the search probabilities and fixed cots of search. Instead, I use a method of simulated moments
procedure (see McFadden (1989)) to find the set of (log) information frictions In §;;; and In fict
that satisfy the sample mean of the (log) of equations (1) and (4) over a large number V' of

draws® of the unobserved component of transportation costs &;je:

(0; — 1) In K2, (pict)

'L]ctv 2 _KS 'L]ctv 0;—1 16
l Z ZCt( 1 )Fu:t 1}( zZ]CZt('U) ) ( )

Dy

. 1
In )‘z’jct =In Sijet + V Z: _

A 1
In fict 9 _ ln Azct Z In K. wt pzct (17)

where ¢/, indicates the o™ simulated draw of the unobserved component of 7., In Tt =

In %ijc_’_gt—i_gzl'/jct is the resulting v*" simulated transportation cost, K, (p) = Z#Z Sijet MaX { Dt . 0}

'cht

and F S (p) =, i Sijrl { Diet < p} are the resulting value of search and price distributions

from the v*" simulated draw, and p’“" is the 1™ relative price observed between p, and 2t
1]ct

given the simulated transportation costs 7., and the observed prices.

z]c
(p) not

only depends on s;;¢ but on the search probabilities of all other destinations with prices (net of
p_j(,

There are several things to note about equations (16) and (17). First, since K,

transportation costs) between p;; and , equation (16) must be solved simultaneously for all

destinations of a particular orlgln—commodlty -year. Second, since the identification of s;;. relies

on the intensive margin of trade flows, s;;+ can only be identified when trade flows occur.??

p]ct

Third, the model requires that ¢ export to j if and only if p;; < . As a result, the random

draws used in the simulation must ensure that this equation is satlsﬁed. In particular, if trade

is (is not) observed, then 7, , is drawn from a normal distribution truncated above (below) by
Djet/Tijet
Pict ’

In

39Tn the results that follow, V = 100.

40This does not affect the estimation, as KV

¥, () does not depend on the search probabilities of destinations

where f]—“ < piet and F ity () only depends on these search probabilities inasmuch as they affect the proba-
ijec

bility of discovering a prlce below the home market price, which can be calculated using the estimated search
probabilities and the constraint that the entire search probabilities sum to 1.
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4.2.3 Results

Table 4 presents the summary statistics of each of the estimated parameters. Estimated trans-
portation costs are substantial, averaging 36 percent (in ad valorem tax equivalent terms).
Estimated search probabilities are small, with a mean of 9.2 percent. Since the sum of the
search probabilities across all searched destinations is equal to one, this implies that producers
search 10.9 destinations on average.*! Since producers are more likely to have contacts in the
major shipping centers of Manila and Cebu, it is reassuring to note that the search probabilities
of these provinces are especially large, averaging 13.3 percent and 16.7 percent, respectively.

While the estimated fixed cost of search is highly variable across different origin-commodity-
years, the median fixed cost of search of 4,647 pesos ($103) is modest. While this amount is
certainly more than the cost of a phone call, it seems realistic for the entire cost of determining
the market conditions in a potential destination, which includes the time and expense incurred
from discussions and negotiations with possibly multiple wholesale purchasers and shipping
companies. However, the fixed costs are substantial relative to farmer income (crop income
averaged 12,150 pesos in the 2000), preventing a substantial portion of farmers from selling in
other markets. I return to the issue of fixed costs in Section 6 when I introduce intermediary
traders into the model.

It is also informative to see how much estimates of frictions vary across commodities. I
find that the estimates of information frictions are similar across commodities, with an average
coefficient of variation of 0.91 within an origin-destination-year for the search probability and
0.53 within an origin-year for the fixed cost of search. This variation is much smaller than the
variation in the estimated transportation costs across commodities within origin-destination
pair (1.38), suggesting that producers of different commodities differ less in the information

frictions they face than the transportation costs they incur.

4.3 Estimated transportation costs

In Section 4.2.2, I showed that transportation costs estimated using the complete information
model would be larger than those estimated from the incomplete information model. Figure 3
depicts the distribution of the estimated transportation costs under complete and incomplete
information.*> By relaxing the assumption of complete information, the distribution of esti-
mated transportation costs shifts to the left, causing the average estimated transportation cost

to nearly halve from 69 percent to 36 percent (in ad valorem terms). Hence, roughly half the ob-

41T see this, note that Z;-]:l s =1 J= %, where 5;; is the mean search probability. Since the estimated
mean search probability is a consistent estimator of the average 5;; , by the Slutsky theorem, its inverse is a
consistent estimator of the average number of destinations searched.

42For comparability, I constrain the estimate of & to be the same in both the complete and incomplete

information cases. The maximum likelihood estimate of ¢ is 0.39.
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served price dispersion normally ascribed to transportation costs is actually due to information
frictions.

The left panel of Figure 4 shows that both the complete and incomplete information esti-
mates increase only moderately with shipping distance. The right panel of Figure 4 examines

. . . . . . . . . . ~ let A~
how the the contribution of information frictions to price dispersion (i.e. 71 © ¢ —7i;.) changes

ije
with shipping distance. The positive slope suggests that information frictions increase with
shipping distance.

Which estimates are more realistic? To answer this question, I compare the estimated trans-
portation costs to observed freight costs. Detailed analysis of the market structure of several
commodities in the Philippines (BAS 2002a,b, 2003, 2007a,b) find that direct transportation
costs comprise roughly one fifth to one half of the total cost of bringing a good to market, sug-
gesting that realistic transportation costs should be between 2 and 5 times the size of observed
freight costs.

Figure 5 reports the median ratio of estimated transportation costs to observed freight
costs for each commodity. For all but one commodity, the confidence interval of the ratio is
within the range of 2-5 for the incomplete information estimates, suggesting that they are of a
realistic magnitude. For many commodities (especially for rice and corn), however, the complete
information estimated transportation costs are much higher than five times the observed freight
costs. Overall, the median ratio between estimated incomplete information transportation costs
and observed freight costs is 5.8 versus 16.7 for estimated complete information transportation
costs. This suggests that the incomplete information estimated transportation costs are much

more realistic than those estimated assuming complete information.

4.4 Gravity

In this subsection, I compare the role of information and transportation frictions in the grav-
ity equation. A large variety of trade models (see Anderson (2011) and Arkolakis, Costinot,
and Rodriguez-Clare (forthcoming)) yield the following empirical formulation of the “gravity”
equation:

InQ;j = BInTi; + 6; + 05 + €45

where §; and 0; are origin and destination fixed effects, respectively, and § is the partial-
elasticity of bilateral trade flows to variable bilateral trade frictions 7;;.** Traditionally, bilateral
trade frictions are assumed to be functions of observable bilateral variables, especially shipping

distance (Anderson and van Wincoop, 2004). For example, if T;; = (dist;;)”, where dist;; is the

43While trade flows are traditionally measured in value, here I write them in terms of quantities to be consistent
with the model. Since trade is measured in free-on-board (fob) prices in the data set, the inclusion of the origin
fixed effect ensures that the results are equivalent.
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shipping distance from 7 to j, then the gravity equation can be written as:
In Qij =aln dist@-j + 5@ + 5j + Eijy (18)

where aw = . Column 1 of Table 5 reports the result of equation (18) for agricultural trade
in the Philippines; an increase in distance of 10 percent is associated with a 4.4 percent decline
in trade flows.** I refer to this negative relationship between bilateral trade flows and shipping
distance as “gravity.”

What portion of gravity is due to information frictions rather than transportation costs?
From equation (6), bilateral trade flows can be decomposed into the search probability, predicted

trade share, and an origin fixed effect:

L g (pij )92'*1 _ K (pij)erl
InQ;; =Ins; +1In . + 6 (19)
j J ; 1— Fé (plil)

Hence, an increase in shipping distance could have one of two effects on bilateral trade flows:
it could reduce the probability that a destination is searched or it could increase the trans-
portation cost, reducing the predicted trade share. By regressing the log search probability
and the predicted trade share separately on shipping distance, it is possible to determine what
proportion of gravity is due to each of the terms.

Columns 2 and 3 of Table 5 report the results of the regression of the log search probability
and the predicted trade share, respectively, on the log shipping distance, conditional on origin-
commodity-year and destination-commodity-year fixed effects. An increase in shipping distance
of 10 percent is associated with a 4.1 percent decline in the search probability and a 0.3 percent
decline in the predicted trade share. Hence, the vast majority (93 percent) of the observed
gravity relationship is due to a decline in the probability of search rather than an increase in
the cost of transport.

While this may seem surprising, column 4 of Table 5 shows that a 10 percent increase in
shipping distance increases observed freight costs by only 0.1 percent. Hence, the elasticity of
trade flows to transportation costs would have to be huge in order to be able to generate the
observed gravity relationship between trade flows and distance. This suggests that information
frictions rather than transportation costs are the primary reason for the decline of trade flows

with distance.*

44To calculate the shipping distance between province i and province j, I use GIS software to calculate the
minimum distance over water between any two provinces using a least cost distance algorithm, where travel
over water is assumed to have a uniform cost and travel over land is assumed to be infinitely costly.

