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Feeding the Cities and Greenhouse Gas Emissions:

A New Economic Geography Approach

Abstract

’Buying local food’ is sometimes advocated as a means of reducing the ’carbon footprint’
of food products. This statement overlooks the trade-off between inter- and intra-regional
food transportation. We investigate this issue by using an m-region, new economic geography
model. The spatial distribution of food production within and between regions is endogenously
determined. We exhibit cases where locating a significant share of the food production in
the least-urbanized regions results in lower transport-related emissions than in configurations
where all regions are self-sufficient. The welfare-maximizing allocation of food production
does not exclude the possibility that some regions should be self-sufficient, provided their
urban population sizes are neither too large nor too small.

Key words: Agricultural location; Transport; Greenhouse gas emissions; Food miles; Local
food
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1. Introduction

More than half of the world population lives in cities. With this share expected to keep
growing (United Nations,[2010), urbanization may have major consequences for the sustainabil-
ity of food supply chains (Wu et al.,[2011). In this context, the impact of urbanization on energy
use and greenhouse gas (GHG) emissions from the food transportation sector has emerged as
a growing concern for public authorities. Promoting alternative ‘local-food’ systems (Sonnino
and Marsden, [2006) and reducing ‘food-miles’ (Paxton, |1994) have become recurring themes
in Climate Change Action Plans (Kampman et al., 2010). The rationale is that food production
should be located closer to consumption centers so as to reduce reliance on food imports from
distant regions, and to mitigate GHG emissions due to food transportation.

The objective of this paper is to examine the validity of these recommendations from a
social welfare perspective. An essential feature of the impact of food systems on the environ-
ment is the trade-off between intra- and inter-regional trade. This trade-off has been largely
overlooked to date. Yet, intra-regional trade represents a significant share of food transportation
(BTS and U.S. Census Bureau, [2010). If the relocation of agricultural production to the most
populated regions reduces inter-regional trade but is accompanied by increased intra-regional
flows, the net environmental impact remains unclear. To analyze this trade-off, an in-depth
analysis is needed that includes each stage of the supply chain, is conducted at the level of the
entire urban system rather than just the city level, and accounts for the land-market effects of
urbanization on the location of agricultural production within and between regions. To the best
of our knowledge, no such analysis is available in the literature.

We develop a new economic geography model that accounts for the damage caused by
emissions from the food-transportation sector. This framework extends the model proposed
by (Gaigné et al. (2012)) by including an agricultural sector and considering a more general m-
region spatial configuration. Although the multi-region case adds some complexity, the model
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remains analytically tractable. Our framework differs from the models proposed by [Picard and
Zeng (2005) and |Daniel and Kilkenny| (2009) since the location of agricultural production is
endogenously determined by land rents, which in turn are affected by transport costs and the
urban population distribution.

Our results show that analyses of environmental and welfare implications of the spatial al-
location of food production cannot rely solely on the distance between food production areas
and the location of end consumers. First, configurations in which all regions are self-sufficient
—referred to as ‘pure local-food’— do not necessarily minimize emissions due to food transporta-
tion. In other words, interregional trade does not necessarily conflict with environmental objec-
tives. Second, the analysis highlights that the economic consequences of the spatial allocation
of food production extend beyond solely environmental impacts. The proposed model accounts
for two effects on the utility of rural households: (i) farmers located in a more urbanized region
benefit from access to a wider range of services, and (ii) larger urban areas generate higher land
rents. The former effect favors location of farmers in the most urbanized regions, whereas the
second tends to spatially separate urban and rural activities. We show that the resulting spatial-
equilibrium allocation of rural population for a given distribution of the urban population does
not match the pure local-food configuration except for very particular values of the parameters.
Third, the welfare-maximizing spatial allocation of food production results from a combina-
tion of the various agglomeration and dispersion forces regarding both the environment and the
utility of urban and rural households. The conditions under which the welfare-maximizing and
pure local-food configurations coincide depend on the relative magnitude of these forces. If
these conditions are not met, imposing that all regions be self-sufficient leads to a spatial misal-
location of food production. Interestingly, this does not necessarily excludes the possibility that
some regions should rely solely on local food. However, this possibility is restricted to regions
with urban populations that are neither too large nor too small.

In order to disentangle these various effects on welfare, we proceed in three main steps. Af-
ter presenting the model (Section [2)), we analyze the emissions-minimizing spatial distribution
of food production and highlight the trade-off between intra- and inter-regional trade related
emissions (Section [3). In Section 4] we focus on the market forces driving farmers’ location
choices and analyze the resulting spatial equilibrium. In Section [5] we examine the welfare-
maximizing spatial food allocation by combining environmental damage and the impacts on
urban and rural households’ surpluses.

