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1 Introduction

In many industries, rms are geographically di erentiated and transportation is costly. Yet
few empirical studies estimate structural models of spatial di erentiation. We attribute
this dearth of research to a simple data availability problem: the most straight-forward
way to identify the degree of spatial di erentiation { or, equivalently, the magnitude of
transportation costs { is to measure how rms’ market shares di er between nearby and
distant consumers. But this requires data on the geographic distributions of the market
shares. These data are di cult to attain and, indeed, we are unaware of any study that
exploits variation in market shares over geographic space.

The data availability problem is only exacerbated for industries characterized by spatial
price discrimination because it becomes necessary to account for the geographic distributions
of the prices, as well. While three recent studies apply econometric techniques to sidestep the
data availability problem in non-discriminatory settings (Thomadsen (2005), Davis (2006),



normal. We also conduct an empirical application and demonstrate that (1) estimation is



markets.* These assumptions preclude inference regarding spatial di erentiation because
the transportation cost cannot be estimated structurally. Further, markets tend to be delin-
eated based on political borders of questionable economic signi cance such as state or county
lines. Yet this approach has been employed routinely to study of industries characterized by
high transportation costs, including ready-mix concrete (e.g., Syverson (2004), Syverson and
Hortacsu (2007), Collard-Wexler (2009)), portland cement (e.g., Salvo (2008), Ryan (2009)),
and paper (e.g., Pesendorfer (2003)).5

In the empirical application, we examine the portland cement industry in the U.S.
Southwest over the period 1983-2003. The available data include average prices, production,






the geographic distribution of market shares at each candidate parameter vector. (These
market shares have convenient analytical solutions given the assumed logit demand func-
tion.) The estimation procedure then selects the parameters that bring the implied equi-
librium rm-level prices close to the data. By contrast, Davis (2006) and McManus (2009)
exploit variation in rm-level prices and sales. They derive predicted sales in a number of



3 The Model of Price Competition

3.1 The geographic space

We de ne the relevant geographic space to be a compact, connected set C in the Euclidean
space | 2. We take as given that J plants compete in the space, and assume that each plant

2 C. We further take as given that a continuum of consumers spans the space, and assume
that each consumer has unit demand and a xed location Wes- C. The absolute measure
(w) characterizes the geographic distribution of consumers and we de ne M = Jo (w)dw



quantity produced by plant j, and c(Q;w;j; o
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of  builds on the premises that (1) consumers in each area C,, select among all J plants,
and (2) demand in area Cy, is una ected by mill prices in area Cp, for n = m.
We now rearrange and stack the rst-order conditions:

LGCHEYEE R (o] ( H HE R (- U [(HE ] (6)

A vector of prices that solves this system of equations is a spatial Bertrand-Nash equilibrium.
We de ne a mapping H( o; ): *ﬁ'K ._\E,JN that matches the parameters of the model to
spatial Bertrand-Nash equilibrium given the exogenous data. Formally, the mapping is
de ned by the equivalence F(H( o; ); ; o) =0.

3.4 Discussion

We o er three comments to help build intuition on the economics of the model. First,
spatial price discrimination is at the core of the rm’s pricing problem: rms charge higher
mill prices to nearby consumers and to consumers for whom the rm’s competitors are
more distant. However, aside from price discrimination, the rm’s pricing problem follows
standard intuition. A rm that contemplates a higher mill price from one of its plants to
a given area must evaluate (1) the tradeo between lost sales to marginal consumers and
greater revenue from inframarginal consumers; and (2) whether the rm would recapture
lost sales with its other plants. If marginal costs are not constant, then the rm must also
evaluate how the lost sales would a ect the plant’s competitiveness in other areas.

Second, the areas C;; C,;:::Cy are best interpreted as determining the extent which

rms engage in spatial price discrimination. Finer partitions of the geographic space correlate
with more sophisticated discrimination, and if only a single area exists (i.e., N = 1) then rms
do not discriminate. The areas have no economic signi cance aside from these implications
for spatial price discrimination. Since every plant competes in every area, the partition of
the geographic space into distinct areas does not arti cially limit competition and is not
analogous to a \market delineation™ assumption under which plants compete only within
prescribed geographic boundaries.

