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Note: This paper is a preliminary version of a research project on market 
integration. It is based on my dissertation "Grain Markets, Food Supply Policies and 
Living Standards in Late Colonial Mexico" (Department of History, Harvard 
University, 2007). The final version will use more polished price series and vector-
error correction models to test the hypothesis of faster adjustment toward 
equilibrium prices between the different local markets. The preliminary results with
the new data and methodology, however, is consistent with the conclusions 
presented here.
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Grain markets in Mexico before the age of railroads have been characterized 

as locally isolated and fragmented.  Under this assumption much of the 

historiography has privileged the study of local markets, urban policies and local 

distribution of food as the major way to understand the inequality in the access to 

food in Mexico.  However, it is impossible to understand local access to food without

understanding the regional relationships between local markets and between 

producing and consuming areas.  Previous chapters have shown that local grain 

marketplaces were more competitive than generally perceived; sellers from outside 

a certain jurisdiction became particularly important when prices increased to a 

profitable level.  The major reason was logistic and technological: the lack of 

suitable long term storage for the most important food product, corn, undermined 

the position of the large local landowners.  The lack of long-term corn storage 

encouraged mechanisms of market integration to deal with cyclical shortages, 

among them the reliance on trade from regions, integrating them into a common 

market.

The key concept to undertand market integration is spatial arbitrage.  As long as 

price differentials are above transportation costs, actors can profit from moving grain 

stocks from low- to high-price areas.  Spatial arbitrage would smooth out price 

variations and ultimately narrow the price gaps between different locales to the 

transportation cost.  While the opportunity for spatial arbitrage arises from imbalances 

between markets, the result of spatial arbitrage would be that the price differential 

would simply reflect transportation costs.  This process of market integration, however, 

does not take place in a mechanical way.  In order to realize the profits of price 
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imbalances between regions, the information about market conditions has to be spread, 

and a logistical system of transportation and commercial networks has to be set up.  

Finally, the extraction of grain has to be negotiated with the local population, as market 

integration not only makes grain more affordable in the consumer center, but also 

increases the price in the producing area. 

The Historiography of Market Integration

There is a solid literature on markets and the commercialization of agricultural 

production in late colonial Mexico.  The literature is varied and covers a multitude of 

aspects.  One historiographical tradition has emphasized how, over the course of the 

eighteenth century, commercialization radically transformed social relationships as 

markets became the principal mechanism for allocating resources among economic 

actors.  Eric Van Young, John Tutino, and others have studied the expansion of 

commercial agricultural production affected social relationships in the countryside.  

They argue that as the population grew, resources became scarcer over the last decades 

of the eighteenth century.  Demographic growth also implied a more abundant labor 

force, bringing wages down and gave landowners more leverage in defining access to 

their lands.  As a result of increasing demand and the diminishing returns of the use of 

marginal lands, prices increased.  These factors increased the profitability of commercial

rural producers, who in turn had more incentives to extend commercial production and 

curtail traditional entitlements of rural workers and tenants.  Land tenure conditions 

became more precarious, employers cut rations and eliminated other food entitlements, 

and land conflicts between haciendas and Indian communities became intense in the 

areas where a burgeoning commercial sector was driving up land values.  Large sectors 
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of the population lost food security in the forms of rations and access to subsistence 

lands, and they increasingly relied on selling their work to survive.1  

Another tradition has emphasized the underlying logistical and institutional 

infrastructure of trade, typically, but not necessarily focusing on the increasing 

complexity of the commercial world toward the end of the colonial period.  Urban 

centers flourished in the eighteenth century as they articulated more complex forms of 

interregional trade;2 new financial instruments facilitated long-distance and inter-

temporal transactions;3 and merchants connected all corners of New Spain into 

exchange networks.4  Work on the arriería, the muleteers, has also shown that by the the 

end of the eighteenth century transportation networks were more sophisticated than 

what has been usually assumed.5  Other studies have pointed to the role of state policies 

in transforming trade organization in the late eighteenth century.  The changes ranged 

from the attempt to abolish the repartimiento de mercancías to the deregulation of 

intercontinental trade that eroded the power of the traditional commercial elite 

entrenched in Mexico City.6

1. Van Young, Hacienda and Market; Tutino, "The Revolution in Mexican 
Independence"; Tutino, From Insurrection to Revolution; Ouweneel, Shadows over 
Anáhuac; Morin, "Sentido y alcance".

2. Moreno Toscano, "Economía regional"; Van Young, Hacienda and Market; 
Gálvez and Ibarra, "Comercio local"; Miño Grijalva, El mundo novohispano.

3. Pérez Herrero, Plata y libranzas.

4. Morin, Michoacán, 141-178; Stein, "Tending the Store".

5. Suárez Argüello, Camino real. This does not mean that transportation technology 
was sophisticated in any way or that it improved over time. By the late colonial period 
mule trains dominated almost all freight transportation (Coatsworth, Growth Against 
Development, 18). The sophistication lies more on organizational and probably 
informational issues.

6. See Hamnett, Politics and Trade.  The repartimientos were trade monopolies that 
local authorities exercised in connection with Mexico City merchants.
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Despite the attention paid to different aspects of commercialization and 

commercial policies, there is no work on grain market integration in Mexico before the 

age of the railroads.7  The logic is the tyranny of distance: transportation costs were so 

high, and grain prices so low that markets remained largely fragmented.8  Only grains 

with a relatively high value by unit of volume (such as wheat) were likely to participate 

in longer-distance trade, and even so were not part of the major transportation networks.

