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Missing millions:  the human cost of the Mexican Revolution

Robert McCaa, rmccaa@tc.umn.edu

Abstract.  The human cost of the Mexican Revolution (1910-1920) was enormous, but there is little agreement on the magnitude, causes or components of the disaster.  Published census figures for 1910 and 1921 understate the magnitude of the catastrophe because the 1921 count was without doubt the worst conducted in Mexico in the twentieth century.  The “official” loss from a comparison of crude census figures for these years (15.2 million for the former and 14.3 for the latter) is almost one million, around six percent of the population in 1910.  The loss triples when the demographic growth of the decade preceding the outbreak of war is added to the equation. The human cost of the war can be decomposed into excess deaths, lost births, epidemics, emigration and census error by means of a new demographic method, inverse projection.  Inverse projection helps read the demographic history of Mexico from the age and sex structure of the population in the 1930 censuses of Mexico and the United States.  The best fitting model reveals an undercount in the 1921 census of one million and a total demographic loss from 1910 to 1921 of 2.1 million.  Excess deaths accounted for two-thirds of the missing millions (900 thousand males and 500 thousand females), lost births one-fourth and emigration considerably less than one-tenth of the total (100 thousand male and 75,000 female net persisting emigrant refugees).    These fractions are not original, having been proposed by one or another researcher over the past three-quarters of a century.  What makes them unique, in addition to the breakout by sex, is how they are combined and how they were derived.   For the first time two demographic equations, one for each sex, are tested. As a final test, results from the inverse projection method are compared with those from conventional cohort component projections.  The conventional method permits a rough assessment of the losses in Morelos (where Emiliano Zapata was most active) and for other states of Mexico.  

Introduction. There is no consensus among scholars regarding the demographic impact of the Mexican revolution or its components.  Total losses range from 1.9 to 3.5 million.  Table 1 summarizes the distinct scenarios proposed by nine specialists.  Some discount the missing millions by emphasizing emigration and error, such as Loyo (1935), Collver (1965, Model "B"), Alba (1977), and Mier y Terán (1982).  Others assign a major role to lost births and thereby reduce the scale of the horror (Gonzalez y Navarro (1974), Collver (1965), Greer (1966), and Mier y Terán (1982)).  Still others blame massive mortality (Collver (1965, Model "A"), and Ordorica and Lezama (1993)), or exogenous mortality from the Spanish flu pandemic (Loyo 1935; Ibarra 1996). Each of these factors must be taken into account, but there is little agreement over their relative importance.  Collver (1965)—the authority for subsequent demographic analyses by Greer (1966) and Ordorica and Lezama (1993)—encompasses the extremes, by offering two scenarios, both of which he characterizes as “implausible”.  Collver’s model A maximizes the impact of mortality, with two million excess deaths.  Model B minimizes mortality (“only” one-half million excess deaths) and balances the demographic equation by attributing the missing one and one-half million to census error.  Collver's models are indeed implausible extremes.  The best-case scenario falls between them, at around two-thirds the mortality maximum.

Table 1 near here

Since Collver’s research was published almost forty years ago, new information regarding the devastation of the revolution and new demographic methods have become available. The fatally flawed 1921 census is no longer a required benchmark, although it has been used by every previous effort to assay the human costs of the revolution, aside from the mathematical projection by Luna Mendez (1959).  His graphical extrapolation shows 1921 to be wildly off the mark but nothing is made of it.  Error in the 1921 enumeration is often used to explain away what otherwise was an unthinkably large number of missing.  Error also discouraged researchers from attempting more refined analysis or proposing anything over than crude figures.  Error can be reduced, on the one hand, by standard cohort analysis to 1930, when one of the best Mexican censuses of the twentieth century was conducted, and, on the other, by projecting females separately from, indeed prior to the male population, using inverse methods to model the 1930 age structure for each sex individually.  I propose to ignore the 1921 census entirely, referring back to it only for the sake of completeness and comparability, to obtain an estimate of the undercount in that year and to facilitate comparison with other estimates of the human costs of the war.   

Two-sex inverse projection offers significant advantages over one-sex conventional projections used by previous researchers.  The most important advantage is that the goal of two-sex inverse projection is to balance the demographic equation not simply by population totals but by age and sex (McCaa, 1993). The inverse method requires minimal data, yet produces refined, surprisingly accurate demographic estimates, including life expectancies, gross reproduction ratios, and population age structures.  Annual two-sex projections are the method’s greatest strength, even in the absence of good data.  Since inverse projection demands little in the way of inputs, results may be compared against the most reliable data at hand. Various scenarios can be readily tested for plausibility.  Even where the best model fails to fit the most reliable data, departures from empirical targets may be used to gain insight into greater than expected losses for some age groups and less for others. Finally, the method relies on data and demography, not mathematics.  Instead of using mechanical methods favored by demographers, which tend to smooth away history (see, for example, Camposortega's summary of methods to resolve the age-heaping problems in Mexican censuses, 1992:19, 86), inverse projection encodes a chronology of births and deaths into the age and sex pyramid, year-by-year, cohort-by-cohort. 

The power of the inverse projection method lies in its theoretical underpinnings, what demographers call the ergodicity theorem (Wachter 1986).  Reduced to its simplest, this theorem states that the structure of a population is dependent upon demographic dynamics, not an age structure at some distant point in the past. Simply put, populations have no long-term memory when it comes to age structure.  Moreover, contrary to common sense, instead of projecting backward, the inverse method is most powerful in projecting forward (Lee 1993).  Thus, we can confidently begin a projection from, say 1895, without needing to know the demographics that came before, and if we successfully map the annual flow of births and deaths, the age structure will map underlying population dynamics.  Estimating the annual number of births is most important, because if this figure is wrong for a specific year, results over the entire projected span will be distorted for the cohort born in that year.  Accuracy in predicting the annual death flow is not as critical because deaths are distributed over all age groups, and error in one year may be compensated by errors in subsequent years.  The same principle works for net migration.  Given the fact that the annual volume of emigration is low (typically deaths greatly exceed migration), errors in measuring net migration are even less significant in this regard.  

It is important to understand that the inverse projection method produces a model, which mimics reality to a greater or lesser degree.  Deaths and emigration are apportioned out by age and sex for each year of the projection, based on the estimated total flow for that year and a pattern of change by age and sex derived from model mortality and migration tables.  Where a five percent error rate is tolerable, the method yields amazingly accurate results.  The strengths and limitations of the method are well documented, having been calibrated in a variety of trying historical and hypothetical conditions (Brunborg 1977; McCaa and Vaupel 1992; Lee 1993; McCaa 1993; Galloway 1994; Wrigley, Davies, Oeppen and Schofield, 1997).  Nevertheless, it is important to realize that we can never know, in the case of Mexico for example, how many young boys died due to war in, say, 1915.  The method helps predict how many might have died based on various scenarios.  The only constraint is to match the age and sex structure of the 1930 census using conventional inverse projection methods and assumptions.    

Inverse projection’s historical encoding is what sparked my interest in weighing the costs and consequences of the revolution in the first place.  Some years ago as a classroom exercise, I did a simple inverse projection of the population of Mexico for the twentieth century, using Collver's crude birth and death rates.  The results were surprising, particularly in mimicking corrected, as opposed to raw census age structures.  For example, the census of 1960 reports children aged 0-4 years as constituting 16.59 percent of the total population.  An authoritative correction by the Mexican demographers Raul Benitez and Gustavo Cabrera (1967) boosts the figure to 18.66 percent.  Benitez and Cabrera, working in the heat of the moment to construct an accurate life table for 1960, sought to correct both the under-count and age-heaping.  Their solution increased the proportion aged 0-4 by three percentage-points.  A simple inverse projection yields the remarkably close adjustment of 3.4 points. I was further surprised to find that for the 1911-1920 birth cohort (aged 40-49 in 1960), mathematical smoothing yields a figure of 7.5 percent, while inverse projection points to a squeezed generation, amounting to only 6.8 percent of the total.  Although the difference may seem slight, it is suggestive of how the historical origins of a cohort remain imprinted in an inverse projection—but may be erased by mechanical adjustments commonly used to smooth age data.

Summary of findings.  Inverse projection confirms that Collver's maximum models are implausible.  The figures proposed here intersect his models at about two-thirds of the maximum for deaths and 90 percent for error (see Table 1).   My estimates match closely the high, but plausible mortality findings of Ordorica and Lezama (1993). Nearly one-and-one-half million excess deaths occurred in the period 1910-1921, according to their analysis and mine.  Our interpretations differ, however, on the matter of causes.  While we agree that famine, disease, and epidemic were the proximate causes for the large number of excess deaths, I single out war as the root cause.  Even in the case of the infamous Spanish Flu epidemic, which medical historians think was more devastating in Mexico than almost any other country in the world, its severity, in my view, is explained precisely by the disorder and weakened condition of the Mexican population vexed by years of unremitting violence, civil war and banditry.  This assessment is shared by J. Gabriel Ibarra (1996), the author of the most up-to-date, comprehensive study of the epidemic in Mexico. 