2. A model

Consider an economy with two sectors (agriculture and services) and three goods (labor,
land, and a composite good). The agricultural sector produces a homogeneous good using
land and labor, while the service sector produces a differentiated good using only labor. The
agricultural market is integrated across regions. The service sector is regionally segmented
and operates under monopolistic competition. The total population is normalized to 1, and
split into A, and A, urban and rural inhabitants, respectively. This economy comprises m re-
gions, indexed by j = {1,..,m} with an urban and rural population of A,; and A, respectively
(XjAuj+XjArj = Ay + A = 1). The spatial distribution of the urban population across regions
is characterized by the m-vector A, = (A1, ..., Aym). Similarly, A, denotes the profile of the
rural population.

Regions are ordered by decreasing urban population, so that A,; > A, > -+ > A, The
largest city is located in the ‘core’ region (j = 1). The distance between any ‘peripheral’ re-
gion (j = 2,...,m) and region 1 is v. Each region is formally described by a one-dimensional



space. Locations are denoted x, and are measured from the center of each region. Without
loss of generality, we focus on the right-hand side of the region, the left-hand being perfectly
symmetric.

Each city has a central business district (CBD), located at x = 0, where firms in the service
sector are located. All urban inhabitants work for these firms. The space used by the service
sector is considered negligible, so that urban area is used entirely for residential purposes. Each
urban inhabitant consumes a residential plot of a fixed size, normalized to unity for simplicity.
Farmers live in rural areas (at the periphery of urban areas) and use 1/ units of land to produce
one unit of the agricultural good, so that u can be interpreted as the agricultural yield. The right
endpoint of region j is thus x; = % + 2—;1

Agricultural goods are first shipped from the farm gate to a collecting point (e.g. an ele-
vator), and then from the collecting point to the CBD. For simplicity, assume that there is one
elevator at each side of the region, located at the center of the respective rural area. The right-

hand side elevator in region j is located at x; = % + it—’d. The agricultural good may then be
exported to another region. Inter-regional trade is assumed to follow a ‘hub and spoke’ trans-
portation/distribution method, whereby each peripheral region is connected to the ‘hub’ (located
in the CBD of the core region) by a ‘spoke’ of length v. This system is frequent in the logistics
and freight of commodities. As a modeling strategy, this assumption keeps the analysis of the
m-region case tractable by reducing the number of trade flows to be considered.

To save on notation, we make the simplifying assumption that unit transport costs for the
farm-to-elevator and elevator-to-CBD segments are both equal to #,. Following Behrens et al.
(2009)), we assume also that the inter-regional transport market is not segmented. Inter-regional
transportation and distribution involves a fixed fee (f) which does not depend on distance.
This assumption is justified by the fact that, in practice, an important share of inter-regional
transportation cost is related to distance-independent cost items (logistics, loading/unloading
infrastructure, etc.). Thus, transport costs are given by:

Caj(x) = ta|x = x| +1ax5 + f )]

Each farmer is assumed to supply inelastically one unit of labor, and to produce at constant
returns to scale. For clarity, we assume that producing one unit of an agricultural good requires
one unit of labor. A farmer located at x in region j bears the costs of transportation of his/her
production to the end consumer and the (rural) land rent R ;(x). This farmer’s profit is given by

Rj(x)
i

Preferences over the three consumption goods are the same across urban and rural house-
holds. The first good is homogeneous, can be traded costlessly, and is chosen as the numéraire.
The second good is the agricultural product, which is homogeneous and can be shipped from
one region to another. The third good (services), which is non-tradable across regions, is a dif-
ferentiated good made available under the form of a continuum of varieties (v ranging from 0 to
v;). We assume that the utility function is additive with respect to the quantity of the agricultural
good (g,) and services (g (v) for variety v € [0,V;]):

U(CIOaCIa,CIs(V)):CIO+<a—b%> qa+a/0 s(v dv——/ [gs(v)]2dv— \7j </Ovqu(v)dv)2

3)
To abstract from income effects, the marginal utility with respect to the numéraire is constant
and each consumer’s initial endowment (gp) is sufficient to ensure strictly positive consumption
(go) in equilibrium. As a consequence, as in e.g. Ottaviano et al.| (2002), our modeling strategy

naj(x) = Pa— - Caj(x) 2)



is akin to a partial equilibrium approach. Nevertheless, note that, due to equilibrium conditions
on labor and regional land markets, this assumption does not remove the interactions between
the agricultural and service sectors. As for services, we use the specification proposed by |Vives
(1990) as in Tabuchi and Thisse| (2006). «, B, and y are all positive parameters and 3 > ¥
to ensure the quasi-concavity of the utility function. y measures the substitutability between
varieties, while 8 — y expresses the intensity of taste for variety.