Even more, the scholarship on food supply policies has implicitly strengthened the 

assumptions that markets were fragmented by focusing entirely on local grain market 

policies.9  

The lack of research on grain market integration in Mexico contrasts with other 

regions of the world.  Studies on other preindustrial economies have found a significant 

degree of market integration and variations through time, even without major changes in

transportation technologies.  The literature on northern European countries is the most 

developed and presents a variety of old and new analytical viewpoints that provide a 

framework for studying other regions of the world.  Usher's The History of Grain Trade 

in France, published in 1913, is a classic study along the lines of the "old" institutional 

school of economic history.  While its linear account of the gradual liberalization of 

trade has been subject to strong criticism, The History of Grain Trade is still a reminder 

that markets exist only as long as agents carry exchange transactions within certain 

geographic boundaries and within certain institutional arrangements.  For Usher market 

7. Dobado and Marrero, "Corn Market Integration"

8. Coatsworth, "Obstacles," 91; Garner, Economic Growth and Change, 8-10.  More 
on the idea of the tyranny of distance in Fogel, Railroads.

9. Besides the bibliography already cited, see also Alvarado Gómez, Comercio 
interno; Téllez Guerrero, "Estructura urbana". Van Young, Hacienda and Market and 
Garner, Economic Growth and Change, 54, deal with the greater regional dimensions of
Guadalajara and Zacatecas but do not address the institutional arrangements that made 
the expansion possible.

5



integration is the articulation of local markets into larger networks and, ultimately, the 

creation of wholesale markets.  The process implied important changes in regulations 

and brought tensions between urban centers and producing districts; ultimately royal 

authorities took responsibility for the defense of the "common good" against the 

traditional rights of certain communities.10  What the common good entailed can be 

gleaned from Tilly's article on food supply policies and the creation of the European 

nation states.  Nationwide, free-trade policies (as opposed to locally-bound regulations) 

were central to facilitate the flow of grain between different regions and particularly to 

supply the state's more strategic sectors—the military and the state bureaucracy.11  

The literature on pre-industrial grain market integration has more recently 

broadened to encompass other regions in the world, such as China and Spain.  Scholars 

have found integrated markets in regions that for a long time were perceived as not 

having institutional or transportation infrastructures favorable to trade.  Perhaps the 

most notable case of non-European market integration before the transportation 

revolution is Q'ing China.  Economic historians have found that as early as the 

eighteenth century, even in the peripheral districts of the empire, grain circulated over 

long distances and prices varied in synchronicity in different local markets, pointing to 

market integration.  What makes this finding more relevant is the Chinese institutional 

system's reliance on state granaries and massive transfers of grain to military 

garrisons—arrangements that were traditionally perceived as restraining trade and, in 

light of their decadence in the nineteenth century, were perceived as ineffective in 

securing access to food.  The literature has found that those institutions did not interfere,

10. Kaplan contested the linear progress toward market integration that Usher implied; 
see, Kaplan, Bread.  The tracing of interregional trading networks (and the widening of 
their geographic scope) stands out as Usher's main contribution.

11. Miller criticizes the idea of the gradual and lineal unfolding of liberal economic 
institutions and argues that authorities followed a more pragmatic approach; see Miller, 
Mastering.
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but instead dynamized market exchanges.  Their demise in the nineteenth century was 

the result of more integrated markets stimulated by the storage and transfer system and 

shifts in political balances in the administration.12

 Spain is another case in which recent studies have found a process of market 

integration despite the "backwardness" of its institutions.  Spain has more similarities 

with Mexico as both countries had similar constraints in transportation, and shared trade

regulations.  Throughout the eighteenth century wheat prices gradually tended to 

converge across regions, became less variable and moved with a higher degree of 

synchronicity.13  The trend is more noticeable in Castille, but it is also perceived 

throughout the Spanish territory.  Despite some periods of setbacks, especially in the 

early nineteenth century, market integration progressed throughout the period.  Scholars 

point to the liberalization of market regulations in the mid-eighteenth century as the 

main reason for the increasing integration of markets.  Some of these regulatory changes

were partially implemented in Mexico.

In short, these international studies on market integration and food supply 

conclude that market integration was susceptible to changes even before the advent of 

the transportation revolution.  Moreover, they find that changes in market integration 

were hardly the result of an invisible hand or technological innovation.  They were the 

consequence, instead, of political, economic and social factors, not too different from 

those being experienced in Mexico in a similar timeframe. This paper seeks applies  

similar methodologies to test the hypothesis of market integration in Mexico, from the 

1730s to the 1800s.

12. Perdue, "The Qing State"; Wong, and Perdue, "Grain Markets".  A more skeptical 
view on market integration in the nineteenth century in Li, "Integration and 
Disintegration".

