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ABSTRACT 

Through semi-structured interviews with Mexican climatologists and fanners and 

others in the agricultural sector in Tlaxcala, Mexico, this study explored how 

uncertainties posed by both variable climatic and changing political-economic conditions 

affect the vulnerability of small-scale maize producers. The objective of my research was 

to assess whether and how small-scale Tlaxcaltecan farmers could use long-lead forecasts 

to mitigate climatic uncertainty. The potential effectiveness of the climate forecasts was 

evaluated within the context of cultural, political, social and economic factors that 

influence the decision-making of smallholder farmers. 

This research determined that the vulnerability of small-scale producers in 

Tlaxcala is more a flinction of political-economic uncertainty than of physical 

circumstances. While farmers employ complex methods for anticipating climatic events 

based on religious beliefs and local knowledge, their ability to adapt is constrained by 

lack of resources. As a result, the success of the forecasts in mitigating small-farmer 

vulnerability will be limited. 
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1. INTRODUCTION 

Tke farmer fingers the brown and brittle tips of the young maize plant and shrugs. 
"Quemado," he says.' Burned by frost in the first month of development. It was an 
"helada blanca " -a white frost, not so damaging as the black frosts that take all life 
with them. The farmer pushes back the hat on his head - the sombrero which defines him 
as "puro campesino " - and gestures over his hectare of knee-high corn nestled in the 
shadow of an eroding slope. The frost has affected only about one-third of the field, and 
has not affected the "heart" of the plant, the center from which new leaves will grow. 
The farmer explains to me that this frost was not that unusual; with the blessings from 
above they will have good rains this season and the crop will recover. If the rains are 
poor, well, he may not be able to sell anything, but he should have enough to feed the 
family. Unless there is an early frost in the fall. Then, who knows. He will cross that 
bridge when he comes to it. 

Throughout Mexican history, climate variability has been associated with mass 

migration, epidemics, food scarcity, economic and social instability and, in the worst 

cases, famine (Florescano 1980; Sancho and Perez-Gavilan 1981). In the past year 

alone, Mexico has suffered from wide-spread drought, sporadic rainfall, uncontrollable 

brush fires in eight different states, and hurricane damage valued in the millions of 

dollars. 

While forest fire, drought and hurricanes are relatively common events in Mexico, 

the 1997/1998 year has been noteworthy in the severity and geographic extent of the 

disasters. It was not a coincidence that the 1997/1998 year marked the development of 

the strongest "El Nino" event of the century -the 'warm phase' of the ocean-atmospheric 

interaction that is the source of global disturbances in weather and climatic patterns. 

' This scene took place in the community of Los Ameios, one of the ejidos of Terrenate, in June 1997. 
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Like many regions of the world, Mexico is only now beginning to make the connections 

between the central Pacific ocean's temperature changes and shifts in atmospheric 

pressure that characterize El Niiio/Southem Oscillation events (ENSO) and the frequency 

and severity of droughts, hurricanes, frosts and other anomalies in the region. This past 

year's El Nino event was linked to the wide-spread drought and dramatic fires now raging 

across Mexico, the devastating floods in Peru, Argentina, and Somalia, the fires in 

Indonesia, drought in Australia and mudslides and flooding in the Andean region (1998). 

Until recently, ENSO events could not be accurately predicted. Now scientists 

have developed models of the phenomenon based on an elaborate system of ocean and 

atmospheric measurements that enable them to predict the development of ENSO events 

up to six months ahead of their occurrence. This predictive ability has made it possible to 

use statistical correlations and numerical models of ENSO and regional climate indicators 

to forecast localized variability in precipitation and temperature and hurricane frequency 

associated with ENSO events (UCAR 1994; Battisti and Sarachik 1995). The possible 

applications of these localized ENSO-based forecasts in hydrological management, 

agriculture, fisheries, fire control, public health and other sectors are only now being 

considered. Global interest in these applications has lead to the creation of the 

International Research Institute for seasonal-to-interarmual climate prediction, special 

applications initiatives under the World Climate Research Program, and many national 

and regional initiatives in which scientists and policy-makers are collaborating on the 
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development of appropriate uses for climate forecasting in different economic sectors 

(Moura and Sarachik 1997). 

Long before this past year's El Nino event was predicted, agriculture agencies and 

a group of organized farmers in the state of Tlaxcala, Mexico, had initiated an exploration 

of ENSO-based climate forecasting with the Universidad Nacional Autonoma de Mexico 

(UNAM) in the hope that improved climate forecasts would help agricultural producers in 

Tlaxcala manage climatic risk. The UNAM scientists believe that the principle indicators 

of Tlaxcala's climate—namely precipitation and temperature—can be experimentally 

predicted with lead-times of up to one year (O. Magafia, Gay Garcia et al. 1996). These 

'long-lead'^ predictions could be extremely valuable to Mexican producers, particularly 

smallholder farmers who are vulnerable not only to climatic variability but also to 

political-economic uncertainty. Theoretically, by altering their production strategies, the 

use of agricultural inputs or marketing and investment plans, agricultural users could 

potentially mitigate some of the losses attributed to natural hazards (Sonka, Lamb et al. 

1982; Gibberd, Rook et al. 1996). 

The use of climate forecasts to help farmers adapt to climate variability is not, 

however, as straightforward as one would imagine. The adaptation strategy a farmer will 

elect is likely to be determined by a wide range of economic, social, environmental and 

personal considerations. My research has, as its premise, that the potential effectiveness 

of the climate forecasts can be evaluated only within the broad context of the nimaerous 

~ While long-lead can mean forecasts of weather and climate greater than 24 hrs, I am defining it here to 
mean forecasts of climate covering a period of 3 months to 1 year. 
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cultural, political, social and economic factors that influence the decision-making of 

smallholder fanners (Sonka, Lamb et al. 1982). The objective of my research was to 

assist the climatologists in UN AM in the preparation of forecasts for the state of TIaxcala 

by assessing whether and how small-scale^ Tlaxcaltecan farmers could use long-lead 

forecasts to mitigate climatic risk. In order to understand the utility of climate forecasts, 

I theorized that it was essential to understand how uncertainties posed by the physical 

environment interacted with changes in agricultural markets, technology, services and 

household needs in the dynamic circumstances of national political and economic change. 

I hypothesized that despite significant vulnerability to climatic events and variability, 

social and economic uncertainties would overshadow those posed by the variable 

physical environment. 

In order to explore these concerns, I pursued four questions; 1) What are the 

characteristics (content, format, audience) and expected applications of the climate 

forecasts being produced by UNAM? 2) How do small-scale farmers currently 

incorporate climate risk in production decisions and plarming? 3) What physical, social, 

institutional and political-economic forces contribute to their vulnerability to production 

losses, and how would these forces constrain and/or facilitate their use of forecasts? and 

4) Would small-scale farmers find long-lead forecasts useful for production plaiuiing, and 

if so, how? 

' Defined loosely as both private and conununal farmers with individual plots of less than 5 hectares. 
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Although my research site was determined in large part by the fact that farmers 

and political agencies in the state had already requested to be the focus of UNAM's 

experimental climate forecasting project, Tlaxcala was an appropriate site for this 

research for a variety of other reasons. The producers in Tlaxcala are representative of a 

large class of small-scale Mexican farmers who operate partially as subsistence farmers 

and partially as commercial producers. Tlaxcala's farmers also farm under significant 

environmental constraints: high altitude, frequent frosts, poor soil quality and limited 

water resources. Due to their limited resource base and small scale of production, they 

are particularly affected by fluctuations in both markets and the physical environment, 

and thus may be exemplary of the type of farmer that potentially could gain significantly 

firom the use climate information to mitigate their risk. 

The approach taken in my research was integrative. The study addressed 

seemingly disparate topics— agricultural policy change and climatic variability—in an 

attempt to illustrate how risk to agricultural production for smallholder farmers in Mexico 

is a complex product of institutional, environmental and social factors. The research also 

linked macro-scale changes—the implications of Mexico's embrace of neolibral reforms 

and the growing threat of climate change associated with global warming—^with the 

micro-scale uncertainties and daily dilemmas of individual farmers. In its exploration of 

a broadly-defined conception of adaptation and vulnerability, which incorporates risks to 

production posed both by the physical and social environment, my study drew both from 

the natural hazards research and agroecology literature. I used a political-ecological 
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framework to link the study's discussion of individual farmers' production strategies and 

traditional perceptions of the local climate with the dramatic structural changes that are 

once again altering the face of agriculture in Mexico. 

Following the example of several odier studies of smallholder production systems 

and the adaptation of farmers to climatic hazards (see Chapter 2), semi-structured 

interviews with farmers, extension agents, government officials and others in the 

agriculture sector of Tlaxcala provided the primary source of data. These interviews 

revealed the complexity of the strategies farmers employ to manage climatic variability, 

and the myriad of factors that influence a farmer's ability to cope with a season of poor 

weather. These factors ranged firom strong cultural preferences for com and the 

perceived importance of the moon in the production process to the cost of production and 

the time required to receive the government's subsidy for fertilizer. 

I also conducted a critical analysis of literature on Mexican agricultural policy 

development and smallholder production processes to inform my interpretation of the 

interview data and to illuminate the history and direction of agricultural policy change 

occurring in Mexico and Tlaxcala. This entailed surveying the significant quantity of 

literature on the implications of Mexico's recent embrace of a neoliberal policy agenda 

and the historical circumstances which have preceded the Mexican government's current 

policy direction. Agricultural and economic census data were also used to support both 

findings in the literature and fieldwork. 
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I hope that the conclusions of this research project will be of interest to 

climatologists and others investigating the possible social applications of ENSO-

modeling and predictions. The enthusiasm and excitement which now pervades 

discussion about ENSO applications perhaps has clouded some of the many practical 

concerns related to how the information is presented, disseminated and used in different 

contexts. To date there has been very little contribution to ENSO research from the 

social sciences, although such efforts as the U.S. National Research Council's 

forthcoming book on seasonal-to-interannual prediction and social science research may 

change this (National Research Council, forthcoming). I hope that my research will 

illuminate some issues and concerns about ENSO applications and will encourage further 

exploration of these issues in other countries and economic sectors. 

Perhaps most importantly, I hope that my research will contribute to the dialogue 

on climate forecasting between UNAM scientists and policy-makers in Tlaxcala through 

my exploration of the benefit and use of the climate information for small -scale 

producers. Too often well-intentioned efforts to improve rural livelihoods through 

technology dissemination have failed when the specific needs of local communities were 

not incorporated into development goals. The future of the small-scale farmer in Mexico 

is dependent not only on national and, increasingly, international political and economic 

change, but also on the integrity of the rural resource base and the dynamics of an 

extremely variable climate. Climate prediction could be invaluable in enabling Mexico's 

small-scale farmers to adapt to physical and political-economic uncertainty, and in the 
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long-term, to the effects of climate change. However, as this study demonstrates, the 

viability of small-scale production in TIaxcala is not threatened first and foremost by 

climatic variability. In the broad context of uncertainties that farmers contend with, a 

farmer's ability to adapt to variable climatic conditions is inseparable from and 

contingent upon his ability to adjust to changing economic pressures and agricultural 

policy reforms. Thus most farmers are not likely to be able to benefit from new climate 

information because of the particular social, cultural, and political-economic 

circumstances in which they operate. 

I believe that the potential of the forecast technology will not be realized if the 

constraints and opportunities of farmers are not systematically considered in the forecast 

design and dissemination process. Ultimately, this may mean that the process of 

designing forecasts may need to take place within a broader effort to disseminate other 

technologies and opportimities to farmers. It was my intention in undertaking this 

research to focus on these important concerns in the initial stages of the development of 

forecast technology in Mexico, such that the needs of the most vuhierable could be 

adequately addressed. 



20 

2. RESEARCH DESIGN 

Significance 

Despite evidence that forecasts of inter-annual variability are most reliable in 

tropical regions (Battisti and Sarachik 1995), the social aspects of forecast use and 

dissemination in developing countries has been a neglected area of research. This deficit 

in the literature in part reflects the dominance of the natural sciences in driving the 

research agenda on climatic variability and its social impacts, although this is now 

changing/ The general assumption among some natural scientists is that climate 

information will necessarily be useful if it is made available has perhaps inhibited a 

concerted attempt to explore the complexity of information use and dissemination among 

populations vulnerable to climatic variability. 

There have been numerous articles in recent years documenting the severe social 

and economic consequences of ENSO's impact on regional climate, and the potential role 

of forecasts in policy decisions (for example, see Golnaraghi and Kaul 1995; Betsill, 

Glantz et al. 1997). Together with some anecdotal accounts of the potential and actual 

use of forecasting in Brazil, Peru and the West Sahel (Glantz 1977; Lagos and Buizer 

1991), these articles have illustrated that the actual social responses to forecasts may 

differ significantly from what might be expected due to logistical, political, and structural 

* The National Atmospheric and Oceanic Administration's Office of Global Programs (NOAA/OGP) has 
been spearheading an effort to ensure that social scientists are closely involved in exploring the 
applications of climate forecasts in different regions of the world. A social science research agenda on 
climate forecasting for US funding agencies is now being developed under the auspices of NOAA/OGP. A 
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constraints faced by policy-makers and other forecast users. Information is not always 

accessible or to the agencies with decision-making authority, nor is it packaged and 

presented in a manner that is comprehensible to those with little scientific background. 

Communication channels and distribution systems for the dissemination and uptake of 

climate information are often poorly developed. 