Finally, the indirect utility speci cation of equation (2) implies that plants are di eren-
tiated by both location and idiosyncratic preferences shocks. In the special case of degenerate
preference shock distribution, the model collapses to a \pure characteristics model" along
the lines of the original Hotelling (1929) formulation. Although the estimation strategy we
outline below accommodates the pure characteristics model on a theoretical level, we suspect






already placed on the model. As long as the distributions of ;;; are known, or reasonable
approximations can be made, compute demand can be computed given the relevant prices
and the mean distances between plants and areas. We formalize this in Assumption A2.

Assumption A2: The econometrician knows the distributions of ;.

Integrating over this distribution yields an equilibrium mapping H( o; ) that depends

on mean distances and the demand and cost shifters. We assume that the price data are
generated by the following process:

pe=H(C o 0+ ¢ €))

where p, is a vector of length IN, andT132.540Td[(p)] T1



reasonable to further assume that the sampling error is independent of the \right-hand-side"
data (. This simpli es the construction of the estimator, and we impose the additional
assumption here:

Assumption A4": The sampling error is mean zero conditional on :

Elpd —S(H( o; 1)) =0

A4’ enables estimation with multiple equation nonlinear least squares, which is equivalent
to GMM with the optimal instruments

_@S(H( 0 1)
@ o

Zy= o o) 5 (10)
[ i .

where o( o) = E[S( t)‘ JE[S( +) ] is the variance matrix of the aggregated error terms.

Thus, the sample moment equations that correspond to A4’ are

T

%;_WC#@?—S(H( )% (12)

where C+ is some consistent estimate of (( () and is a candidate parameter vector
de ned within the compact subspace

We come now to the central methodological contribution of the paper. Estimation
based on the sample moments of equation (11) requires knowledge of equilibrium prices at
the plant-area level (i.e., H( ; ¢)). Yet the data generating process provides only prices
that are aggregated and measured with error. The solution to this dilemma lies in numerical
approximations to equilibrium. Conceptually, it is possible to compute the equilibrium price
vector for any number of candidate parameter vectors, and then identify the candidate
parameter vector that minimizes the \distance™ between the aggregated equilibrium price
vectors and the data. The power of modern computers makes this procedure feasible given a
convenient distribution of the composite error term ( j; in equation (7)). In our application,
we are typically able to numerically compute a vector, call it H( ; ), that satis es the

rst-order conditions of equation (6) to computer precision in a matter of seconds.

12



The GMM estimate that utilizes these numerical approximations is:

—argmm—Z[pt S(H( ; )Crlp{ —SH( : V) (12)

We think it is intuitive to think of the estimation procedure as combining an outer loop and
an inner loop. In the outer loop, the objective function is minimized over the parameter
space, whereas in the inner loop equilibrium is computed numerically for each candidate
parameter vector considered. This structure makes our estimator broadly analogous to
other estimators developed for discrete static games (e.g., Bajari, Hong, and Ryan (2008)),
non-strategic dynamic games (e.g., Rust (1987)) and certain strategic dynamic games (e.g.,
Goettler and Gordon (2009), and Gallant, Hong, and Khwaja (2010)), in the sense that each
requires the repeated computation of equilibrium.

4.2 Asymptotic properties

The asymptotic properties of the GMM estimator are unclear without further assumptions,
which we develop now:

Assumption A5: A unique Bertrand-Nash equilibrium exists, and the prices that support
it are strictly positive. Formally, for any & there exists a vector p]? i’iN such that

f(p1; +; ) =0. Further, f(py; )—f(p2, t; ) = 0«1 = p2.