13. Reher, "Producción"; Llopis Agelán, "El mercado de trigo"; Llopis Agelán, "La 
integración del mercado español".  I thank David Reher for making his paper available 
to me.
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Corn Market Integration: An Analysis of Price Series

If two markets are integrated in a common exchange network, their prices will 

converge and co-vary even if they do not trade directly with one another.  For these 

reasons, the analysis of price differentials between local markets is the most common 

approach to gauge changes in market integration over time and the one followed in this 

paper.14 

The basis for the analysis is the rich body of research on corn (and food) prices 

in colonial Mexico.  The price data used in the analysis correspond to Mexico City, 

Valladolid (present-day Morelia), the Guadalajara region, and the city of San Luís 

Potosí.  With the exception of the latter, all data have been previously published.  The 

series rely on alhóndiga, tithe, and transaction prices whose sources are documented in 

the Appendix to this chapter.  The Mexico City and San Luis Potosí series use granary 

prices;15 the Valladolid series is based on tithe sales; finally, the Guadalajara series relies

on sales and inventory values in haciendas near Guadalajara.  Compared with Garner's 

analysis of corn price series in the eighteenth century,16 my selection attempts to 

maximize the coverage for the 1739-1809 period even at the expense of reducing the 

number of series to four.  Finally, the four chosen places were large- to medium-sized 

grain markets.  Perhaps because of the dimension of these markets, these series vary 

from year to year in a smoother way compared to other price series.

The frequency of the price data is annual, although none of the series has 

information for all the years.  In many cases there are other price series from nearby 

14. See Llopis Agelán, "El mercado de trigo," 5-8 and Ó'Gráda, Black '47, 122-132.

15. The regulations in each granary were somehow different.  In Mexico City, the 
alhóndiga chief set the daily prices for all grain stored in the alhóndiga.  In San Luís 
Potosí sellers established their own prices (posturas) and were obliged to sell the grain at
current prices after a certain number of days.

16. Garner, "Price Trends"
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locations and from other food products that are closely to corn prices that are used to 

impute missing observations.  The series with the original and imputed values (and 

imputing procedures) are reported in Appendix, while Table 3.3 summarizes the basic 

statistics of each price series.  It is safe to conclude that the imputed values have 

acceptable forecast errors and do not change the general patterns of the data.

Table 1.1: Descriptive Statistics of Price Series, 1739-1809
Original Dataset Imputed Dataset

Observations Average
(Std. Dev.)

Observations Average
(Std.  Dev.)

Mexico City 63 16.0  (5.7) 71 15.9  (5.4)
Valladolid 36 9.9  (4.8) 65 9.1  (3.9)
Guadalajara 44 9.7  (4.5) 65 9.3  (3.9)
S.  Luis Potosí 32 15.7  (8.3) 64 13.9  (7.1)

Sources: See Appendix.

Exploratory Analysis of Maize Price Series

Figure 3.4 displays trends and annual prices in the four selected locations—

Mexico City, Guadalajara, San Luis Potosí and Valladolid.  The prices are expressed in 

logarithmic scale in order to normalize the distribution of observations and facilitate the 

interpretation of changes over time.17  Dots represent annual observations of each series 

and lines represent eleven-year moving averages of prices.

17. The advantage of logarithms in a graph is that the slopes of trend lines can be 
interpreted as annual rates of change.  For instance, the slope of a jump from 10 to 20 
reales/fanega has the same slope as the jump from 20 to 40 r/f.  A normal distribution is 
necessary to most of the statistical tools used in this analysis. 
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Figure 1.1: Maize Price Trends in Central Mexico, 1720-1816
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Sources: See Appendix.

There are two features in Figure 3.4 that shed light on key aspects of the history 

of prices and market integration during the late colonial period.  The first feature is 

inflation.  Corn prices were remarkably higher by the end of the eighteenth century and 

the early nineteenth than in the previous fifty years.  Some historians have interpreted 

this rise in corn prices as a sign of generalized inflation.  The assumption behind this 

argument is that corn, as the most important item in the family budget, was the driving 

force behind price formation in the period.  Whether this is a safe assumption, and to 

what extent other price evidence supports such a claim, are questions that exceed the 

scope of this analysis.  For the sake of this study, it is undeniable that corn prices in the 

four locations were higher after in the last decades of the period.  The exact timing 

depends on the location.  In the higher-price markets of Mexico City and San Luis 

Potosí, the corn price increase began earlier, by 1770; in Guadalajara and Valladolid, it 
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lagged about ten years but prices then caught up faster.  The latter two markets featured 

the lowest prices of the group, suggesting that the steeper (yet late) increase in price was

the result of convergence to a higher regional price equilibrium.

Volatility from year to year is the second striking feature that can be seen in the 

graph.  Prices shot up in certain years to unusual levels, and soon after they went down 

to very low levels.  The most extreme cases are periods of intense shortages followed by

a recovering production.  This is the case of the 1748-50 agricultural crisis.  The median

price of the four locations climbed from 12 reales/fanega (r/f) in 1747 to 16 in 1749; it 

reached 19 r/f in 1750; and dropped to 10.5 r/f after the crisis was over.  In the 1785-6 

famine, the oscillation was more pronounced.  From 11 reales/fanega in 1784, the price 

of corn increased to 20 in 1785, jumped to 36 r/f in 1786, and went down to slightly 

more than 16 r/f in 1787.  That is, prices went up two or three times their original value 

within one year.  The individual series are even more volatile (see Table 3.4).  San Luis 

Potosí had the strongest variations.  In one every four years, the price changed more 

than 45% from one year to the next (column 7); in half of the years the variation was 

above 27% (column 6).  Guadalajara featured a similar degree of volatility.  Mexico 

City, in contrast, had the most stable prices of the four places, perhaps due to the size of 

the market, or due to local government intervention.

Table 1.2: Characteristics of Price Series
(1) (2) (3) (4) (5) (6) (7)

Obs. Avg. Standard
Deviation

Coeff. of
Variation

1740-49 to
1790-99

Median
annual var.