Although there are numerous accounts of the economic and ecological impacts of 

ENSO around the globe (Glantz, Katz et al. 1987; Glynn 1990; Diaz and Markgraf 1992; 

Glantz 1996), there are far fewer accounts of how farmers in developing countries, the 

"end-users" of forecasts, have used or are using forecasts to mitigate the effects of 

climatic variability. The existing literature on agriculture and forecasting primarily 

explores the economic value of climate information for commercial agriculture in the US 

and Australia through surveys of agribusiness operations (Sonka, Lamb et al. 1982; 

Brown, Katz et al. 1986; Sonka, Lamb et al. 1986; Changnon, Sonka et al. 1988; Sonka, 

Changnon et al. 1988; Changnon 1992). These studies illustrate the value in approaching 

climate forecasting research through understanding the user-specific context and the 

purpose and process of decision-making by potential forecast users. The conclusions of 

this research, however, cannot be easily applied to the heterogeneity in resource access 

and agriculture operations in many developing countries, thus little is known about how 

smaller-scale farmers with limited resources might respond to and benefit from improved 

climate information. 

number of long-term research projects are already underway in different regions of the world, exploring 
the applications process and the development of forecast products for different economic sectors. 
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A field study of four countries (Botswana, South Africa, Malawi and Zimbabwe) 

in the southern Africa region (Gibberd, Rook et al. 1996) is the only research to date 

which has attempted to describe the diversity of needs for and uses of climate information 

among small-farming populations. My study confirms the potential significant value of 

forecasts for a variety of users, while emphasizing that there would likely be a disparity in 

information access and applicability between farmers of different scales (near-subsistence 

vs. commercially-oriented). My research builds on the southern Africa study by 

exploring in depth the specific social circumstances and constraints which may affect the 

effectiveness of forecast use by small scale farmers in Mexico. 

The vulnerability of crops to climatic variability, and the social aspects of forecast 

use are not only of interest to policy makers concerned with extreme climatic events, but 

also to those struggling with the potential effects of global warming. After an exhaustive 

review of recent research, in 1995 the Inter-govemmental Panel on Climate Change 

reported that one of the likely effects of climatic change would be an increase in the 

firequency and severity of extreme events, and enhanced climatic variability (IPCC 1990). 

Given this expectation, long-lead forecasts of climatic variability have been identified by 

scientists and policy makers as a means of adaptation to the effects of long-term climatic 

change (Chen and Katz 1994; Hemes, Dalfelt et al. 1995; Schneider 1996; Smith and 

Lenhart 1996). 

Small scale farmers operating with limited resources have been identified as one 

of the populations most vulnerable to climatic variability resulting from global warming 
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(Parry 1990; Downing, Watts et al. 1996). Global wanning is also expected to have a 

detrimental effect on Mexican agriculture (Liverman and O'Brien 1991). The provision 

of climatic forecasts to Mexican small-scale producers could be construed as a means of 

enhancing the capability of the small-scale farming sector to adapt not only to the inter-

annual effects of climate on production, but also to long-term environmental changes in 

Mexico. Although adaptation research is now one of the priorities of global change 

research agendas (Parry and Carter 1998), the viability of these predictions for improving 

the adaptive capacity of the most vulnerable populations has not yet been explored. 

Why Mexico? 

Mexico is particularly appropriate for this study for several reasons. First, as this 

year's fires and drought have illustrated (see Chapter I), Mexico is significantly affected 

by climatic variability, and is one of the areas of the world where the regional climate 

appears to be sensitive to the El Nino / Southern Oscillation phenomenon. The 

correlation of winter rains and sunmier drought with El Nino events in several areas of 

Mexico may mean that now, with improvements in El Nino monitoring, that some of 

Mexico's climatic variability can be predicted (see Chapter 3). The scientific potential to 

produce and deliver forecasts to farmers in Mexico is thus not just of hypothetical 

interest, but of concern to policy makers and agricultural experts in Mexico. 

Mexico's agricultural history also makes the application of climate forecasting in 

agriculture particularly interesting. Political uncertainty and the historical neglect of 

small scale agriculture over time has exacerbated the vulnerability of Mexican small scale 
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farmers to enviromnental risks such as drought and climate change (Liverman 1994; 

Barry 1995). Biases in government support for agriculture and in land distribution have 

resulted in the development of two distinct classes of rural producers: the commercial 

haciendas with preferential access to credit, irrigation, quality land, markets and 

subsidized inputs, and the small-scale producers who have historically not benefited 

from consistent investment and support (Hewitt de Alcantara 1976; DeWalt 1979; 

Sheridan 1988; Appendini 1992; Rosen 1993; DeWalt, Rees et al. 1994; Hewitt de 

Alc^tara 1994; Barry 1995). The systematic marginalization of small-scale producers 

has made them particularly susceptible to the implications of both political-economic and 

environmental change (see Chapter 4). 

Now, as more than 3.1 million small-scale producers struggle to adjust to new 

political-economic circumstances resulting from Mexico's participation in NAFTA and 

the government's embrace of neo-liberal economic and policy reform, their future in 

agricultural production has become even more uncertain ( Sanderson 1986; Appendini 

1992; Appendini and Liverman 1994; DeWalt, Rees et al. 1994; Barry 1995). The 

government is in the process of decentralizing many of its agricultural programs and 

services, and is gradually dissolving price guarantees and producer subsidies in the hopes 

of making agriculture in Mexico more competitive intemationally. These changes have 

been particularly challenging for small-scale, resource-poor producers. The survival of 

small-scale farmers in these circumstances may depend on producers having the best 

control possible over their production choices and decision-making so they can take 
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advantage of any opportunity they find, however small. Resolving some of the 

environmental uncertainty smallholder farmers face through forecasting technology could 

be one way to facilitate the adaptation of farmers to such difficult economic and political 

circumstances (Sancho and Perez-Gavilan 1981). Yet the historical biases of the 

agricultural sector are likely to significantly affect how forecast technology is developed 

and disseminated in Mexico, and how farmers will respond to the information. In this 

light it is imperative that the needs of the smallholder farmer are specifically assessed and 

addressed. 

Forecasting as a new Green Revolution? 

In 1981, David Cusack, guest editor for Interciencia ]o\mia\, claimed that climate 

information and agro-climatic computer modeling represented the foimdation of a 'third 

Green Revolution,' with the potential of dramatically improving global food security by 

improving the productivity of tropical agriculture (Cusack 1981). Rather than focusing 

on improved seeds, irrigation and fertilizer to overcome the constraints of the natural 

environment as in the previous waves of the Green Revolution, Cusack suggested that the 

new revolution should be one which "emphasizes the value of good information as a 

support to decision-makers, planners, and farmers to work with and within these 

constraints" (Cusack 1981 pg. 201). In 1981, the potential of climate forecasting 

technology was only beginning to be realized. After more than a decade of significant 

advances in ocean and atmospheric monitoring and computer modeling, Cusack's 
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commentary seems extremely apposite, and raises many questions about the social 

implications of a "third Green Revolution" for traditional farming. 

Mexico's extensive and mixed experience with the technology-driven strategies of 

the Green Revolution(s) in the 1960s and 70s makes Mexico a particularly interesting 

case study of the social aspects of forecast technology use. On the positive side, the 

remarkable success of the Green Revolution in improving Mexico's aggregate yields and 

output in a very short period of time (see Chapter 4) illustrates that agricultural 

technology, under certain conditions, can be disseminated quite rapidly, and the response 

of farmers can be extremely positive. Culture and tradition need not necessarily inhibit 

change in agricultural practices, as long as the farmers have the resources and capacity to 

make use of the new technologies. 

Not all the lessons from the Green Revolution were positive, however. Despite 

the promise of the genetically-improved seed varieties and optimally designed input 

packages and extension messages of the Green Revolution, the new technologies largely 

benefited those farmers who already had privileged access to resources; few small-scale 

fanners were able to adopt the technologies (DeWalt 1979; Redclift 1983; Wright 1984; 

Dias-Cisneros 1994). The promoted technologies were not oriented towards the 

priorities of the small farmer, nor always compatible with the ecological conditions on 

which small farmers depended, or the political-economic circumstances in which the 

campesinos^ operated. The existing knowledge and practices of the farmer were not used 

' This term, as well as other italicized Spanish terms Spanish used in this text, are defined in Appendix B. 
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as building blocks for the development of the technology. The same mistakes are in 

danger of being repeated with climate forecast development, particularly given that small 

scale producers have not yet been involved in the process. 

Exploring Adaptation and Vulnerability in Geography 

While at one level the study presented here is about the application of a new 

agricultural technology—long-lead climate forecasts—it is more specifically about 

mitigating climatic risk, vulnerability to production losses and adaptation: adaptation not 

only to climatic risk and variability, but simultaneous adaptation to dynamic political-

economic circumstances. 

Geographers have been particularly active in exploring concepts of adaptation and 

vulnerability over the last several decades in the context of research on natural disasters 

such as hurricanes, volcanoes, floods and drought, and in the exploration of social crises 

such as hunger and famine (Hewitt 1983; Palm 1990). Most recently, theoretical insights 

on human vubierability and adaptation have come from studies of social impacts and 

responses to potential climatic change and widespread ecological degradation (Blaikie 

and Brookfield 1987; Downing, Watts et al. 1996; Parry and Carter 1998). 

An early trend in hazards research in human geography explored individual 

perceptions of hazard risk, with the goal of understanding the cognitive elements which 

contribute to individual decisions about a hazard (Saarinen 1966; White 1973; Burton, 

White et al. 1978). These approaches examined the concept of vulnerability in relation to 
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the conjunction of biophysical/environmental hazards with 'risky' behavior, driven by 

individual perceptions and experiences with hazard events. This research highlighted the 

disjunction between personal experience and beliefs and 'scientific' calculations of risk, 

and the consequent potential for mis-communication and misunderstanding of risk in the 

decisions taken by individuals in face of uncertainty. This behavioralist perspective has 

been heavily criticized for its underlying positivist assumptions about what constitutes 

'rational' human behavior and scientific risk (Gold and Goody 1984). However, its focus 

on the importance of individual cognition, the social and cultural variables which inform 

that cognition, and the role of improved access in to information can play in individual 

assessment of risk is still relevant (Palm 1990). 

Kirkby's study (1974) of farmer perceptions of rainfall variability in Oaxaca is 

perhaps one of the most relevant of the studies arising firom the behavioralist literature. 

Kirkby explored the adaptive capacity and response of Mexican smallholder farmers to 

climatic variability by integrating both an analysis of the production process with an 

understanding of farmers' perceptions of climatic risk. Kirkby's approach specifically 

informs the structure of my research by providing a model of a study that assessed 

cultural attitudes and locally situated knowledge about precipitation patterns and used this 

understanding to illustrate how these perceptions influenced farmers' choices of land and 

agricultural inputs. Kirkby's study concluded that while there was limited flexibility in 

the Oaxacan smallholder production system, farmers were exploiting this flexibility in 

response to their perceptions of climatic variability. 
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More recently, empirical work in geography on social crises such as hunger have 

illuminated the macro-level structural factors that define vulnerability, challenging 

previous research that attributed human vulnerability to hazards largely to environmental 

and individual cognitive factors (Hewitt 1983). Political-economic approaches to the 

famines in the 1980s in Afiica illustrated how political history, land tenure, 

environmental degradation, or government intervention have combined in different 

circumstances to dramatically alter the ability of an affected population to secure food, 

maintain assets or adequately recover from drought (Glantz 1977; Copans 1983; Watts 

1983; Susman, O'Keefeetal. 1984; Watts 1987; Ibrahim 1988; Mortimore 1989; McCabe 

1990). Where in earlier natural hazards research the physical environment was conceived 

as the primary source of risk (and thus all efforts were made to control this risk through 

prediction, technology and planning), die structural approach to the hazard risk often 

dismissed the physical hazard event as secondary to political-economic forces as sources 

of uncertainty and influences on human response (Hewitt 1983). 

In the context of increasing concern over global environmental problems such as 

climate change, deforestation and desertification, geographers are now attempting to 

create analytical models that facilitate integrative approaches to the study of vuhierability 

and adaptation. Rather than identifying a single source of vulnerability to hazards, such 

approaches attempt to link individual characteristics, political-economic circumstances as 

well as physical parameters in the understanding of human vulnerability and capacity of 
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populations to adapt to environmental uncertainty and risk (Palm 1990; Watts and Bohle 

1993; Blaikie, Cannon et al. 1994; Downing, Watts et al. 1996; Parry and Carter 1998). 

In one of these new approaches, geographers and other social scientists have 

developed a model for climate impact assessment that attempts to provide a framework 

for the study of both vulnerability and adaptation specifically to climatic change (Parry 

1990; Chen and Katz 1994; Downing 1996; Smith and Lenhart 1996; Parry and Carter 

1998). Similar to the early work in natural hazards research, bio-physical hazards - in 

this case, global climate change - again become a prominent factor in assessing 

vulnerability, although the new approaches consider the "climate event as merely one of 

many processes (societal and environmental in origin) that affect [the human 

activity]"(Parry and Carter 1998 pg. 24). Although the definition of vulnerability in this 

approach is narrowly defined in relation to a region's or population's sensitivity to 

climate change and weather (which in turn is a partial result of other physical resource 

constraints and social circumstances), climate impact assessment contributes a framework 

for uniting an analysis of vulnerability with an exploration of mechanisms for biological 

and social adaptation to environmental change. Not only are adaptation and vulnerability 

recognized as flip sides of the same coin, but a renewed emphasis is placed on 

understanding adaptation as the basis for conceiving 'optimal' responses to variable 

climate impacts (Parry and Carter 1998). 