A5 ensures that the GMM objective function is well-behaved.!'! We suspect that
uniqueness alone may su ce if, for instance, the econometrician can compute multiple equi-
libria and select the equilibrium closest to the data (e.g., as in Bisin, Moro, and Topa (2010)).
We defer the evaluation of such possibilities to further research. The following lemma clari-

es that, given the assumptions of the model, small changes to the parameter vector do not
produce large jumps in the objective function:

Lemma 1: The function S(H( ; )) is continuously di erentiable in and y, for &
where y, is the vector representation of . ]

Proof. See appendix A. m
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Assumption A6: The parameter vector | is globally identi ed in . Formally, E[p¢ —
S(H( ;1) d=0«.=

A6 could be violated even if parameters of the model would be globally identi ed given
disaggregate data (i.e., even if E[p, — H( ; t)‘ tJ =0 «—. = o). Such a scenario may
be more likely when aggregation is particularly coarse. Empirically, it may be possible to
evaluate (imperfectly) the potential for this sort of aggregation problem using arti cial data
experiments, and we develop one such test in our application.

The asymptotic properties of the GMM estimator follow directly from A1-A6 and the
other assumptions placed on the data generating process:

Theorem 1: Under A1-A6 and certain regularity conditions enumerated in the appendix,
) & ,and
V
i) T(C— o) AN@OV);
where V. = (GL,C,Gy) 'G|Cy ¢CoGo(G)CoGy) ! and Gy = —E[@S(H( ; 1)=0 .

Proof. See appendix A. ]

4.3 Incorporating non-price data

The estimation strategy can be extended to exploit variation in other endogenous data, such
as observations on production or consumption, that are often available to the econometrician.
We focus on production data for expositional brevity; the other extensions are analogous.
We assume the data are generated by:

. =aMH(C o, ) & N+ o (13)

where q, is a vector of Iength JN, and , is a vector of unobserved sampling errors. We
de ne a linear function R : \P : \EL that maps the plant-area quantities to the aggregate
production vector, which we denote as q¢. We assume that the aggregate sampling error is
mean zero conditional on the exogenous data:

Efq — REAH( o} 0; ¢ o)) =0 (14)
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The GMM estimate that incorporates these data is:

N 1
ety



Some details of the production process motivate the marginal cost speci cation we
introduce below. Cement plants are typically adjacent to a limestone quarry. The limestone
is fed into coal- red rotary kilns that reach peak temperatures of 1400-1450 Celsius. The
output of the kilns { clinker { is cooled, mixed with a small amount of gypsum, and ground
in electricity-powered mills to form portland cement. Kilns operate at peak capacity with
the exception of an annual maintenance period. When demand is particularly strong, man-
agers sometimes forego maintenance at the risk of breakdowns and kiln damage. Consistent
with these stylized facts, a recent report prepared for the Environmental Protection Agency
identi es ve main variable input costs of production: raw materials, coal, electricity, labor,
and kiln maintenance (EPA (2009)).

5.2 The geographic space

We focus on California, Arizona, and Nevada over the period 1983-2003. We refer to these
three states as the \U.S. Southwest™ for expositional convenience. Figure 2 maps the ge-
ographic con guration of the industry in the U.S. Southwest circa 2003. Most plants are
located along an interstate highway, nearby one or more population centers. Some rms
own multiple plants but ownership is not particularly concentrated { the capacity-based
Her ndahl-Hirschman Index (HHI) of 1260 is well below the threshold level that de nes
highly concentrated markets in the 1992 Merger Guidelines. The gure also plots the four
customs o ces through which foreign imports enters the region { San Francisco, Los Ange-
les, San Diego, and Nogales. Most cement imported into the region is produced by large,
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imports. The similarity of the two imports measures we plot in Figure 3 { actual foreign
imports and consumption minus production (\apparent imports™) { reveals that net trade

ows between the U.S. Southwest and other domestic regions are negligible. Other statistics
published by the USGS are strongly suggestive that gross trade ows are also negligible.
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Census response rates are typically well over 90 percent, and the USGS sta imputes missing
values for non-respondents based on historical and cross-sectional information.'® The USGS
aggregates the census data to the \regional™ level before their publication in the Minerals
Yearbook in order to protect the con dentiality of survey respondents. We observe the
following endogenous data:

o Average mill prices (weighted by production) charged by plants in each of three regions:
Northern California, Southern California, and a single Arizona-Nevada region.

e Total production by plants in the same three regions.

e Consumption in each of four regions: Northern California, Southern California, Ari-
zona, and Nevada.