Idem, 75%
percentile

Mexico City 71 16.0 5.7 0.39 1.21 18% 31%
Valladolid 65 9.9 4.8 0.42 1.31 19% 43%
Guadalajara 65 9.7 4.5 0.47 1.46 27% 40%
S.L.Potosí 64 15.7 8.3 0.50 1.14 27% 45%

Sources: See Appendix.

The principal cause of the volatility of the price series was the limitations in 

long-term storage capacity, either because of the lack of investment in this area, or 
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because of the inherent problems of keeping stored corn in the proper conditions given 

the technology, characteristics of the plant and climatic conditions.  This volatility in 

prices must have encouraged spatial arbitrage and market integration to solve the 

problem of local scarcity (or even oligopolistic manipulations) and return prices to a 

lower level.  By comparing prices of local markets we can assess the degree of 

fragmentation or integration between the four cities.

Price Dispersion 

According to the law of one price, in a perfectly integrated market (with no 

institutional or informational barriers) the difference of prices between two locations 

equals the transportation cost.  Prices would be more variable if information circulates 

slowly, if there are institutional barriers, or if other transaction costs make trade 

difficult.  Measuring the degree of variation of prices between locations over time, then, 

can show the level of integration between local markets. 

The standard measure of dispersion is the coefficient of variation—the standard 

deviation divided by the average.  Prices for the four locations are available from 1739 

to 1809, with some missing years.  The coefficient of variation for the overall period is, 

on average, 0.14.  As a comparative point, the corresponding figure for a similar sample 

of locations in 1885-1908 is 0.21.18  Such a low coefficient of variation for the colonial 

data is remarkable, especially given the higher costs of transportation of muleteer 

compared to the lower costs of railroad transportation.  This contrast casts doubts on the 

18. The coefficient of variation was calculated using the areas that most closely 
resembled the colonial data: the Federal District and the states of Jalisco, Michoacán 
and San Luis Potosí.  The data was generously provided by Rafael Dobado and was the 
basis for his study of market integration (Dobado and Marrero, "Corn Market 
Integration").
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assumption that grain markets remained largely isolated in late colonial Mexico and 

only became more connected after the construction of the railroad system.19 

Figure 3.5 plots the coefficient of variation for each year in which the four local 

observations are available.  There is some decline in prices over time—the linear trend 

plotted as a thick line.  However, the up and down swings are more remarkable.  The 

coefficient is the highest in 1750 because that year marked the culmination of three 

years of shortages and famine; it remained high for two more years and then it declined, 

reaching the lowest values of the entire period during the sixties.  The price spread again

increases at a steady pace in the 1770s.  In the 1780s there is more volatility.  The worst 

years of famine, 1785 and 1786, have a very low dispersion.  The 1790s and 1800s 

show some volatility and moderate to low coefficients of variation.  The key observation

to be made from this data is that, while overall the dispersion was lower in the second 

half of the period than in the first half, there was no apparent long-run trend dominating 

the dispersion of prices.  If the only indicator of market integration were price 

dispersion, we would have to conclude that there is no convincing evidence of greater 

market integration.  Indicators of price adjustment between different markets, however, 

tell a remarkably different and more acurate story.

19. The comparison is limited to the four central Mexican locations.  As Dobado and 
Marrero argued, at the national level markets became significantly more integrated, 
especially in areas with higher density of railroad lines.
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Figure 1.2: Dispersion of Prices across Central Mexico
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Sources: See Appendix.

Correlation of Annual Rates of Change

The synchronicity or correlation of price movements between different locations 

is a key feature of market integration.  The Pearson correlation matrix provides a simple 

way of approaching this analysis.  A standard regression is run (independently) for each 

possible combination of price series.  The estimated Pearson R ranges from -1 to +1; if 

it lies close to 0 it means no correlation, while +1 (-1) means a perfectly positive 

(negative) relationship.  The R also has associated a probability that the correlation is 

spurious (technically, it is the probability that the beta coefficient is not zero).  Because 

all regressions are estimated independently of one another, the number of matching 

observations in each pair of series can vary.  For this reason, this technique is 

particularly suitable to analyzing series with gaps such as in this case.
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The use of correlations between price series is not new in Mexican 

historiography.  Price history studies have used them to demonstrate the consistency 

among different local series.20  The obtained R coefficients are usually above 0.8 and 

highly significant, which has been taken as a sign of a high degree of consistency of the 

different price series.  While the regression technique is the same, there is a fundamental

difference: the price series are differentiated logarithms; that is, the dependent and 

independent variables are not nominal prices, but the annual change of the logarithmic 

transformation of prices.  This approach has sounder conceptual groundings and is 

favored in the market integration literature.21  Differentiating the series eliminates 

problems with serially correlated errors and eliminates the trend component.  More 

importantly, it is the adjustment of prices rather than the absolute level of prices that is 

most revealing about market integration dynamics.