Lost births amounted to slightly less than 600,000, a surprisingly large number, but this is the smallest figure yet proposed by any demographic model (Table 1).  At one-half million below the estimate by Ordorica and Lezama, our differences may be due to the fact that my accounting includes census error, and theirs does not.  While their text accepts Gilberto Loyo’s rough estimate of undercount in the 1921 census as one-half million, the number is inexplicably omitted from their table (see Ordorica and Lezama, 1993, Table 9).   My inverse projection ignores the flawed census of 1921 entirely, targeting 1930 totals by sex and age.  Checking the results for 1921 from the best fitting inverse projection against the census yields a total undercount of 1.1 million in that year, only 100,000 short of the highest estimate by a demographer, Collver's self-described implausible error model. 

The proposed emigration figure, 350,000 total net persisting emigrants over the 1910 decade, falls in the middle of earlier estimates.  While Ordorica and Lezama favor four hundred thousand, the congruence between our figures is surprising given that they are derived by different data and methods.  Emigration is the residual from their demographic balancing equation for the period 1910-1921, whereas my figures are based on foreign censuses, primarily of the United States.  If we are in rough agreement on the number of Mexicans emigrating to the United States, our interpretations differ.  In my view, economics, not politics, was the motive for many, probably most, Mexicans who emigrated during these years.  As the economy of the Southwest boomed during the Great War, emigration from Europe to the United States slowed to a trickle, from 1.2 million in 1915 to less than 100,000 in 1917 (Haines 2000).  This constellation of events lured many Mexicans “al norte”, often enticed by labor recruiters who readily advanced train tickets and even travel expenses, to work the rails, fields and factories in the United States (Martinez 1957, Cardoso 1980; Hall and Coerver 1990).  In the 1920s economic slowdown and the renewed flood of Europeans dampened Mexican emigration.  For the 1910 decade, sanctuary-seekers who remained permanently in the United States constituted only a fraction of the total emigration flow, almost certainly less than one-half.  For this reason my figure in Table 1 is multiplied by 0.5.  While the total comes from United States census data and is required to balance the demographic equation, a distinction should be made between emigration for political and economic reasons.   One-half seems a not implausible fraction (see below).  Emigration to Mexico during the decade was slight (González Navarro 1993-1994). 

To sum up, in my view, the human cost of the Revolution was mainly internal, paid in Mexican blood.  Of a total demographic cost of 2.1 million, excess deaths accounted for two-thirds, lost births one-fourth and emigration considerably less than one-tenth of the total.    These fractions are not original, having been proposed by one or another researcher over the past three-quarters of a century.  What makes them unique, in addition to weighing the cost for females and males separately, is how they combine and how they were derived.   The remainder of the paper explains the data and methods in which this new combination of estimates is grounded.

Data. Prior to 1930 vital statistics are unreliable for Mexico.  Over thirty percent of births went unrecorded as recently as the 1920s, due in part to the disruption of revolution.  At the beginning of the twentieth century, the record was better, although only by a couple of points, with an estimated 27 percent unrecorded.  Death registration, in contrast, attained a remarkable level of completeness before the war.  However, after 1910, as the intensity of fighting and looting increased with churches and government offices favored targets, the national registration system essentially collapsed (Collver 1965:138).  While vital statistics may have been reliable for a few districts or even cities during the war years, there are none for the nation as a whole.  Vital statistics for this period amount to crude quinquennial or even decennial estimates.  Researchers derive crude numbers of births and deaths from basic demographic balancing equations suitable for projecting the total population forward from the census of 1910 to 1921 (see Collver 1965 and Mier y Teran 1982). 

Censuses remain the best source of information on the Mexican population prior to 1930.  Undercounting is typically the main shortcoming of this source, but in the case of pre-revolutionary Mexico, fraud, possibly for electoral purposes, may have been a more significant problem.  Collver's maximum census-error model deflates the count for 1895 by 200,000, 1900 by 400-500,000, and 1910 by 200-500,000.  In contrast, most researchers assume that fraud counter-balanced undercount in these early national efforts and accept the official figures for 1900 and 1910.  For 1910, the last enumeration during the thirty-year rule of the aged dictator Porfirio Diaz, federal inspectors were sent into the field for the first time to monitor the taking of the census and the tabulation of returns, but counting and reporting remained in the hands of local officials (Greer 1966:28-38).  I accept the official figures for 1910 as reported and leave aside those of 1895 and 1900, as not crucial to resolving the issues at hand.  

The 1921 enumeration attempted to replicate 1910 procedures, but failed.  General Alvaro Obregón's successful rebellion in May 1920 was followed by a purge of the National Statistical Office.  The fourth national census of population, scheduled for October, was postponed for more than a year to November 30, 1921.  Publication of results was delayed for many years by the failure of state officials to send in their tally sheets and by disorganization in the national office.  Many of the more complex tables were never published, and many partial returns can be found today still in manuscript form, incomplete and unpublished in the Archivo General de la Nación (Gobernación, Fomento y Obras Publicas, Ramo de Censo y Estadística).  Fraud is evident in the 1921 enumeration, with the returns for Colima appearing particularly suspicious (Greer 1966:7).  Undercounting, however, was most severe, certainly worse than for any other Mexican census of the twentieth century.  Loyo's estimate of a shortfall of 500,000 is widely accepted (Loyo 1960:4-5).  Although this figure has never been examined critically, the adjustment is certainly in the right direction.  On the other hand the 1921 numbers are so fundamentally flawed that ignoring them entirely in favor of those for 1930 seems a better approach.

In 1930, central processing of the original census returns was instituted.  Thanks to this innovation, most of the sheets for the 1930 enumeration still survive and have been microfilmed.  They may be consulted in the Archivo General de la Nación or on film at any branch library of the Genealogical Society of Utah.  The 1930 effort is widely recognized as one of the best planned and competently executed of the century, although a complete enumeration remained an unattained ideal.  

Error. Error is the principal culprit for Collver (Model B), Mier y Terán, and Greer, with a million or more of the missing attributed to this factor.  Collver's model B, or maximum census error model, would account for almost half the entire “loss” over the decade by this factor alone.  Model B combines guesstimates of inflated counts in 1910 and suspected widespread undercount in 1921 to obtain a figure of 1.2 million total error.  Greer's study of the demographic impact of the Mexican revolution endorses Collver's model B as the most likely scenario.  Mier y Teran also relegates one of her missing millions to census enumeration problems.  

Order of magnitude is the most that historians should expect given that adjustments for error of one-half million or more is required for every national census since the 1921 effort.  The scale of adjustments for error, subtracting one-half million for 1910 and adding a similar amount for 1921 or 1930, shrinks estimates of real demographic loss by a substantial fraction.  However, the evidence for widespread census fraud in 1910, as presented by Collver and Greer, is simply too scanty to be accepted.  Neither author reports any systematic attempt to examine returns for individual states to detect inflated figures for specific census years. Arriaga (1968:163) and Mier y Terán (1982:353) place greater confidence in both the 1910 and 1930 enumerations than those of 1921 or 1895. Mier y Terán  estimates an undercount of only 0.8 percent for 1930 (120-140,000), versus four  percent for 1921 and two percent for 1940. 

Alba, who pays little attention to early census data, places the undercount for 1930 at 510,000, less than for any other modern Mexican census (1977:18).  To resolve the disagreement between Mier y Terán and Alba, splitting the difference at 300,000 seems reasonable.  If Mier y Terán's estimate of error is closer to the mark for 1930, then I will have exaggerated census error by 150,000, but if Alba's is more accurate, then my figure is an underestimation of some 200,000.  Whatever the total error, it must be parceled out to specific age groups.  I assign one-half of the undercount to the age-group 0-4 (increasing the proportion from 15.2 to 15.8 percent), and the remainder, 75,000 for each sex, is spread proportionally over ages 5-85+.  In other words, my adjustments are slight for all age groups except the youngest, which of course were born after the revolution and consequently are not as critical for answering the question at hand.  Nevertheless, if a good-fitting inverse projection cannot be constructed for the decade after the revolution, then great expectations should not be held for modeling the decade of violence.  

Prior attempts at assaying the costs of revolution focus on the decade of intense fighting.  However, fighting did not end in 1917 or 1921.  Indeed loss of life resulting from the Cristero rebellion in the late 1920s was extensive.  The human cost of this event demands a study of its own, year-by-year and region-by-region.  By examining the period 1910-1930, I base my assessment on more reliable data and make it possible to take into account destruction in later years as well.  Finally, the estimate of undercount for the 1921 enumeration is derived simply by looking back from 1930, comparing the total population for 1921 from the inverse projection with the published totals.  