We also rely on the Minerals Yearbook for information on the price and quantity of portland
cement that is imported into the U.S. Southwest.

We make use of more limited data on cross-region shipments from the California Let-
ter, a second annual publication of the USGS. The level of aggregatlon varies over the
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sample period, some data are redacted to protect sensitive information, and no information
is available before 1990. For instance, we observe shipments from producers in California
(Northern and Southern) to consumers in Northern California over 1990-2003, but shipments
from California to Nevada only over 2000-2003. There are 96 data points in total.

The Plant Information Survey (PIS), an annual publication of the Portland Cement
Association, provides the geographic location of each portland cement plant as well as the



We augment the theoretical model by letting domestic plants compete against a com-
petitive fringe of foreign importers, which we denote as \plant™ J + 1. We place the fringe
in geographic space at the four customs o ces of the U.S. Southwest. Consumers pay the
door-to-door cost of transportation from these customs o ces. We rule out spatial price dis-
crimination on the part of the fringe, consistent with perfect competition among importers,
and assume that the import price is set exogenously (e.g., based on the marginal costs of the
importers or other considerations). Thus, the supply speci cation is capable of generating



collapses to a standard logit in the latter case. The demand parameters to be estimated are
(P St o

The nested logit structure yields well-known analytical expressions for the quantity of
cement that each plant sells to each area (i.e., Qjnt(Prs; +; )) and helps make estimation fea-
sible from a computational standpoint. Nonetheless, the structure introduces some tension
between the theoretical model and the empirical speci cation. Recall that the composite er-
ror term ;. incorporates both an idiosyncratic preference shock and the consumer-speci ¢
deviation from mean distance (e.g., equation (7)). Since the deviation from mean distance is
not independently distributed neither is the composite error.'® The relevance of this discrep-
ancy depends on how much of the variation in the composite error term is due to variation in
deviations from mean distance. There should be less tension between the theoretical model
and the empirical speci cation when areas are small, and more tension when areas are large
or preference shocks are degenerate (e.g., as in the \pure characteristics model™).

6.1.3 Areas and potential demand

We de ne 90 consumer areas based on the counties of the U.S. Southwest. The choice
implies relatively ne spatial price discrimination and enables us to model the geographic
distribution of demand using commonly-available data at the county level. We normalize
potential demand using exogenous demand factors, following standard practice for discrete-
choice systems (e.g., Berry, Levinsohn, and Pakes (1995), Nevo (2001)). The two factors we
select are the number of construction employees and the number of new residential building
permits. Thus, we implicitly assume that construction spending is una ected by cement
prices, consistent with the fact that that portland cement composes only a small fraction of

total construction expenditures.?
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To perform the normalization, we regress regional portland cement consumption on
the demand predictors (aggregated to the regional level), impute predicted consumption at
the county level based on the estimated relationships, and then scale predicted consumption
by a constant of proportionality to obtain potential demand.?® The results indicate that
potential demand is concentrated in a small number of counties. In 2003, the largest 20
counties account for 90 percent of potential demand, the largest 10 counties account for
65 percent of potential demand, and the largest two counties { Maricopa County and Los
Angeles County { together account for nearly 25 percent of potential demand. In the time-
series, potential demand more than doubles over 1983-2003, due to greater activity in the
construction sector and the onset of the housing bubble.

6.2 Estimation



in region r. Then the aggregated regional-level metrics take the form:

-, _ Qint( 5 1) . .
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where pre( ; ¢) is the production-weighted average mill price, G+( ; ¢) is total production,
and Cr¢( ; ) is total consumption. We calculate regional prices and quantities for Northern
California, Southern California, and the combined Arizona-Nevada region, and calculate
regional consumption for Northern California, Southern California, Arizona, and Nevada.