20. More remarkably Espinosa Morales, "Precios de alimentos".

21. A good defense of simple, Pearson correlation matrices of differentiated series in 
Li, "Grain Prices".  There are two problems running correlations using nominal price 
series.  First, the distribution of uncorrected prices are usually skewed and do not follow
the normal distribution, a key assumption of the standard regression analysis.  Without 
normalizing the distribution (by converting the series to natural logarithms, for 
instance), the higher values will bias the results.  Second, and more importantly, 
nominal price series may contain a strong trend component, such as inflation, and the 
variance may be serially correlated (v.g. it grows larger as time goes on).  Without 
applying controls for these issues, the results will be, again, biased toward showing 
higher statistical significance.  These two caveats fully apply to this case at hand.  The 
four series have a trend component as shown in Figure 3.4; moreover, Dickie-Fuller 
tests do not reject the hypothesis that the series contain a unit root, implying that the 
variance will increase over time.  A similar but more suitable approach would be to use 
detrended series (variations relative to the long-run series trend) to solve the serial 
characteristics and obtain more reliable coefficients of correlation.
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Table 1.3: Correlation Matrix of Log-Price Differentials (1739-1809)
Whole Period 1739-1779 1780-1809

Mexico Vallad. Guad. Mexico Vallad. Guad. Mexico Vallad. Guad.
Vallad. .16 -.05 .36
Guad. .23 .34 .09 .16 .37 .55
Potosí .48 .25 .42 .44 .01 .32 .51 .46 .51

Sources: See Appendix.
Notes: Bold represents a p-value (statistical significance) below 0.05, italics, 0.05 to 
0.10.

Table 3.5 reports the correlation matrix between the four price series in two 

periods: before and after 1780.  All the Pearson R coefficients are positive for both 

periods, indicating that an increase in price in one area has a corresponding increase in 

another area; and conversely a decrease in one area matches a decrease in another area.  

The magnitude of the coefficients allows gauging the strength of integration between 

two markets, an R coefficient of 0.3 serving as an informal benchmark of significant 

grain market integration in a preindustrial context.22  The strength of the correlations 

varied notably before and after 1780.  Before 1780, there is only one correlation above 

0.4  (Mexico City–San Luis Potosí), and one above 0.3  (San Luis Potosí–Guadalajara). 

In contrast, after 1780 three are above 0.5  (SLP–Mexico City, SLP–Guadalajara, and 

Guadalajara–Valladolid), and the other three are between 0.36 and 0.46.  The 

geographic pattern of correlations is generally the expected.  The city with higher 

correlations is San Luis Potosí, a mining town surrounded by mostly infertile, arid lands 

which relied more intensively than other centers on long-distance grain suppliers.  The 

correlation between Valladolid and Guadalajara was also strong, especially after 1780; 

both cities were not only relatively close but the road was also flatter than in between 

any other pair of cities.  Yet, the relatively weaker correlations between Mexico City 

22. Llopis Agelán, "El mercado de trigo," 18.
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and the western cities of Valladolid and Guadalajara may point to local dynamics in the 

alhóndiga that isolated the capital's alhóndiga from the producing areas of the west.

Graph 3.6 plots the correlation of prices over time.  Each year in the X axis 

represents the center of a twenty five-year period;23 the Y axis (the value that the line 

represents) is the median value of a Pearson correlation matrix similar to table 5 (but 

restricted to the 25-year mobile periods).24  The graph shows an U-shaped trajectory of 

the median correlation.  At the beginning of the period the median correlation was in the

0.2-0.3 range and decreased to a minimum in the 1750s through 1770s.  By the last 

quarter of the eighteenth century, however, the correlations became stronger and highly 

significant, reaching 0.5 in the last years.  In conclusion, annual price changes were 

increasingly becoming more correlated over the period, particularly after 1780 when 

they surpassed a correlation coefficient of 0.4.

Some tentative comparisons allow placing the case of late colonial Mexico in the 

context of other international experiences or the late nineteenth century in Mexico.  The 

late colonial case compares favorably with eighteenth-century Spain and Porfirian 

central Mexico.  The median R in the correlation matrix of the late colonial case (0.30 

for the whole period and 0.48 after 1780) is remarkably similar to the one obtained for 

wheat prices in northern Castille in a similar timeframe (the median correlation was in 

the 0.3-0.4 range).25  Both economies had similar transportation problems and 

institutional arrangements, although in Spain grain trade liberalization was more 

23. For instance, the value for the year 1780 corresponds to the period 1768–1792; the 
year 1781 corresponds to 1769–1793.  This idea is taken from Llopis Agelán, "La 
integración del mercado español," 15.

24. The median is the midpoint of a distribution; half of the observations have a higher
value than the median, half a lower value.  In the Table 3.5, the median R is 0.51 before 
1780.

25. Llopis Agelán, "El mercado de trigo," table 4 and figure 6.  The correlation matrix 
in the Castillan case has more comparative points due to greater availability of data; the 
comparison should be taken as tentative.
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decisively under way after 1765.26  The late colonial case also compares favorably with 

corn market integration in the Porfirian period.  Using a subset of Dobado and Marrero's

dataset that most closely matches my selection of four series,27 and applying the same 

techniques, the median correlation was around 0.3 in both the 1739-1809 and 1885-1908

periods; the 1780-1809 subperiod, however, clearly had a tighter correlation between 

local markets than the Porfirian period.  The late colonial case does not compare 

favorably with other contemporary international economies that relied more intensively 

on waterways, such as north China in the eighteenth century and France in the mid 

nineteenth century.28

26. An analysis on the role of institutions and geography in both economies in 
Coatsworth, and Tortella, "Institutions," especially 24 and 31.  On trade liberalization 
see next chapter and Anes, Las crisis.

27. Dobado and Marrero, "Corn Market Integration".

28. Drame et al., Un siècle; Li, "Integration and Disintegration," 675-677.
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Figure 1.3: Median Correlation of Differentiated Maize Prices by 25-Year Moving 
Periods
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Sources: See Appendix.