45Gince the search probability is likely to be positively correlated with the number of contacts producers have
in a particular destination, this empirical result is consistent with the theoretical prediction of Chaney (2011a)
that the aggregate distribution of exporter’s networks of contacts in other regions declines in distance.
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Since information frictions are responsible for half the observed variation in prices and the
vast majority of the “gravity” relationship between trade flows and distance, I conclude that
information frictions are at least as important as transportation costs in determining trade

flows.

5 Implications of information frictions: counterfactual

experiments

What implications do information frictions have for public policy in the Philippines? In this
section, I simulate the model to quantitatively assess the welfare effects of several potential
government policies. I first compare the effects of reducing information frictions to reducing
transportation costs. I then examine the effect of a land reform program that redistributes land
to smaller farmers.

The simulation procedure works as follows. I first draw a vector of productivity shocks for
each province from the distribution implied by the observed variation in yields within province
over time. Given the geography of the Philippines,*® I find the set of bilateral trade flows
and prices that satisfy the equilibrium conditions presented in Section 2.4 and calculate the
equilibrium welfare for each farmers and consumer. I then repeat the procedure for a large
number of productivity shocks to find each person’s expected utility.*”

To determine prices and calculate welfare, I embed the trade model in a general equilibrium
framework. Because of its economic importance and the fact that it comprises the largest
portion of observed trade flows, I assume that all farmers produce rice, whose trade is subject
to information frictions and transportation costs. In addition, I assume that each consumer
produces a unit of a costlessly traded numeraire good (“services”), from which he derives his

income. Both farmers and consumers have CES preferences over rice and services, generating

r P\ 7
pZ:( O{Y;‘ ) )

where o is the elasticity of substitution, « is the budget share of rice, Y; is the total income

the inverse demand function:

of farmers and consumers in region ¢, r; is the total supply of rice to region i, and P, =
((1 —a)+ ()4]9}"’)ﬁ is the CES price aggregator. I choose @ = 0.2 to match the reported
budget share of rice in the household Family Income and Expenditure Survey (see Section B.4
in the appendix for details) and o = 4 to match the observed price variation.

The mass of farmers and consumers in each province are chosen to match population figures

46By geography, I mean the set of information frictions, transportation costs, distribution of landholdings and
population of farmers and traders in all provinces.
47For simplicity, I assume that productivity shocks are independent across provinces.
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of farmers and non-farmers. The transportation frictions 7;;, the search probabilities s;;, and

the fixed cost of search f; are those estimated for rice in Section 4.2.48

5.1 Reducing information frictions versus transportation costs

I first compare the effects of policies reducing information and transportation frictions. To
make the counterfactual policies comparable, I consider a 50 percent reduction in all fixed costs
of search and a 50 percent reduction in all transportation costs.

Table 6 summarizes the aggregate impacts of the counterfactual policies. The first column
presents the results of the baseline simulations. On average, 13.7 percent of rice production
is traded, which results in a coefficient of variation of prices of 0.11 across provinces. The
second and third columns present the effects of reducing the fixed costs of search and trans-
portation costs, respectively. Not surprisingly, in both cases total trade flows increase and price
dispersion decreases. The reduction in trade frictions benefits farmers, while the reduction in
price dispersion benefits consumers, resulting in increases in the average social welfare of both
groups.?® As approximately 35 percent of the Philippines population is employed in agriculture
(BAS, 2011), the average increase in welfare for the whole population is 0.12 percent from the
reduction in search costs and 0.17 percent from the reduction in transportation costs.’® Hence,
the simulation suggests the government should focus on reducing information frictions rather
than transportation frictions as long as the reduction in information frictions can be achieved
at less than two-thirds the cost of a comparable reduction in transportation costs.

The aggregate effects mask important distributional implications. Figure 6 presents the
welfare effects on rice farmers as a function of their total landholdings. Because the fixed cost
of search comprises a greater fraction of revenue for small farmers, they benefit disproportion-
ately more from its reduction; indeed, the largest farmers become worse off owing to increased
competition. In contrast, since reductions in the transportation cost reduce the variable cost
of exporting and large farmers export more, the benefits are concentrated amongst large farm-
ers. As a result, simulations imply that reductions in the fixed cost of search reduce inequality

whereas reductions in transportation costs exacerbate it.

48Gince the fixed costs of search and the search probabilities are estimated for each year, I use the average
value across all years. As a result, the simulations should be interpreted as comparisons to the average trade
flows between 1995 and 2009.

49To construct the social welfare, I use a utilitarian welfare function where all farmers and consumers are
weighted equally. Since large farmers consume more than small farmers, they comprise a greater portion of
total farmer utility.

50The aggregate welfare impacts are small in magnitude because welfare gains only arise from reducing
variation in consumption since aggregate production is held constant. Furthermore, overall uncertainty is low
since services are traded costlessly and comprise 80 percent of the budget.
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5.2 Land reform

Another policy that is oftentimes touted as improving efficiency while reducing inequality (see
e.g. Binswanger, Deininger, and Feder (1995)) is the redistribution of land from large farmers
to small farmers. What do the information frictions imply for such a reform? To answer the
question, I consider a counterfactual policy where the Pareto shape parameter governing land
distribution is increased by 50 percent while keeping the total land cultivated constant, thereby
increasing the concentration of land help by small farmers.?!

The fourth column of Table 6 presents the effects of such a reform. Since smaller farmers are
less willing to search other markets, land reform reduces the efficient allocation of rice across
provinces. As a result, trade flows fall and price dispersion increases, both by roughly one-third.
The decline in trade reduces aggregate farmer welfare by 0.6 percent, while the increase in price
volatility reduces aggregate consumer welfare by 0.5 percent. Hence, while land reform may

reduce inequality, it does so at the cost of a loss in aggregate welfare.??

6 Incorporating intermediaries

In the Philippines, farmers rarely ship their own produce to other provinces; instead, they
normally sell their produce to traders who then export to other markets. This may result in
some concern about the analysis conducted thus far; for example, if both large and small farmers
sell to the same set of traders, it is unclear why the land size of the farmer affects where her
produce is shipped. In this section, I extend the basic model to incorporate such intermediaries
and show that the basic predictions of the model remain unchanged. I first present the model
extension. I then provide micro-level evidence of the search process using data on more than
two million farmer sales. Finally, I use the extension of the model to separately estimate the

fixed costs of search for farmers and traders.

6.1 Model

Suppose that farmers, instead of searching across regions to sell directly to consumers, search
locally for intermediaries (“traders”) to whom to sell their produce. After purchasing from
producers, traders then conduct their own search across regions to determine where to sell to

consumers.”® In what follows, I show that the basic model can be extended to incorporate this

51Since the total land cultivated is Miaf—il, to keep the total land cultivated constant while increasing 6;
requires increasing the mass of farmers as well; intuitively, the laborers working on the land of large farmers
become the owners of the land.

520f course, with a non-utilitarian social welfare function that gives additional weight to the utility of small
farmers, the reduction in inequality could be welfare enhancing even given the loss of efficiency.

53Whether intermediaries promote or inhibit efficiency is a topic of much recent debate in the trade literature,
see e.g. Antras and Costinot (2011) and Bardhan, Mookherjee, and Tsumagari (2010). In my model, because
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additional stage of searching without substantially affecting the central predictions.

The timing of the model is as follows. First, a mass M of farmers® (referred to in the
feminine) produce a homogeneous good according to the same production technology in the
basic model. Second, each farmer chooses either to sell to local consumers directly for the local
price p or search for a trader (referred to in the masculine) to whom to sell her produce. If she
chooses to search, she pays a fixed cost g to be paired with a trader, where the probability of
being paired with a trader of type t is s; (the “conspicuousness” of the trader). Upon being
paired with a trader of type t, she observes his buying price p; and chooses either to sell to him
or search again for another trader, continuing until she finds a trader to which she is willing
to sell.’® Third, after all farmers have completed their search process, all traders take their
purchased produce of quantity ¢; and conduct their own search process across regions, which is
identical to the search process in the basic model. In particular, a trader can either choose to
sell in his home region for price p or search elsewhere.?® If he chooses to search, he pays a fixed
cost f and is matched with a region according to the search probability of that region and can
either sell the produce there or continue to search, continuing until he finds a region in which
he is willing to sell.

The model is solved by backwards induction. In the third stage (trader search), given the
quantity purchased, the trader searches across markets. Since the setup is identical to the
basic model, the only difference in aggregate trade flows is that the relevant distribution is over
traders rather than farmers. In the second stage (farmer search), traders choose the purchasing
price they offer in order to maximize expected profits. The greater the price the trader offers,
the more produce he attracts from farmers, but the smaller his profit margin. In particular, a

trader of type s; chooses p; to maximize his expected profits m;:

T (s1) = max (R(q(p;s:)) — D) q(P;sie), (20)

PE[p,00)
where R (q) is the expected per unit revenue the trader receives as a function of quantity and
q (p; s¢) is the quantity that the trader purchases as a function of the price he offers and his
conspicuousness in the market. Let p; (s;) denote the buying price that maximizes equation

(20). T show in the online appendix that traders with greater s; offer higher buying prices to

intermediaries have a greater quantity to sell than farmers (since they are purchasing produce from multiple
farmers), they are more willing to pay the fixed cost to search other markets. As a result, intermediaries improve
the efficiency of trade.