We also exploit information on aggregated cross-region shipments to help identify the
model.?



using the weighting ma43769.89cmBTiQ



Table 1: Arti cial Data Test for Identi cation

Variable Parameter Truth ( ) Transformed (N) Mean Est RMSE



the standard deviation of each equilibrium price across the eleven starting points. (So
there are 1,260 standard deviations for a typical equilibrium price vector of 1,260 plant-area
elements.) The results indicate that the maximum standard deviation, over all candidate
parameter vectors and all plant-area prices, is zero to computer precision. Thus, the Monte
Carlo experiment nds no evidence of multiple equilibria. This may be unsurprising because,
theoretically, uniqueness is ensured for two close cousins of our model: nested logit demand,
convex marginal costs, and single-plant rms (Mizuno 2003), and logit demand, su ciently
increasing marginal costs, and multi-plant rms (Konovalov and Sandor 2010).

6.5 Key empirical relationships

Although the estimation routine relies on strong functional form assumptions on demand
and marginal costs, it is nonetheless possible to visualize the key empirical relationships that
drive the parameter estimates. We explore these relationships in Figure 4.

On the demand side, the price coe cient is primarily determined by the relationship
between the consumption and price moments. In panel A, we plot cement prices and the ratio
of consumption to potential demand (\market coverage™) over the sample period. There is
weak negative correlation, consistent with downward-sloping but inelastic aggregate demand.
Next, the distance coe cient is primarily determined by (1) the cross-region shipments
moment, and (2) the relationship between the consumption and production moments. We
plot the gap between production and consumption (\excess production') for each region in
panel B. In many years, excess production is positive in Southern California and negative
elsewhere, consistent with inter-regional trade ows. The magnitude of these implied trade

ows drives the distance coe cient. Interestingly, the implied trade ows are higher later in
the sample, when the diesel fuel is less expensive.

On the supply side, the parameters on the marginal cost shifters are primarily deter-
mined by the price moments. In panel C, we plot the coal price, the electricity price, the
durable-goods manufacturing wage, and the crushed stone price for California. Coal and
electricity prices are highly correlated with the cement price (e.g., see panel A), consistent
with a strong in uence on marginal costs; inter-regional variation in input prices helps dis-
entangle the two e ects. It is less clear that wages and crushed stone prices are positively
correlated with cement prices. Finally, the utilization parameters are primarily determined
by (1) the relationship between the production moments (which determine utilization) and
the consumption moments, and (2) the relationship between the production moments and
the price moments. We explore the second source of identi cation in panel D, which shows
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cement prices and industry-wide utiI;E'ation over the sample period. The two metrics are
negatively correlated over 1983-1987 and positively correlated over 1988-2003.

7 Empirical Results

7.1 Demand estimates and transportation costs

Table 2 presents the parameter estimates of the GMM procedure. The price and distance
coe cients are the two primary objects of interest on the demand side; both are negative and
precisely estimated.2® The aggregate elasticity implied by the price coe cient is —0:16 in the
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Table 2: Estimation Results

Variable Parameter Estimate  St. Error
Demand
Cement Price P -0.087 0.002
Miles x Diesel Price d -26.42 1.78
Import Dummy ‘ -3.80 0.06
Intercept ¢ 1.88 0.08
Inclusive Value 0.10 0.004