Emigration to the United States. Emigration, which accounts for as much as one-third of the total demographic loss for Gamio, Loyo and Mier y Teran, amounts to less than one-tenth for Gonzalez y Navarro and Collver's maximum mortality model.  Ordorica and Lezama's figures for emigration show how slippery words can be when one tries to convert them into numbers, as in Table 1.  While the authors give a numeric estimate of the emigration effect (400,000), the text attributes “a good part” of the missing millions to emigration.  It seems to me that “a small part” might be more appropriate for describing a thirteen percent loss.  For other authors, where no numbers are available (noted by brackets in Table 1), I have converted slippery narrative into concrete numbers.  

Those who see emigration as a minor effect of the revolution can find comfort in new evidence from the original United States census manuscripts for 1920 which only became available to the public in 1992 (Gutmann, McCaa, Gutierrez-Montes and Gratton, 2000).  Likewise, a re-working of rarely used published census figures also supports a low emigration scenario.  The total Mexican born population in the United States increased from 221,915 in 1910 to 486,418 in 1920 and 641,462 in 1930, an increase of 260,000 in the first decade and 160,000 in the second (U.S. Census Bureau, 1933, vol. 2, p. 14, Table 17).  These are net figures, not total flow.  To arrive at the number of total persisting emigrants, an estimate is required of Mexicans who died in the U.S. in each decade and were replaced by new emigrants.  Mortality of 10-20 percent per decade would encompass the true rate, as we shall see below.  This would increase total net emigrants by 22-44,000 for the first decade and 50-100,000 for the second.  Adding 33,000 and 75,000 yields mortality-adjusted numbers of 300,000 and 230,000 total persisting Mexican emigrants to the United States for the 1910 and 1920 decades, respectively.  

Fertility.  Any complete assessment of the human impact of the revolution must take into account not only error, emigration and excess deaths, but also lost births—that is births that did not occur because of the disruption of normal family life.  Here too, there is substantial disagreement among the authorities.  Most demographers discern nearly a million lost births, equivalent to a decline of 10-15 percent in the crude birth rate over the entire decade.  On the other hand, the father of Mexican demography, Gilberto Loyo, seems to have considered fertility effects as rather slight.  Indeed his magnum opus on the population history of Mexico, although highly critical of the demographic attainments of the ancien regime of Porfirio Diaz as “no tan buena como debería haber sido”, omits any discussion of the impact of the revolution on fertility (1935:118).  His assessment must be gleaned instead from musings toward the end of his career (1960:4).  In contrast, Gonzalez Navarro's unpublished population history of Mexico in the twentieth century offers a figure of almost 1.5 million, which he describes as “crecimiento que no se afectuó [sic]”, but this number includes increased mortality due to disease, famine, and disorder. 

Mortality.  Here, disagreement is greatest.  On one extreme are the strict constructionists who would exclude epidemics as exogenous factors (Loyo and Gonzalez Navarro), and on the other are those who define mortality as the residual, after taking into account error, emigration and fertility (Collver, model A).  Loyo, for example, blames the influenza epidemic of 1918 for much of the loss of the decade (1960:4):

Así, se puede estimar que la población de 1910 a 1921 perdió dos millones de personas.  Una parte de estos dos millones, la menos, corresponde a las pérdidas de vidas en los años de las luchas armadas de la Revolución Mexicana, y la otra, la mayor, a la tremenda mortalidad por la epidemia de gripa llamada ‘influenza española’.

That the Spanish influenza epidemic was devastating in some regions of Mexico is beyond dispute, but its effects seem to have been most severe precisely where fighting had been most intense, and the population most weakened.  For example, in Mexico City, deaths abruptly tripled in December 1918, reaching 4,329 (AHSS, Epidemiología, box 11, exp. 1-2).  Nevertheless this number is well below the devastation of 1915, the year of hunger.  1915 was the deadliest year in the modern history of the city, with almost twenty-five thousand reported deaths, or more than five percent of the population.  1916 was nearly as bad with barely 500 fewer deaths. In the year of the flu epidemic over 23,000 deaths were recorded, but this fell short of 1915 by more than one thousand.  Then too, after the epidemic passed, mortality declined by almost one-half in the following year to fewer than 12,000 deaths.  The average for the biennium yields nearly normal levels of mortality.  In contrast, recovery from war, hunger or typhus was not immediate, as mortality remained high (AHSS, Epidemiología, box 11, exp. 1-2). Similarly, in the historic city of Aguascalientes respiratory mortality in 1918 soared, but total deaths still fell considerably short of the 1916 record, where war, famine and other diseases tripled the pre-war average (González Esparza 1992:43). With respect to the Spanish flu pandemic, Ibarra's study (1996) offers a comprehensive review of the meager statistics available.  Sánchez Rosales (2000:23), citing vague contemporary conjectures from the press, which placed total mortality for the Republic at 350-450,000 deaths (2-3 percent of the population), calls for a major study of the epidemic. The one more-or-less reliable statistic which he reports comes from the Mexican army.  Of 125,000 men on the rolls, 1,862 died from the disease, a death rate of 15 per thousand. While the regional picture is far from complete, Allan Knight's detailed study of the revolution offers a succinct chronological and spatial description of the devastating effects of war on food supply, disease, and epidemics (see vol. 2:413-423).

Finally, it should be noted that public health efforts to contain epidemics did not completely collapse, even in the worst years of violence.  Smallpox, for example, remained under control, notwithstanding isolated outbreaks.  In 1910, as revolution erupted on the northern border, annual smallpox mortality in Mexico City fell to a half-century low of only 90 deaths for the entire year.  Then the figure began to rise, to 390 in 1911 and 429 in 1912. As warring and banditry worsened, migration increased and the instinct for survival overpowered charitable inclinations of both parents and public officials.  In 1915, the last great smallpox epidemic in the City's history erupted.  Yet, it was a faint shadow of former bouts.  From a weekly average of 10 cases (not fatalities) over much of 1914, 18 cases were recorded in the first week of 1915, rising to 50 per week in March and 70 in April.  While total deaths for the year surged by nearly one-third, hunger and typhus accounted for much of the increase.  Smallpox deaths probably numbered significantly less than one thousand, assuming a case fatality rate of one-in-four (AHSS, Epidemiología, box 11, exp. 1-2).  When cause of death statistics become available again in 1918, smallpox mortality in the City had fallen to a mere 140 deaths for the entire year (AHSS, Estadística, box 10, exp. 27).

Unfortunately, what we lack is a general picture for the entire country.  Nevertheless from the scattered statistics available it would seem, first, that Spanish influenza, while deadly, was not the biggest killer of the decade, particularly when averaged with the abnormally low number of deaths in the years following.  Second, the general mortality level increased greatly due to violence, particularly in the four years when fighting was most intense, 1913-1916.  Third, epidemic eruptions and famine—unlike any Mexicans had suffered since the end of Spanish colonial rule (McCaa 2000)—pushed death rates higher still.  From the data on Mexico City and Aguascalientes (including its hinterland), an increase in the crude death rate of at least one-fourth above the norm occurred in each of four years over the decade, 1914, 1915, 1916 and 1918.  

Matching the 1930 age structure with inverse projection.  The best-fitting model for each sex will approximate 1930 census figures for each age group.  Contrary to common sense, the inverse method most easily accomplishes this by means of annual projections, rather than simpler quinquennial or decennial computations (McCaa 1993).  The preferred inverse projection maps annual fluctuations in crude birth, death and net emigration rates by sex. For the years of greatest crisis, higher mortality and lower fertility are postulated.  Appendix I lists the computer instructions required to reproduce the various scenarios explained below using the inverse projection program Populate.     

First, the female population is projected with the goal of matching the corrected female age structure in the 1930 census.  The best-fitting annual series of births, deaths and net-migration for the female population provides a basis for projecting the male population.  Then the male simulation, based on births obtained from the optimal female projection, adjusts deaths, but not births, to fit the 1930 male age structure. Extreme age-heaping in all Mexican censuses before 1960 (Camposortega 1992:94) foils attempts to compare cohorts by five or ten year age groups, so the age structures are presented graphically and slightly smoothed.  Figure 1 reveals a surprisingly close fit between the observed and projected census age distributions for females.  Indeed, based on the corrected census figures for 1930, for the 4.2 million females under 20 years of age, the absolute error is a trivial six thousand (0.1 percent).  For females born in the first years of the revolution (1911-1915, aged 15-19 in 1930), the corrected census figure is 812.4 thousand and the projected is 811.6 while for ages 10-14 the respective figures are 901.6 and 899.6 thousand.    