54 For readability, I omit the subscripts of the region when possible.

55In ongoing research, I extend the model to incorporate bargaining between the farmer and trader so that
the price offered by the trader may differ depending on the farmer. Bargaining is a key component of the recent
model of middlemen with search frictions by Wong and Wright (2011).

56In equilibrium, all traders participating in the market will search elsewhere, since selling locally will neces-
sarily entail a loss.
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farmers, i.e. %pt (s¢) > 0, since more conspicuous traders receive a greater increase in the
quantity purchased for a given increase in the purchase price.

Farmer search proceeds identically to the basic model, although farmers now search across
traders rather than destinations. In particular, each farmer has a reservation price she is willing
to accept that is increasing in the size of her landownings. This has two implications. First,
since larger farmers search more intensively for better purchasing prices, larger farmers are more
likely to sell to larger traders. The positive correlation between farmer size and trader size means
that production from larger farms is ultimately sent to markets with on average better prices,
just as in the basic model without intermediaries. Second, there exists a threshold land size
o (p) = ﬁ (where L (p) = fp (pr — p) dF},, (pt) is the farmer value of search across traders)
such that all farmers with landholdings ¢ > ¢* (p) will choose to sell to a trader, while farmers
with landholdings less than the threshold sell locally at the market price. I test for the existence

of such a threshold in the following section.

6.2 Micro-level evidence of search

Incorporating intermediaries allows me to test for the existence of search behavior using micro-
data on farmer sales. In particular, I have assembled more than two million observations of
farmer sales for more than 200 agricultural crops within the period 2000-2009 (see Appendix
B.8 for details). For each farmer that sold her produce in the past month, data is collected on
the price the farmer received, the quantity the farmer sold, and importantly, how much (if any)
freight costs the farmer incurred. Since a farmer who incurs freight costs is more likely to have
brought her goods to a market to sell to a trader, positive freight costs provide a proxy variable
of whether a farmer engaged in search for a trader.®”

One of the central predictions of the search model is that farmers choose to search if and
only if the quantity that they sell is greater than a particular threshold. To test if this is the
case, I regress whether or not a farmer f in province ¢ selling commodity ¢ in month m in year

t chose to search for a trader on the (log) quantity that they sold:

SeaTChficmt - 6 In qficmt + 6icmt + € fiemt,

where 0;.,; is a province-commodity-month-year fixed effect so that identification arises only

57While the model supposes that a farmer who chooses not to search for a trader simply sells to local consumers,
qualitative interviews with rice farmers suggest only a small minority sell directly to consumers. Instead, the
majority of farmers that choose to forgo the search process sell to neighbors with whom they have a longstanding
relationship. These suki relationships are common throughout the Philippines and often oblige the farmers to
sell their produce only to their suki in exchange for credit access or other concessions (see Davis (1973) and
Hendriks (1994)). Since selling to her suki means that the farmer did not search for a seller, whether or not a
farmer incurred freight costs remains a good measure of whether or not a farmer searched for a trader.
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from within-market variation. The first column of Table 7 presents the results. The probability
of searching for a trader is strongly increasing in the quantity of produce sold; a 10 percent
increase in the quantity sold is associated with a 0.29 percentage point (1.6 percent) increase
in the probability of searching for a trader.

While consistent with the model, such a relationship may be due to other factors; for
example, smaller farmers may be more likely to be obliged to sell to a particular person (and
hence forego searching) because they have received loans from that person. Stronger evidence
of the existence of search comes from the introduction of mobile phones. I have collected data
on the location and the month of construction of all cell phone towers in the Philippines (see
Appendix B.6 for details). If mobile phones reduce the fixed cost of searching for a trader,
then the threshold land size should decline. As a result, farmers selling less produce should
begin to search, increasing the overall number of farmers searching while reducing the positive
correlation between quantity sold and the probability of search.

To test this, I regress:
SeaTChficmt = Bl In qficmt + ﬁQphoneimt + Y In qficmt X phoneimt + 5ict + 6cmt + € fiemts

where phone;,,; is an indicator function equal to one if there exists a cell phone tower in province
7 in month m in year t, d;; is a province-commodity-year fixed effect and d.,,; is a commodity-
month-year fixed effect. The inclusion of §;; ensures that the effect of the introduction of
mobile phones is identified only by comparing months prior to the construction of the first
cell phone tower to the months after the construction of the tower within the same year,

t.°® The inclusion of J,,; controls for

limiting the concern of the endogeneity of tower placemen
aggregate variation in market conditions of commodity ¢ within a given month, e.g. seasonality
of production. From the discussion above, the search model predicts 5; > 0, 53 > 0, and v < 0.

The second column of Table 7 presents the results. In the months after the construction
of the first cell phone tower, the fraction of farmers searching for traders increased by 5.7
percentage points relative to the months prior to the construction of the first cell phone tower
within a given year. Furthermore, after the construction of a tower, the relationship between
trader search and log quantity sold falls by 0.014, a decline of 30 percent. This result suggests
that the introduction of cell phones led smaller farmers to search for traders. The third column
includes a province-commodity-month-year fixed effect in order to control for any concern about
the endogeneity of the month a tower was constructed. While the fixed effect does not allow for
the identification of s, the interaction v remains negative and statistically significant. Hence,

the farmer sales data provides micro-level evidence that information frictions exist.

58 An alternative specification comparing the 6 months prior to cell phone tower construction to the 6 months
after yields very similar results.
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6.3 Estimating the fixed costs of search

By incorporating traders into the model, I am able to separate the fixed cost of search estimated
in Section 4.2 into the cost paid by the farmer to search for traders and the cost paid by traders
to search across markets.

The farmer fixed cost of search g can be estimated from the fraction of farmers searching
for traders. Since the search process for farmers is identical to the basic model, the fraction of

farmers searching for traders, A, is equivalent to equation (9):

A= (M)e (21)

9

where 6 is the shape parameter of the Pareto distribution of farmer land size. Since I observe the
fraction of farmers searching for traders within a given market along with their land distribution
and the distribution of prices, it is straightforward to estimate the farmer fixed cost of search
g from equation (21).

Given the farmer fixed cost of search, the trader fixed cost of search f can be estimated
from the minimum purchasing price observed. Since traders will only participate in the market
if their expected profits are positive, only traders that are sufficiently conspicuous will choose
to purchase produce from farmers. The marginal trader will have zero expected profit, which

implies the fixed cost of search is exactly equal to his expected benefit of search:

f=QiK (), (22)

where () is the quantity purchased by the marginal trader and pj is the price he offers. Since I
observe the lowest price offered by traders, I can estimate the value of search K (p;) using the
trade frictions estimated from Section 4.2. Furthermore, since I observe the fraction of quantity
farmers sell to traders offering price pf, I can estimate the total quantity purchased by marginal
traders, allowing me to estimate the trader fixed cost of search using equation (22).>° Since
there may be more than one marginal trader, the estimated trader fixed cost of search should
be interpreted as an upper bound.

Table 8 summarizes the results. The median estimated fixed cost of search for farmers is
1,105 pesos ($25). In contrast, the median of the trader fixed cost of search is 98,928 pesos
($2,200). While the trader fixed cost is an upper bound, the results suggest that the majority

of search costs are associated with search across rather than within markets.

59Gee the online appendix for details.
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7 Conclusion

The goal of this paper has been to show that information frictions have important theoretical
and empirical implications for trade. Theoretically, I have developed a trade model incorpo-
rating the costly search process producers undergo to learn about market conditions elsewhere.
The model shows that the existence of information frictions leads to significant deviations from
standard trade models, namely a failure of the no-arbitrage equilibrium condition and a de-
parture from the standard equation governing bilateral trade flows. Furthermore, the model
yields a method to separately identify transportation costs and information frictions using only
observed trade flows and prices.

Empirically, I have shown that in the particular context of agriculture in the Philippines,
information frictions are important. They contribute as much to observed price dispersion as
transportation frictions, and are responsible for the vast majority of the negative relationship
between trade flows and distance. Furthermore, simulations suggest that reducing information
frictions would result in similar increases in aggregate welfare as comparable reductions in
transportation costs but would also reduce inequality.