Another approach to vulnerability and adaptation research has evolved more 

directly from earlier work in political-economy. The contributions of Watts and Bohle 
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(1993) and Downing, Watts and Bohle (1996) are perhaps the most well known in that 

they attempt to provide a theoretical framework that unifies the diverse academic 

approaches to the topic. Defining vulnerability initially as "a multilayered and 

multidimensional social space defined by the determinate political, economic and 

institutional capabilities of people in specific places at specific times" (46), Watts and 

Bohle expand on previous political-economic approaches to social hazards by 

incorporating "historically and socially specific realms of choice and constraint" into 

their model of vulnerability. Their model is designed to map vulnerability over time, 

integrating geographically-specific definitions of human ecology, expanded definitions of 

economic entitlements, and site-specific political economy as the comer stones defining 

the 'space of vulnerability' (Downing, Watts et al. 1996). Although this fiamework falls 

short of adequately addressing the influence of environmental forces on vulnerability, it 

provides a conceptual firamework that can be used to map particular historical influences 

of policy, social relations and cultural change on the range of choices available to small 

scale fzirmers. This firamework has facilitated my exploration of Mexico's history of 

agricultural policy and the broad structural factors that have contributed to the present 

vulnerability of small-scale producers not only to climate variability, but to production 

losses firom rising prices and input costs, inaccessible credit, and inadequate infirastructure 

and services (see Chapter 4). 

Another integrative approach that has recently developed a strong following not 

only in geography, but in anthropology and other social sciences is political-ecology. 
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Political-ecology conceives of vulnerability as critical element in explanations of the 

quotidian response of communities and individuals to environmental change, thus linking 

adaptation and vulnerability (Biaikie and Brookfield 1987). This approach explores how 

the interaction of historical, cultural and political-economic forces influence behavior and 

decision-making not only in the face of extreme events, but in response to daily 

environmental uncertainty (Biaikie and Brookfield 1987). Through the concept of 

'marginalization,' political-ecology facilitates an understanding of how power relations at 

different scales of analysis—intemational, national, local—affect the way individuals 

respond to uncertainty, whether the source of uncertainty is from changes in the physical 

or social circumstances, or both (Biaikie and Brookfield 1987; Sheridan 1988; Greenburg 

and Park 1994). In this approach, vulnerability does not necessarily result from specific 

climatic impacts, but rather to a broader range of uncertainties that could originate from 

social, ecological, or political-economic change. 

Biaikie and Brookfields (1987), for example, argue that the resources available to 

any community or individual are socially defined, and from this premise, claims that 

individual behavior is not necessarily specific to a hazard event (such as a drought) but a 

more a result of the influence of the ongoing social order. In this approach, "natural 

forces...create a variable management task to which decision-making, subject to political 

economic conditions of choice, has to respond" (Biaikie and Brookfield 1987 pg. 24). 

Applied to agricultural production in Tlaxcala, a political ecological approach 

illustrates how ecological constraints — erosion, elevation, distribution and timing of 
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rainfall — significantly contribute to both the ecological and economic marginalization of 

small-scale farmers, who are also subject to the impact of recent agricultural policy 

changes in national and intemational arenas that affect their access to inputs, technology 

and information. The combination of site-specific ecological constraints and political-

economic pressures, filtered through local cultural and social institutions, ultimately 

affect farmers' production strategies and their ability to respond to climate risk (see 

Chapter 3 and 4). 

Exploring Adaptation in Mexico 

Following firom these integrative approaches to vulnerability, I feel it is critical to 

understand how farmers manage their resources and incorporate climatic risk into 

decision-making. This understanding must be an integral part of any effort to enhance the 

adaptation of farmers to climatic risk with new climate forecasts (Wilken 1987; Parry and 

Carter 1998). Agricultural production in central Mexico has already been the subject of 

several thorough agroecoiogical studies that provide detailed descriptions of the strategies 

of traditional Mexican farmers for managing different environmental constraints, such as 

soil infertility, high elevation, minimal rainfall and frost hazard (Altieri and Trujillo 

1987; Wilken 1987; Bellon 1995). Both Altieri and Trujillo and Wilken illustrate how 

Tlaxcaltecan farmers draw from a rich tradition of intensive agriculture, using crop 

mixes, plant spacing, land terracing and ridging, and runoff irrigation to ensure 

production in a variable environment. Their descriptions of the different tj^jes of 

adjustments that farmers can make over time to the constraints posed by the physical 
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environment are illustrative of the adaptive potential of small-scale producers and the 

difference that small modifications in the production process can make for production 

under conditions of environmental uncertainty. 

Of the studies mentioned above, Trujiilo's experimental study of the fava-maize 

intercropping as an experimental frost-risk mitigation strategy in Tlaxcaia (Trujiilo 1990) 

focuses specifically on the response of farmers to a particular hazard. Trujiilo analyzed 

results from an experimental agricultural station to illustrate that the traditional practice 

of intercropping maize with fava beans, now relatively uncommon in Tlaxcaia, both 

increased yields of maize and, because fava appeared to be less susceptible to frost, 

served as insurance against maize loss from frost. Together Trujillo's research and the 

more traditional agroecological literature provides a solid background to the complexity 

of local agricultural expertise and knowledge, and the manner by which small-scale 

producers fine-tune their production strategies to ecological constraints (see Chapter 5). 

The capacit)' of farmers to make such adjustments in their production strategies is likely 

to directly affect how a farmer will be able to make use of a climate forecast. 

Another integral element in understanding adaptation practices of rural producers 

is understanding their knowledge of climatic variability. It is important to understand 

how local belief systems influence response to climatic stresses, and how new 

technology, such as improved climate forecasts, might interact with local perceptions of 

climate risk and the viability of predictions (Oguntoyinbo and Richards 1978; DeWalt 

1994). Unfortunately, the literature on traditional forecasting methods is sparse (see 
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Chapter 6). Existing forecast methods illustrate how local populations approach the 

concept of climate forecasting, their understanding of climatic variability and the 

particular vocabulary they use to describe climatic events and processes. The existence 

of traditional methods for prediction also illustrate the strength of a demand for climate 

information in decision-making. Should peasant farmers believe that their traditional 

methods for climate prediction are accurate and reliable, additional caution must be taken 

in the introduction of new forms of climate forecasting into the local culture. While new 

forecasts might prove useful to farmers, they should not necessarily be presented as the 

only means of anticipating climatic events. In this study, 1 argue that the wealth of 

knowledge farmers harbor on climatic risk must form the foundation for the introduction 

of new climate information into their production processes. 

Summary 

The demand for climate information is already significant in developing nations 

that are struggling to mitigate the dramatic economic consequences of natural hazard 

events.® Climatologists, agricultural and hydrological experts, fisheries specialists and 

early warning professionals are teaming up in southem AMca, South America, Australia 

and other regions to create the political, scientific and social infirastructure for the 

development and dissemination of seasonal climate forecasts. It is their hope that the 

climate forecasts will help mitigate some of the devastating consequences of El Niiio, 

such as the flooding, fires, and drought witnessed this year. In situations such as Mexico, 
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where rural producers are already economically and ecologically marginalized by 

inequities in policy and market conditions, it is critical that the producers of such 

potentially powerful technology comprehend the possible constraints and opportunities 

smallholder farmers face in making use of forecast information. Without this 

understanding, there is a risk that the populations which are in greatest need will, in the 

end, only become more marginalized by its use. The inequities in access to resources and 

information is already considerable between small scale producers and larger commercial 

farmers. Any difference between the capacities of small and large-scale producers to use 

climate information could exacerbate these inequities. 

The study presented here draws on recent integrative frameworks for 

understanding vulnerability, combining approaches to illustrate how an individual 

farmer's personal experience and perception, physical environmental variables and 

structural forces together interact to define a farmer's vuhierability not simply to climatic 

variability, but more generally to production losses firom a variety of stresses. The 

qualitative methodology employed in my research mimics some of the early natural 

hazards environmental perception research, yet is also informed by Watts and Bohle's 

emphasis on understanding of political-economic constraints and historical influences on 

production circumstances. More broadly yet, the incorporation of political-ecology and 

agroecological approaches in my research elucidates the relationship between farmers and 

the physical environment firom the scale of the household to the state and national level. 

'' As evident from the statements submitted by the delegates from 64 countries and organizations which 
attended the International Forum on Forecasting El Niflo in Washington D.C., 6-8 November 1995. 
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By integrating these approaches, my study explores the capacity of Tlaxcaltecan farmers 

to respond to climatic variability through an analysis of the current strategies farmers 

employ to cope with climatic risk in a the context of changing political-economic 

circumstances. 

Research Objectives 

The intention my research was to assess the utility of long-lead forecasts for 

smallholder farmers, in an effort to shed light on the social aspects of forecast application 

development. The forecast technology in Mexico, however, is still experimental and has 

not been systematically applied, thus it was impossible to answer my research question 

by directly evaluating current or past farmer responses to disseminated forecasts. Instead, 

1 addressed the problem in the context of three sub-objectives: 

1) To assess the incorporation of climate risk in production decisions and planning. 

How do small scale farmers plan for climatic variability on an annual or inter-

annual basis? What assumptions do they make about climatic variability in their 

production process and what climate prediction tools do they currently use? What 

specific actions do farmers take to mitigate risk? 

2) To assess the physical, social, institutional and political-economic forces which 

characterize small farmer vulnerability and determine how this vulnerability would 

constrain and/or facilitate the use of forecasts by small holder farmers. 

What economic, institutional, and social variables are instrumental in the 

planning, production and harvest stages? In what ways would these factors 
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impede or facilitate the adoption of seasonal climate forecasts as an agricultural 

tool for the farmer? 

y) To assess the nature of the forecasting technology being developed by UN AM. 

What information is contained in the forecast and on the basis of what information 

is the forecast produced? How confident are the producers of the information of 

its reliability? How are the forecasts expected to be used? Who has been involved 

in the forecast development? 

4) To determine if farmers would find long-leadforecasts useful for production 

planning, and if so, how. 

How would small scale farmers use long-lead forecasts? What are their concerns 

about this information use: how credible are public agencies as sources of climate 

information? How reliable do forecasts need to be to be usable? When would a 

farmer require a forecast? Who would have access to the information and who 

would benefit most from its use? How does the farmer perceive the risk of using a 

possibly inaccurate forecast (e.g., less than 100% reliable) compared to the risk of 

a climatic hazard? What factors, specific to the access and interpretation of 

climate information, are important for the subsistence fanner? How does this 

differ from the perceptions of intermediaries (i.e., extension agents, 

meteorologists)? 
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Methodology 

My research was conducted in coordination with an on-gomg project administered 

by the Center of Atmospheric Science at the Universidad Nacionai Autonoma de Mexico 

(UNAM) in Mexico City and the Universidad Autonoma de Tlaxcala (UAT) who 

together are developing and testing experimental long-lead forecasts for agricultural 

applications in die state of Tlaxcala. A team of climatologists at UNAM invited me to 

help provide insight from the social sciences on the implications of their work. 

While the stakeholders involved in the Tlaxcala climate forecasting project are in 

the early stages of thinking for whom and how the information they are producing will be 

used, the premise of my study was that if the potential end-users (e.g., the fanners 

themselves) of the information could be integrated into the project at an early point, their 

demands and constraints could guide both the climatological and agricultural aspects of 

the project as it evolved over time. Furthermore, 1 made the initial assumption that the 

foreceists would be eventually made public once diey were proven to be reliable, and in 

this case it would be important to understand how the average farmer in Tlaxcala - the 

farmer with limited land and minimal resources - would perceive and respond to the 

forecasts. 

One approach to fieldwork in agriculture and political ecology is to begin with an 

understanding of the specific decisions made by the small scale farmer in relation to the 

immediate physical environment in which he or she operates (Black 1990). The problem 

is then addressed at gradually increasing scales until macro or structural influences 
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operating at a national or even international level are addressed (Black 1990). This focus 

on the context of decision-making is also echoed in new natural hazards theory (Palm 

1990; Blaikie, Cannon et al. 1994) and provided the framework for my research 

methodology. My study relied primarily on qualitative methodologies, supplemented 

with some quantitative assessments of agricultural data. My intention was to use 

interviews, census data analysis and reviews of Mexican policy and other literature to 

integrate different spatial scales of analysis and to consciously speak to both physical and 

social science audiences. 

Field Work 

The purpose of the interviews was to provide insight into the significance of 

climatic risk for the small farmer, the process by which small farmers incorporate 

climatic risk into their production decision-making, and the choices and opportunities 

available to them in face of climatic variability. Structured and more informal interviews, 

as well as focus groups, have been used in Mexico and Nigeria to achieve similar goals in 

the drought perception work of Ogtmtoyinbo and Richards (1978) and Kirkby (1974). 

Another objective of the interview process was to get a detailed picture of the 

current production decisions (amount of fertilizer, choice of cultivar, area planted, 

amount of irrigation applied, etc.) in response to different perceptions of climatic risk. In 

assessing the details of the production process, my work was similar to Alteri and 

Trujillo's agro-ecological study of maize production in Tlaxcala (1987). 
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I also used the interviews to assess the importance of different structural forces in 

the production process of the small scale farmer, and the role such forces might play in 

the use of the forecasting technology by small scale farmers. The use of interviews has 

been suggested as an ideal methodology to assess the implications of recent 

socioeconomic change on specific populations (Yamal 1994). The farmers can identify 

the principle sources of uncertainty in making their planning decisions, and how these 

constrain or delimit their decisions when faced with climatic variability. In this respect, 

the study was similar to the research of Cross (1994) who assessed Wisconsin dairy 

farmers' perceptions of climatic hazards in relation to other 'daily hazards' (e.g., 

economic, policy and fmancial uncertainties). 