Price Convergence

The last indicator of market integration to consider is price convergence.  If 

spatial arbitrage was a common practice, producers and merchants would have moved 

grain from lower-priced districts to higher-priced districts as long as the price 

differential was high enough to offset transportation and transaction costs.  A 

convergence analysis of prices is a suitable way to test this proposition.  Prices for each 

location are transformed into relative prices—the ratio between the price in a given 

location and the average price in all locations.  The increase (or decrease) in the relative 

price in a given location will be inversely proportional to the initial relative price.  If 

there was a greater reliance on spatial arbitrage, the expected result would be that prices 
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adjusted faster to the initial unbalance of the price in the location relative to the other 

locations.  In this sense, the analysis of price convergence is superior to Pearson 

correlation as it has a theoretical model underlying the specification.29

Table 1.4: Cross-Panel Models of Price Convergence, 1739-1809
(1) (2) (3) (4)

Random
Effects

Random Effects, with
Period Interactions

Fixed
Effects

Fixed Effects, with
Period Interactions

Lagged Relative Price - 0.33 ** - 0.26 ** - 0.79 ** - 0.70 **
  * (1760-1779) - 0.08 - 0.14
  * (1780-1809) - 0.13 - 0.15 *
Constant  0.00  0.00  0.00  0.00

R2 (Overall)  0.17  0.18  0.17  0.17
Durbin-Watson  2.19  2.16  1.92  1.91

Source: See Appendix.
Notes: Two asterisks denote statistical significance at the 5% level; one asterisk at the 
10% level.

Cross-panel regression models are used to analyze price convergence.  There are 

four specifications according to the interaction with period dummy variables and the use

of a random- or a fixed-effect model.  A fixed-effect model implies that each location 

has a different equilibrium relative price; for instance, that Mexico City and San Luis 

Potosí (a large city and a mining town) had a relative price typically above the mean, 

while Valladolid and Guadalajara's relative price was below the mean.  Beyond this 

historical reason, a Hausman specification test rejects the null hypothesis that 

differences between the two models are not systematic.  The use of interactions with 

period dummy variables traces changes in convergence over time.  The whole period is 

divided in 1739–1759, 1760–79, 1780-1809.  The dependent variable is the change in 

the annual change in the relative price; the independent variable is the relative price in 

the initial year.  The speed of adjustment is the coefficient ("beta") on the lagged relative

29. This analysis follows Dobado and Marrero, "Corn Market Integration," 114-115; I 
previously applied and explained convergence analysis in more detail in the analysis of 
corn-wheat price convergence in the previous chapter.

20



price.  Despite the imputation procedure, there are some locations with remaining 

lacunae.  In order to improve the reliability of the model by having continuous time 

series, the lacunae were linearly interpolated.  This does not introduce a drastic change 

in the calculations as rarely one year has more than one location with a missing price.  

Consequently, the results are consistent regardless of the use of interpolation or not. 

Table 3.6 shows the results of the cross-panel models.  In all models, the beta 

coefficients are below zero, which is the expected result: as an initial higher-than-

average price in a place is followed by a decline in the relative position of the place 

price compared to the average.  The coefficient on the overall period is statistically 

significant in all specifications, although the fixed-effect models (columns 3 and 4) show

stronger effects.  Price adjustment was more responsive after 1760 and especially after 

1780.  According to the fourth model, the beta was -0.70 before 1760, -0.84 in 1760-79 

(-0.70 - 0.14), and -0.85 after 1780 (-0.70 - 0.15); the difference between the post-1780 

and the pre-1760 period is statistically significant at the 10% level. 

The use of the random-effects model facilitates a tentative comparison with 

Dobado and Marrero's convergence analysis for Porfirian Mexico.  As in the case of 

price dispersion and correlation, the eighteenth century compares favorably with the 

Porfiriato.  Using the two most comparable models (random-effect with no interactions, 

column one in Dobado and Marrero's table and mine), the beta in the 1885-1908 was 

-0.31, while in 1739-1809, it was -0.33 (-0.39 after 1780).30  While the two analyses 

refer to different geographical areas, the comparison highlights the strength of the 

central Mexico's process of market integration over the late colonial era.  

30. Dobado and Marrero, "Corn Market Integration," 118. 
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Conclusion

Of the three analytical approaches (dispersion, correlation and convergence) 

only the analysis of dispersion (coefficient of variation) presents ambiguous support of 

the hypothesis of increasing market integration after 1780.  The other indicators of 

market integration are not ambiguous: price correlations become considerably higher 

over the year, and price convergence not only existed but accelerated over the period.  

Because indicators of price adjustment are more suitable to characterize a process of 

market integration through the increasing use of spatial arbitrage, the discrepancy 

between the three indicators does not contradict the general conclusion that corn 

markets became significantly more integrated by the end of the colonial period.  Even 

more, an unvarying price dispersion is consistent with a process of market integration 

for two reasons.  First, price dispersion in an integrated market represents transportation 

costs, which does not seem to have changed significantly over the period.  More 

importantly, a high dispersion can also be the result of local shocks which would then 

trigger an adjustment over the course of the following months.  For instance, the harvest

cycle of corn does not match the calendar year because signs of a significant harvest loss

would take place in the late summer and early fall, rising the average annual price 

relative to the regional average.  The new harvests from other places would only arrive 

beginning in late November and would extend over the next calendar year.  The price 

smoothing effects of spatial arbitrage would spread over the calendar year that followed 

the climatic shock in the harvest cycle.  In sum, both results taken together—steady 

dispersion of prices but increasing convergence—are consistent with a process of 

market integration within the parameters of a fragmented geography and inefficient 

transportation means. 