Figure 1 near here

How sensitive is this model to mis-specification?  Shifting the crude rates up or down by as little as one point increases error ten fold, to one percent ( ~50 thousand).  If a high-pressure demographic regime is hypothesized, with crude rates, say, four points greater, error for ages 0-19 years balloons from -6 to +171 thousand.  Decreasing the demographic pressure by four points creates a shortfall of 196 thousand at the same ages and a corresponding surplus at ages 20+.  Note that the totals for females and males are matched in each instance, but the age distributions shift substantially with only slight adjustments in the crude rates.  Because the favored model closely approximates the under-twenty age structure in 1930 it is superior to alternative models, and therefore, superior in approximating demographic conditions over the period 1910-1929.      

For middle-aged and older women (35 years of age or more in 1930) the model is not as successful.  In part this is due to the fact that the older groups continue to bear the imprint of the hypothesized age structure for 1895 used to initiate the projection.  Beginning a projection prior to 1895 is an exercise in sheer invention because there are no national-level data prior to that year (Camposortega, 1992:12; McCaa 2000).  Even for 1895, the published census age structures cannot be used because of odd groupings and pronounced age-heaping.  A model age structure is necessary.  In 1930, extreme age heaping remains a severe problem.  Indeed as late as 1950, on the Whipple index scale of "exact" to "very bad," Mexican age structures for both sexes continued to score a "worst" rating.  Only with the 1970 census was a rating of "bad" finally attained by each sex (Camposortega 1992:94).    

The biggest disparities in the best fitting models are for females aged 35-44 (93 thousand too few in the model, -8.5 percent).  This error is due to a combination of additional deaths and emigration at these ages over the 1895-1930 period, to age-heaping in the 1930 enumeration, and to errors in the hypothesized 1895 age distribution.  Without additional data for the pre-1895 period, it is impossible to decompose these errors with much certainty. Since the overall totals match, excesses for one group must be counterbalanced by deficits for others. For females aged 55-59 (+75 thousand) and 65-69 (+35 thousand), age heaping, in this case age-avoidance in the census data is the likely problem, not the projection.  The saw-toothed pattern of digit attraction is extreme at these ages with 293 thousand females aged 50-54, but only 164 at ages 55-59, surging to 201 at 60-64 and falling to 87 aged 65-69.  For those 75 years of age and older, the number projected is half the census figure (42.5 vs. 87.3 thousand), a clear indication of the exaggerated ages common to the oldest old.  For mature women aged 30-34 (588 thousand enumerated vs. 613 projected for females born between 1896 and 1900), the projection does not account for what may have been a more severe thinning of the cohort during the years of the revolution.  While the difference of 25,000 amounts to one of the largest substantive errors in the model (at other ages digit attraction or age heaping is the greater problem), it illustrates the uncanny ability of the method to imprint cohorts with birth, death and even emigration histories as they are projected forward through time. 

Once the female population is successfully modeled, the results are used to calculate the birth stream for males (1.05 times the estimated annual number of female births), year-by-year from 1895.  It is hypothesized that male mortality will be higher than female, and this is borne out by the projection.  Both before and after the decade of violence, the difference in crude death rates by sex is a matter of only a point or two, but during the years of greatest fighting and hardship, the best-fitting model requires an increase in the crude death rate above female levels of four points year-after-year.  Even so, the projected male age structure does not fit the entire 1930 age distribution.  For the youngest age groups (0-14), the model fits almost perfectly.  The target is 3.417 million and the projected figure is 3.408 million.   For 15-19 year olds (born 1911-15), the model projects 934 thousand, but the adjusted census figure is only 801.  Excess deaths of perhaps 50-100 thousand seems the most likely explanation because by peeking ahead ten years to the 1940 census reveals 752 thousand reported for this group (versus 850 projected).  For the following cohort (born 1906-10), peeking ahead also suggests heightened mortality.  Compared with the model there is a deficit of 140 thousand, and the shortfall also persists in the 1940 enumeration.  Redress comes at ages 35+, where the projection falls short of the enumerated population by 200 thousand.  The model fails to capture the heightened mortality for teenage boys during the decade of revolution, and instead distributes deaths more evenly among younger and older males.  Given the nature of this exercise, rather than tinkering with the model, I prefer to report its blemishes and use them to speculate on the effects of error, mortality, and emigration.    

Given the general, often arbitrary character of the inputs used in these projections (Appendix I), it might be surprising to those unfamiliar with the inverse projection methodology that the simulated age structures match the enumerated population so closely, indeed almost perfectly for females below age 35.  For males, inflating deaths in the late 1920s for the years of the Cristero rebellion (with a corresponding reduction in the most violent years of 1910 decade) would lead to a better fitting model.   Instead, the projections are reported as they are with the proviso that male mortality is probably overstated by perhaps as much as 100,000 in the first decade and understated by a similar amount in the second.

Modeling demographic catastrophe with inverse projection. In addition to the new inverse projection scenario, Table 2 summarizes four sets of vital rates postulated for the period—models by Collver (maximum mortality and maximum census error), Mier y Terán, and Greer.  All scenarios balance the demographic equation for the period 1910 to 1921, but each does so somewhat differently. 
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Collver's maximum mortality model places Porfirian crude birth rates in the upper-40s, and for the decade of revolution allows them to decline by 3-6 points.  Death rates surge from the low-30s to the high-40s, an increase of 10-15 points.  Unfortunately, Collver’s models are not based on a well-founded understanding of the course of the revolution.  This should not be surprising because Mexico is allotted a scant thirty pages, in a book devoted to developing base-line crude birth and death rates for all of Latin America from the earliest reliable vital statistics to 1960.  Collver was not a student of the Mexican revolution, as evidenced by his statement that “most of the excess deaths probably occurred during two brief periods:  the actual physical conflict which began in the fall of 1910, and the epidemic of Spanish influenza of 1918-19” (1965:38).  Actual physical conflict and the deaths inflicted thereby were not confined to brief periods, certainly not the Fall of 1910.  

In fact the overthrow of Diaz, which occurred in late spring 1911, was accomplished with little violence or destruction.  The fighting scarcely began until 1911.  The best example is the state of Morelos, where devastation was greatest (Holt Buttner 1962).  There the dominant revolutionary chieftain for much of the decade was the legendary Emiliano Zapata.  Zapata dallied some four months from November 1910 until March 1911, before finally answering Franciso Madero's call to revolt against Diaz.  Three months later, Mexico's aged, six-term President resigned, not so much due to developments in Morelos as to the defeat of a 700 man-contingent of the federal army at the small, but strategic northern border town of Ciudad Juarez.  In 1910, Ciudad Juarez numbered fewer than 20,000 inhabitants (Katz 1998:104).  Victory at Ciudad Juarez came to the revolutionaries on May 10, 1911, after a siege lasting only a couple of days.  Ten days later Zapata achieved his greatest success against Diaz, with the capture of Cuautla (pop. 11,169).  Defended by a troop of 400 federales, the town was evacuated after a six-day siege.  The classic account does not mention casualties (Womack 1969:84).  The pact of Ciudad Juarez was signed on May 21, and Diaz resigned on the 25th. 

The real fighting began, when the revolutionaries trained their weapons on one another over the course of the following six years.  Indeed the first mutiny against Madero had already occurred, on May 13.  Led by the victors of Ciudad Juarez, Pascual Orozco and Pancho Villa, Madero put it down without a single casualty by boldly leaping to the top of a car and appealing directly to the troop (Katz 1998:111).  

While Zapata waited four months to rebel against the hated Diaz, not four weeks passed before he rebelled against the enormously popular Madero.  In late November 1911, Zapata, tired of waiting to be appointed chieftain of the army of the South, denounced Mexico’s first democratically elected president by proclaiming the Plan of Ayala.  While the Plan contained a fig-leaf statement on returning land to villagers whose holdings had been usurped (as well as the ever popular promise of land to revolutionaries and their heirs), most of the document’s 2,000 words was about power—and personality, not to mention perquisites—as a cursory reading of the complete document readily reveals (Womack 1969:394-397).  Only in 1912 did serious fighting break out in Morelos.  Elsewhere regional bands (and bandits), some with plans, others without, escalated the plundering of the countryside, hamlets and towns.  As is well known, in less than two years after Diaz’s resignation the nation slid into chaos.  With the assassination of Madero on February 21, 1913—probably at the order of the Madero-appointed commander-in-chief of the federal army, Victoriano Huerta—, civil war erupted in most regions of the country. Deprived of arms by a United States naval blockade, the usurper proved incapable of suppressing the many revolts.  The battle of Zacatecas, June 23, 1914, where 6,000 federal troops died, sealed the fate of Huerta, who fled into exile two weeks later.  