To abstract from redistribution effects, we assume that land is owned by absentee landlords.
Agricultural sector profits (2)) are completely absorbed by farmers. The budget constraint faced
by a rural household located at x in region j is thus:

R;j(x)

Vj
QO+ana+/() Cls(V)st(V)dV=6]0+7faj(X) :qo+pa_—_caj<x) “)

Urban costs, defined as the sum of the commuting costs and land rents, are borne by urban
households. The budget constraint faced by an urban household resident at x in region j is:

Vj
qo+qapa+/() gs(v)psj(v)dv = go+w; —Rj(x) —tux (5)

where p;;(v) is the price of service v in region j, p, is the price of the agricultural product,
w; is the service sector wage in region j, and #, is the per-mile commuting cost. Maximizing
utility (3)) subject to budget constraints (@) and (5]) leads to the inverse demand function for the
agricultural good:

Pa(qa) = max {a—bq,,0} (6)
and the inverse demand for service of variety v:
pit) =max{ T (B pig0+ 7 0} )
B B v

where Py; = fov 7 psj(v)dv is the price index of services for the range supplied in region ;.

Given our assumptions related to the farming sector, agricultural output in region j is equal
to A,;. Combined with Eq. @ the market clearing price for the agricultural good then is
p,=a—bY ;A j=a—DbA,. Note that the price received by all farmers is unique (p}) regardless
of the region of production and total agricultural output does not depend on the spatial allocation
of food production. Food imports in region j are given by (A,j + A,j)qa — Arj. Replacing g,
with its equilibrium value, imports in region j become A, ;A, — A,;A,,.

In the service sector, each variety is supplied by a single firm producing under increasing
returns as in Tabuchi and Thisse (2006). Hence, v; is also the number of firms active in region
J. Producing g units of service requires 1/¢ > 0 units of labor so that ¢ is equivalent to the
labor productivity in services. The profits of a services firm operating in region j are given by

7sj(v) = qsj(v)psj(v) —w;/¢ ®)
Each firm sets its price so as to maximize its profits taking into account the response of
demand to the price of the service it supplies (Eq. ) and taking the price index Py; as given.
Ps; and w; are treated as parameters (see, for instance, Ottaviano et al., 2002). Since all firms
are identical, profit maximization leads to an equilibrium price for all varieties and regions:
* (X(ﬁ _ Y)
pr= PV ©)
B+ (B
The labor market clearing conditions imply that there are v; = ¢ A,,; firms in region j (up to
the integer problem). The equilibrium wage is determined by a bidding process in which firms



compete for (local) workers by offering them higher wages until no firm can profitably enter the
market. Therefore, the equilibrium wage paid by service firms established in city j is equal to:

<9
Wj= mps 2 (A + N)- (10)
We next turn to the equilibrium land rent for both urban and rural households. Let V,;(x)
and V,;(x) denote the indirect utility of urban and rural households, respectively, obtained by

plugging the budget constraints () and (5] and equilibrium quantities and prices into (3):

Vs
Vuj(x) = paqa(Py) +/0 Ps;(V)asj(pi))dv+Go+wh — Rj(x) — t,x (11)

R;(x)
U

Vg
V,j(x) IPan(pZH/O psj(V)asi(ps;)dv+qo+ py — — Cj(x). (12)

For urban workers, the equilibrium land rent must solve dV,;(x)/dx = 0 or, equivalently,

&R ( ) +1, = 0, which solution is R (x) = 7,; — t,x, where 7,; is a constant. Similarly, the equi-

11br1um land rent for rural households must satisfy dV,j(x)/dx = 0. As a consequence, the bid

rents of rural workers are such that R (x) = 7; — it

x— x5 ‘ Assuming that 7, > uz,, the (right-

hand side) urban workers reside around the CBD in the land strip ]0,X,;] where X,; = A4,,;/2 is
the (right-hand side) city limit. Rural households live in |%,;,X;|. Because the opportunity cost
of land is equal to zero, the land rent at the region limit is zero, i.e. Rj(X;) = 0. This implies
that 7, = =t A j ;/4. In addition, urban and rural land rents at the city 11m1t X,j must be equal, so
that 7, ; = £,X,; + R} (xu J) As a result, the equilibrium land rent is equal to:

Auj . —
ty <7’ —x) if x <X, (urban households)
Arj
Ut (4_#/ — ‘x — x5
Emissions from the food-transportation sector are due to both intra- and inter-regional
trade. The distance traveled by agricultural goods within a region depends on the distance

(1) from each farm gate to the elevator, and (ii) from the elevator to the CBD. The total ton-
mileage traveled by agricultural commodities within regions (7;,) can be expressed as:

A (3 1
A‘r,), Z2|:/ ,LL|X xc|dx—|— ] }_Z(@A«rzj‘{’ikwkm) (14)

j=1

Ri(x) = (13)

) if x,; < x < X; (rural households)

Because of the ‘hub-and-spoke’ assumption, total between-region ton-mileage (73) can be
deduced from the sum of incoming and outgoing trade flows to and from peripheral regions:

Tb(lralu) = i \4 M'rj)tfu _Aujlr‘ (15)

=2

Notice that for a given A,, total intra-regional ton-mileage is minimized when A,; = % +

ZT” % — A j> for all j, while inter-regional trade flows are minimized when A, ;4 = 4,7, for

all j. This underlines the trade-off between intra- and inter- regional flows.

The emission intensity generally differs for intra- and inter-regional trade transport modes.
Without loss of generality, the units used to measure are scaled such that the emission factor
associated with inter-regional transportation is normalized to 1. Let e, denote the (relative)
intra-regional emission factor of the agricultural product. Total emissions (E) are thus:

E(A'H}’LJ - Tw(lrya'u)‘i‘ebTb(lr»)’u) (16)



3. Emissions-minimizing spatial distribution of food production

What is the spatial distribution of food production that minimizes emissions due to food
transportation? Three generic configurations can be envisaged: (i) a ‘pure local-food’” system
where all regions are self-sufficient (A,A,; = A,A,; for all j), (ii) a global food system where all
regions export or import agricultural products (4,4, # A,A,; for all j), and (iii) a mixed system
combining self-sufficient, importing and exporting regions. For a given distribution of the urban
population across regions, the emissions-minimizing spatial allocation of food production is:

A= argrriinE(l,;)\,u) subject to Z/lrj =1—2A,and A,; > 0 forall j (17
' j

Let mys, myx, and mg denote the number of importing, exporting, and self-sufficient regions,

respectively. For interior solutions, the emissions-minimizing rural population located in any

peripheral region is characterize by:

%I+ ZT” (I— /luj> if region j imports, i.e. if A,; > A

Arj = %—;&—l— 27” (&— luj) if region j exports, i.e. if 4,; <A (18)

%lu ; if region j is self-sufficient, i.e. if A < A,; <A

where A and A are defined as (for mys +my # 0):

41 Hveyp
A=—— [V 2, A, 2y — 1 19
- my +my <k§’,, k+k§’( k- 37L + 24,1 4 2y P )> (9)
- 41 Hveyp
A=—— (Y2, A, 2my + 1 20
myy + my <k§’,, k+k§( k+37t + 24,1 (2mx + )> (20)

As a trade hub, region 1 plays a special role and either imports or is self-sufficient. The
emissions-minimizing rural population in region 1 (for interior solutions) is:

i % <&;A> +2Tu <&%ﬂt —Ml) if region 1 imports, i.e. if A > 555 /1+/l o
rl = ‘ g
f{r ul if region 1 is self-sufficient, i.e. if A, < &JZF)L

Note that, in Eqs ir ; depends on A and A, which depend on the sets of importing
and exporting regions at the optlmum which, in turn, are determined by the values taken by the
cumulative dlStrlbutIOIl function of the urban population at A and A (inequalities in ( .) There-
fore, Egs. (18)-(21)) do not provide a closed-form characterization of the emissions-minimizing
rural population proﬁle. Nevertheless, notice that:

8/15#\/617
34+ 24,1

This difference embeds the terms of the trade-off between intra- and inter-regional trade
related emissions. Based on Eq. (22), it can be readily shown that A—Ais increasing with
respect to ep, v, U, and A,. Hence, the larger A — A, the greater the weight of inter-regional
transportation relative to intra-regional transportation in total emissions.