This paper provides the first step in examining the role of information frictions in trade. A
fruitful direction for future research would be to examine how information frictions affect trade
flows in contexts other than agriculture, e.g. in industries such as manufacturing characterized

by imperfect competition and product differentiation.
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Tables and figures

Figure 1: Rice trade network in the Philippines
q‘ <
- ¢

Notes: This figure shows the rice trade network in the Philippines. The shading of the provinces
indicates the total observed rice trade flows (imports plus exports) from 1995-2009, where a
darker shading indicates greater trade flows and gray indicates no observed trade flows. The
lines indicate that trade in rice flows occurred between the two provinces in at least one year,
with the arrow indicating the direction and the darker red lines indicated a greater amount of
trade.
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Figure 2: Agricultural trade patterns in the Philippines by commodity

Province—province, annual

Port-port, 4th quarter

| I Fraction of importers that also export |

Notes: Excludes Cebu and Manila to avoid instances of entrepot. The sample for the top
chart includes all annual bilateral agricultural trade flows between provinces. The sample for
the bottom chart includes all bilateral trade flows occurring in the 4th quarter of each year
disaggregated to port-to-port level. In both cases, all agricultural commodities are included,
rather than just those with observed market prices.
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Figure 3: Distribution of estimated transportation costs
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Notes: The figure depicts the cumulative distribution function of estimated transportation costs
across origin-destination-commodities for complete information and incomplete information.
The sample includes all origin-destination-commodity triplets with wholesale markets in which
trade was observed in some but not all years.
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Figure 4: Estimated transportation costs and shipping distance
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Notes: The left panel depicts the estimated transportation costs across origin-destination-
commodities for complete information and incomplete information by shipping distance. The
right panel depicts the difference between the complete information estimate and the incomplete
information estimate by shipping distance. Both panels use a non-parametric regression with an
Epanechnikov kernel and 150km bandwidth. The shaded regions indicate the 95% confidence
interval. The sample includes all origin-destination-commodity triplets with wholesale markets
in which trade was observed in some but not all years. Freight costs are only observed for a
subset (59%) of these origin-destination-commodity triplets.
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Figure 5: Estimated transportation costs by commodity
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Notes: Diamonds report the median ratio of the estimated transportation cost to the observed
freight cost under the assumptions of incomplete and complete information. The size of each
diamond (except for the total column) is proportional to the number of estimated transporta-
tion costs. Error bars report the 95% nonparametric bootstrap confidence interval. Realistic
transportation costs are defined as those between two to five times the magnitude of the ob-
served median freight cost. The sample includes all origin-destination-commodity triplets with
wholesale markets in which trade was observed in some but not all years and for which freight
costs are observed. Commodities with five or fewer origin-destination pairs are not reported in
the figure (garlic, mung bean, and pineapple).
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Figure 6: Welfare effects of reductions in trade costs by size of landholding
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Notes: The figure reports the change in the expected utility of rice farmers from a 50% reduc-
tion in the fixed cost of search and transportation costs, respectively. The welfare effects are
calculated as the average across across provinces and states of the world, where provinces are
weighted according to their farmer population.

41



Table 1: AGRICULTURAL COMMODITIES IN THE TRADE DATA

(1) (2) (3) (4) (5) (6)

Percentage of Percentage of Provinces Province Percentage of Number of

Commodity  land area output producing markets trade value observations
Banana 3.4 13.8 75 22 0.5 170
Cabbage 0.1 0.2 58 22 0.0 36
Corn 20.2 11.3 75 71 48.0 1,360
Garlic 0.0 0.1 27 16 0.0 70
Mung Bean 0.3 0.2 73 10 0.0 7
Onion 0.1 0.6 39 17 0.1 92
Pineapple 0.5 1.7 71 17 0.0 39
Rice 34.5 35.8 75 7 49.8 2,417
Sweet Potato 0.9 0.8 75 19 0.0 37
Tomato 0.1 0.4 74 25 1.5 109
Total 60.1 64.9 82 82 100 4,337

Columns 1 and 2 are the average share of total land area and total agricultural output value from
2008-2010 taken from BAS (2011). Columns 3 and 4 report the number of provinces reporting
any production or market price, respectively, in any year between 1990-2009. Columns 5 and
6 report the percentage of value and number of observations, respectively, of each commodity
in the trade dataset. The trade data set includes all bilateral trade flows where: 1) the market
price in the origin and destination are observed; and 2) the amount produced in the origin is
observed.

Table 2: EVIDENCE OF INFORMATION FRICTIONS: FAILURE OF PRICE ARBITRAGE

Philippines U.S.

1) (2) (3) (4)
Dep. var.: change in log destination price ratio OLS 2SLS OLS 2SLS
Change in log origin 0.341%**  (0.284*** | 0.561*** (.831***
price ratio (0.031) (0.080) (0.025) (0.051)
First Differences Yes Yes Yes Yes
Test coefficient = 1 (p-value) 0.000 0.000 0.000 0.001
R-squared 0.134 0.047 0.293 0.153
Observations 808 808 1182 1182

Notes: First differences. The dependent variable is the change in the log wholesale price ratio
of corn to rice in the destination province. Each observation is an exporter-importer-year
triplet. The change in the origin price ratio of corn to rice is instrumented with the mean and
standard deviation of monthly rainfall within the year. The p-value of the test whether the
estimated coefficient is one (as is implied by complete information price arbitrage) is reported
above. Column 3 and 4 reports the results for the price ratio of corn to hay in U.S. states for
2003-2009, using trade partners from the 2007 Commodity Flow Survey. Standard errors are
reported in parentheses. Stars indicate statistical significance: * p<.10 ** p<.05 *** p<.01.
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Table 3: EVIDENCE OF INFORMATION FRICTIONS: FAILURE OF THE GRAVITY EQUATION

(1) (2) (3) (4) () (6)
Dep. var.: log quantity ex- OLS 2SLS OLS 2SLS OLS 2SLS
ported
Log destination 0.136  0.867  1.083***  2.633%F*  1.042%* 3.045%4*
price: Inpje (0.336) (0.567) (0.399) (0.525) (0.408) (0.473)
Log destination 0.885*% 0.840  0.832 0.741
expenditures: In X, (0.510) (0.512) (0.520) (0.524)
Origin land dist.* -0.256***  -0.406%**  -0.2517%HF  -0.451%**
Dest. price: €;c X Inpje (0.047) (0.048) (0.041) (0.045)
Mean dependent variable 12,191  12.191 12.191 12.191 12.191 12.191
Origin-Commodity-Year FE  Yes Yes Yes Yes Yes Yes
Origin-Destination FE Yes Yes Yes Yes Yes Yes
Destination-Year FE No No No No Yes Yes
R-squared 0.061  0.094  0.141 0.155 0.000 0.095
Observations 4337 4337 4337 4337 4337 4337

Notes: Two-stage least squares. The unit of observation is an origin-destination-commodity-
year quadruplet. Destination prices are instrumented with idiosyncratic rainfall shocks in the
destination. Bootstrapped standard errors in parentheses. Stars indicate statistical significance:
* p<.10 ** p<.05 ¥ p<.01.

Table 4: SUMMARY STATISTICS OF STRUCTURAL ESTIMATES

(1) (2) (3)
Transportation cost 7;;. Search probability §;;; Fixed cost of search ﬁ-ct
Mean 1.36 0.092 54313.1
Std. Dev. 0.35 0.17 267784.1
Median 1.33 0.015 4647.5
Minimum 1 0 1
Maximum 3.23 1 4974043
Coeff. of variation across 1.38 0.91 0.53
commodities
Number of estimates 650 4337 992
Unit of Origin-Destination- Origin-Destination- Origin-Commodity-
identification Commodity Commodity-Year Year

Notes: Transportation costs are reported only for origin-destination-commodity triplets which
traded in some but not all years. Search probabilities are identified only for observations in
which trade occured. Fixed costs are reported in 2000 Philippines pesos (1 USD is approximately
equal to 45 PHP). Coefficients of variation are calculated across commodities within origin-
destination pairs, origin-destination-year triplets, and origin-year pairs for transportation costs,
search probabilities, and fixed costs of search, respectively.
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Table 5: TRANSPORTATION COSTS VERSUS INFORMATION FRICTIONS IN THE GRAVITY
EQUATION

(1) (2) (3) (4)

Dependent variable: Log quantity Info. frictions Trans. costs Log freight
Log shipping distance -0.43 7% -0.411%%* -0.026%** 0.002*
(0.037) (0.035) (0.004) (0.001)
Origin-Product-Year FE Yes Yes Yes Yes
Destination-Product-Year FE  Yes Yes Yes Yes
R-squared 0.058 0.057 0.021 0.002
Observations 4337 4337 4337 2686

Notes: Ordinary least squares. The dependent variable is indicated above the columns. Each
observation is a origin-destination-commodity-year quadruplet. Freight costs are not reported
for all observed trade flows. Standard errors are reported in parentheses. Stars indicate statis-
tical significance: * p<.10 ** p<.05 *** p<.01.