Now, an even bloodier phase of the revolution began, as, once again, the victors turned on one another.  1915 was the year of hunger.  Marauding bands destroyed the few crops that were sown, many before they could be harvested.   Destruction continued into 1916, although with the defeat of the northern chieftain Pancho Villa at the battle of Celaya in April 1915, the violence began to wane, however slowly.  

Collver's maximum mortality model is based on a cursory understanding of the course of the decade of revolution.  Nor does it take into account the not-inconsiderable amount of “robolución,” which plagued Mexicans for much of the decade.  Collver's alternative model minimizes mortality by starting the decade with the total population discounted due to fraud and slightly lower birth rates and slightly higher death rates.  With revolution, death rates in this model rise fewer than five points, but the fall in fertility is more dramatic—to account for the missing millions. Greer adopted Collver’s minimum mortality model as his own with some slight adjustments.  

Mier y Terán offers a substantially different scenario.  Porfirian vital rates are much higher, with births at 50 per thousand population and death rates approaching 40.  The impact of the revolution is rather slight, with birth rates showing the greatest change.  Death rates increase by only a few points. 

The inverse projection scenario differs dramatically from others, because this model must balance two complex demographic equations—projecting the female and male population to 1930 using sex-specific crude birth and death rates. Counter-factual projections provide benchmarks to weigh effects of mortality and fertility, by simulating, on the one hand, what might have happened if there had been no revolution (“reform” in Table 2), and on the other, what the effects might have been if the revolution had only impacted mortality or fertility separately (“revolution” death rates and “reform” birth rates for the former and the reverse for the latter).  For all projections crude rates for 1910 and 1920 provide anchors for interpolating intervening years. The reform model establishes a baseline—the course of vital rates without war. This model simply interpolates vital rates from 1910 to 1920, assuming no disturbances or change in the direction or pace of trend.  The exception is 1918 where the Spanish influenza epidemic as an exogenous factor in the reform model adds four points to the crude death rate for that year (some 60,000 deaths).  The revolution model, already discussed above, attempts to portray the likely course of vital rates during the war years. Two sex projections are made in each case.
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If there had been no revolution and rates of natural increase had risen slowly over the decade from one percent to 1.4 percent per annum, the population of Mexico would have been 17.3 million in 1921, with normal emigration. The enumerated total was 3 million less, or 14.3 million.  Adding 1.1 million to this figure for under-enumeration in 1921 (with a range of +/-200,000 depending upon whether one favors corrections for 1930 by Mier y Terán or Alba), reduces the net loss to 1.9 million (see Figure 2). If fertility had been unaffected by the war, there would have been 550,000 additional children born who would have survived to be enumerated in the 1921 census.  This is equivalent to a four point loss in the annual crude birth rate over the decade.  Under this scenario total population would have shrunk to 16.7 million.  Excess war mortality accounts for 1.4 missing millions, pushing the total to 15.9.  In relative terms, one-in-seven deaths over the decade was probably due to the violence and chaos of the revolution.  Combining the two effects we arrive at the 15.4 adjusted figure for the 1921 census.  In these scenarios the effect of the Spanish flu epidemic in 1918 is discernible, but clearly it was not the biggest killer in the larger picture.  If the 400,000 flu deaths estimated by Ibarra (1996:65) is correct, the total is only slightly less than the United States's 550,000, but the population of the U.S. at 103 million was at least six times that of Mexico (Moyner and Garenne 2000).  It would seem reasonable to ascribe at least half of Mexico's enormous loss from the flu, if true, to the disorder and weakened state of the population caused by a decade of war.  The reform model adds “only” four percentage points to the crude death rate for that year or 60,000 deaths, as the more likely endogenous effect of the epidemic.  To appease apologists of the Revolution who favor exogenous epidemics to explain the missing millions, we may, generously, sextuple the Spanish flu effect to 350,000, reducing deaths due to the revolution from 1.4 to 1.1 million.  Apologists would be forced to conclude that on the whole endogenous epidemics probably accounted for much less than one-half of the excess mortality over the decade.  War-related causes—hunger, violence, and the like—constituted the bulk of the 1.4 million lives lost. Persisting war-induced emigration, as noted above, probably totaled no more than 200,000 over the decade.    

Alternatively, minimizing the number of excess deaths (and maximizing lost births to keep the population equations in balance) would halve the mortality cost but double the fertility effect.  Unfortunately the high birth loss model cannot match the 1930 age structures.  If we ignore this inconvenient fact and embrace the high fertility loss model anyway, excess deaths amounted to about eight hundred thousand (or half that if all Spanish flu deaths are considered exogenous).  At the other extreme, the fertility effect could be minimized (and mortality maximized).  This scenario, which also fails to produce a good fit with the 1930 population age structures, points to one-half million lost births and 1.7 million excess deaths.  These simulations offer a range in which the true losses probably fall.  Whichever scenario one chooses, the human cost was enormous:  0.8 – 1.7 million excess deaths and 0.5 – 1.6 million lost births.  I favor mid-range estimates of 1.4 and 0.6 million, respectively, because this scenario most closely approximates the population age structures for females and males in 1930.     

From the best fitting model, we learn that life expectancy probably fell 10-15 years during the periods of greatest violence, from 30-32 years in 1910 to 15-20 in 1913-1916 (Table 3).  Infant mortality would have increased by one-fifth or more in those years, with more than one-fourth of all babies dying during the first year of life in 1915, 1916 and 1918.  These basic demographic statistics fail to communicate the depths of the many personal tragedies, but they provide important new details for understanding broad national trends.   
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Cohort analysis: 1910, 1930.  For those not persuaded by the unconventional method of inverse projection,  consider what a more conventional tool, cohort analysis, has to offer as a means of measuring the impact of the revolution.  With this approach, data from the 1910 and 1930 censuses of both Mexico and the United States are combined to study Mexicans born before 1910 and enumerated in either country.  To obtain the complete Mexican born population by sex in both years, we sum Mexicans residing in the United States to the population of Mexico.  

As an aside, consider that very few Mexicans resided outside these two countries at either date.  Mexicans supposedly sought refuge from revolutionary violence in Guatemala, Belize, Cuba and even Spain, but censuses show otherwise.  The largest number of Mexicans in any of these countries, some 4,000, resided in Spain, where priests and nuns did indeed seek refuge.  The figure is dwarfed by the several hundred thousand Mexicans resident in the United States.  Then too, the number of refugees in the United States was never as great as often thought.  If a half million “cultured” Mexicans sought refuge in the United States, as the often cited remark by the Mexican Ambassador to the United States asserts (Ordorica and Lezama, 1993, 46), they were not sufficiently cultured to appear on the United States census rolls for 1920.  Meanwhile, their several hundred thousand illiterate compatriots experienced no such aversion or problem.  

Gonzalez Navarro also questions the half million figure and the emphasis on sanctuary as a cause of emigration.  According to Gonzalez Navarro (1994, vol. 3:194), “En la década 1910-1920 según el parecer más generalizado, el bracero emigraba en busca de un mayor salario, para huir de la servidumbre y por falta de garantías.” The fact that the 1920 U.S. census shows New Mexico attracting only a few thousand Mexican born, while California drew more than 50,000 and Texas double even that figure suggests that the giant sucking sound of the 1910s was the United States economy, not the storm of the Mexican revolution (Gutmann, McCaa, Gutierrez-Montes and Gratton, 2000; figures are from Haines, forthcoming).  The scale of permanent war-related emigration has been greatly exaggerated, as the cohort analysis shows.   

In this cohort analysis, fertility is not an issue, because we focus attention only on Mexicans already born before census day in 1910.  In the enumeration of 1930, the survivors from this cohort were twenty years of age or older.  Although census dates in the two countries differ by a few months, this distortion is minor given our interest in magnitudes.  Likewise enumeration error, whether due to under-counting or misclassification of the Mexican born declaring themselves as citizens of the USA, is unlikely to have a significant effect on the proportions.  
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The purpose of Figure 3 is, first, to emphasize how small net emigration to the U.S.A was over the two decades, not only in absolute terms but also as a fraction of total population in 1910, and second, to stress how great the excess mortality was.  Losses due to mortality were at least double and perhaps triple those due to emigration to the United States—without taking into account losses to those born after 1910. For females, the size of the cohort born before 1910 shrinks by forty-one percent from 7.7 million Mexican-born enumerated in both countries in that year to 4.4 million in 1930 (Figure 3).  The figure for males, 44 percent, is significantly worse, with a decline from 7.6 to 4.0 million.  As a comparison for the same period, Blacks in the U.S.A. lost 31 percent of their numbers over the two decades, with Black females enjoying a two-point advantage over males (Haines, forthcoming).  Comparing U.S. whites is impossible due to the confounding effects of a substantial influx of European immigrants during the period.  For Mexicans, a large fraction of the loss was due to higher mortality prevailing in Mexico.  In 1910, life expectancy at birth hovered at thirty years, ten years lower than for Blacks in the U.S.A.  Indeed, according to the best estimates, not until 1940 did life expectancy at birth reach forty years in Mexico, a figure attained three decades earlier by Blacks in the U.S.A (Arriaga 1968; Haines forthcoming).  If, without the revolution, life expectancy had continued to improve only slightly over the decades, approximately 35 percent of Mexican females alive in 1910 and 36 percent of males would have died during the years 1910-1930.  Excess mortality, then, amounts to roughly five percentage-points for females alive in 1910 and nine points for males, some 400 thousand excess female deaths and 700 thousand male. These figures do not include children born in the 1910 decade and who died due to revolutionary violence.