A—2A= (22)

Proposition 1 A ‘pure local-food’ configuration minimizes emissions due to food transporta-

A—A _ 4AZuve
tion if and only if A1 — Ay < =31 +2,1ul;l

The mathematical resolution of (T7), although straightforward, is somewhat lengthy. Due to space constraints,
it is not shown here. The same applies to the proofs of Propositions|TH3]
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The intuition behind Proposition (1)) is as follows. Consider a pure local food configuration
(A Auj = AyArj for all j). If the difference in urban population between the most (j = 1) and the
least (j = m) urbanized regions is larger than the ratio of the corresponding marginal effects on
emissions due to inter- relative to intra-regional flows, it is possible to reduce total emissions by
shifting some food production from region 1 to region m. In this case, the decrease in within-
region ton-mileage (distances are shorter within region m) more than offsets the increase in
interregional trade flows (region m becomes an exporter).

Proposition (I)) conveys two important messages. First, contrary to the ‘food-miles’ ar-
gument, a pure local-food system does not necessarily minimize the emissions due to food
transportation. Second, the proposition underlines the role played by the distribution of the
urban population across regions. The wider the range of the urban population (A,,; — A, the
less likely that a pure local-food system minimizes emissions. Unless the urban population is
uniformly distributed across regions, locating a significant share of food production in the least
urbanized regions may lower emissions relative to the pure local-food configuration.

The above configuration is depicted in Figure I} Consider an example with m = 50 regions
and assume that the distribution of the urban population follows a (generalized) Zipf law. The
parameter Valuefl chosen for this example are such that the condition given in Proposition
is not met. In the example, the emissions-minimizing distribution of agricultural production
implies that 68% of the regions are such that 4,,; < A (see Figure |1} right axis). These regions
export food to the five most urbanized regions (such that A,; > A, signaled by triangles in
Figure [T)). Self-sufficiency is limited to the remaining eleven regions (signaled by squares)
characterized by urban populations that are neither too small nor too large (A < 4,,; < A). In
this example, imposing that all regions be self-sufficient would significantly increase emissions
(by 67%, see Table 1)) compared to the emissions-minimizing configuration.

4. Spatial-equilibrium distribution of food production

We next analyze the spatial-equilibrium allocation of food production for a given distribu-
tion of the urban population. Such an equilibrium occurs if no farmer is better off by moving to
another region (see for instance Fujita and Thisse, [2002). Using the number of varieties defined
by the labor market-clearing condition (v; = ¢A,;), Eq. becomes:

213 Auj | Mo

An interior spatial equilibrium arises at 0 < r* - < 1 (see e.g. Tabuchi et al., [2005), when:

_ b
Vrj(lrpluj) =qo+ Elrz

Vei(Ar, Au) = Vi (A4 Zv,k s Aui) = 0 for all j (24)

An interior equilibrium is stable if and only if the slope of the indirect utility differential is
strictly negative in the neighborhood of the equilibrium (i.e. JAV,;/d4,; <0at A;). Combining

2 Although the parameter values were chosen mostly for illustrative purposes, they capture some essential stylized
features of current global land use. Based on World Bank| (2013)), we set A, = 0.53 and A4, ~ 0.47. The same
dataset indicates that 15.1% of urban inhabitants live in the largest city in their respective countries. The
exponent of the Zipf distribution is calibrated to approximately 0.79 so that A,; = 0.151 x 0.53. The world
agricultural area is about 4.9 Gha (World Bank! |2013)), and the world urban area is 0.066 Gha (Schneider et al.,
2009). Thus, the average area needed to feed one person is approximately 39 times larger than average urban
plot size ((4.9/0.066)x0.53). We thus set 4 = 1/39 a2 0.026. The value of e, is based on the figures reported
by Weber and Matthews| (2008) for water and truck transportation : e, = 14/180 ~ 0.08. Vv is set at a large
enough for regions not overlap.
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Figure 1. Emissions-minimizing distribution of the rural population (diamonds, left axis) and
cdf of the urban population across regions (red crosses, right axis). Parameter values (see text):
m =50, A, ~0.53, A, ~ 0.47, A,; = 0.0796/(j*7°) for all j, p ~ 0.026, e, ~ 0.08, v = 4.