In order to access the small-farmer's perspective, I interviewed over 70 individual 

farmers, agriculture officials in public and civil agencies, and individuals involved in 

providing services or products to farmers in the municipios (the Mexican equivalent of a 

county) of Apizaco. (and nearby Tetla). Terrenate. Huamantla and Nanacamilpa over the 

course of six weeks (map 1.1). These municipios were ahready identified by the 

Universidad Nacional Autonoma de Mexico and the Universidad Autonoma de Tlaxcala 

as areas with reliable time series of climate data, and thus were going to be the focus of 

the climate prediction research. My social science research was intended to complement 

their efforts in these specific areas. 

The municipios also represented the diversity of agriculture in Tlaxcala. Farmers 

in Apizaco and Tetla tended to be more middle-income, small-scale producers with 
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moderate levels of technology use and market integration. The producers in Terrenate 

represented some of the more marginal producers in the state, with relatively poorer 

natural resources, lower income levels, and less access to inputs and production 

infrastructure. Nanacamilpa differed from both Terrenate and Apizaco by the increased 

amount of rented/leased land and absentee ownership. Production units of the 

interviewed farmers tended to be larger and more commercially oriented than in either 

Terrenate or Apizaco. 

The majority of the interviews took place in the small conununities' around the 

city of Apizaco in the ejidos of Matlalohcan and Yuacemecan, and in Teloca de 

Guadalupe and Terrenate in the municipio of Terrenate. For the first two weeks, 1 

conducted interviews in conjunction with a more formal agronomic survey prepared and 

administered by UNAM and UAT. The objective of this survey was to collect 

quantitative data to be used to calibrate a CERES maize model that is being used in the 

forecasting project to aid in the interpretation of the climatic data for the agricultural 

sector. The interviews that I conducted in conjunction with the survey were more 

succinct and formal than those which were conducted independently in the last four 

weeks of the study, however the two approaches together yielded different but valuable 

insights to individual farmers' decision-making. 

The farmers that I interviewed for the study were approached initially through 

contacts provided by the agricultural extension staff of INIFAP (the National Institute for 

^ These communities were almost exclusively ejidos, communities officially recognized by the government 
as operating under communal land tenure arrangements. 
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.\griculture. Forestry and Livestock Research), Desarrolio Rural (a local non

governmental organization aiding rural producers) and INCARural (a federal agricultural 

support program). After initial contacts were made in the communities, additional 

individuals were contacted through suggestions of community informants, or by 

approaching farmers at work in their fields or outside their homes without a formal 

introduction. Our overtures were almost always courteously accepted by the individuals 

in the communities we approached, and in many cases, individuals went out of their way 

to be of assistance to us. 

The vast majority of the individuals interviewed were male. Whenever possible, 

women were sought out for interviews, however women were rarely seen in the fields and 

were never presented as informants by the extension staff with whom I worked. With 

persistence, I was able to interview one of the leaders of a women's agricultural 

cooperative in Teloca de Guadalupe, Terrenate, and several women who worked with 

their husbands in the family plots. I was informed by male farmers and agricultural 

extension agents that few women who are heads of households farm their own plots. 

According to the Commisarios Ejidales (the presidents of the ejdio assemblies) of two of 

the ejidos in which I worked, women who inherit agricultural plots firom their husbands 

typically will pass the land on to their sons, or will rent it or sell it to neighbors in the 

ejido. I am not comfortable with accepting this explanation without a through 

investigation on my own part which I could not undertake in the time I was permitted for 



44 

the study. This report does not pretend to represent the perspective of women farmers in 

Tlaxcaia. 

In addition to interviews with farmers, I spoke at length with other players in the 

agricultural sector - bank officials, agronomists, agricultural extension agents, 

commodity buyers and sellers, journalists and public officials administering the state's 

agricultural programs. These interviews provided a more general perspective on climatic 

hazards and agriculture in Tlaxcaia, as well as contextual information on agricultural 

policy change and development in Tlaxcaia. 

The specific scope and nature of the questions that I pursued was guided by the 

political-ecological framework (or 'farmer circumstances' framework) for agricultural 

research outlined by CIMMYT (1980), and more theoretically by the vulnerability 

analysis approach described by Downing, Watts and Bohle (1993). Before entering the 

field, I prepared a general interview guide in advance to ensure that specific topics are 

introduced at the appropriate time in the initiated conversation. The general topics 

covered in this guide were: 

• farmers' perceptions of the general climate in their local area, 

• the farmers' typical production process and decision-making during the 

agricultural cycle, 

• the natural resource constraints of the farm, 

• anomalies in climate conditions and their impacts, 

• local knowledge and traditional methods of prediction, 

• formal sources of agricultural and climate information, 

• specific adaptation strategies, and 
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• political-economic impacts on the production process. 

I did not discuss the interview topics in any particular order, and I often broached 

the same topic more than once in a modified format in order to cross-check a response or 

reveal subtleties in the respondent's perceptions. As the course of my research 

progressed, I modified the structure of the questions 1 asked and the topics covered to 

improve the quality and quantity of information I was collecting. 

Literature Analysis 

1 drew from the particular agroecological and farming systems research literature 

pertaining to traditional and near-subsistence agricultural systems in central Mexico as 

background to understanding the agricultural production process as presented by the 

producers interviewed (for example, CIMMYT 1980; Altieri and Trujillo 1987; Wilken 

1987). The vast literature on the implications of Mexican economic and agricultural 

policy change for small holder agriculture was consulted to enhance the assessment of 

structural forces operating at the loceil level affecting the production process of 

Tlaxcaltecan producers. A content analysis of available newspaper reports {El Sintesis) 

complemented the assessment of drought impacts in the communities of study and the 

implications of current institutional and policy change for the small farmer. 

Quantitative Approaches 

Data from the 1990 agricultural census, available on CD-ROM (INEGI 1993), 

was used to provide a descriptive statistical perspective on the structural characteristics of 

agricultural production in the state of Tlaxcala and at the municipio. This vast database 
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includes, among other things, information on the application of various technological 

inputs (including improved seed, irrigation, chemical and organic fertilizers and 

pesticides), land use allocations, insurance and credit, and crop production and yield, by 

municipio and by size and type (private, ejido, mixed) of production unit. Other data 

included climatic databases for meteorological stations in Tlaxcala provided by UNAM, 

agricultural production data collected from the archives of Tlaxcala's agricultural district 

offices, socioeconomic data from DesarroIIo Rural's files, and climate and production 

data provided to me by other students and faculty at UNAM and UAT. 
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3. PHYSICAL AND SOCIAL GEOGRAPHY OF TLAXCALA 

Introduction 

Few would dispute that agriculture is an inherently risky enterprise. Not only is 

production dependent on the timing, distribution and amount of various physical factors 

such as solar radiation, water and soil nutrients, but production is also influenced by 

specific political-economic circumstances. This chapter explores the environmental 

context for production in Tlaxcala, emphasizing the particular climatic factors that 

contribute to agricultural risk and influence production activities in the municipios of 

Nanacamilpa, Terrenate, Huamantla, Tetia, and Apizaco. The chapter continues with a 

profile of the agricultural sector in Tlaxcala, identifying how the constraints and 

opportunities of Tlaxcala's environment contribute to tlie structure of production in the 

state. 

As discussed in the previous chapter, Nanacamilpa, Apizaco and Terrenate were 

selected for this study initially because the meteorological stations in these municipios 

have some of the better climatic records (on which the new climate forecasts will be 

based) in the state. Because Apizaco is primarily a commercial center, many interviews 

took place in the neighboring municipio of Tetla, on the northeast side of Apizaco in 

close proximity to the meteorological station. Huamantla, as the primary com producing 

municipio, represents the high-end of maize production in Tlaxcala. Because no 

climatological data was being analyzed for this area, Huamantla was not the featured in 

my research although I managed to spend a day in an ejido in the municipio. Terrenate, 
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in contrast, represents the lower-end of maize production in Tlaxcala as a municipio 

where rainfed, low-yielding maize dominates smallholder production. Nanacamilpa, a 

municipio dominated by commercial wheat and barley production, was studied to gain 

insight into the potential of alternative grain production in the state (see map 1.1 for 

locations). 

Physical Geography 

Tlaxcala is Mexico's smallest state, with an area of only 4060.92 km2 nestled in 

between the states of Puebla, Hidalgo and Mexico. Like its neighboring states on the 

Mesa Central, Tlaxcala's topography is quite varied, a fact that has inhibited the 

development of some modes of mechanized agriculture that require relatively flat areas 

for production. Approximately 60 percent of Tlaxcala's land area could be classified as 

mountainous, with elevations ranging between 2200m in the valleys to above 2600m in 

the Sierra Nevada foothills near Nanacamilpa, the Sierra Volcam'ca Transversal on the 

northeast border and the slopes of the volcano La Malinche (which reaches 4460 m) 

(Nava Rodriguez 1978). 

Given the volcanic topography in Tlaxcala, it is not surprising that Tlaxcala's 

soils are largely of volcanic origin. In general, they are sandy, porous and not particularly 

fertile (Altieri and Trujillo 1987). Tepetate, a Nahuatl word derived from words for 

"rock" and "mat," is a tuffacious material similar to the calciforous caliche in other parts 

of Mexico. It is also part of Tlaxcala's volcanic heritage. The hard, impenetrable and 

highly erodable nature of tepetate poses significant problems in agriculture, construction 
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and other activities. Clayey soils that crack when dry and become thick and heavy when 

wet are also common. The soils that are most rich m nutrients and organic matter are the 

alluvial soils, found principally at the base of La Malinche, and in the narrow Apan-

Calpulapan basin that transects the state from northwest to southeast. It is in these areas 

that the state's land is potentially the most productive. This area, however, is also quite 

densely populated and relatively urbanized, particularly in the center of the state. Not 

only is fertile land relatively scarce in Tlaxcala, but soil erosion is also a state-wide 

problem. By some estimates, as much as 90 percent of Tlaxcala's soils are affected. In 

some areas erosion has exposed tepetate surfaces and rendered land uncultivable. 

Water resources for agricultural use are also scarce in Tlaxcala. The Zanhuapan 

river, which originates in the northern sierras of the state and flows into the Balsas river 

basin in Puebia, is the major source of surface water for the state. There is not, however, 

wide access to its flow. Ground water resources are also poorly distributed, with little 

available in the more mountainous regions. The most abundant ground water sources are 

in the Apan-Calpulapan valley and Zanhuapan basin, and are heavily exploited for 

agricultural, industrial and municipal use in the southwest comer of the state (the 

municipios of Nativitas and Tepetitia) where irrigated production counts for more than 50 

percent of total cultivated area (INEGI 1993). Groundwater availability in Huamantla 

and the Zanhuapan river in the state's capital Tlaxcala allow for respectively 17 percent 

and 19 percent of the cultivated land in those municipios to be irrigated. In contrast, 

irrigation is relatively inaccessible in Terrenate and Apizaco with less than 5 percent of 
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the cultivated land irrigated (table 3.1). The cost of pumping this water is often high 

where surface water is not available; the groundwater is often located at depths greater 

than 100m (Omelas Delgado 1994). 

Table 3.1: Irrigated Land as Percent of Total Cultivated 
in Selected Municipios 

Tlaxcala (state) 8% 
Nanacamilpa 2% 
Apizaco 2% 
Tetia 2% 
Terrenate 5% 
Haumantla 17% 

source: (INEGI 1993) 

Climate 

A large part of Tlaxcala is classified as having a temperate sub-humid climate, 

implying moderate aimual temperatures in the range of 12-18°C and a summer rainy 

season. Given the orographic effects of the state's varied topography, however, climatic 

conditions vary considerably locally. For example, in the higher elevations, temperatures 

can be considerably lower (as low as 3° C) and the colder temperatures persist longer into 

the spring. Some of the more extreme low temperatiires in the mid-altitudes have been 

observed in the northeastern part of the state, where the relatively less humid climate can 

cause near surface temperatures to drop precipitously, increasing the risk of frosts at all 

times of the year. The campesinos of Tlaxczda are well aware of the spatial changes in 

temperature ranges, identifying the productive lands at slightly higher elevations - for 

example, in the foothills of the Sierra Nevada in Nanacamilpa, or the upper slopes of the 

sierras in Terrenate - as tierra fria, where crops take longer to mature and planting is 
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difficult in the spring because of the cold earth. A single ejido may contain both tierra 

fria and land at lower elevations. 

The rainy season extends from April to September, when the sub-tropical high 

over the Gulf of Mexico and the Caribbean shifts northward, allowing easterly trade 

winds carrying moist air from the Gulf to penetrate inland over the Sierra Madre Oriental. 

The moist ocean air is carried by the trade winds over the Mesa Central, creating an 

atmospheric instability as it is warmed. This results in the arrival of the temporal, or the 

summer rainy season's convective storms (Mosino, Garcia et al. 1974). Tropical storms 

can also develop in the Caribbean and off the southern tip of Mexico during the summer 

months and travel up the coast towards the Gulf These storms, called "cyc/onw" in 

central Mexico, can occasionally bring rain to eastern Tlaxcala in early spring. 

In October, the sub-tropical high shifts southward again, upper air flows are 

dominated by dry northwesterly winds and precipitation is inhibited for approximately six 

months (Jauregui 1968). During this time, cold air originating off the Great Plains in the 

United States, called "worreir" can be deflected southwards towards Veracruz, bringing 

cool winds to Tlaxcala. 

On average, the greatest quantity of precipitation falls in June in the south and 

central parts of the state. January and February are the driest months (see figure 3.1 

below). Precipitation varies considerably according to the location considered. In the 

center and south of the state, annual precipitation totals can range from 600mm to over 

1200mm. Apizaco, at the state's center, receives on average 700mm of precipitation 
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annually. The northeast and eastern regions, where the municipios of Terrenate and 

Huamantla are located, are drier with precipitation often below SOOmm for the year 

(Jauregui 1968; SPP 1981). Nanacamilpa, in the northwest comer of Tlaxcala, receives 

between 800 and 900 mm of rainfall armuzilly. 