Table 6: COMPARING COUNTERFACTUAL POLICIES

(1) (2) (3) (4)

Baseline Reduction in Reduction in Land
search costs  transportation costs redistribution

Trade flows 13.67 15.33 14.26 8.54
(percentage of production) (0.846)  (0.890) (0.991) (0.754)
Price dispersion 0.110 0.101 0.093 0.143
(coefficient of variation) (0.006)  (0.006) (0.004) (0.006)
Farmer utility N/A 0.07 0.42 -0.58
(percentage change from baseline) (0.091) (0.211) (0.108)
Consumer utility N/A 0.14 0.04 -0.52
(percentage change from baseline) (0.038) (0.062) (0.100)

Notes: The reduction in search costs and transportation costs refer to the effect of reducing all
fixed costs of search or transportation costs by 50 percent, respectively. The land redistribution
policy increases the Pareto distribution parameter of the observed land redistribution by 50
percent (which concentrates landholdings with smaller farmers) while keeping overall production
constant. Changes in farmer and consumer utility are calculated using a utilitarian social welfare
function weighting all individuals equally. Standard errors calculated from 100 simulations with
stochastic productivity draws are reported in parentheses.
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Table 7: FARMER SEARCH AND THE IMPACT OF MOBILE PHONES

(1) (2) (3)

Dep. var.: farmer searched for trader OLS OLS OLS
Log quantity sold 0.029%**  0.041***  0.047***

(0.001) (0.001) (0.004)
Mobile phone access 0.057#%*

(0.005)

Mobile phone -0.014%F*  _0.018***
access*log quantity sold (0.001) (0.004)
Province-Commodity-Year FE Yes Yes Yes
Commodity-Year-Month FE Yes Yes Yes
Province-Commodity-Year-Month FE  Yes No Yes
Mean of Dep. Var. 0.178 0.178 0.178
R-squared (within) 0.007 0.007 0.008
Observations 2357257 2357257 2357257

Notes: The dependent variable is an indicator variable equal to one if the farmer searched for
a trader. The unit of observation is a farmer sale in a province-commodity-year-month. Mobile
phone access is an indicator variable equal to one if there existed a cell tower in the province
in that particular month. Standard errors clustered at the province-commodity-year-month are
the reported in parentheses. Stars indicate statistical significance: * p<.10 ** p<.05 *** p<.01.

Table 8: INTERMEDIARIES AND THE ESTIMATED FIXED COST OF SEARCH
Basic Model Incorporating Intermediaries

(1) 2) (3)
Estimated fixed cost Farmer Trader Farmer
Mean 74404 4626212 2879
Std.Dev. 365009 13909665 6633
Median 10307 98928 1105
Minimum 4 0 0
Maximum 4974043 107737736 85820
Number of estimates 267 267 267

Notes: Fixed costs are reported in 2000 Philippines pesos (1 USD is approximately equal to
45 PHP). Each observation is a province-commodity-year for which fixed costs are estimated
in both the basic model and the model extension incorporating intermediaries. The fixed costs
of search are estimated for the model extension incorporating intermediaries when individual
farmer sales data exist and some but not all farmers sell to traders.
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Appendix

The appendix is composed of two subsections. In the first subsection, I provides details of the
derivations and proofs for the model. In the second subsection, I describe the data.

A Model derivations and proofs

In this subsection, I provide details of the derivations of the model and the proof of the existence
of an equilibrium.

A.1 Search

The value to the farmer is:
Vi (p; ) = max {wp,/Vi (t's ) dFy () — fi} :

Since the solution yields a reservation price p; () such that the farmer will choose to sell if
p > pi (), the value can be written as:

JVi(p's ) dFy () = fif p < i (¢)
Vi (py ) = { o } (23)
wp if p > pi (¢)
The optimal reservation price satisfies:
oni(e) = [ Vi) dFL () £ (24)

Substituting equation (23) into (24) indicates that at the reservation price, the fixed cost of
search should equal the value of continuing to search:

fi= / W — i (9)) dF} () (25)
Di(p) "

A.2 Producer profits

Consider a farmer from region ¢ with production ¢ and optimal reservation price p; (¢). The
probability that the producer will sell in a particular region is 1 — F} (p; (¢)). The probability

that a farmer sells to the n'" searched regions (after the home region) is (1 — F} (ps (go))) Fi (pi (o)™
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Hence, the expected revenue that a farmer will receive from the search process, R () is:

o | > pdFi (p)
BRE) =30 (1= P 0:(9) (f f“‘?i ( ;)
"= — Lp (Pi\¥

E(R(p)) = <1 . (ﬁg (@)) (90 /pw)de (p) — f@-) .

Rearranging yields:

f=e | (- HEE ) ar ), (27)

p()

Comparing equation (27) to equation (2) yields that the expected revenue a farmer will receive
from searching is simply the product of her reservation price and the quantity produced, i.e.

i (]
B(R(e) =ep(e) =k (L),
so that the expected per unit revenue is equal to the reservation price, as required.
It is also possible to determine the total revenue by all firms in region 7. Since the expected
revenue for each firm is its reservation price price p (), the total revenue amongst all firms in
a region, R; is:

©* (pi) . o0 )
P / odFi () + / 5 (1) 9dF (1)
i ©

*(pi)

©*(ps) 0 oo o
pz-/ 0~ 1d30+/ p(p) e "dp
b ®

*(pi)

’

i

where the second equality comes from the assumption that productivities are distributed accord-

-1
second integral can be calculated using integration by parts followed by a change of variables:

ing to a Pareto distribution. The first term in the brackets is equal to 2 (1 — (pi)l_e’) . The

L, 1 X e
/ p(p) o Mdp = 7— {/ P () dp — P () " w(m}
©*(ps) v ©*(pi)

| e o 0]
v Di
Using the fact that ¢* (p) = KJE"p ) yields:
97; . p;naw 01
R; = 0 _ 1AiMi pi+f, " K(p)" “dp) .
! i
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By adding and subtracting p in the parentheses, this can be written as:

4 o K (p)\"™

Since the total quantity produced is %AiMi, the term in the parentheses indicates the per-unit
average profits of farmers. In the absence of information frictions, all farmers would sell their

max Gi—l
produce at the highest price net of transportation cost pi*®*, so that fpi : (1 — (K—(p)> ) dp

i
captures the per-unit loss in profits due to the existence of information frictions. This is
0;—1
intuitive; from equation (9), Kip) is the fraction of production that is sold for a price at

fi
least as great as p, so that the per-unit loss in profits is at most p;"** — p;, which would occur

if every producer sold domestically. Furthermore, declines in the fixed cost of search result in

max

0;—1
increases in the reservation price that farmers are willing to accept, increasing <KT(p)> and
reducing the loss in profits due to information frictions.

A.3 Intensive margin
To calculate the total trade flows from ¢ to j when f—ﬂ > p; requires summing the trade flows
ij

over all possible search paths. Let @Q; be the quantity exported by firms that have searched
region j after searching r other regions (not including the home region). Note that:

= A;M;s;; /SD(: (%> edF, ().
¢

7 (D)

For » > 0, the expression becomes more complicated, as the prices discovered prior to
searching region j affect the mass of firms arriving in in region j. For r = 1, we have:

i i f TZJ i TZJ
:AzMzSU F% (pz)/ ( dFZ / / sz( )de( )

50; (pz)

The first term in the brackets corresponds to those firms where the previously searched region
had a price less than the home price; as a result, no firms sold there so they all arrived in region
j. The second term corresponds to those firms that discovered a price (net of transportation

costs) p € [pl, - } As a result, all firms with ¢ € (¢} (p;), ¢} (p)] chose to sell in the first

searched region and hence would not arrive in region j.
Extending this logic to r interim searches, we have:

= A;M;s; F% (pi) ' @f(ij dFZ v ” dFZ( )d Fé (p) ' , (28)
© 0¥ (D)

:(pz)

as the probability of receiving a price below p for r consecutive independent draws is simply

. T
<F b (p)) . Since farmers could arrive in region j after any number of searches, total trade flows
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can be calculated by summing over all possible r :

o0
i=) Q.
r=0

It is straightforward to calculate the infinite sum of the first term of Q;;. The second term
is more involved.®® Substituting equation (3) and the assumption about Pareto distributions

into equation (28) yields:
<F§ (pi))r (Ki (pi)ei_l - K; (%)9i_1) +
B (Ko - (2)")a([ro))

Splitting the second integral into two parts and canceling like terms yields:

O o [ (@) G0 (R () s ()
g — 1fi1 ' AiMisig + fp% K; (}5)91‘71 d <[F% (]5)} T)

Summing over r, we have:

. 0;

1-6;
ijze_lf AiM;sy

0,—1
bj 0 Pj
0; K; (pi)e'_l Ki (E) Tij -1 e
Q= o f O AMsyy | B -3 [P a([Re))
J 0, — 1 J 1-— F (pz) 1_F§<%> ; Di T
(29)
1 JR—
= =\0;—1 i =] — Pk Dj I_Fé <Tp7k>
Note that fpi” Kl (p) d <|: P (p)} > - Zk#l 1 {pz < Tik S Z} 1
-y ()-ea)

so that:

Z/”K d([Fé(ﬁ)]’“)=21{pi<%g%}xi(%)&_l (>

ki

60Without an assumption of the distribution of productivities, it is still possible to bound Qij:

ans (5G) waty (R
17;’ (deZ ") <Qij < #/ (deZ ©).
1-F} i) Jor o) 7 1-F} (%) @5 (ps) ?

To see this, mnote that the second term in the brackets of equation (28) is bounded

above by ((Fé (%)>T7< ))f f@ (E)T)”)godFl() and below by 0, so that ¢, €

ij

A;Misi; (F7 (pi)) f:i(:;w)@dpl( ), A M;si; (Fﬁ (T7J]>)rff(£§1)¢dpt( )|

r, the result follows immediately.