The limitations imposed by inefficient transportation are highlighted in the 

international comparisons.  Even if tentative, they show a pattern.  Two regions with 
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relatively efficient transportation networks, northern China in the eighteenth century and

France in the nineteenth century, had a much higher level of price correlation between 

different localities.  A region with similar geographical constraints as Castille had 

similar correlations between different local prices.  A more enigmatic case is Porfirian 

Mexico, which was undergoing a radical transformation due to the introduction of the 

railroad network.  Perhaps the similitudes of the two cases attest to the limitations of the

Porfirian railroad system, which privileged the export of natural resources over the 

development of a national market.31  The comparison deserves further study because 

these results may suggest that the formation of an integrated market in central Mexico 

significantly predated the transportation revolution.

Despite the geographic barriers, inefficient mule transportation and the relatively 

local reach of corn trade, central Mexican corn (and grain) markets became more closely

interconnected and integrated.  Greater integration did not mean that the four studied 

corn markets directly exchanged stocks of corn with one another.  The interconnection 

had effect even if the different markets did not share the same supply areas.  This 

distinction between direct trade between two markets and being part of a trade network 

is key in the analysis of price movements in a regional market.  The four places selected 

for the price analysis—Mexico City, Guadalajara, San Luis Potosí and Valladolid— 

barely traded grain with each other.  Yet, if markets were integrated, price movements 

between the different places would be correlated.  A harvest loss in Valladolid's closest 

supplying area, for instance, would translate to imports from Zamora.  The higher prices

31. Of course, the economic impact of railroads went far beyond grain market 
integration in central Mexico.  Coatsworth showed that the primary goals of the system 
were the extraction of exportable primary goods more than the integration of the 
national economy.  And as Dobado and Marrero's work shows, market integration over 
the whole national territory was significantly correlated with the layout of the railroad 
network.  It is also plausible that price adjustment was faster, and such effect could only 
be effectively captured with more frequent data.  The conclusion, instead, emphasizes 
that in the regional sphere of central Mexico, grain markets were very well integrated by
late nineteenth-century standards.
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in Zamora would drive prices in near markets, such as La Barca which supplied 

Guadalajara.  Eventually the price in Guadalajara would be poised to rise as it depended 

on those districts for its supply.  San Luis Potosí and Guadalajara were similarly 

dependent on common suppliers such as Lagos and León.  In more distant cases, such as

Mexico City and San Luis Potosí, the connection was mediated by more links in the 

commercialization chain, but the high correlation between the two markets show that 

both markets were connected despite the distance.  The interconnections between wheat 

and corn probably resulted in faster adjustments between different corn local markets. 

It has to be left for future research to elucidate the causes of the process of 

integration.  A likely force behind integration was the increased demand for marketable 

food due to demographic growth, urbanization and regional specialization.  On more 

speculative grounds, improvements in grain trade organization and the circulation of 

information could also have been a factor; the more frequent references to mid-scale 

itinerant merchants in the last decades of the colonial period may point to this direction. 

Finally, market integration stands in a reciprocal relation to regional trade policies; 

changes in the regulatory framework may stimulate or hinder trade, and, reciprocally, 

increasing trade poses challenges to the institutions.  This is the subject of the next 

chapter.
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Appendix: Corn Price Series of Four Central Mexican City Markets

Table B.1: Original and Imputed Prices
San Luis Potosí México Guadalajara Valladolid Median