It is not uncommon for there to be a short (one to three week) dry spell after the 

rainy season has begun, particularly in the northeast part of the state. Precipitation in 

Tlaxcala also exhibits considerable spatial variability due to orographic effects of 

Tlaxcala's varied topography. Prominent hills, the position of La Malinche, the barrier of 

the mountain range on Tlaxcala's northeast border: these all can cause rain to fall heavily 

in one location, while it remains dry only 20km away. This makes it particularly difficult 

to speak of average climate conditions for the state, or to make assumptions about 

weather processes even at a sub-state level. 

Tlaxcala is also in the broad area of Mexico that is affected by the sequia 

intraestival, a "relatively dry period" that occurs across much of eastern Mexico and parts 

of Central America at the end of the boreal summer in July and August (Mosino, Garcia 

et al. 1974). The sequia is reportedly caused by a regular change in air circulation in 

which patterns of airflow normally observed in winter become dominant (Mosiiio, Garcia 

et al. 1974). In Mexico, the seqm'a intraestival, or more commonly, the canicula, can last 

anywhere from two to four months, depending on the region. Particularly long or dry 

caniculas can be detrimental to crop growth. According to Mosiiio Aleman and Garcia 

(1974), Tlaxcala is located just at the edge of the region of the canicula's effects, where 



Fig. 3.1: Average Monthly Precipitation for Apizaco, Tlaxcala 
(1961-1995) 
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the canicula becomes most intense in July and August. In the graph below, the canicula's 

effect can be observed in the precipitation totals for the months of July and August in 

Apizaco, although Apizaco is not always affected by the event (figure 3.2). 

Because of Tlaxcala's high elevation, temperature range and relatively dry 

climate, frosts are also quite common, occurring at all times of the year but particularly 

during the winter dry period firom October to March. The fi-equency of frost events 

typically rises steeply in September and October, decreasing again in March and April. 

In an average year, the probability of firost is typically below 50 percent between April 

and September, posing the least risk to agricultural production during these months 

(Cabrera 1997). Agricultural data shows that the percentage of cropped area lost to fi-ost 

in Tlaxcala can exceed all other states in the country (Liverman 1990) (figure 3.3). A 

1968 map of firost frequency in the state (map 3.1) shows that the average number of frost 

days per year is highest at the foot of the Sierra Nevada (Nanacamilpa) and northern end 

of the Tlaxco-Huamantla range on the state's northwestern and northern borders (in the 

general area of Terrenate). By the 1968 estimate, the average number of frost days for the 

town of Nanacamilpa was between 80-100. The eastern part of the state Huamantia and 

the area of La Malinche had an average of 80 frost days every year. Only a few points in 

the state, primarily in the central valley (Apizaco), had fewer than an average of 40 frost 

days (Jauregui 1968). 
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Fig. 33; Percent of Planted Area Lost to Frost in Selected Mexican States 
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Tlaxcala is also subject to hail storms in the sununer months. These storms can 

occasionally do considerable damage to property and agricultural production, particularly 

if they are followed closely by rain. Hail can precipitate in small dispersed areas so that 

there is typically a large amount of spatial variability in its effects 

Interannual Variability 

Precipitation in Tlaxcala is subject to considerable interannual variability, as 

figure 3.4 illustrates. Jauregui calculated coefficients of variation for annual precipitation 

in the Puebla-Tlaxcala region in 1968 and found that for the eastern half of Tlaxcala these 

figures ranged from around 25 percent near Apizaco to a peak of 35 percent near 

Huamanda (1968). According to his calculations, the variability of precipitation in 

Tlaxcala was greatest in the more arid regions of the northeastern part of the state, but 

was not insignificant in any region. It is not uncommon for interannual precipitation to 

vary by as much as two standard deviations from the long-term average. According to 

calculations by Jauregui the interaimual variability of precipitation generally increases 

from the west to the east of the state, such that the area of Terrenate and Huamantla have 

coefficients of variation of 35 percent, while Nanacamilpa is located in an area where the 

coefficient of variation is only 18 percent (1968). 

Apizaco experienced summer precipitation totals as low as 376 mm in 1969 and 

as high as 956 mm in 1987 in the thirty-year period of 1961-90. As figure 3.4 shows, 

there is a tendency for Tlaxcala to experience more anomaly years that are extremely dry 

than wet, although depending on how one measures extreme years, there may be a greater 
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total frequency of relatively wet years than dry (see table 3.2). Flooding, even along the 

Zahuapan river, is not common, although particular areas (gullies, depressions, etc.) can 

be temporarily flooded after heavy rains have saturated soils. This is particularly the case 

in areas where clayey soils dominate. 

Table 3^; Apizaco DryAVet Years 
Dry Year Wet Year 

1957 1958 
1961 1964 
1969 1965 
1982 1976 
1986 1980 
1993 1987 

1991 
1992 
1994 

source: (Cabrera 1997) 

Fig. 3.4; Interannual Rainfall Variability in Apizaco, TIaxcala 1961-1995 
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The frequency of frost events also varies from year to year, partially as a function 

of variability in precipitation. The number of days when the risk of frost is below 50 

percent narrows in drier years and broadens in wetter years, affecting the risk to crops 

accordingly. When it is relatively dry, scientists at UNAM and UAT have discovered 

that the frequency of frosts as well as the probability of severe frost events increases. In 

contrast, wetter years are associated with a lower frequency of severe frosts. 

Upper atmosphere factors affecting climatic variability 

Although Mexico's coastal plains are affected by atmospheric conditions at or just 

above sea level, most of Mexico's land mass is at elevations far above sea level, such that 

precipitation and other climatic events are affected significantly by upper-air atmospheric 

circulation patterns (Mosino, Garcia et al. 1974). The combination of the position of the 

sub-tropical high and of the Intertropical Convergence Zone (ITCZ) over the southern 

edge of the country, the latitudinal position of the trades, and the upper-air disturbances 

caused by tropical storms in both the Pacific and the Gulf all have significant influences 

on interannual climate variability in Mexico (figure 3.5). 

Summer drought conditions, for example, can prevail in Mexico when the 

Bermuda high, the high-pressure cell normally located in the central North Atlantic 

during the summer months, shifts westward towards central Mexico and the Gulf, 

inhibiting the influx of moisture from easterly trade winds (Jauregui and Klaus 1976). 

The westward extension of the high pressure zone can also inhibit the formation and 

passage of Atlantic hurricanes off the Mexican coast, affecting the frequency of cyclonic 
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Fig. 3.5 Typical Seasonal Circulation Patterns 
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storms off the coast of central Mexico, which in turn affects the precipitation received 

inland. This upper-air circulation pattern has been obser\'ed in many of Mexico's more 

severe drought years, including those of the 1950s. 

The ITCZ typically will shift northward during the summer months to a location 

just south of Mexico's southern Pacific coast. This is one of the sources of Pacific 

hurricane activity in late summer, when the easterly trades converge with the ITCZ off 

Mexico's coast (West and Angelli 1989). In years where the ITCZ fails to migrate 

significantly north from the equator, the frequency of Pacific hurricanes declines. 

Although moisture from Pacific hurricane activity does not significantly contribute to 

Tlaxcaltecan precipitation, it is the source of moisture for south-central Mexico and the 

Pacific coast. The combination of a high pressure zone over the Gulf and a southeily 

ITCZ thus can mean drought conditions for much of Mexico. 

Influence of ENSO 

Anomolies in the position of the ITCZ. the trade winds and high-pressure zones 

have been correlated to the occurrence of ENSO events in the central Pacific. When sea 

surface temperatures become unusually warm and the easterly trades weaken, a warm 

ENSO event, or "El Nino", is in effect. The anomolously warm waters disturb normal 

tropical circulation patterns so that above normal amounts of precipitation typically falls 

on the west coast of South American, while the eastern coast often experiences lower than 

normal precipitation averages. During warm ENSO events, the ITCZ often lingers farther 

south that it would otherwise in the northern hemisphere summer. 
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Fig 3.6; Ocean-Atmosphere Interaction during ENSO Events 
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Although ENSO is not the only factor that influences interannual climate 

variability in Mexico, it is one of the principal forces that can now be modeled and 

predicted. It is for this reason that the occurrence of ENSO events are forming the basis 

of climate predictions for Tlaxcala. ENSO is monitored primarily through changes in sea 

surface temperatures (SSTs) and the associated Southem Oscillation Index (SOI), a 

measure of the barometric pressure gradient over the Pacific ocean between Tahiti and 

Darwin. The combination of SST anomalies with changes in the SOI constitutes the 

standard measurement of ENSO. When SSTs in the central Pacific rise simultaneously 

with a drop in the SOI, a warm ENSO event, commonly referred to as "El Nino" is in the 

process of developing. When the opposite happens (SSTs drop below average conditions 

while the SOI rises) a cool ENSO event is occurring, commonly called "La Nina" (see 

figure 3.6) 

It is well known that ENSO events have a strong influence on tropical weather 

patterns, contributing to a southward shift in the position of the Intertropical Convergence 

Zone and alterations in the tropical East/West Walker circulation cells on either side of 

the equator (Ropelewski and Halpert 1987). The ENSO signal, however, is not quite as 

strong in the northern hemisphere as it is in areas such as Northeast Brazil, Pacific South 

America, Southem Afiica, Australia or India. While ENSO is thought to have a 

significant influence on Mexican climatic patterns (O. Magana, Gay Garcia et al. 1996), 

this influence is complicated by other variables such as the position of the subtropical 

highs, the ITCZ and the trade winds. 
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The influence of SSTs and SOI on Mexican climatic variability is only beginning 

to be understood. Although it is difficult to generalize about climatic patterns in Mexico 

because the country encompasses large differences in latitude and altitude, ENSO events 

have been shown to influence precipitation in several different regions of Mexico (figure 

3.7). Warm ENSO events are thought to have a positive influence on regional 

precipitation in the winter months and a negative influence on precipitation in the 

summer months, particularly in the northeastem part of the country. In that area El Nino 

events have been correlated with increased precipitation caused by stronger westerlies 

and an increased number of storms originating from the Gulf of Mexico (Ropelewski and 

Halpert 1987). 

Dilley (1996) also identified a significant ENSO signal in the climatic variability 

of Oaxaca, Mexico, suggesting that ENSO may also have an important influence on the 

south-Pacific coast of Mexico. In Oaxaca, El Nino events are associated with an overall 

deficit of rain during the normal rainy season, although the season may begin with higher 

than normal rainfall (Dilley 1996). EI Nino events may also be correlated with more 

intense by less firequent of hurricanes in the Pacific, which would also have an effect on 

precipitation and winds on the Mexican Pacific coast. 

Because of the general importance of synoptic patterns on the climate of the Mesa 

Central, it is not unreasonable to postulate that ENSO may have a significant effect on the 

climate of Tlaxcala. Determining more precisely what the relationship is between 
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Fig. 3.7: Effect of ENSO on Precipitation in Mexico 
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synoptic-scale features and local weathi-r patterns was one of the goals of the forecast 

development project initiated by UNAM and UAT. 

Synoptic-scale influences on Tlaxcala climate 

The Center for Atmospheric Sciences at U^^AM and the Department of 

Agrobiology at UAT are basing their forecasts on statistical correlations between rainfall 

and temperature data at the level of a municipio in TUtxcala and four synoptic-scale 

variables: Pacific SSTs, temperature at 700mb heights, vorticity at 500 mb heights and 

sea-surface pressure (measured by the SOI). The statistical analyses used by UNAM are 

diagnostic in that they attempt to describe recurrent relationships between climatic and 

weather variations at different scales over time. These analyses becor.r:e predictive when 

the correlation between these elements are strong and reliable over time imd can be 

extrapolated spatially. 

This approach to regional or "down-scaled" climate forecasting is quite different 

from approaches that are based on dynamic global climate models. Dynamii: models of 

local climate that simulate climatic variability through mimicking physical, h/drological 

and topographic interactions at a regional scale have the potential to produce more 

accurate and explanatory forecasts than statistical models. Dynamic models are based on 

an understanding of the physical interaction of different climatic factors rather than on a 

statistical correlation, which may or may not be explained by the physical factors 

manipulated in the regression models. Dynamic modeling at the local level, however, is 

extremely complex and to date has not proven to be reliable for modeling physical 
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processes at the meso-scale in central Mexico (Perez Lopez 1997). The team of 

ciimatologists at UNAM compensate for the purely descriptive nature of statistical 

correlations by exploring and testing various explanatory hypotheses to elucidate the 

cause and consequences of their statistical observations. 

The UNAM ciimatologists first set out to determine whether generalizations 

could be made at a regional scale for Tlaxcala climate by comparing the anomalies 

present in 25 to 30 years of consecutive climatic records of four climatic stations in 

Tlaxcala (located in Nanacamilpa, Apizaco, Nativitas, and Terrenate). With some 

confidence that the interannual climatic variability in Tlaxcala for one station manifested 

itself in a similar maimer for the state as a whole, the ciimatologists then conducted a 

series of regression analyses to determine the correlation between local variables (total 

quantity of rain, onset of rain, end of rain, minimum and maximum temperatures, the 

mid-season drought and frosts) as the dependent variables and the larger-scale climatic 

forcing factors (such as the temperature at 700mb heights, SOI and SSTs) as the 

independent variables to determine which factors statistically appeared to have the most 

influence over local climate. Using historical time series, more detailed multilinear 

regressions were conducted between those variables exhibiting the maximum correlation. 