Margina5Tfi-.10
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nd ti;é't portland cement is shipped an ?verage of 92 miles, that 75 percent of portland
cement is shipped under 110 miles, and that 90 percent is shipped under 175 miles.?
Firms appear to exercise some degree of localized market power. To illustrate, we
map the prices and market shares of the Clarksdale plant that correspond to numerical
equilibrium in Figure 5. We mark the location of the Clarksdale plant with a star, and mark
other plants with circles. As shown, the Clarksdale plant captures more than 40 percent
of the market in the central and northeastern counties of Arizona. It charges consumers
in these counties its highest prices, typically $80 per metric tonne or more. Both market
shares and prices are lower in more distant counties, and in many counties the plant captures
less than one percent of demand despite steep discounts. The locations of competitors also
in uence market share and prices, though these e ects are more di cult to discern.
We explore these relationships more rigorously with regression analysis. We regress
prices and market shares on three independent variables: (1) the distance between the plant
and the county (2) the distance between the county and the nearest other domestic plant,
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and (3) the estimated marginal cost of the plant. Among plant-county pairs within 100
miles, a 10 percent reduction in distance is associated with prices and market shares that
are 0.9 percent and 14 percent higher, respectively; and a 10 percent reduction in the distance
separating the county from its the closest alternative is associated with prices and market
shares that are 0.7 percent and 11 percent lower, respectively. Each of these patterns is
statistically signi cant at the one percent level.?’

7.2 Marginal cost estimates

We estimate marginal costs to be $69.40 in the mean plant-year (weighted by production). Of
these marginal costs, $60.50 is attributable to costs related to coal, electricity, labor and raw
materials, and the remaining $8.90 is attributable to high utilization rates. Integrating the
marginal cost function over the levels of production that arise in numerical equilibrium yields
an average variable cost of $51 million. Virtually all of these variable costs { 98.5 percent { are
due to coal, electricity, labor and raw materials, rather than due to high utilization. Thus,
although capacity constraints may have substantial a ects on marginal costs, the results
suggest that their cumulative contribution to variable costs can be minimal. Taking the
accounting statistics further, we calculate that the average plant-year has variable revenues
of $73 million and that the average gross margin (variable pro ts over variable revenues) is
0.32. As argued in Ryan (2009), margins of this magnitude may be needed to rationalize
entry given the sunk costs associated with plant construction.3%:3!

Finally, we discuss the individual parameter estimates shown in Table 2, each of which
deviates somewhat from production data available from the Minerals Yearbooks and EPA
(2009). To start, the coal parameter implies that plants burn 0.64 tonnes of coal to produce
one tonne of cement, whereas in fact plants burn roughly 0.09 tonnes of coal to produce
each tonne of cement. The electricity parameter implies that plants use 228 kilowatt-hours
per tonne of cement, whereas the true number is closer to 150. Each tonne of cement
requires approximately 0.34 employee-hours yet the parameter on wages is essentially zero.
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Lastly, the crushed stone coe cient of 0.29 is too small, given that roughly 1.67 tonnes of
raw materials are used per tonne of cement. We suspect that these discrepancies are due to
measurement error in the data.?? Alternatively, they may be due to a failure of identi cation
(e.g., see Section 6.3) or due to the implicit assumption that plant productivity is xed over
the sample period { it seems clear that the renegotiation of onerous labor contracts improved
productivity in the 1980s (e.g., Northrup (1989), Dunne, Klimek, and Schmitz (2009)).

7.3 Regression ts
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percent of the variation in average prices.3

7.4 An application to competition policy

The model and estimator may prove useful for a variety of policy endeavors. One potential
application is merger simulation, an important tool for competition policy. We use counter-
factual simulations to evaluate a hypothetical merger between Calmat and Gi ord-Hill in
1986, when the rms together operated six plants and accounted for 43 percent of industry
capacity in the U.S. Southwest.?

We map the distribution of consumer harm over the U.S. Southwest in Figure 8. In
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panel A we focus on the e ects of the merger, absent any divestitures. The total loss of
consumer surplus is $1.4 million which is small relative to pre-merger consumer surplus of
$239 million. Consumer harm is concentrated in the counties surrounding Los Angeles and
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mitigates consumer harm in Southern California but do little t‘B' reduce harm in Maricopa
County. Additional counterfactual exercises indicate that a two-plant divestiture is needed
if this harm is to be mitigated as well.