Year Price Source Price Source Price Source Price Source Price
1739 20.00 15.60 r/f 4.18 8.73 Apaseo  11.7
1740 12.88 17.40 --- 9.55 Apaseo  ---
1741 --- 20.00 6.10 9.88  ---
1742 --- 21.00 10.04 8.48  ---
1743 --- 11.20 7.00 7.29  ---
1744 7.85 Dolores 10.00 7.10 Silao 5.94 Zam., A.  7.5
1745 9.85 Dolores 10.00 7.10 Silao 8.39 Zam., A.  9.1
1746 22.32 14.40 8.75 Silao 8.86 Zam., A.  11.3
1747 16.72 14.90 9.42 Silao 8.13 Zam., A.  11.8
1748 10.78 Dolores 14.90 --- 9.06 Zam., A.  ---
1749 24.00 21.20 9.15 12.50  16.3
1750 25.72 Dolores 24.90 14.52 Silao 7.00  19.0
1751 18.64 Dolores 18.47 Wheat 5.81 6.00  10.5
1752 6.75 Dolores 16.30 Wheat 6.59 Silao 6.27 Zam., A.  6.7
1753 4.92 Dolores 11.20 7.10 5.95 Zam., A.  6.5
1754 6.75 Dolores 10.90 5.95 Silao 6.82 Apaseo  6.8
1755 8.88 Dolores 11.70 6.79 8.06 Zam., A.  8.5
1756 10.78 Dolores 11.40 11.09 7.43  10.9
1757 7.85 Dolores 14.29 Wheat 5.08 7.20  7.5
1758 8.88 Dolores 14.10 Wheat 6.59 Silao 8.14  8.5
1759 9.37 Dolores 12.70 6.95 Silao 11.00  10.2
1760 12.54 Dolores 15.30 8.75 10.20  11.3
1761 13.37 Dolores 11.48 Wheat 10.44 8.75 Zam., A.  10.9
1762 12.54 Dolores 14.10 9.93 5.00  11.2
1763 6.75 Dolores 9.60 6.60 6.25  6.7
1764 8.88 Dolores 9.80 8.20 Meat 7.13 Zam., A.  8.5
1765 8.88 Dolores 8.70 7.10 Silao 5.88 Zam., A.  7.9
1766 9.72 8.80 6.05 6.53 Zam., A.  7.6
1767 6.55 10.00 7.53 7.12 Zam., A.  7.3
1768 4.94 10.90 8.02 7.23 Zam., A.  7.6
1769 6.75 Dolores 10.40 8.02 9.00  8.5
1770 13.00 12.50 6.09 6.40  8.9
1771 19.30 12.60 10.99 10.67  11.8
1772 18.60 19.90 6.27 10.50  14.0
1773 20.00 17.50 9.49 Silao 10.25  13.4
1774 13.40 15.40 7.35 5.75  9.9
1775 6.30 12.40 7.42 Silao 9.83  8.5
1776 9.10 15.30 7.52 4.50  8.3
1777 8.50 10.00 5.70 5.07  7.0
1778 15.04 Dolores 9.10 8.53 7.00  8.8
1779 15.12 Dolores 11.20 9.52 7.50  10.3
1780 16.87 14.40 7.93 13.00  13.7
1781 15.51 20.10 12.02 9.50  13.7
1782 8.84 20.00 11.15 7.00  9.9
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Table B.1: Original and Imputed Prices (cont.)
San Luis Potosí México Guadalajara Valladolid Median

Year Price Source Price Source Price Source Price Source Price
1783 8.66 15.07 Wheat 6.00 7.20  7.9
1784 9.34 11.10 10.22 11.79  10.6
1785 29.49 23.30 15.41 18.00  20.5
1786 41.66 40.10 32.00 32.00  35.8
1787 30.62 27.60 9.71 Silao 9.35 Silao  16.4
1788 9.34 16.59 Wheat 7.33 Silao 7.22 Silao  8.3
1789 25.43 14.67 Wheat 10.42 9.59 Silao  12.4
1790 22.40 Frijol 19.60 14.59 ---  ---
1791 9.17 15.10 9.00 7.71 Apaseo  9.1
1792 6.99 10.00 6.38 5.72  6.7
1793 8.87 14.50 8.25 9.40  9.1
1794 13.71 Frijol 18.00 10.57 13.95  13.8
1795 --- 20.60 9.82 Meat 9.40  ---
1796 12.76 Frijol 13.50 11.20 Meat 9.23 Zamora  12.0
1797 12.98 Frijol 16.90 7.90 16.39  14.6
1798 13.30 Frijol 21.80 10.42 Meat 7.44  11.8
1799 10.84 Frijol 19.60 --- 10.39  ---
1800 10.44 Frijol 20.00 13.92 12.50  13.2
1801 19.27 18.10 12.87 12.00  15.3
1802 14.69 26.50 10.56 10.19  12.5
1803 --- 19.30 --- 9.75  ---
1804 16.29 Frijol 14.60 --- ---  ---
1805 22.36 Frijol 18.10 11.01 Meat ---  ---
1806 11.87 Frijol 20.50 --- ---  ---
1807 --- 19.00 12.87 ---  ---
1808 --- 12.00 17.39 ---  ---
1809 24.00 25.80 13.41 12.00  17.9

Sources: 
San Luis Potosí: AHESLP, Ayuntamiento, "1699-1745", exp. 6; "1747," 160; "1770" 
through "1777"; "1792," 114-6; "1793," 66-70.  AGN, PyA, vol. 11, exp. 1, 84; AGN, 
Alh., vol. 15, exp. 1, 19; AGN, IdG, vol. 70b (unnumbered).  Due to time constraints it 
was not possible to incorporate tithe prices from Florescano, and Espinosa, Serie de 
diezmos, 245-249 that would have eliminated the need to impute the pre-1780 lacunae.
Mexico City: Monthly averages from Florescano, "Abasto y legislación," Appendix 4.  
Because prices in some months were missing, seasonal corrections were applied to 
calculate annual averages.
Valladolid: Tithe prices from Garner, "Data Files"; harvest report prices from 1792 to 
1799 in Morin, Michoacán, 180-193.  In a future version I intend to use Florescano and 
Espinosa's original published series and incorporate the "Cuenta General del Maíz del 
Pósito" documents from AHMM, Colonial, I-3.6.3, vol. 41, exp. 28. 
Guadalajara: Van Young, Hacienda and Market, 82 (fig. 7).
Lacunae were imputed as fitted values of linear regressions using the following data:
- Zamora, Apaseo, Silao, Dolores: Corn prices from the Michoacán tithe; 

reproduced in Garner, "Data Files".
- Wheat: Mexico City wheat prices from García Acosta, Los precios del trigo.
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- Frijol: Frijol bean prices from the alcabalas of San Luis Potosí, in AGN, Alc., 
boxes 1370-2, 1374, 1377, 1380-1, 1384.

- Meat: Guadalajara-region meat prices, from Van Young, Hacienda and Market, 
47.

Notes: All prices in reales/fanegas. "Zam., A." stands for Zamora and Apaseo.
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