After the first year of their research, the scientists discovered that the SSTs of a 

particular region of the Pacific categorized as "El Nino 3" lent itself best to their 

analysis. SSTs of the Pacific are monitored daily as part of the United States Tropical 

Oceans and Global Atmosphere (TOGA) program for monitoring El Nino. Changes in 
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SSTs throughout the Pacific are also predictable by several ocean-atmospheric models of 

ENSO, indicating that if local climate patterns can be linked to these variables, then they 

too may be more reliably predicted. Preliminary analyses by UNAM in 1996 indicated 

that there was indeed a relationship between the El Nino 3 measurements and 

precipitation in Tlaxcala - perhaps explaining as much as 20 percent of climatic 

variability in the winter months and 10 percent of the variability in the summer months 

(figure 3.8). While this relationship is not very strong, when combined with an 

understanding of the influence of Gulf cyclones on precipitation, the local topography, 

and the strength and timing of ENSO development, some conclusions could be drawn 

about the probability of precipitation during the summer months. For example, during 

the 1982/83 ENSO event, one of the strongest in recent history, rainfall in Tlaxcala was 

markedly less than normal for the summer rainy season. The "teleconnection" between 

El Nino 3 and rainfall in Tlaxcala is not straightforward, however, and the direction of the 

correlation appears to vary with the month being forecast as well as the stage of the 

ENSO development. 
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Fig. 3.8: Summer Rainfall Anomlies (Apizaco, Tlaxcala) and 
Winter Nino 3 Anomalies, 1961-1995 
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On the basis of their growing understanding of the role ENSO plays in Tlaxcala's 

climate, the UN AM climatologist are preparing experimental seasonal forecasts for 

Apizaco, one of the municipios for which they have substantial data. Using a thirty-year 

climate record from the Apizaco meteorological station, the climatologists are correlating 

the local monthly climatic variables (i.e., precipitation, frost frequency, minimimi and 

maximum temperatures) with El Niiio 3 sea surface temperatures and the SOI. This 

statistical analysis is then the basis for their seasonal forecasts for the Apizaco municipio 

(see Chapter 6 for an example and discussion of the Apizaco forecast). Included in the 

forecast (currently produced in March and updated in May) is: 
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• a prediction of the week the rainy season will start and end, 

• an estimation of total accumulated rainfall, 

• the severity and timing of the canicula, 

• an indication of general temperature trends for the rainy season, 

• an indication of the frequency of hurricane activity, 

• an estimation of evaporation and solar radiation in relation to "normal." 

Given the severity of frost risk in Tlaxcala, the climatologists are also attempting 

to establish a relationship between atmospheric humidity, precipitation, ENSO and frost 

in order to estimate with more accuracy the frequency of frost events for the growing 

season. Predicting frost is one of the more difficult challenges in the forecasting project. 

Of all the variables UNAM is exploring, the scientists have the greatest confidence in 

their predictions of the timing of the initial rains. The predictions of the canicula and the 

end of the rainy season are typically not as reliable, simply because of the lapse of time 

from when the forecast is made to when these events occur. 

Social Geography of Tlaxcala 

Demography 

In 1995, INEGI estimated that the population of Tlaxcala was approximately 

883,924 people, representing just less than one percent of nation's population (INEGI 

1993; Omelas Delgado 1994; INEGI 1996). Tlaxcala is not only Mexico's smallest 

state, it is also the most densely populated, with more than 195 people per square 

kilometer (more than four times the national average density). The population growth 
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rate at 3.2 percent is a full 1.3 percent above the national average, reflecting a growth 

trend in some of the state's urban centers that has been apparent for the last decade 

(Omelas Delgado 1994). 

Depending on the measure of "rural," the percent of Tlaxcala's population now 

living in rural communities could vary between 38.7 percent (communities of less than 

5000 inhabitants) to 53 percent (communities of less than 10,000 inhabitants). 

Approximately 32.9 percent of the population lives in .8 percent of the state's localities 

vidth populations exceeding 20,000 (INEGl 1991). The population of the state is 

remarkably young, with an average age of 18 in 1990, and a total of 40.7 percent of the 

population below 15 years of age (INEGl 1991). The vast majority (87.3 percent) of the 

population is considered in the 1990 population census to be "native" to Tlaxcala, 

indicating that the state's population growth is not driven by immigration from other 

areas (table 3.3 and 3.4). 

Unlike some of the other central Mexican states, Tlaxcala does not have a 

significantly large population that the Mexican census identifies as indigenous. In the 

1980 census, 6.5 percent of Tlaxcala's population was classified as indigenous, and 3.9 

percent of this popula'uon lived m rural areas (de Janvry, Chiriboga et al. 1995). In 1995, 

approximately 3.5 percent of the state's population above 5 years of age spoke an 

indigenous language. Of this population, nearly all were bilingual, primarily speaking 

both Spanish and Nahuatl, the dominant indigenous language in Tlaxcala. The 

municipios with the highest percentage of Nahuatl-speaking individuals are in the 
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southern comer of the state, in the foothills of La Malinche and the southern border with 

Puebla. Because the focus of my research was in the areas ahready selected by the 

UNAM scientists for their climatological research, the few indigenous communities of 

Tlaxcala were not part of the study area for this research project. 

Table 3.3: Demographic and Social Statistics for Tlaxcala 
Tlaxcala Mexico 

Total Population (1995) 883,924 91,158,290 
Population Density (1995) 195/km2 41.25/km2 
Rural (population living in towns < 10,000 inhabitants) 53.4% 37.0% 
Population growth rate 3.2% 1.9% 
Population speaking indigenous language 3.5% .7% 
Adult illiteracy (pop. 15 yrs or older) 8.8% 1.0% 
Population with no or incomplete primary schooling 27.6% 31.6% 
Population receiving less than the minimum salary 40.7% 30.9% 
Population receiving less than double the minimum 73.3% 60.4% 
salary 
Population without sewage/drainage system 24% 24% 

source: (INEGI 1994; INEGI 1996) 

Poverty, Income, Literacy 

Since 1970, many of Tlaxcala's social indicators have significantly improved, 

indicating a general improvement in what was once identified as a fairly poor standards 

of living (Rancano 1992). In 1981, Yates reported that Tlaxcala was once one of the 

more marginalized states in the country with high rates of poverty (1981: 165) but by the 

mid-1980s, Tlaxcala was no longer considered among the poorest states of Mexico (de 

Janvry, Chiriboga et al. 1995) (table 3.5). Infant mortality, while accounting for 20 

percent of the total deaths recorded in the state (exceeded only by deaths in the 65 and 

older cohort), is below the national average (INEGI 1996). Only about 12 percent of 
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those deaths are formally associated with malnutrition or intestinal infections, common 

diseases of the poor (INEGI 1996). 

Table 3.4: Social Statistics for Selected Municipios (1990) 
Apizaco Huamantl Nanacamilpa Terrenate Tetla 

a 
Total Population older 

than 5 yrs(1995) 55520 
Population speaking 

indigenous language .06% 
Adult illiteracy 

(pop. 15 yrs or older) 5.4% 
Population with little or 

no primary education 19.8% 
Houses without 

electricity 2.6% 
source; (INEGI 1991; INEGI 1996) 

Table 3.5; Change in Social Indicators in TIaxcala 
1950 1960 1970 

Life Expectancy (yrs) 56.31 67.16 69.9 
Infant Mortality (per 1000 births) 130.97 110.72 105.03 
Literacy (percent of adult pop.) 55.9 61.51 73.05 

source: (Liverman and Ingall 1998) 

How "marginalized" TIaxcala is as a state and how the welfare of the state's rural 

population compares to its urban counterparts is, however, debatable. In a 1990 survey 

conducted by the National Council of Population and the National Water Commission, 

TIaxcala was classified as "moderately marginalized" with standards of living superior to 

fifteen states, and inferior to thirteen odiers. Marginaiization was defined in the survey as 

"partial or total exclusion firom the enjoyment and consumption of basic goods and 

services" (Omelas Delgado 1994). 
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Even within the small state of Tlaxcala, the degree of poverty varies according to 

the distance of the location in question from the state's two principle urban centers, 

Tlaxcala and Apizaco; the characteristics of the physical resource base; and condition of 

basic infrastructure such as roads, electricity and other services. Of Tlaxcala's 

municipios, Terrenate was given a rating of "high marginalization" in 1990 (Omelas 

Delgado 1994), while Apizaco and Nanacamilpa represent relatively less impoverished 

population centers. Although part of Terrenate fails in a relatively fertile valley where 

horticultural crops (lettuce, potatoes) are cultivated, much of the municipio's population 

produces rainfed maize on the steep slopes of the Sierra Volcanica, where the high 

altitudes, poor soils and inaccessible water makes practicing agriculture difficult. 

Apizaco and Tetla, on the other hand, lie at a lower altitude in the central valley where 

soils are more fertile and the climate not so extreme. Apizaco is also Tlaxcala's most 

populous municipio and serves as the state's commercial center. The high elevation but 

gradual slopes of northwestern Tlaxcala facilitates the production of commercial crops 

such as wheat and barley ,and it is this activity that serves to boost the economy of 

Nanacamilpa more than the com producing municipios such as Terrenate (see discussion 

below). 

In 1990, about 32 percent of Tlaxcala's population received less than the 

minimum salary in income, and 72.3 percent received less than double the minimum 

salary. According to one interpretation of living standards, a Tlaxcalatecan family of five 
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would need six times the minimum salary in order to maintain a supply of a basket of 

basic goods for a year (Omelas Delgado 1994). 

In 1970, nearly 30 percent of the state's adult population was illiterate. This 

figure is now officially 8.8 percent (INEGI 1996). This may be slightly misleading if one 

considers education levels, given that 33.2 percent of the population in 1990 had either 

not received any formal schooling or had not finished primary school. This statistic 

suggests that functional illiteracy may be higher than the official measure. Of the three 

focus areas for this study, Terrenate had the highest illiteracy rate in 1990 at 21.5 percent, 

followed by Nanacamilpa at 13.8 percent and Apizaco at 5.4 percent (table 3.4, above). 

Illiteracy will undoubtedly be an important factor for consideration in the distribution and 

uptake of climatic forecasts. 

Agriculture and Tlaxcala's Economy 

Historical Overview. 

Agriculture has been a dominant feature of the Tlaxcaltecan landscape since the 

pre-Columbian era. Many scholars have documented the intensity and complexity of the 

prehispanic agricultural systems that flourished on the Mesa Central in the proximity of 

Tenochtitlm during (and likely before) the time of the Triple Alliance (Denevan 1980; 

Whitmore and Turner II 1992; Martinez Saldana 1997). The maize stalks and references 

to the rain-god Tlaloc in the firescos on the walls of Cacaxtla, the Olmec-Xicalanca palace 

in Tlaxcala, are evidence of the importance of agriculture to the region as early as 600 

AD. 
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The Tlaxcaltecan populations are notorious in Mexico for assisting the Spanish in 

the overthrow of the Triple Alliance and the subsequent colonization. In the decades after 

colonization, the colonists apparently made use of Tlaxcaltecan agricultural expertise and 

production methods to improve indigenous cultivation practices in other areas of Mexico 

that had not previously been used for sedentary agriculture (Martinez Saldana 1997). 

Like most of Mexico, however, indigenous agricultural land in Tlaxcala was rapidly 

expropriated by meztiso or Spanish elite, and much of the state was soon transformed into 

large landholdings {haciendas) that employed the local population as day laborers (Nava 

Rodriguez 1978; Nickel 1988). 

By the end of the 19"* century, the small production units that historically had 

dominated the Tlaxcaltecan landscape were competing with the haciendas situated along 

the line of rail from the Veracruz coast inland to Mexico City. The revolution of 1917 

changed the situation, forcing some of the large landowners to forfeit their property in the 

1930s (Nava Rodriguez 1978). Some of this land was then allocated to ejidos (see 

Chapter 4). Little effort was made, however, in establishing appropriate agricultural 

infrastructure and support services in Tlaxcala and the sector's development was very 

slow (Hernandez Rojas 1991). By 1950, small private landholdings {pequena 

propiedades) and ejidos were the primary forms of land tenure, although some haciendas 

persisted, primarily involved in the production of bulls for the bullfights in Mexico City 

and elsewhere (Nava Rodriguez 1978). 
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Other than the bulls, Tlaxcala's main industry in the first half of the century was 

in textiles. In the 1960s this industry suffered a decline and many factories were closed 

down. The state retreated into a profound recession that lasted until the 1970s (Rancano 

1992). Tlaxcala was largely neglected in Mexico's industrialization schemes, and there 

was little federal investment in the state's development. By the 1970s, Tlaxcala was one 

of Mexico's poorest states with high rates of illiteracy and widespread poverty (Rancano 

1992; Omelas Delgado 1994). 

Because of the population density, the persistent problem of minifundio 

(repeatedly subdivided land into parcels so small as to lack productivity), the high risks of 

frost damage to production and the poor physical resources of the state, agriculture was 

not the focus of state development plans in the 1970s. Instead, tlie federal and slate 

governments emphasized strengthening Tlaxcala's manufacturing sector to improve the 

state's economy (Rancano 1992). Between 1975 and 1990, industry expanded by 177 

percent, primarily in the production of textiles, pharmaceuticals, agricultural chemicals, 

and capital goods (Omelas Delgado 1994). This growth has largely been concentrated in 

the center (Apizaco and Tlaxcala de Xicohtencatl) and southern part of the state on the 

border with Puebla (Omelas Delgado 1994). Because industrialization in Tlaxcala began 

relatively late, the momentum of economic growth carried the state through the 

beginnings of Mexico's economic crisis in the early 1980s; however, by the end of the 

decade unemployment rose dramatically as industrial growth contracted and factories 

replaced labor with capital-intensive production (Omelas Delgado 1994). 
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In 1980, the primary sector contributed approximately 15.25 percent to Tlaxcala's 

domestic product. By 1993, this figure had declined to 8.61 percent (INEGI 1996). 