In contrast, emigration for the cohort born before the revolution was considerably less.  The fraction residing in the United States more than doubled over the period 1910-1921, but the total remained small, some five percent of all female Mexicans born before census day in 1910 compared with 6.6 percent of males.  The number of female emigrants born before 1910 and residing in the United States grew from 92 thousand in that year to 207 in 1930. For males the relative increase was similar, from 141 to 285,000. Discounting mortality from the 1910 cohort would point to 130-150,000 net female immigrants over two decades and 200-225,000 males, for a total of 350-400,000.  However, emigration in the decade of revolution was, in fact, only slightly more than in the 1920s as noted above, so that halving these figures would be a rough approximation.  Then the figures should be halved again to take into account the fact that many Mexicans were drawn to the United States, even during the 1910s, as much by the booming economy of the Southwest as by the search for sanctuary. Of course, both the push of revolutionary chaos and the pull of economic opportunity were at play.  To assign half to each, placing war-induced emigration for the pre-1910 birth cohorts at 30-40,000 females and 50-60,000 males, would be less erroneous than to assign the entire sum to a single factor.  Thus, the increase in permanently emigrating refugees among those already born in 1910 was probably less than 100,000, 0.7 percent of the population enumerated in 1910.  The absolute maximum would be 1.5 percent, assuming that the entire net increase of the decade for the pre-1910 birth cohort resident in the U.S.A., 175-200,000, was due to war. 

Cohort analysis can be something of a hammer in the demographer's toolkit.  Comparing censuses two decades apart and combining results for two countries is difficult to do well.  Conjecturing mortality rates is even more challenging.  For these reasons, inverse projection offers an alternative, comprehensive means of assessing not only the total demographic losses over the decade, but also decomposing the losses into mortality, fertility, and migration components.     
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What inverse projection cannot do is assess the damage state-by-state ("entidad federal" in Mexican statistical parlance).  Cohort analysis, on the other hand, can help distinguish where losses were greatest, although excess mortality is indistinguishable from losses due to migration because no table was published for migrants by age.  In the worst case, that of Morelos, the total loss exceeded sixty percent for both males and females born before 1910 (Figure 4).  Of 90,052 females counted in 1910, only 35,614 were enumerated in 1930. The greatest female losses, with less than 50% of the 1910 cohort enumerated two decades later, occurred in six of thirty-one entitidades--Morelos, Durango, Colima, Guerrero, San Luis Potosi, and Zacatecas.  For males five additional entities must be added to the list:  Campeche, Queretaro, Nayarit (Tepic), Mexico and Jalisco.  In contrast, in-migration led to survival ratios greater than one for Baja California (males) and the Federal District (DF, females; 0.88 for males).   Survival ratios of 0.6 or greater for both sexes were attained in only two other entities:  Sinaloa and Tampico.   Detailed studies such as that for Morelos (Holt Buttner 1962) are needed to assess losses state-by-state and settlement-by-settlement.  

Conclusions.  Given the magnitude of the human losses caused by the Mexican revolution, the silence of some scholars and disbelief by others is surprising.  Indeed, the Mexican revolution is omitted from a recent historical summary of the human cost of modern warfare. Whether this is due to oversight, confusion, or selection criteria (the authors may not consider the Mexican Revolution as an “international” war), of twenty-five wars listed, the Mexican revolution would rank ninth, tied with the Spanish Civil War and surpassed by each of the two World Wars, the Russian Revolution, the Korean and Vietnamese Wars, the Napoleonic Wars (1803-1815), Sino-Japanese War (1937-1941), and the Soviet-Afghanistan war (Clemens and Singer 2000).  

In the case of the Mexican Revolution, losses due to emigration was important, but this was not a major factor in the sharp fall of the population.  Error, in the poorly enumerated census of 1921, created confusion for those trying to make an assessment, but the availability of high quality data from the 1930 enumeration resolved this problem many decades ago.  Fertility effects can be discerned by examining the population below age ten in the 1921 census, or below twenty in 1930. Excess mortality can be estimated by focusing on Mexicans who were enumerated in the 1910 census, that is those who were born before the revolution began.  Following this cohort in subsequent censuses provides an alternative means of assaying the demographic devastation of the revolution.  This conventional method leads to the same conclusion as inverse projection:  mortality costs of the revolution were massive, so great in fact as to be characterized as "implausible" by demographers. 

The best two-sex inverse projection to 1930, taking into account the age and sex distribution of the population in that year, points to some three million missing as of 1921.  Census error in the 1921 enumeration reduces this figure by one-million. Two-thirds of the remainder was due to one factor:  excess mortality (1.4 million deaths), with 350,000 more male deaths than female.   Lost births were substantially less at 550 thousand.   Smaller still, at less than ten percent of the total loss, was emigration to the United States, with the persisting number of male refugees slightly more than 100,000, and females about three-fourths of this figure. Total persisting emigration was less than 400,000, of which half was probably due more to money than mayhem, the lure of better paying jobs than the flight for safety.  

From the best-fitting inverse projection model then, excess mortality is the principal explanation for the missing millions.  Ordorica and Lezama (1993) reached a similar conclusion some years ago, although attained by different methods.  On the other hand, I estimate fertility and emigration effects to be considerably smaller than they.  Our scenarios are members of the same high-mortality family—well-below Collver’s implausible maximum—and are unlike earlier estimates by historians and demographers.  From a millennial perspective, the human cost of the Mexican Revolution was exceeded only by the devastation of Christian conquest, colonization, and accompanying epidemics, nearly four centuries earlier.
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Table 1.  Nine estimates of the demographic costs of the Mexican revolution  
(millions)

	Author
	Census error
	Emigration
	Births
	Deaths
	Total

	Descriptions (brackets mark my conversions of words to numbers)

	Gamio
	   -
	0.7
	[0.8]
	0.55
	2.0

	Loyo 
	0.5
	[0.7]
	[0.4]
	[0.9]
	2.5

	Gonzalez Navarro
	     -
	0.15
	1.43
	0.3
	1.9

	Demographic models

	Collver
	
	
	
	
	

	  A. maximum mortality
	0.2
	0.2
	0.6
	2.1
	3.1

	  B. maximum census error
	1.2
	0.2
	0.9
	0.5
	2.8

	Greer 
	1.2
	0.27
	1.0
	0.6
	3.1

	Mier y Teran 
	1.0
	0.5
	0.8
	0.2
	2.5

	Ordorica and Lezama 
	[0.5]
	0.4
	1.1
	1.4
	2.9 [3.4]

	New estimates (see text for ranges)
	1.1 

	0.35*0.5
	0.6
	1.4
	3.3


Sources:  Gamio (1930), Loyo (1960), Gonzalez Navarro (nd.), Collver (1965), Greer (1966), Mier y Terán (1982), Ordorica and Lezama (1993); [] inferred from text in source.