By summing over all
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Without loss of generality, index the prices (net of transportation costs) in other potential
destinations that are between p; and 7‘% as p;, where pj = p;, pj = 7%, and p? | < p! Vk €

{1,...,K}. Note that F? (p;j) — s = F% (pzjfl) Vk € {1,..., K}, where s is the probability

that region ¢ searches the region with price p?j Hence:

> [ al(ol) =500 (g e

Rearranging the sum yields:

5 [ rarta (o)) -0 B0 S pn ok

1=Fi(p) 1-Fy (f_J> P 1—F’(”)
T (30)
Substituting equation (30) into equation (29) yields:
K i 01'—1 iq 01'—1
0i 1o, Ki(pl)" = Ki (o))
Qu = g—7fi " Aiisi; 3 —— )
k=1 1-Fp (1)
as required.
To derive the approximation in equation (7), note that since %Ki (p) = — <1 —F} (p)) 1

can write:a first order Taylor approximation yields:
ij \0i—1 K 0;—1 L K i 0;—1 ]

— it + A — K; (p/

Z i (04) (i ) — (6 — 1)2 (pils ) (pl 1

)92—1
N i K (p 0i_2,
=1 1 - Fé (pl_l) — a%Ki (7)) (p1)

where Ap; = pfj — pf_ 1, so that by the definitions of derivatives and Riemann integrals, we have:

Pj

ii \0i—1 iy 0i—1
lim EL: Kbin)” - = W) _ 0, —1) [ K (p)" 2 dp
max; (Ap;)—0 = 1— Fé (p;il) g . i )

as required.

A.4 Existence and uniqueness of equilibrium

In this subsection, I prove the existence and uniqueness of equilibrium prices. I first prove
existence and then prove uniqueness.

A.4.1 Existence

The proof of existence is comprised of four steps. In the first step, I characterize the total
supply to a region as a function of prices in all regions. In the second step, I define a function
whose fixed point is the set of equilibrium prices. In the third step, I present a lemma that
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guarantees equilibrium prices occur in a compact set bounded by autarkic prices. In the fourth
step, I apply Brouwer’s fixed point theorem to prove existence.

Step 1: In this step, I characterize total supply of rice to region j as a function of its price
and all other prices. Total domestic supply of rice @Q);; is:

©*(p;) 0. K. (p)\ %!
ij = Inax ejAij/ gofejd(p, 0% = max J Aij 1— J (p]) 0%
1 0]‘ -1 fj

(31)

Since K; (-) is strictly decreasing and 6; > 1, @);; is continuous and strictly increasing in p;.

This is intuitive: the greater the home price, the lower value of search, causing more farmers to

sell domestically rather than export. Furthermore @);; is continuous and weakly decreasing in

p; for all @ # j, as increases in p; will increase the value of search if 2 > p;, causing domestic
i

producers to export more to 7 (if 22 < pj;, then no exports to i occur so that changes in p; have
K]

no effect on domestic supply).
Total imports I; requires summing over all exporters to j using equations (5) and (6):

L ij 6;,—1 ij 6;,—1
Pj 0 1o, Ki(pl) " - Ki(p)
J ; Tij 0, —1 ]; 1—F% (plj_l)
Recall that piLj = %, so that [; is also strictly increasing (and continuous) in p;. This is
ij

also intuitive: a greater price in region 7 will cause more farmers searching j to sell there. In
addition, I; is weakly decreasing (and continuous) in p; for all 7 # j since an increase in p; will
reduce the quantity of imports arriving from ¢ and long as p; < %JJ (if p; > % then an increase
in p; has no direct effect on I; since 7 is not exporting to 5).%

Define r; (p) : RY — Ry = Qj; + I; to be the total supply of rice to region j as a function
of all prices in the world p =[p1, ..., p;, ...pn|. From above, r; (p) is continuous in all elements
of p, strictly increasing in its j* element, and weakly decreasing in all other elements (strictly
decreasing as long as 7 exports to j or j exports to 7). Since r; (p) is constructed using equations
(5) and (6), it satisfies the first property of equilibrium in Section 2.4.

Step 2: In this step, I characterize a function whose fixed point is the set of equilibrium
prices. Define G (p) : RY — RY = [D; (r; (p)) ..., D; (r; (P)) , ..., Dn (rx (p))]’ to be the set of
prices that would result from the inverse demand function in each region when each region is
supplied with r; (p) . Since D; (+) is continuous for all r and r; (-) is continuous for all elements
of p, G is continuous in all elements of p as well. Since r; (p) satisfies the first property of
equilibrium, a set of prices p* are a set of equilibrium prices if and only if G (p*) = p*, i.e.
the prices resulting from the inverse demand function given supply 7; (p*) in all j are the same
prices that yield the supply. It remains to show that such a fixed point exists.

Step 3: In this step, I show that no equilibrium price can be greater than the maximum

autarkic price, which I use to create a compact set to apply Brouwer’s fixed point theorem. I

61Continuity is not affected by the presence of the indicator function, as when £ = p;,

Tij
i \0;—1 i\ 0;i—1
L Ki(pl,)" -Ki(p/)" . . o . .
Dy 16 11) i ijl()’ ) = 0. An increase in p; also indirectly affects I; by increasing the value of search of
- —tp\Piz1

other regions k # i that export to both ¢ and j; if there are a sufficient number of regions in the world, however,
these indirect effects can be safely ignored.
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do so in the following lemma:

Lemma 2 Define p™® = max;eqy,.. Ny D (%AJ’M]) to be the mazimum autarky price across
J

all regions and let b > p™®* be any scalar greater than the maximum autarkic price. Then for

all j € {1,.. N} and p € {[0,5]" [p; = b}, D; (r; (b)) <.

Proof. I prove the lemma by contradiction. Suppose not, i.e. there exists a j € {1,.., N} and

pE {[O, oY |p; = b} such that D; (r; (p)) > b. By the definition of p™a*, we have:

_ 0; 0.
Dj(r;(p)) > b>p™™* > D; <&—11Aij> = D;(r; (p)) > D, (Q,—ilAij) . (33)
J J

Since Dj (-) is a strictly decreasing function, equation (33) implies:

0.
i (p) < 9: A;M;. (34)
J
0;—1
Substituting r; (p) = eje—i'lAij (1 - (%ﬁ’”) ) + I; (p) into equation (34) yields:
0; o1 (K ()"
Ij (p) < J Aijj (#> . (35)
0;—1 fi

Equation (35) is intuitive: for j to have a price at least as great as b, it must be the that its
total domestic supply is less than its domestic supply in autarky (since the autarkic price is
lower). For this to be the case, it must have exported more than it imported. Since p; = b and
pi € 10,0 Vi e {1,..,N}, p; > le Vi € {1,...,N}, i.e. region j must have a higher domestic
price than the price net of transportation costs that its farmers could receive in any other region.
From equation (4) this implies that K (p;) = 0, i.e. there is zero value of search for farmers
in region j since the price in region j is at least as great as the price anywhere else. Hence no
farmer in region j exports, so there must be negative imports, i.e. I; (p) < 0. This, of course,
is impossible since from equation (32) imports are non-negative, i.e. I; (p) > 0. As a result,
there is contradiction. m

Step 4: In this step, I show that Brouwer’s fixed point theorem guarantees the existence
of an equilibrium set of prices. From Step 2, G (p) is a continuous function and a vector
of prices p* is an equilibrium vector of prices if and only if G (p*) = p*. Let b > pm*
be a scalar greater than the maximum autarkic price and define G : [0,0]Y — [0,8]" =
[min{b, Dy (r1 (p))}, ..., min{b, D; (; (p))}, ..., min{b, Dy (ry (p))}]. Since G is a continuous
function on a compact and convex set, by Brouwer’s fixed point theorem there exists a p* €
[0,5]" such that G (p*) = p*.

It remains to show that G (p*) = p*. Since G (p*) = p*, from the definition of G, we have
p; = min{b, D; (r; (p*))} for all elements j € {1,...,N}. From Lemma 2, It cannot be the
case that p; = b since Lemma 2 guarantees D; (r; (p*)) < b. Hence it must be the case that
p; = D;(r; (p*)) Vj € {1,..., N}, or equivalently, G (p*) = p*, as required.
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A.4.2 TUniqueness

The proof of uniqueness is comprised of four steps. In the first step, I characterize the excess
demand function. In the second step, I define the concept of a connected trade network. In the
third step, I show that normalizing the prices have no effect on trade flows. In the fourth step,
I prove uniqueness by extending the proof presented on p.613 of Mas-Colell, Whinston, and
Green (1995) to the case where each region does not necessarily trade with all other regions.

Step 1: Define Z (p) : RY — RY = [Di' (p1) =71 (P) s, Dy (pn) — 70 (P) 4 -, DN (n) —
rn (p)]’ to be the function that yields the excess demand in each region as a function of the
prices in all regions, where 7, (p) is defined in Appendix A.4.1 and D, (p,) is the consumer
demand function, which is monotonically decreasing by the inverse function theorem. There are
two important characteristics of Z (p). First, a vector of prices p* are equilibrium prices if and
only if Z (p*) = 0, i.e. there is no excess demand in any region. This is immediately evident by
applying the consumer demand function element by element to both sides of the equilibrium
condition G (p*) = p* from Appendix A.4.1. Second, from Appendix A.4.1, %m (p) <0 for
all j # i with the equality strict if j exports to i or i exports to j. From the definition of Z (p),
this implies that for the n'* element of Z (p), Z, (p), we have %Zn (p) > 0 for all j # n with
the equality strict if trade between i and j (in either direction) occurs.