Egs. (23) and (24), the indirect utility differential becomes:
b ey A

Ay ta
AV, j(Ar,Ay) = </1u,-—%) ¢5_5 <7Lu,-—%+ " um>

. Since AV, is decreasing with respect to A,;, the interior equilibrium is

(25)

— _p
where 0 = 7

stable. Solving AV, (A7, 4,) = 0 leads to:

A A\ [200

A (Auj) = =+ (Mj-—) [ 0 —1} for all j (26)
m m

The equilibrium defined by Eq. (26)) results from the interactions between various agglomera-

tion and dispersion forces. On the one hand, farmers have an incentive to locate near larger cities
so as to enjoy a wider range of services. On the other hand, a larger urban population induces
fiercer competition over land and higher agricultural land rents. The spatial equilibrium results
from the comparison between the marginal increase in the utility of rural households (¢ &) and
the marginal increase in the land rent (#,/2) due to one additional urban worker. When these
two effects are balanced, the rural population is evenly distributed across regions.

la

Proposition 2 A pure local-food configuration emerges as a spatial equilibrium if and only if
208 At
A

at least one of the following two conditions is met: (i) Ayj = %for all j, and (ii) t, =

The proposition indicates that the spatial-equilibrium allocation coincides with a pure local-
food configuration only under very specific conditions. Moreover, whether food production
tends to locate in the most or in the least urbanized regions depends on the comparison be-

tween inter-sectoral agglomeration and separation forces. For very low values of intra-regional

M), the food production locates predominantly in the most-

transport cost (i.e. 0 <1, < 777 m
urbanized regions. In this case, the most-urbanized regions export food to the least-urbanized
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ones, leading to large intra-regional transportation flows. As ¢, rises, food production relo-

cates to less urbanized regions, thus simultaneously reducing intra- and inter-regional flows,
and therefore emissions until 7, = i‘l)ff{”“ the value at which a pure local-food configuration

emerges. For iq)fi”“ <t < 209, inter-regional trade resumes but now, from the least- to the

most-urbanized regions. Finally, for any transportation cost higher than 2¢ 6, food production
locates mainly in the least-urbanized regions, inducing a substantial increase in inter-regional
trade flows. The role of ¢, on the spatial-equilibrium distribution of food production is depicted
in Figure 2] for two values of 7.

5. Welfare-maximizing spatial distribution of food production

In addition to the previously mentioned effects, the welfare analysis should integrate the
impacts on the utility of urban households. Let W(A,,4,) be a measure of the social welfare:

W(Ar2) =Y AeiVej(Arjs Mij) + Y AijVij(Arjs Auj) — dE(Ar, Ay) (27)
J J

where d > 0 measures the marginal environmental damage (taken constant for simplicity). Plug-
ging the values of v; and w; at the equilibrium of the urban labor market into (I11)), we obtain:

b 208(B — i
Vij(Arjs Aduj) = Go + 5/1,2 + @O0 A, + Ww, + Arj) —ruTJ (28)

The fourth term in Eq. (28)) reflects the effect of market size on service sector wages. This effect
reinforces inter-sectoral agglomeration. The welfare-maximizing distribution of agricultural
production across regions for a given distribution of the urban population is defined as:

A= argmaxW(lr,l ) subject to Z?Lrj =1—A,and A,; > 0 forall j (29)
j

The resolution of (29) closely follows that of (I7). Welfare-maximizing rural populations
in peripheral regions are given by:

s j) if region j imports

I 3[;_27/ )
’1 +3d+4t d+1a—2¢6=5=" (A
Ay = ’)»0 + 3d+4t d+it,— 2¢53[3T_2y (A% —Ayj) if region j exports (30)
%—u/lu j if region j is self-sufficient
Again, A7 and A? (not shown here due to space constraint) depend on the set of importing and
exporting regions. Although a general closed-form solution cannot be derived, it is possible to
characterize the welfare-maximizing configuration by examining:

8A2uveyd
(3d +41a) Ay + 2t <d+ta - 25¢3‘3T*27)

20 =20 = 31)

This difference summarizes the net social-welfare effect of all the aforementioned trade-offs
(intra- vs. inter-regional trade related emissions, within-region transport costs vs. access to
services, and market-size effect on urban wages). The difference is unambiguously increasing
with respect to the emission factor (e,) and distance (v). Note that if marginal damage is low
(if d — 0), then - A? also tends to zero. Standard calculations show that, in this case, 17
and A° both tend to A,,/m implying that only the regions with an urban population sufficiently
close to the overall average urban population should be self-sufficient. Note also that - A°
is not necessarily positive. In particular, if the inter-sectoral agglomeration forces related to



the service sector are sufficiently large (e.g. if & is sufficiently large), cases where 1< A°
are possible. In such cases, rural areas in the most urbanized regions should be large enough
for these regions to export to the least urbanized ones. Last, note that for a specific value of
the transport costs (¢, = M:lf/{u m 2¢8(3£ _27/)) agglomeration and dispersion forces cancel out,

implying that welfare-maximizing and emissions-minimizing configurations coincide.