Despite the fact that industry, commerce and service activities have gradually assumed a 

greater role in employment and economic production in Tlaxcala, agriculture continues to 

play an important role in rural livelihoods. Agriculture is the predominant form of land 

use in Tlaxcala, accounting for eighty-four percent of the state's area (INEGI 1996). In 

1990, nearly 30 percent of Tlaxcala's working population depended on agriculture for 

employment (both salaried and non-salaried) (INEGI 1991). Approximately 98 percent 

of those working in the agricultural sector were men, although it is likely that the 

participation of women in agricultural work (particularly in near-subsistence cultivation 

and kitchen gardens) is underestimated. From my observations during the field work for 

this study, few women were directly participating in the daily activities of taking care of 

the agricultural plots. Some women were observed weeding in one location, and it was 

apparent that many women were responsible for kitchen gardens around the household in 

the villages. 

Land Tenure 

Land tenure arrangements are now in flux with the recent reforms in Article 27 

(see Chapter 4), making it difficult to assess exactly how much of the current agricultural 

property is in private, ejidal or mixed tenure arrangements. According to the 1990 

census, approximately 43.6 percent of rural production units were ejidal and nearly 50 

percent were privately owned as pequena propiedad. Private property land tenure is 
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generally more common in the southern and southwest part of the state, around the base 

and slopes of La Malinche and along the river basins of the Zahuapan and Atoyac. Unlike 

some other areas of Mexico, there are not many differences in terms of average land unit 

size or production focus between the private and communal land tenure classes in 

Tlaxcala. Small-scale production is dominant: 85 percent of both ejidal and private 

farmers have plots smaller than 5 hectares, and 99 percent have landholdings less than 20 

hectares (table 3.6). Contrary to what one might assume from the Mexico's agricultural 

history, the average plot size is even smaller among the pequefia propiedades than it is 

among the ejidos (table 3.7). In many areas the original ejidal allocations were as much 

as 7 hectares per person, but over time these plots have been subdivided as they have 

been inherited, rented or appropriated so that now many farmers work on plots of an 

average of 3.6 hectares. The same population pressures that have affected ejidal land use 

are also evident in the pequena propiedad so that now the problem of miniflmdio is 

prevalent. Production units that incorporate both ejidal and pequena propiedad forms of 

tenure h?.ve the largest average size. Officially, however, these types of land tenure 

arrangements make up only 6.7 percent of all production units (INEGI 1996).^ 

' It is likely that this figure underestimates the number of units with both types of property arrangements. 
From personal observations in the field and surveys conducted for this study, it appears that many farmers 
have both types of property, particularly the better-off fanners close to the urban centers of Apizaco and 
Caipulapan. 
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Table 3.6; Percent Production Units Less than 5 hectares in Selected Municipios 
Tlaxcala (state) 85% 
Apizaco 93% 
Nanacamilpa 78% 
Terrenate 59% 
Tetia 79% 
Huamantla 75% 

source: (INEGI 1993) 

Table 3.7: Average Land Unit Size 
Land Tenure Average Unit # of Units Area (ha.) 

Size as percent of total as percent of 
total 

All tenure types 3.1 ha. 100 100 
pequena propiedad 2.3 ha. 49.8 38 
ejido 3.6 ha. 43.6 50.1 
mixed 5.6 ha. 6.7 12 

source: (INEGI 1993) 

While small scale production is not necessarily a disadvantage in terms of 

productivity or efficiency (Netting 1993), it may make farmers more vulnerable to certain 

environmental risks. Minimal land area can make crop rotation to preserve soil quality 

more difficult to implement, particularly if there is a cultural preference for one crop over 

another. Below a certain point, small plot size can also limit a farmer's capacity to 

diversify his or her production into a variety of crops, if the farmer's goal is to produce 

enough of each crop to sustain the producer's family until the next year's harvest. A 

small plot can also be more vulnerable to spatially variable climatic hazards - one event 

can wipe out a farmer's annual investment in his property, unless a farmer has the fortune 
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of access to several small plots in spatially disperse locations (Thompson and Wilson 

1994). 

Principle Crops 

Under Tlaxcala's difficult environmental conditions, it is not surprising that 

agricultural production in Tlaxcala is dominated by rainfed production, and either is 

marketed locally or used for home subsistence. In 1994/95, maize occupied nearly 60 

percent of the cultivated land in Tlaxcala, and nearly 90 percent of the crop was rainfed 

(INEGI 1996). Maize is a campesino crop: 85 percent of the area planted with maize is 

on production units of 5 hectares or less. Just over half of Tlaxcala's maize area is ejidal 

land, 31 percent private property and the remaining land area is partly ejidal and partly 

privately owned. From the data, it appears that not only are privately owned and ejidal 

properties generally similar in size in Tlaxcala, but they are also similar in their crop 

emphasis. Maize is grown in all areas of Tlaxcala, but less prevalently in the northeast 

where the elevation and aridity make barley a more productive crop. The soils, irrigation 

potential and relatively lower elevation of Apan-Calpulapan valley is the most conducive 

for maize, enabling the municipio of Huamantla to account for approximately 11 percent 

of the state's maize production in 1994, and 13.4 percent of the state's land area devoted 

to maize. Terrenate, Tetla and Apizaco contributed 2 to 4 percent of Tlaxcala's maize 

volume and 6 percent, 2 percent and 1.2 percent respectively of the state's area devoted to 

maize (table 3.8) (INEGI 1996). 
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Table 3.8; Maize Production by Volume and Area by Mnnicipio 
Municipio Area Planted with Maize Volume of Maize Produced 

(hectares, 1994/95) (tons, 1994/95) 
Tlaxcala (state) 144212 290630 
Apizaco 1.2% 1.1% 
Huamantia 13.4% 11.5% 
Nanacamilpa 2.2% 2.0% 
Tetla 2.0% 1.5% 
Terrenate 6.0% 2.7% 

source: (INEGl 1996) 

Although maize is grown all over the world under rainfed conditions and may 

produce some yield even in relatively marginal precipitation areas, it is also quite 

sensitive to climatic variability (Maurer Ortiz Monasterio 1981). Yields can vary 

significantly with changes in precipitation or the application of irrigation. In Tlaxcala, 

maize yields average 1.7 tons/hectare, although yields can be below 1 ton/hectare in a bad 

year, or reach 3 tons in a good year (figure 3.9). Rainfed maize yields appear to vary 

more than the national average, although divergences in the data sources could account 

for some of this discrepancy (figure 3.10). Tlaxcala's yields are significantly lower than 

what would be obtainable under irrigated conditions, where yields can be double. At over 

2 tons/hectare, yields are highest around Huamantia in the eastern part of the state, where 

as much as 18 percent of the hectares planted with maize is irrigated (INEGI 1996). 

Terrenate has the second lowest average yields in the state for maize at only 700 kilos/ 

hectare (see table 3.9), and only 5 percent of the land planted with maize is irrigated. The 

dominance of rainfed maize in Tlaxcaltecan agriculture is one indication of the potential 

vulnerability of production to climatic fluctuations. 
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Table 3.9; Production of Principle Crops for Selected Municipios 
Maize Wheat Barley 

Volume Yield Volume Yield Volume Yield 
(mt) (mt/ha.) (mt) (mt/ha.) (mt) (mt/ha.) 

Apizaco 1593.13 1.58 656.21 1.20 50.3 1.21 
Nanacamilp 
a 
Tetla 

2407.06 1.26 6364.92 1.98 791.9 1.82 Nanacamilp 
a 
Tetla 2508.01 1.80 1700.81 1.24 314.6 1.64 
Terrenate 4599.64 0.76 2909.55 1.42 416.8 1.52 
Huamantla 13020.82 2.09 3842.87 1.73 370.7 1.96 

source: (INEGI 1996) 

Fig. 3.9: Variability in Summer Rainfed Maize Yields 
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sources: (INEGI 1996) 
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Fig. 3.10; Average Maize Yields for Mexico and Tlaxcala, 1981-1989 

TIaxcala rainfed 
Mexico irrigated and rainfed 
l\^exico irrigated 

- l\4exico rainfed 

source: (Appendini 1992 pg. 231-232; INEGI 1996) 

Wheat, barley and beans make up the other principle annual crops, and alfalfa and 

peaches are some of more important perennial crops (see figures 3.11 and 3.12). In the 

valley around Huamantla and the lower elevations of Terrenate, potatoes are also a 

popular commercial crop. None of these crops, however, challenge the dominance of 

maize in the agricultural sector by volume or area (table 3.9 and 3.10). Although many 

farmers who participated in this study said they rotated their crops, the abundance of 

maize - planted on every available piece of supporting soil - indicated that while a small 

part of a farmer's property might be devoted to alternative crops every year, maize is 

planted on some part of the farmer's property virtually every year. Wheat, barley, alfalfa 

and peaches are primarily commercial crops marketed by private sector companies such 
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as Impulsora, a beer processing company. Commercial production of these crops is 

concentrated in the highlands of the northwestern part of the state (Nanacamilpa) where 

the relatively more abundant precipitation and cooler temperatures are more sixitable for 

the alternative grains. Calpulapan, Nanacamilpa and Tlaxco, all municipios in north and 

northwest comers of Tlaxcala, together account for 37 percent of the state's wheat 

production and 74 percent of the barley production. In contrast, the municipio of 

Terrenate accounts for only .2 percent of barley output and .5 percent of the wheat 

production (INEGI 1993). 

Beans (pinto and fava) are also relatively common in Tlaxcala and, like maize, 

these crops are both marketed and consumed as subsistence crops. Maguey, a variety of 

the agave, is harvested and processed on the farm into pulque, a strong alcoholic 

beverage. The production and sale of pulque is prevalent in all parts of Tlaxcala and 

serves as an alternative source of income for many campesinos (Nava Rodriguez 1978). 

Table 3.10; Area, Volume and Value of Tlaxcala's Principle Crops 
Crop Hectares Planted Production Volume 

(metric tons) 
Production Value 

(thou, pesos) 
Maize 144212 290630.1 302779.1 
Wheat 50422 114437.2 164237.4 
Barley 25383 43174.4 53200.4 
Beans 5127 43351.7 13243.5 

Production in Tlaxcala is not constrained solely by poor natural resources and 

climatic variability. One explanation for the persistence of low maize yields in Tlaxcala 

may be the farmers' access to infrastructure and capital inputs. Production is primarily a 
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low-input, labor-intensive activity with minimal mechanization or sophisticated 

infrastructure. The slope of the terrain and lack of water resources pose obstacles to 

mechanized production and agricultural finance for capital intensive agriculture is absent 

in Tlaxcala (see Chapter 4). The high density of the population, however, suggests that 

labor-intensive cultivation may be more efficient than other alternatives. 

The latest agricultural census (1990) indicated that only 27 percent of farmers 

owned tractors and about half owned small trucks. This means that the majority of 

farmers must rely on rented equipment or animal traction for their labor and 

transportation requirements. The latest agricultural census (1990) indicated that only 27 

percent of farmers owned tractors and about half owned small trucks. This means that the 

majority of farmers must rely on rented equipment or animal traction for their labor and 

transportation requirements. In the case of rented equipment, availability, timeliness and 

cost can become constraining factors, although cooperative efforts with other farmers can 

alleviate some of these constraints. Dependence on animal traction in a near-subsistence 

situation poses the problem of animal feed and nutrition, particularly during 'bad' years 

for production when both food and finances are scarce and land is limited. 
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Evidence of mechanization among the farmers participating in this study was more 

common in the ejidos around Apizaco and in the highlands of Nanacamilpa than the more 

steeply sloped and relatively impoverished municipio of Terrenate. 

Irrigation, a commonly proposed solution to mitigate the effects of climatic 

variability on crops, is largely unavailable in Tlaxcala. The Zanhuapan and Atoyac rivers 

provide some surface-water irrigation to those who farm in their proximity. Other 

producers farming on the mountain slopes are able to charmel run off onto their fields in 

times of heavy rainfall or after snow melt in the spring. Several scholars have mentioned 

of the existance of chinampas (raised bed) irrigation systems and manual irrigation (i.e., 

by bucket) in the southern part of Tlaxcala; (Denevan 1980; Wllken 1987), but these 

irrigation systems were not common in the areas of focus of this study. There are four 

ground-water aquifers m Tlaxcala; however, all but one are situated at depths that makes 

retrieval of the water extremely costly. Thus ground and surface water supplies are 

scarce and generally inaccessible to 85 percent of rural producers. The vast majority of 

cultivated land - 87 percent - is exclusively rainfed (INEGI 1996). 

Given the poor soils in the state, most of Tlaxcala's production must be 

undertaken with fertilizer, although financial constraints typically limit the application of 

chemical fertilizers to levels below what is recommended. Fanners report that production 

is next to impossible without some chemical or organic additive. According to the 1990 

agricultural census, 98 percent of Tlaxcaltecan farmers use chemical fertilizers and about 

74 percent say they use organic fertilizers (INEGI 1993). As a result of land size and 
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scarcity, few farmers fallow their plots for more than four months in the winter, and if 

irrigation were more widely available, many fanners would probably elect to plant their 

fields year-round. Although most farmers say they rotate maize with beans or a forage 

crop, either for cash or subsistence reasons or both, maize typically dominates the planted 

area. As a result maize is often planted for several subsequent years on the same plot, and 

the effect on soil quality is severe. 