Step 2: In this step, I define the concept of a connected trade network. A group of regions
G is connected if, for any two regions « € G and j € G, there exists a set of regions (which

I refer to as a “path”) K;; = {kV,...,k%} such that K;; C G, k¥ = i, k2 = j, and for all
n € {1,...,P — 1}, region k¥ either exports or imports from region kn -

Step 3: In this step, I show that normalizing the prices by a scalar does not affect the
equilibrium. Formally, if Z (p) = 0 and o € Ry, then Z (ap) = 0, i.e. Z (-) is homogeneous of
degree zero. To see this, note that from equation (4), K (-) is homogeneous of degree zero. Since
scaling prices by « also entails scaling the fixed costs of search by alpha, equations (31) and
(32) immediately imply that r (p) is homogenous of degree zero. Since the demand function is
also homogeneous of degree zero (since multiplying all prices by a constant along with wealth
does not change the utility maximization problem), Z (-) is homogeneous of degree zero.

Step 4: In this step, I prove uniqueness. Formally, the statement to be proven is: if
Z (p) = 0, then for all p’ such that Z (p’) = 0 and connected groups of regions G, there exists
a scalar a € R, such that p; = ap] VI € G, i.e. the equilibrium prices within any connected
group of regions are unique up to a normalization.

I prove this by contradiction. Suppose not. Then there exists a p’ such that Z (p’) = 0 and

there does not exist an a € R4 such that p, = ap; VI € G. Let i = argmaxjc <—;> be the
region with the greatest ratio of prices between p’ and p. Since Z (+) is homogeneous of degree
zero, without loss of generality, I can normalize p’ by z—i, so that p; = p; and p; > p; for all
j € G. Furthermore, since p and p’ are not collinear, there exists a region [ € G such that
P> -

Since the trade network is connected, there exists a path K; C G = {ki, ..., kiL} from region
i to region [. Consider the effect of a change in price from p to p’ (element by element) on the
excess demand in region ki (i.e. region i). Since Prit = p;il, p; > pj forall j € {1,..., N}, and
%Z’f? (p) > Oforall j # kY, Zyu(p') > Zya (p), i.e. the excess demand in region kY will not fall.
Furthermore, since p); > p; for all j € {1,..., N}, either p;cg,l > Pyt OF ng = pa- It p;ﬂg > Praty
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then since k¥ and kY are trading partners, %Zkiz (p) > 0, so that Zu(p') > Zu (p), a
kg

contradiction. That is, if the price in region ki increases, the total quantity supplied to its
trading partner k% will fall, increasing the excess demand in region k% contradicting the fact
that the excess demand in region ki must remain at zero in equilibrium. Hence, it must be
that p;&l = Dpit- Consider now the effect of a change in price from p to p’ (element by element)
2 .
on the excess demand in region ki. Since Pt = Drit from the exact same argument used for
. 2
region ki, it must be that pf, = Pry» otherwise Zpu(p') > Zyu (p). Proceeding iteratively along
3 .
the path Ky, this implies that p,, = Dyt - Since region kil is region [ by definition, this implies
P
that pj = p;, which is a contradiction, since p and p’ are not collinear.

Intuitively, the reason that a connected network is required for there to be a unique set of
prices is that in the absence of connected network, changes to the normalization of prices in one
trading bloc (i.e. connected subset of the graph) will not necessarily induce trade to another
unconnected trading bloc. Put another way, within any connected subset of the trade network,

the equilibrium prices are unique up to a normalization, but disconnected subsets of the trade
network can have different normalizations.

A.5 Limiting case when fixed costs approach zero

A standard complete information trade model assumes that consumers have infinite marginal
utility at zero consumption and transportation costs satisfy the triangle inequality, i.e. 7;; <
TikTk; Vi, 7, k. The equilibrium of this model has the following two characteristics: 1) all pro-
ducers sell to the destination with the highest price net of transportation costs; and 2) if region
i exports to region j, then % = 7,;.92 I show that in the limit where f; approaches zero, the
incomplete information model satisfies both characteristics.

One major difference is that in the presence of information frictions, arbitrage opportunities
exist in equilibrium. In a standard trade model with iceberg transportation costs,®® all producers
sell their produce to the destination with the greatest price net of transportation costs. Since
some producers always sell locally,%* any exporting producers must be indifferent between selling
locally and exporting. This implies the familiar no arbitrage equation: if ();; > 0, then ’;—j = Tij,
i.e. the price ratio is exactly equal to the transportation cost. With information frictions,
however, equation (5) implies that the Z—Z > T;j, 1.e. the price ratio is at least as great as the
transportation cost.

That all producers sell to the destination with the highest price net of transportation costs in
the limit where f; approaches zero follows immediately from equation (3) since limy,_,o ¢} (p) =

limy, 0 %(im =0 Vp < p™**, i.e. for all prices less than p™®*, producers of all sizes will find it

62Gince consumer preferences have infinite marginal utility at zero consumption, all regions must consume
some rice for prices to remain finite. Since producers selling locally face no transportation costs and producers
sell to the market with the highest price net of transportation costs, the triangle inequality guarantees that
some producers always sell locally. See section A.5 in the appendix for details.

63By “standard” 1 mean that: (1) consumers have infinite marginal utility at zero consumption; and (2)
transportation costs satisfy the triangle inequality, i.e. 7; < TTr; V2, J, k.

64Since consumer preferences have infinite marginal utility at zero consumption, all regions must consume
some rice for prices to remain finite. Since producers selling locally face no transportation costs and producers
sell to the market with the highest price net of transportation costs, the triangle inequality guarantees that
some producers always sell locally. See section A.5 in the appendix for details.
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optimal to continue to search. Indeed, for equation (2) to be satisfied when f; = 0, it must be
the case that K; (p) = 0, which only occurs when p = p™®* i.e. when the producer has found
the region with the highest price net of transportation costs.

I show that the limiting case satisfies the second characteristic by contradiction. Suppose
that region ¢ exports to region j but % # 7;;. Since producers sell to the destination with the

highest price net of transportation costs, it must be that f—J] > p; and no producers in region

.

i sell locally. By the triangle inequality, this implies that no producers sell to region i.%° Since

consumers have infinite marginal utility at zero consumption, however, this implies that the

price in region ¢ is infinitely high, which contradicts the fact that f—J > p;. Hence, it must be
ij

the case that if region i exports to region j, then % = Tjj.

B Data Description

This section describes in detail the data used in Section 3 through Section 6.

B.1 Trade Flows

Beginning in 1995, the National Statistics Office of the Philippines (NSO) has collected data on
the domestic trade in the Philippines using the Domestic Trade Statistics System (DOMSTAT).
DOMSTAT covers the flow of commodities over water, air, and rail, of which of which more
than 99% of both the value and quantity of trade consistently occurs over water. Statistics on
trade flows over water are derived from the cargo manifests collected by the Philippines Port
Authority (PPA) and contain information on the port of origin, the port of destination, the
description of the commodity, the quantity shipped, the value shipped, and (in most years) the
total freight costs.

With financial support from the Yale University Economic Growth Center and logistic sup-
port from the Business and Services Statistics Division of the NSO, I was able to acquire the
annual aggregates of the bilateral port-to-port domestic trade data.’¢ For every commodity
(classified at the SITC 5-digit level), this data included the quantity, value, and freight cost of
all shipments from each port of origin to each destination port. I aggregated the port data to
the province level to the create a data set of province-province bilateral trade flows. To create
a measure of the bilateral freight costs in the standard iceberg cost form, I calculated the mean
(non-missing) freight cost as a fraction of the total value of shipments of a commodity in a
origin-destination province pair in a particular year.%”

I then identified 51 agricultural commodities using the SITC classification codes, which
constitute the sample of analysis for Figure 2 . Of these commodities, 10 could be matched

65To see this, suppose that there exists some region k that exports to region i. Since exporters in region
k only export to the destination with the highest price net of transportation costs, it must be the case that
2o > max; 2=, Since % > p;, this implies that Tkp—;” > Li. Since the triangle inequality implies that
TkiTij = Tkj, this means that % > %, which is a contradiction.

66Tn an apparent error, the data also included information on trade flows in the 4th quarter alone, which I
used to construct Figure 2.

6TUnfortunately, the freight data is missing for a large (38 percent) fraction of observations. Furthermore,
smaller shipments are substantially less likely to report freight costs. As a result, I refrain from using freight
costs directly in regressions of bilateral trade flows. The observed freight costs are helpful, however, as indicative

of the magnitude of overall transportation costs.
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with wholesale price and production data. Statistics about these 10 commodities are presented
in Table 1. As is evident, these commodities constitute a large majority of the Philippines
agricultural sector, comprising 65 percent the total value of agricultural output and 60 percent
the total agricultural area.’® These commodities constitute the primary sample of analysis.