Pl;oposition 3 A pure local-food configuration maximizes welfare if and only if A, — Ay <
A 2& |

The proposition underscores that the welfare-maximizing spatial allocation of food pro-
duction depends on the relative magnitude of various agglomeration and dispersion forces that
extend beyond the sole effect of the distance traveled by food items. The proposition also
emphasizes the role of heterogeneity in the urban population distribution across regions. In
particular, the wider the range of the urban population (4, — A,;), the less likely that a pure
local-food configuration maximizes welfare. As in the emissions-minimizing case, the optimal
allocation of food production may require that some regions engage in trade while others re-
main self-sufficient. The size of the urban populations in the latter regions should be neither too
large nor too small.

The spatial equilibrium differs from the welfare-maximizing allocation of food produc-
tion because of the presence of two types of externalities (affecting the environment and urban
wages). The discrepancy between the two situations is depicted in Figure 2| If #, is high
(right panel), the spatial-equilibrium tends to allocate relatively more (less) food production in
the least (most) urbanized regions than in the welfare-maximizing configuration. In this case,
only five regions should be self-sufficient. This number rises to eleven for the smaller value
of 7, (left panel). In both examples, the welfare-maximizing emission level in is close to the
emissions-minimizing one. If 7, is large, emissions in the spatial-equilibrium configuration are
slightly larger than in the welfare-maximizing case but still significantly lower than in the pure
local-food configuration (See Table [T)).

0.075 + H H » 0.075 +

0.05 + 0.05

Rural populationX;;)
Rural populationX;;)

0.025 1 ' o 0.025 1

- T 7 T T ‘ 7 T
o A° A° 0.05 0 A°N° 0.05
Urban populationXy;) Urban populationXy;)
t, =0.04 t,=1

Figure 2. Welfare-maximizing (dots) and spatial equilibrium (asterisks) for two values of #,.
Same parameter values as in Figure [1{with, in addition, ¢ =6 = 1, and d = 0.5.
g
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Table 1. Summary of the simulation results in the various spatial configurations and for two
values of within-region transport costs (#,). Same parameter values as in Figure

Relative change in emissions

Spatial configuration Number of regions w.r.t. emissions-minimizing
[%]
Importers  Self-suff. Exporters Within Between  Total
mpyy mg my TW ép Tb E

Pure local food 0 50 0 +118 -100 +67
Emissions-minimizing 5 11 34 - - -
Spatial equilibrium

t, =0.04 38 0 12 4235 -28 +174

tg=1 12 0 38 -11 +81 +10
Welfare-maximizing

t, =0.04 5 11 34 +4 -10 +1

t, =1 9 5 36 -10 +51 +4

6. Concluding remarks

Should local food be promoted on the basis that it contributes to the reduction of the dis-
tance traveled by food items, and therefore, transport-related emissions? Even from a strictly
environmental perspective, the answer to this question is not as straightforward as might be
expected. It depends on the extent to which emissions savings permitted by less inter-regional
trade are offset by potentially larger intra-regional transportation flows. Thus, food trade does
not necessarily conflict with the mitigation objectives. Besides, social welfare analyses that
examine this question should integrate interactions with other agglomeration and dispersion
economic forces, including those affecting non-agricultural markets. The conditions for a pure
local-food system to be socially optimal derived in this paper combine some of these elements.
If these conditions are not met, the relocation of some food production closer to the most pop-
ulated cities may deteriorate both the environment and welfare.

Food transportation flows depend strongly on the spatial distribution of the urban popu-
lation. In the limit case of an urban population evenly distributed across regions, the spatial
equilibrium coincides with the pure-local food configuration, and, simultaneously minimizes
emissions and maximizes welfare. However, as soon as there is some heterogeneity in the dis-
tribution of the urban population, market outcome and the optimal configuration may diverge.
Our findings indicate that the greater the difference in the populations of the largest and the
smallest cities, the less likely that pure-local food configurations will maximize welfare and
minimize emissions. These findings offer a fair level of generality since they do not require
additional specifications for the number of regions or the distribution of the urban population.