Table 2.  Scenarios of vital rates during the Mexican Revolution


	
	Annual  
	Quinquennial

	Year 
	Reform
	Revolution
	Revolution
	Collver
	Mier y Terán

	
	
	
	
	mortality
	error
	

	Death rates

	1905-9
	
	
	35.8
	32.9
	34.1
	37.2

	1910
	34.2
	34.2
	
	
	
	

	1911
	34.1
	37.8
	
	
	
	

	1912
	34.0
	49.3
	46.0
	46.6
	38.2
	38.9

	1913
	34.0
	53.3
	
	
	
	

	1914
	33.9
	55.4
	
	
	
	

	1915
	33.8
	50.2
	
	
	
	

	1916
	33.7
	45.0
	
	
	
	

	1917
	33.7
	34.1
	39.0
	48.3
	36.8
	38.9

	1918
	37.3
	37.3
	
	
	
	

	1919
	28.5
	28.5
	
	
	
	

	1920
	33.2
	33.2
	
	
	
	

	1920-24
	
	
	32.5
	28.4
	30.9
	31.3

	Birth rates

	1905-9
	
	
	48.8
	46.0
	44.6
	49.7

	1910
	47.6
	47.6
	
	
	
	

	1911
	47.6
	46.6
	
	
	
	

	1912
	47.6
	49.7
	45.8
	43.2
	40.3
	45.5

	1913
	47.6
	42.6
	
	
	
	

	1914
	47.6
	42.4
	
	
	
	

	1915
	47.6
	42.3
	
	
	
	

	1916
	47.6
	42.1
	
	
	
	

	1917
	47.6
	41.9
	42.8
	40.6
	37.5
	45.5

	1918
	47.6
	41.9
	
	
	
	

	1919
	47.6
	46.0
	
	
	
	

	1920
	47.6
	48.1
	
	
	
	

	1920-24
	
	
	47.6
	45.3
	44.4
	51.3



Table 3.  Effects of revolution on life expectancy (e0), gross (grr) and net reproduction (nrr)
from crude rates of birth, death and net emigration  


	

Year
	Life 
expectancy at birth (years)
	Reproduction ratios
	Infant mortality rate
	
Crude rates

	
	
	Gross
	Net
	
	Birth
	Death
	Net emigration

	Females

	1910
	31
	3.0
	1.5
	221
	46
	33
	-0.4

	1911
	28
	2.9
	1.3
	241
	45
	36
	-0.4

	1912
	22
	3.0
	1.1
	268
	48
	46
	-0.4

	1913
	18
	2.6
	0.8
	284
	41
	50
	-0.4

	1914
	17
	2.5
	0.7
	289
	41
	52
	-0.4

	1915
	19
	2.5
	0.8
	289
	40
	47
	-1.7

	1916
	22
	2.5
	0.9
	287
	40
	42
	-1.7

	1917
	28
	2.4
	1.1
	246
	40
	34
	-1.7

	1918
	26
	2.4
	1.0
	257
	40
	36
	-1.7

	1919
	34
	2.7
	1.4
	199
	44
	28
	-1.7

	1920
	31
	2.8
	1.4
	218
	46
	32
	-1.1

	1921
	32
	2.8
	1.4
	214
	46
	32
	-1.1

	1922
	32
	2.7
	1.4
	211
	46
	31
	-1.0

	1923
	33
	2.7
	1.4
	208
	45
	31
	-1.0

	1924
	33
	2.7
	1.4
	206
	45
	30
	-1.0

	1925
	33
	2.6
	1.4
	204
	45
	30
	-0.5

	1926
	30
	2.5
	1.2
	230
	44
	34
	-0.5

	1927
	28
	2.4
	1.1
	246
	42
	36
	-0.5

	1928
	29
	2.4
	1.1
	236
	42
	34
	-0.5

	1929
	32
	2.5
	1.3
	215
	43
	30
	-0.5

	1930
	35
	2.6
	1.4
	194
	44
	28
	0.4

	Males

	1910
	28
	
	
	233
	49
	35
	-1.4

	1911
	25
	
	
	258
	48
	40
	-1.5

	1912
	18
	
	
	268
	52
	53
	-1.6

	1913
	16
	
	
	282
	44
	57
	-1.6

	1914
	15
	
	
	287
	44
	59
	-1.8

	1915
	17
	
	
	285
	44
	54
	-3.3

	1916
	19
	
	
	282
	44
	48
	-3.4

	1917
	28
	
	
	240
	44
	34
	-3.5

	1918
	25
	
	
	263
	44
	38
	-3.5

	1919
	33
	
	
	199
	48
	29
	-3.6

	1920
	30
	
	
	224
	50
	34
	-1.9

	1921
	30
	
	
	221
	50
	34
	-1.9

	1922
	30
	
	
	219
	50
	34
	-1.9

	1923
	31
	
	
	218
	50
	34
	-1.8

	1924
	31
	
	
	217
	49
	34
	-1.8

	1925
	31
	
	
	215
	49
	33
	-1.5

	1926
	27
	
	
	241
	47
	38
	-1.5

	1927
	25
	
	
	257
	46
	40
	-1.5

	1928
	27
	
	
	247
	46
	38
	-1.5

	1929
	29
	
	
	230
	47
	35
	-1.5

	1930
	31
	
	
	212
	48
	32
	1.8


Appendix 1.  Data inputs for the inverse projection models by sex

The following are instructions used by Populate software to project various scenarios discussed in the paper (see McCaa and Perez Brignoli, 1989) available at: http://www.hist.umn.edu/~rmccaa/programs/programs.htm 

Females Mexico Populate instructions:  annual projections with counterfactual scenarios (absolute figures are in thousands)

year,1895,1940,1F,6349.536,27,90

births revolution, .048 ,  .048!1905 , .046!1910 , .045 , .048 baby boomlet, .041 , .040!1917 , .040 , .044 , .046!1920 ,  .045!1925 , .042!1927, .042,  .044!1930 ,  .045!1935 ,  .043!1940

deaths revolution, .036 , .035!1905, .033!1910 , .036 , .046 , .050 , .052 , .047 , .042 , .034 , .036, .028, .032!1920 ,  .030!1925 , .034 , .036 , .034,  .028!1930 ,  .0267!1935 ,  .0235!1940

births reform counterfactual , .048 ,  .048!1905 , .046!1910 , .046!1919 , .046!1920 ,  .045!1925 ,  .044!1930 ,  .045!1935 ,  .044!1940

deaths reform counterfactual , .036 , .035!1905,  .033!1910 , .033!1917, .036, .028,  .032!1920 ,  .030!1925 ,  .028!1930 ,  .0267!1935 ,  .0235!1940

births 4 points below best fit, .044 ,  .044!1905 , .042!1910 , .041 , .044 baby boomlet, .037 , .036!1917 , .036 , .040 , .042!1920 ,  .041!1925 , .038!1927, .038,  .040!1930 ,  .041!1935 ,  .040!1940

deaths 4 points below best fit, .032 , .031!1905, .029!1910 , .032 , .042 , .046 , .048 , .043 , .038 , .030 , .032, .024, .028!1920 ,  .026!1925 , .030 , .032 , .030,  .024!1930 ,  .0227!1935 ,  .0195!1940

births  4 points above best fit, .052 ,  .052!1905 , .050!1910 , .049 , .052 baby boomlet, .045 , .044!1917 , .044 , .048 , .050!1920 ,  .049!1925 , .046!1927, .046,  .048!1930 ,  .049!1935 ,  .048!1940

deaths 4 points above best fit, .040 , .039!1905, .037!1910 , .040 , .050 , .054 , .056 , .051 , .046 , .038 , .040, .032, .036!1920 ,  .034!1925 , .038 , .040 , .038,  .032!1930 ,  .0307!1935 ,  .0275!1940

age structure 1895 (stable cbr 51 cdr 39), .0385, .0327, .0296, .0276, .0263, .0254, .0247, .0241, .0236, .0232, .0227, .0223, .0219, .0215, .0210, .0206, .0202, .0197, .0193, .0189, .0184, .0180, .0175, .0171, .0167, .0163, .0159, .0155, .0151, .0147, .0143, .0139, .0136, .0132, .0129, .0125, .0122, .0119, .0116, .0113, .0110, .0107, .0104, .0101, .0099, .0096, .0093, .0091, .0088, .0085, .0083, .0080, .0078, .0075, .0072, .0070, .0067, .0064, .0061, .0058, .0055, .0052, .0049, .0046, .0043, .0040, .0037, .0034, .0031, .0027, .0024, .0021, .0019, .0016, .0013, .0011, .0009, .0007, .0006, .0004, .0003, .0002, .0002, .0001, .0001, .0000, .0000, .0000, .0000, .0000

qx age structure of mortality model (female west e0=27) lower bound, .34722, .11395, .05280, .02847, .01726, .01179, .00913, .00797, .00764, .00778, .00818, .00874, .00937, .01004, .01071, .01137, .01202, .01264, .01323, .01380, .01434, .01486, .01535, .01582, .01627, .01671, .01714, .01757, .01798, .01840, .01882, .01925, .01968, .02013, .02060, .02110, .02162, .02217, .02276, .02338, .02406, .02479, .02558, .02643, .02736, .02836, .02946, .03064, .03193, .03334, .03487, .03653, .03834, .04031, .04245, .04478, .04731, .05005, .05303, .05626, .05976, .06354, .06764, .07207, .07686, .08202, .08759, .09358, .10003, .10695, .11438, .12234, .13085, .13994, .14963, .15995, .17092, .18255, .19485, .20785, .22154, .23593, .25101, .26679, .28324, .30034, .31808, .33641, .35529, .37468, .5