In total, I observe 4,337 non-zero province origin-province destination-year-commodity trade
flows (of 32,922 potential trade pairs) spanning 1995 and 2009 where the wholesale price is
observed in both the origin and destination province and production data is available for the
origin province.®® These observations are roughly evenly split between years, ranging from 152
observations in 2009 to 424 observations in 1996. The sample includes 40 origin provinces and
47 destination provinces.

B.2 Prices

Wholesale prices of agricultural commodities are collected in 66 markets in 55 provinces through-
out the Philippines by the Integrated Agricultural Marketing Information System (AGMARIS).
For each commodity in each market in each quarter, respondents are stratified according to the
type of trader (e.g. large distributor, provincial assembler, etc.) and assigned into two or three
similar groups. In each group, five respondents are interviewed each collection day. The statis-
tics are then aggregated to the commodity-province-year level and made publicly available
on the CountrySTAT Philippines website (http://countrystat.bas.gov.ph). Wholesale prices
(rather than farm gate or retail prices) are chosen as the relevant prices for empirical analysis
as they are the prices that traders will receive when exporting produce to other provinces.

B.3 Production

Data on agricultural commodity production come from two surveys administered by the Philip-
pines Bureau of Agricultural Statistics (BAS): the Palay and Corn Production Survey (RCPS)
and the Crops (Other than Rice and Corn) Production Survey (CrPS). Both the RCPS and
CrPS survey are administered quarterly in each province in the Philippines. For the RCPS,
households are sampled from the largest producing barangay in each municipality and half the
remaining barangays. For the CrPS, between 3 — 5 farmer / producers are interviewed in the
major producing municipalities in each province in each quarter. In both surveys, respondents
are asked the volume of production and the area harvested/planted for each commodity. The
data are then aggregated to the commodity-province-year level and made publicly available on
the CountrySTAT Philippines website (http://countrystat.bas.gov.ph). Because the production
figure include production by subsistence farmers who do not sell their production in the market,
I multiply the observed production by the fraction of land cultivated by non-subsistence farmers

68 The major agricultural commodities not included in the data set are coconut and banana, which are produced
primarily for export so that domestic trade is limited (BAS, 2011).

69Tn particular, exports from Manila are excluded from the data set because Manila does not produce any
agricultural commodity. Its observed exports likely come from provinces in northern Luzon that ship their
agricultural commodities overland to Manila. Since the provinces in northern Luzon do not export over water,
the sample of origin provinces does not include these provinces. These provinces and Manila, however, remain in
the data set as potential destinations for commodities produced elsewhere. Since the analysis relies on observing
export shares and destination prices, the estimation of trade costs elsewhere is unaffected by excluding these
provinces.
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(defined as farmers with more than 1 hectare of land) using the 1991 agricultural census, where
the fraction is calculated at the commodity-province level.

B.4 Household income and expenditure

Data on expenditure on agricultural commodities used in Section 3.4 comes from the Family
Income and Expenditure Survey (FIES). The FIES is administered by the Philippines National
Statistics Office (NSO) every three years to a random sample of households throughout the
Philippines. I construct the expenditure on agricultural products in province 7 in year t, X;;, by
taking the mean observed total food expenditures in each province in each survey year (1994,
1997, 2000, 2003, and 2006) and multiplying it by the population of that province. For years
when the survey was not administered, I estimate the expenditure by extrapolating from the
observed expenditure using a province-specific quadratic time trend.

For each household, the FIES also reports whether the primary source of income was from
agricultural activities. I use this fraction to determine the relative number of farmers and
consumers in each province (the absolute number of farmers are calculated from production
data given the landholding distribution).

B.5 Rainfall

The Philippine Atmospheric, Geophysical & Astronomical Services Administration (PAGASA)
collects daily rainfall data from 47 weather stations located throughout the Philippines (the
location of the stations is presented in the online appendix). Using this data, I constructed
provincial level daily rainfall measures using an distance weighting technique suggested by
Dirks, Hay, Stow, and Harris (1998), i.e. 75y = ), w;srs, where rg is the rainfall measured at
dist; @
weighting factor depending on the distance between weather station s and province . I chose
the parameter o to maximize the R? of a regression of rainfall at each station on the predicted
rainfall at the station; it turns out this is maximized at o = 1, which is the simple inverse
distance weighting method commonly used.

After constructing daily province-level rainfall measures, I created variables measuring the
mean and standard deviation of rainfall for each month in each year. These monthly measures
of rainfall, appropriately de-meaned, provided the instruments to isolate idiosyncratic price
shocks in Sections 3.3 and 3.4.

station s at time t, r; is the estimated rainfall in province ¢ at time ¢, and w;, = is a

B.6 Cell phones

Every cell phone tower in the Philippines must be registered with the National Telecommuni-
cations Commission of the Philippines (NTC). Through the substantial efforts of researchers
at the Asia Pacific Policy Center, the registration records of the universe of cell phone towers
were digitized. As a result, for every cell phone tower in the Philippines built prior to 2010,
I observe the province and municipality in which it was built, the day it went into operation,
and the technology it used. Using this data, I construct a measure of the number of civilian
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cell phone towers in operation in every province in every month between 1990 to 2009.7

B.7 Land distribution

In February 1992, the Philippines National Statistics Office (NSO) conducted a census of agri-
culture. This census comprised all plots (greater than 0.1 hectares in size) in a randomly chosen
50% of all barangays (outside the National Capital Region) in the nation. The census recorded,
among other characteristics, the size of each plot, the crop produced on the plot, and the owner
of each plot. With financial support from the Yale University Economic Growth Center and
logistic support from the NSO, I have acquired the raw data from the census. For each farmer
f in province ¢ producing commodity ¢ recorded in the census, I calculated the observe the
total land area under his/her cultivation used to cultivate that commodity L;.. To estimate
the Pareto distribution shape parameter 6;., I first restrict the sample to only those farmers
cultivated at least one hectare of land in order to exclude subsistence farmers who do not sell
their produce to the market.” I then define 6;, to parameter that maximizes the likelihood of
observing {L fic}?zl under a Pareto distribution:

F F -1
L —(0+1) B |
0;. = arg r£1>alx In <9LﬁC ) = 0, (F ; In wa>

Hence, 0;. is simply the inverse of the mean of the log value of land cultivated for commodity
¢ by all farmers in province 1.

The estimated shape parameter varies substantially across crops and provinces, with a mean
of 3.16 and a standard deviation of 1.92 (see the online appendix for a map of the distribution of
shape parameters). In the online appendix, I also present a figure that depicts the relationship
between the observed landholding distribution and the Pareto distribution with estimated 6;.
for two provinces.” Two points are evident from the figure. First, the Pareto distribution
of landholdings appears to be a good approximation of the true distribution of landholdings.
Second, a larger value of 6;. (in this case, for Bohol) is associated with a greater concentration
of land amongst smaller farmers.

B.8 Farmer sales

Data on individual farmer-trader transactions used in Section 6 comes from the Farm Price Sur-
vey (FPS) administered by the Philippines Bureau of Agricultural Statistics (BAS). The FPS
provides the basis for estimation of the farm gate agricultural commodity prices published by the
BAS and made available online at CountrySTAT Philippines (http://countrystat.bas.gov.ph).
The FPS is administered in the last 10 days of every month in every province in the Philip-
pines. For each commodity produced in each province, at least five farmers in each of the top

0T focus only on 900 MHz, 1800 MHz, 2G, and 3G towers, as these are the frequencies used for standard
GSM mobile phones. Towers broadcasting at other frequencies are used primarily for non-civilian purposes (e.g.
military, ship communications, etc).

"ncluding all farmers systematically reduces the magnitude of the estimated shape parameter; however, the
parameters estimated for the restricted and unrestricted sample are highly correlated.

"20ther provinces generate similar figures.
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five producing municipalities in the province are interviewed about the quantity of the com-
modity they sold in the past month, they price they received, and the total amount (if any) of
freight /transportation costs they incurred.

With financial support from the Yale University Economic Growth Center and substantial
logistic support from the BAS, the individual transaction records from the FPS for all of the
Philippines and all commodities were digitally compiled for years 2000-2009.” These data
include information on roughly 2.3 million unique farmer-trader transactions in roughly 134, 000
province-commodity-year-month markets.

B.9 United States Data

Bilateral state commodity flows come from the 2007 Commodity Flow Survey (http://www.bts.gov/publicatic
The publicly available data is at the 2-digit level, allowing the comparison of only two commodi-

ties: corn grain (corresponding to category “Cereal grains”) and hay (corresponding to category

“Animal feed and products of animal origin, nec”). Annual prices of corn grain and hay come

from the National Agricultural Statistics Service (http://www.nass.usda.gov/Data_and_Statistics/).
Monthly rainfall data at the weather station level comes from the Global Historical Climatology

Network (http://www.ncde.noaa.gov/ghenm/), which is aggregated to the state level using the

inverse distance weighting formula discussed in Section B.5.

"3Because of technological limitations, records of transactions in years prior to 2000 were unavailable.
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