Proximity on its own is not an appropriate basis for policies aimed at improving the sus-
tainability of food-supply chains. By focusing solely on food-miles, fundamental effects that
affect social welfare are ignored. Ultimately, this may distort the economic and environmental
assessment of the consequences of the spatial allocation of food production. However, local-
food systems should not be systematically ruled out. Indeed, the welfare-maximizing allocation
of food production might correspond to a configuration that combines trade between some re-
gions and self-sufficiency for other regions. In this case, the size of the urban population in the
self-sufficient region should be neither too large nor too small. Last, environmental and other
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spatial externalities may justify the use of policy instruments targeting for example emissions,
transport costs, and/or land-use. Our findings suggest that such instruments should focus on the
multi-regional level rather than the level of individual regions. The analysis proposed in this text
lays the groundwork for further investigation of the design and properties of these instruments.

References

Behrens, K., Gaigné, C. and Thisse, J.-F. (2009). Industry location and welfare when transport
costs are endogenous. Journal of Urban Economics 65: 195-208.

BTS and U.S. Census Bureau (2010). 2007 Commodity Flow Survey. Tech. rep., Bureau
of Transportation Statistics, DOT, Washington, DC, USA, http://www.bts.gov/publications/
commodity_flow_survey/final_tables_december_2009/index.html.

Daniel, K. and Kilkenny, M. (2009). Agricultural Subsidies and Rural Development. Journal of
Agricultural Economics 60(3): 504-529.

Fujita, M. and Thisse, J.-F. (2002). Economics of Agglomeration. Cambridge, MA, USA: Cam-
bridge University Press.

Gaigné, C., Riou, S. and Thisse, J.-F. (2012). Are Compact Cities Environmentally Friendly?
Journal of Urban Economics 72: 123—136.

Kampman, B., van Essen, H., van Rooijen, T., Wilmink, I. and Tavasszy, L. (2010). Infrastruc-
ture and Spatial Policy, Speed and Traffic Management. Paper produced as part of contract
env.c.3/ser/2008/0053 between european commission directorate-general environment and
aea, European Commission.

Ottaviano, G., Tabuchi, T. and Thisse, J.-F. (2002). Agglomeration and Trade Revisited. Inter-
national Economic Review 43: 409-436.

Paxton, A. (1994). The Food Miles Report: The Dangers of Long Distance Food Transport.
Report, SAFE Alliance, L.ondon, UK.

Picard, P. M. and Zeng, D.-Z. (2005). Agricultural Sector and Industrial Agglomeration. Journal
of Development Economics 77: 75-106.

Schneider, A., Friedl, M. A. and Potere, D. (2009). A new map of global urban extent from
modis satellite data. Environmental Research Letters 4: 044003.

Sonnino, R. and Marsden, T. (2006). Beyond the divide: rethinking relationships between alter-
native and conventional food networks in europe. Journal of Economic Geography 6: 181—
199.

Tabuchi, T. and Thisse, J.-F. (2006). Regional Specialization, Urban Hierarchy, and Commuting
Costs. International Economic Review 47: 1295-1317.

Tabuchi, T., Thisse, J.-F. and Zeng, D.-Z. (2005). On the Number And Size of Cities. Journal
of Economic Geography 5: 423—-448.

United Nations (2010). World Urbanization Prospects: The 2009 Revision. Tech. rep., United
Nations, Department of Economic and Social Affairs, Population Division, http://esa.un.org/
unpd/wup/Documents/WUP2009_Highlights_Final.pdf.

Vives, X. (1990). Trade Association Disclosure Rules, Incentives to Share Information, and
Welfare. RAND Journal of Economics 21: 409-430.

Weber, C. and Matthews, H. (2008). Food-Miles and the Relative Climate Impacts of Food
Choices in the United States. Environmental Science & Technology 42: 3508-3513.

World Bank (2013). 2013 World Development Indicators. Dataset, The World Bank, Washing-
ton, USA, http://wdi.worldbank.org/table/ Checked on 08/01/2014.

Wu, J., Fisher, M. and Pascual, U. (2011). Urbanization and the Viability of Local Agricultural
Economies. Land Economics 87 (1): 109-125.

12


http://www.bts.gov/publications/commodity_flow_survey/final_tables_december_2009/index.html
http://www.bts.gov/publications/commodity_flow_survey/final_tables_december_2009/index.html
http://esa.un.org/unpd/wup/Documents/WUP2009_Highlights_Final.pdf
http://esa.un.org/unpd/wup/Documents/WUP2009_Highlights_Final.pdf
http://wdi.worldbank.org/table/

	Introduction
	A model
	Emissions-minimizing spatial distribution of food production
	Spatial-equilibrium distribution of food production
	Welfare-maximizing spatial distribution of food production
	Concluding remarks