qx age structure of mortality model (female west e0=77) upper bound,   .01245,  .00674,  .00347,  .00171,  .00081,  .00038,  .00019,  .00011,  .00010,  .00010,  .00011,  .00013,  .00015,  .00016,  .00018,  .00020,  .00021,  .00023,  .00024,  .00026,  .00027,  .00029,  .00031,  .00032,  .00034,  .00036,  .00039,  .00041,  .00044,  .00047,  .00051, .00055, .00059, .00065, .00070, .00077, .00084, .00092, .00102, .00112, .00124, .00137, .00152, .00169, .00188, .00209, .00233, .00259, .00289, .00323, .00360, .00402, .00449, .00502, .00561, .00627, .00702, .00785, .00877, .00981, .01097, .01227, .01373, .01535, .01716, .01919, .02144, .02396, .02677, .02989, .03337, .03724, .04155, .04632, .05161, .05748, .06396, .07113, .07902, .08772, .09726, .10773, .11917, .13165, .14522, .15994, .17583, .19295, .21130, .23091, .3

migration female net (thousands), -1,-1!1899, -3.2,-3.2!1904, -3.4,-3.4!1909, -5, -5!1914, -15,-15!1919, -10,-10!1924, -6,-6!1929, 3.3,3.3!1935,-2!1940

crisis, .040!1895, .040!1940

end 


Males Mexico populate instructions:  annual projections with counterfactual scenarios (absolute figures in thousands)

year,1895,1940,1M, 6282.892, 27, 90 

births revolution (from female projection), 321.9048, 325.836, 329.8176, 333.8496, 338.0328, 342.216, 346.3992, 350.7336, 355.1184, 359.604, 364.14, 365.70366, 367.28916, 368.7957, 370.32072, 371.8134, 367.55775, 394.0272, 335.1873, 329.23044, 324.338175, 319.99401, 318.486, 319.494, 354.354, 375.4842, 378.70875, 382.0824, 385.55496, 389.07708, 392.8365, 384.2181, 373.6152, 376.0407, 388.6512, 403.2798, 411.88875, 420.88536, 430.22721, 440.01216, 450.198, 456.71136, 463.57017, 470.72214, 478.16223, 485.793

births reform counterfactual, 321.9048, 325.836, 329.8176, 333.8496, 338.0328, 342.216, 346.3992, 350.7336, 355.1184, 359.604, 364.14, 365.70366, 367.28916, 368.7957, 370.32072, 371.8134, 376.4502, 381.1836, 385.9653, 390.8436, 395.5287, 400.0206, 404.5608, 408.5697, 413.6412, 419.7753, 423.43245, 427.23324, 431.12748, 435.16074, 439.425, 443.86944, 448.49091, 453.23964, 458.11311, 463.2936, 473.14995, 483.4494, 494.19699, 505.39776, 517.05675, 524.54304, 532.36344, 540.5589, 549.07671, 557.865

births no mortality cost counter-factual, 321.9048, 325.836, 329.8176, 333.8496, 338.0328, 342.216, 346.3992, 350.7336, 355.1184, 359.604, 364.14, 365.70366, 367.28916, 368.7957, 370.32072, 371.8134, 368.0775, 397.7568, 343.49595, 343.546665, 344.069775, 343.46277, 343.602, 344.904, 382.5822, 405.4302, 408.95736, 412.62984, 416.39745, 420.2583, 424.35225, 415.962225, 406.7784, 411.894, 427.3899, 444.0282, 453.47211, 463.35618, 473.63862, 484.37088, 495.558, 502.76352, 510.25968, 518.08806, 526.2894, 534.7188

births no lost births counter-factual, 321.9048, 325.836, 329.8176, 333.8496, 338.0328, 342.216, 346.3992, 350.7336, 355.1184, 359.604, 364.14, 365.70366, 367.28916, 368.7957, 370.32072, 371.8134, 375.9189, 377.6094, 376.6434, 374.5665, 372.8277, 372.7311, 375.0012, 378.4788, 383.1639, 388.7667, 392.12586, 395.63244, 399.18858, 402.9354, 406.8225, 410.04768, 411.96351, 413.7525, 416.57616, 420.7896, 429.80301, 439.1604, 448.91238, 459.1104, 469.71225, 476.5152, 483.66024, 491.09508, 498.86109, 506.8602

deaths revolution, .038 , .037!1905, .034!1910 , .038 , .050 , .054 , .056 , .051 , .046 , .033 , .037, .028, .033!1920 ,  .032!1925 , .036 , .038 , .036,  .031!1930 ,  .028!1935 ,  .025!1940

deaths reform counterfactual , .038 , .037!1905,  .034!1910 , .033!1917, .037, .028,  .033!1920 ,  .032!1925 ,  .031!1930 ,  .028!1935 ,  .025!1940

age structure 1895 stable male pop,  .0384, .0338, .0315, .0300, .0289, .0281, .0274, .0268, .0262, .0257, .0251, .0246, .0241, .0236, .0231, .0226, .0221, .0216, .0211, .0205, .0200, .0195, .0189, .0184, .0179, .0174, .0169, .0164, .0159, .0154, .0149, .0144, .0139, .0134, .0130, .0125, .0121, .0116, .0112, .0108, .0104, .0100, .0096, .0092, .0088, .0084, .0081, .0077, .0073, .0070, .0066, .0063, .0060, .0057, .0053, .0050, .0047, .0044, .0041, .0038, .0036, .0033, .0030, .0028, .0025, .0023, .0021, .0018, .0016, .0015, .0013, .0011, .0010, .0008, .0007, .0006, .0005, .0004, .0003, .0002, .0002, .0001, .0001, .0001, .0001, .0000, .0000, .0000, .0000, .0000

qx male west e0=25 lower bound, .35160 , .11341 , .05924 , .03608 , .02399 , .01705 , .01288 , .01035 , .00887 , .00809 , .00779 , .00784 , .00812 , .00858 , .00915 , .00981 , .01053 , .01127 , .01203 , .01280 , .01356 , .01431 , .01505 , .01577 , .01648 , .01716 , .01783 , .01848 , .01912 , .01975 , .02037 , .02098, .02160, .02221, .02284, .02347, .02412, .02479, .02549, .02622, .02698, .02780, .02866, .02958, .03056, .03161, .03275, .03397, .03529, .03672, .03827, .03995, .04176, .04373, .04586, .04818, .05068, .05340, .05634, .05952, .06296, .06668, .07070, .07504, .07971, .08475, .09018, .09601, .10227, .10898, .11618, .12388, .13210, .14088, .15022, .16016, .17070, .18187, .19369, .20615, .21927, .23306, .24750, .26260, .27835, .29472, .31170, .32926, .34736, .36596, .5

qx male west e0=77 upper bound, .01348,  .00057,  .00042,  .00035,  .00031,  .00028,  .00026,  .00024,  .00023,  .00022,  .00022,  .00022,  .00023,  .00024,  .00028,  .00033,  .00039,  .00047,  .00054,  .00060,  .00065,  .00068,  .00069,  .00068,  .00067,  .00065,  .00063,  .00062,  .00061,  .00061,  .00062,  .00064,  .00067,  .00072,  .00077,  .00084,  .00091,  .00100,  .00110,  .00122,  .00135,  .00150,  .00166,  .00185,  .00205,  .00229,  .00255,  .00284,  .00317,  .00353,  .00394,  .00440,  .00491,  .00548,  .00612,  .00684,  .00764,  .00853,  .00952,  .01063,  .01188,  .01326,  .01480,  .01653,  .01845,  .02059,  .02297,  .02563,  .02858,  .03186,  .03551,  .03955,  .04404,  .04901,  .05451,  .06060,  .06731,  .07470,  .08284,  .09178,  .10158,  .11229,  .12398,  .13669,  .15049,  .16542,  .18151,  .19879,  .21728,  .23698,  .35

migration male net annual, -1.5, -1.5!1899, -4.0,-4.0!1904,-6.0,-6.0!1909,-12,-13,-15!1914,-26,-28!1919,-16,-16!1924,-14,-14!1929,15,25!1935,-3,-3!1940

crisis, .040!1895, .040!1940

end
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Fig. 1. Inverse projections of 1930 age structures
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Male projection shows significant departures for 1906-15, 1886-95

Fig. 1. Inverse projections of 1930 age structures
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[image: image2.emf]4 models:  reform, birth only, death only, revolution


By 1921: 1.4 million excess deaths; 0.55m lost births; 0.15 refugees.
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Fig. 2. Demographic costs of the Mexican Revolution
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4 models:  reform, birth only, death only, revolution

By 1921: 1.4 million excess deaths; 0.55m lost births; 0.15 refugees.
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[image: image3.emf]Fig 3. Survival and residence, 1910-30:  Mexico and USA
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[image: image4.emf]National 20 year survival average = .53 (male) and .57 (female)


Worst: Morelos, Colima, Durango, Guerrero, San Luis Potosi, Zacatecas
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Fig. 4. Cohort losses were substantial in 6 of 31 'states' 
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