7.5 Comparison to market delineation

In the introduction, we argue that the market delineation model imposes awkward theoret-
ical assumptions. We now contrast some of our results to those of Ryan (2009), a recent
paper that uses market delineation in a study of the portland cement industry. In partic-
ular, we point out that our approach generates distinctly di erent estimates of aggregate
elasticity than does the market delineation approach. The discrepancy is consistent with the
notion that our estimation strategy may sometimes provide more reasonable results than
conventional approaches, and that these di erences can be sizeable.3¢
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Ryan makes the common assumptions that demand has constant elasticity and supply
is Cournot within each market. He estimates the aggregate elasticity to be —2:96, which
is quite di erent than our estimate of —0:16. The di erence is entirely due to speci cation
choices { the constant elasticity demand system produces an aggregate elasticity of —0:15
once housing permits are included as a control.>” However, Ryan cannot use the inelastic
estimate because, within the context of Cournot competition, it would imply that the rm
elasticities are small to be consistent with pro t maximization. This occurs because the
Cournot model restricts each rm elasticity to be linearly related to the aggregate elasticity
according the relationship e; = e=s;, where ¢;j, e, and s; denote the rm elasticity, the
aggregate elasticity, and the rm market shares, respectively. Further, Ryan cannot use the
nested logit system to divorce the rm elasticities from the aggregate elasticity (as we do)
because because logit models assume di erentiated products whereas Cournot supply models
assume homogenous products. Our takeaway is that our econometric strategy can lead to
improved estimates by connecting the data to more realistic economic models.

8 Conclusion

The literature of the \new386(8tel)ture



production. We are enthused by the breadth of opportunity.
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A Proofs

Proof of Lemma 1: We rst show that S(H( ; ¢)) is continuously di erentiable in
for & The proof is by contradiction. Suppose that S(H( ; ¢)) is not continuously
di erentiable at some parameter vector & i.e., that S(H( ; ))=@ °is discontinuous
at . Then, by the linearity of S and the de nition of discontinuity,

lim OHC( ; o)

= lim ———=
0* 167 0’

o—o* 07 10] @

OHC( ; o)
0

6=0~

However, the function £(p; ; ¢) is continuously di erentiable in p and by the assumptions
placed on q(p; ; ) and c(p; : 1). It follows that @F(p; ; {)=@ ° is continuous, i.e. that

lim ef(p; ; o)

= ~ lim ef(p; ; v)
0" 107

0—0* ' 0*!0;L @ !

6=0~

Totally di erentiating both sides, using the arbitrary price vector H( ; ), yields

lim (@f(p; ; 1) @H( 0; t) +M0;t) )
ervoy \ OH( ;) 0@ 0—6" @ 0=6"
— im <@f(p; L OOHC 9 0F(: 5 ) >:
orrof \ OH( ; o) @ o—0" 0 0=0"

Since f(p; ; ¢) is continuously di erentiable in p and , it follows that

eH( ; v

= lim ————
9—0* 6" 10] @

0=0*

which creates the contradiction. It remains to show that S(H( ;y,)) is continuously di er-
entiable in y, for & where y;, is the vector representation of . The proof is obtainable
by contradiction, using the same steps employed above, and we omit the explicit derivation
for expositional brevity.

O

Proof of Theorem 1: We rst place regularity conditions on the data generating pro-
cess. Let y, be the vector representation of the set . We ?ssume thjl} e i‘s a sequence
of i.i.d. random vectors. We further assume that sup 5o p¢ — S(H( ¢; )) < ee, that
Sup 2¢ ‘@H( )@ | <ea, and that sup o [p¢ — S(H( & NIPY — S(H( 6 NI <ea-

Amemiya (1985) proves that these conditions, along with the assumptions already introduced
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in the body of the text, imply the following properties:

() +Sipf —S(H@zs ) &E[P — S(H(zs )] uniformly in o
(i) £, [-0H(z; )=@ ] LE[-@H(z; )=@ ] uniformly in &
i) L7, [p¢ — S(H(z NP — S(H(




Table 3: Consumption, Production, and Prices

Description Mean Std Min Max

Consumption
Northern California 3,513 718 2,366 4,706
Southern California 6,464 1,324 4,016 8,574

Arizona 2,353 650 1,492 3,608
Nevada 1,289 563 416 2,206
Production

Northern California 2,548 230 1,927 2,894
Southern California 6,316 860 4,886 8,437
Arizona-Nevada 1,669 287 1050 2,337

Domestic Prices
Northern California 85.81 11.71 67.43 108.68
Southern California 82.81 16.39 62.21 114.64
Arizona-Nevada 92.92 1424 75.06 124.60

Import Prices [excludes duties and grinding costs]

U.S. Southwest 50 78 930 »39.39  79.32
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simplex methods such as simulated annealing and the Nelder-Mead algorithm, as well as
quasi-Newton methods such as BFGS. We implement the minimization procedure using the
nis.Im function in R, which is downloadable as part of the minpack.Im package.

We compute numerical equilibrium using Fortran code that builds on the source code
of the dfsane function in R. The dfsane function implements the nonlinear equation solver
developed in La Cruz, Mart nez, and Raydan (2006) and is downloadable as part of the



GMM procedure, and we estimate the inclusive value coe cient using = log (1—) We
calculate standard errors with the delta method.

D Data Details

We make various adjustments to the data in order to improve consistency over time and
across di erent sources. We discuss some of these adjustments here, in an attempt to build
transparency and aid replication. To start, we note that the California Letter is based on a
monthly survey rather than on the annual USGS census, which creates minor discrepancies.
We normalize the California Letter data prior to estimation so that total shipments equal
total production in each year. The 96 cross-region data points include:

e CA to N. CA over 1990-2003 e S. CA to N. CA over 1990-1999
e CA to S. CA over 2000-2003 e S. CAtoS. CA over 1990-1999
e CA to AZ over 1990-2003 e S. CA to AZ over 1990-1999
e CA to NV over 2000-2003 e S. CA to NV over 1990-1999

e N. CA to N. CA over 1990-1999 e N. CA to AZ over 1990-1999.

The (single) Arizona-Nevada region includes Nevada data only over 1983-1991. Start-
ing in 1992, the USGS combined Nevada with Idaho, Montana and Utah to form a new
reporting region. We tailor the estimator accordingly. Additionally, this region also includes
information from a small plant located in New Mexico. We scale the USGS production data
downward, proportional to plant capacity, to remove for the in uence of this plant. Since
the two plants in Arizona account for 89 percent of kiln capacity in Arizona and New Mexico
in 2003, we scale production by 0.89. We do not adjust prices.

The portland cement plant in Riverside closed its kiln permanently in 1988 but contin-
ued operating its grinding mill with purchased clinker. We include the plant in the analysis
over 1983-1987, and we adjust the USGS production data to remove the in uence of the
plant over 1988-2003 by scaling the data downward, proportional to plant grinding capac-
ities. Since the Riverside plant accounts for 7 percent of grinding capacity in Southern
California in 1988, so we scale the production data for that region by 0.93.

We exclude one plant in Riverside that produces white portland cement. White cement
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takes the color of dyes and is used for decorative structures. Production requires kiln temper-
atures that are roughly 50 C hotter than would be needed for the production of grey cement.
The resulting cost di erential makes white cement a poor substitute for grey cement.

The PCA reports that the California Cement Company idled one of two kilns at its
Colton plant over 1992-1993 and three of four kilns at its Rillito plant over 1992-1995, and
that the Calaveras Cement Company idled all kilns at the San Andreas plant following the
plant’s acquisition from Genstar Cement in 1986. We adjust plant capacity accordingly.

We multiply kiln capacity by 1.05 to approximate cement capacity, consistent with the
industry practice of mixing clinker with a small amount of gypsum (typically 3 to 7 percent)
in the grinding mills.

The data on coal and electricity prices from the Energy Information Agency are avail-
able at the state level starting in 1990. Only national-level data are available in earlier
years. We impute state-level data over 1983-1989 by (1) calculating the average discrep-
ancy between each state’s price and the national price over 1990-2000, and (2) adjusting the
national-level data upward or downward, in line with the relevant average discrepancy.
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