In these circumstances the affordability of the chemicals, the timing of their 

purchase and application and the quantities acquired become critical elements in many 

farmers' production strategies. Although the relative price of fertilizer has skyrocketed 

with declining government support for inputs and the devaluation of the peso (see 

Chapter 4), in 1997 chemical fertilizers were far more widely used than organic material. 

Thirty-two out of forty-three farmers interviewed in this study said they used only 

chemical fertilizers, ten said they use both organic and chemical and only one indicated 

that he relied solely on organic fertilizer. The 1990 agricultural census reports that 

chemical fertilzers were in use in over 97 percent of Tlaxcalatecan ejidos. ""Nitrogeno" 

(nitrogen) and supersulfato de calcio triple " (superphosphate with triple calcium) 

together or ""sulfato " (superphosphate) alone were the most conmion chemicals 

mentioned by farmers. Less than three-fourth of the state's ejidos were using organic 

fertilizers (INEGI 1993). 



From earlier accounts of agricultural practices in Tlaxcala, it appears that the 

current dependance on chemical inputs may be a relatively recent phenomenon (Wilken 

1987; Hernandez Rojas 1991). It may be that the scarcity of land in Tlaxcala has reduced 

the accessibility of communal grazing land and thus the number of livestock farmers are 

able to keep, so that manure is no longer produced on the farm. Policy incentives for 

fertilizer use in the past may have initiated a trend towards more wide-spread chemical 

use on Tlaxcalatecan ejidos, and now, although support for chemical inputs is far less 

than previously, farmers have come to rely on such inputs for their production. 

Herbicides and pesticides are also available in Tlaxcala, but are not widely used in 

the production of maize or other subsistence crops. Wheat and barley require some 

additional chemical applications, but these crops are not produced as universally as maize 

by Tlaxcaltecan producers. For the commercial crops such as barley, wheat or alfalfa, 

commercial seeds are used. For maize production, most farmers still maintain the 

practice of selecting their seed from their harvest stock and storing the seed through the 

winter to plant in the spring. These locally-cultivated seeds, or criollas, are typically 

lower-yielding than commercial varieties, but unlike the commercial seed varieties, the 

seeds last for several crop generations while the commercial seeds decrease in quality 

significantly after the first year of use and thus must be purchased annually (see Chapter 
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Summary 

Although Tlaxcala's population has a long history of agrarian production, the 

variability in Tlaxcala's climate, topography and natural resources continue to challenge 

the viability of agriculture. The state's elevation and relative aridity make it particularly 

susceptible to such hazards as frost, and the state's volcanic soils do not support well the 

intense exploitation by Tlaxcala's dense rural population. The scarcity of land, and the 

paucity of sources of irrigation exacerbate the challenge to production that many 

Tlaxcaltecan producers face. As a result, yields remain low and highly variable. Maize, 

although often considered more vulnerable to climatic variability, is the preferred staple, 

largely because it doubles both as a subsistence and a commercial crop and requires 

minimal purchased inputs. 

It is in recognition of the physical challenges to production in Tlaxcala that 

climate forecasts are now being proposed for the agricultural sector. It is hoped that 

through correlating local climatic pattems with larger-scale synoptic climatic indicators, 

climatologists will be able to produce reliable forecasts for the growing season. Given 

the significant interannual variability in precipitation in Tlaxcala, and the risk posed by 

climatic hazards, such forecasts could prove to be valuable for peasant producers. The 

utility of these forecasts will depend, however, in the interaction of both physical 

production constraints and opportunities, with those posed by the social and economic 

conditions in which the campesinos operate. The history of modem Mexican agricultural 
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development and current agricultural policy environment is the subject of the next 

chapter. 



92 

4. AGRICULTURE POLICY IN MEXICO AND SMALLHOLDER 
VULNERABILITY 

"El campo es el corazon de Mexico porque el dia que no haya comida, ustedes senores 
de la ciudad no pueden comer su dinero ni sus empresas... 

- Don Saul, campesino 

"Coma puede competir Mexico si los EEUUy Canada va en coche y Mexico a pie? 
- Don Silvestre, campesino 

Introduction 

Following concepts of the political-ecological framework outlined by Blaikie and 

Brookfield (1987), the vulnerability of small-scale Mexican farmers to climatic 

variability should ideally be understood in relation to the historical, economic and 

political forces that influence their production decisions (Black 1990). Their capacity to 

respond to environmental stresses is integrally linked to the structure of power and 

resource access of the society in which they operate. The farmers producing at the 

margin - with ecologically inferior resources, with minimal access to infrastructure and 

technology, with little control over the incentive structures which dominate their 

production systems - are likely to be those farmers who are also more vulnerable than 

others to the effects of climatic variability on their harvests (Blaikie and Brookfield 

1987). The degree to which small-scale, near-subsistence farming can be called 

'' "The countryside is the heart of Mexcio because the day that there is no longer food, you men of the city 
will not be able to eat your money or your businesses." 

"How can Mexico compete if the United States and Canada go in car while Mexico goes on foot?" 
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'marginalized' and the prospects for the future of this sector must inform any 

understanding of vulnerability and adaptation. 

Mexico's agricultural sector has been divided into different classes of producers 

since before Spanish colonization. The small scale campesino with his sombrero and 

mule-drawn plow; the rows of maize—yellow, blood red, blue and black—the stack of 

warm tortillas wrapped in a clean cloth for the evening meal: maize and the peasant 

farmer are cultural symbols in Mexico. Over 2.7 million producers (60 percent of all 

producers in Mexico) make up Mexico's "social sector," comprising of "collectively 

managed, community-based peasant production on smallholdings," institutionalized as 

either ejidos or comunidades (Collier 1994). Together with 870,292 private landholders 

with less than 5 hectares of land (making up 62 percent of all private landowners) these 

farmers make up Mexico's smallholder producers (INEGI 1993). Although these farmers 

have access to only 10 percent of the coimtry's arable land, they produce over half of the 

country's maize, primarily on rainfed land in the central and south Pacific states (de 

Janvry, Chiriboga et al. 1995). On average, a small-scale producer using rainfed land will 

devote more than 70 percent of his land to maize cultivation (Soils Rosales 1990; Hewitt 

de Alcantara 1994; de Janvry, Chiriboga et al. 1995). 

These maize-producing "smallholders,"" have been persistent features in the 

history of Mexican agriculture, despite repeated attacks on their means of livelihood and 

rights to production at different points in the pre- and post-colonial era. Defense of the 

" R. Netting (1993: 2) defines smallholders as "rural cultivators practicing intensive, permanent, 
diversified agriculture on relatively small farms in areas of dense population." 
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peasant's right to farm his own land and to provide for his household from the grain of 

his parcela was one of the primary motivations of the Mexican revolution of 1917 

(Stavenhagen 1970; Katz 1988). That momentous event in Mexican history led to the 

institutionalization of the smallholder's rights in Article 27 of the 1917 Constitution: land 

taken from peasant communities in decades of political and legal manipulation by 

Mexico's elite would be returned, and the redistributed land, allocated in collective land 

holdings, could not be again expropriated by private interests. 

Despite the significance of this event, the rights of the campesino have not reigned 

in Mexico since 1917 (DeWalt and DeWalt 1992). Theoretically, after the 1917 

Constitution was formulated, two types of land holdings would exist in Mexico: the 

communal holdings of the social sector and the private land holdings, called pequenas 

propiedades. The private land holdings were supposed to be limited in size, but in reality 

have ranged from 2 hectares or less to more than legal limit of 25 times an average ejido 

plot (Stavenhagen 1970). As it has turned out, the vast majority of private land holding 

area (98 percent) has remained concentrated m the hands of about a third of the private 

land owners, while the remaining two-thirds of the pequenas proprietarios have managed 

on very small land holdings (minifundios), amounting to only 2 percent of the total 

private land available (Stavenhagen 1970). Inequities in addition to plot size in the 

distribution of productive resources (irrigable, fertile, reasonably flat land) between ejidos 

and pequenas propiedades and within the private sector have also been docimiented by 

several scholars (Stavenhagen 1970; DeWalt, Rees et al. 1994). 
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The land distribution process has not, as a result, facilitated the prosperity of 

many smallholder farmers. Although some 28,000 ejidos now formally exist in Mexico, 

ejidatarios have had to struggle to benefit from their share of the state's investment in 

agriculture. Smallholder production has never received consistent support, due in part to 

an inability of the government to decide whether its policies should be designed to 

integrate ejidal production into its broad economic objectives for the agricultural sector as 

a whole, or to gradually wean labor from ejidal production into industry and use the land 

allocations more as a political concession than as part of an agricultural strategy 

(Sanderson 1986). More often than not, the government's attitude towards the ejidos 

(and to a certain extent, the small-scale pequenas propiedades) has reflected the latter 

perspective (Sanderson 1986; Appendini 1992). 

The private sector minifundios have perhaps had even more difficulty in obtaining 

agricultural services and rights (Yates 1981). These farms have neither benefited from 

the codification of the ejidal system and bureaucracy, and nor have they had the political 

power and organization to gain the privileges that the remaining large-scale private 

farmers (located more often than not in the northern and northwestem states) were able to 

maintain after 1917. 

Now, after two decades of stagnant agricultural production, financial turmoil and 

economic instability, some scholars perceive that Mexico is abandoning even the 

symbolic pretense of the 1917 rhetoric (Brown 1997). The ejidal sector is now open to 

privatization and the role of the state in controlling small-scale production is rapidly 
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changing (Collier 1994; Stanford 1994). With an increasing commodity trade imbalance 

with the United States and other trade partners, stagnating food production and persistent 

problems with urban and rural food insecurity, Mexico's agricultural sector is in a state of 

crisis (Barkin 1990; Appendini and Liverman 1994). The structure and support of small-

scale production in Mexico is rapidly changing. How small-scale producers are affected 

by and adapt to these changes will have implications for how they will be able to respond 

to climatic hazards and make use of climatic forecasts. 

Historical Overview of Mexico's Dualistic Agricultural Sector 

The current debate over the future of the Mexican ejido and the role of small-scale 

production (both in the private and social sector) in the Mexican economy arises out of a 

complex history of policy and politics which illustrates both the historical dependency of 

small-scale production on the state and the resilience of ejidal farming in the face of 

systematic manipulation by the state for political ends. The state's policy towards ejidal 

farming has been characterized by contradiction and ambivalence (Sanderson 1986; Gates 

1989; Appendini 1992). The government did not implement its Constitutional 

commitment to redistribute land until the regime of Lazaro Cardenas (1934-40), some 

fifteen years after the reforms were put in writing in the Constitution (Gates 1989). After 

the first waves of land allocations, the process was slowed by the subsequent 

administrations' unwillingness to undermine the productivity of larger-scale commercial 

production in many regions of Mexico (Yates 1981; Gates 1989). Some of the more 

peripheral areas of Mexico - the northern and southernmost states - were slower to 
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undertake reforms, and in many cases the previous hierarchical land ownership structures 

remained (Tobler 1988). In other regions, peasant protests and occasional land invasions 

by peasants ensured that the state paid lip-service to the objectives of agrarian reform, 

although the piecemeal land allocations and infrastructure investment after Cardenas 

reflected the government's desire to pacify the rural population and control unrest more 

than any concerted attempt to integrate ejidal producers into the agricultural economy 

(Tobler 1988). In Tlaxcala, 184 ejidos (compared to the 239 registered today) had been 

created by 1950. The demand for land and population density was so high in Tlaxcala, 

however that the resulting parcelas for each ejidatario and the remaining private 

landholders was generally quite small (less than 5 hectares) (Nava Rodriguez 1978). 

As several scholars have observed, the improved access to land improved the 

welfare of some producers initially, but the small land holding sizes without attendant 

structural support meant that the land access only ensured survival; it did not enhance 

prosperity (Appendini 1992; DeWalt and DeWalt 1992). By the time President 

Echeverria (1970-76) turned the attention of Mexican policy-makers towards investing in 

the productivity of the social sector, the land that was politically feasible to allocate to the 

ejidos was of poor quality so that many ejidos were organized at a disadvantage, 

particularly in the northern state and southern states where the best land—the property 

with accessible irrigation, fertile drained soils, minimal slope—often remained in the 

hands of commercial producers participating in Mexico's modernization programs 

(Stavenhagen 1970; Yates 1981). 
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The government's historic ambivalence towards the ejidatario m Mexico reflects 

its indecision on how best to foster export growth and agriculture modernization while 

being self-sufficient in food production and ensuring stability and subsistence in the rural 

and urban sectors. In the decades before Echeverria attempted to revitalize government 

investment in the ejidos, agriculture policy in Mexico set out to rapidly modernize 

production with heavy investments in irrigation development, agricultural research and 

mechanization (Yates 1981; Sanderson 1986; Barkin 1990). In the words of Steven 

Sanderson, the dominant policy was one of "private sector exclusion": concentrated 

investment in modernization, agroindustry and growth of cash crop production, 

effectively marginalizing the small-scale producers of the social sector (1986:251). 

Support for the production of Mexico's traditional staples - maize and beans - was 

displaced in favor of horticultural and forage (wheat) crop production for export markets 

(Sanderson 1986; Gates 1989; Barkin 1990). This policy had strong geographic 

implications: public resources for agricultural finance, irrigation development and other 

infrastructure rapidly concentrated in the northern and northwestern states that were 

considered to have the greatest commercial potential, while the regions of traditional 

staple food production in the center and southem parts of Mexico were neglected. 

While these policy directions resulted in what Lamartine Yates has called "the 

Golden Age" of Mexican Agriculture, with food crop output increasing at an 

unprecedented rate of 5.7 percent annually from 1940-65 (1981: 15), it was also the 

period that cemented the dualistic or 'bimodal' character of production in Mexico (Barkin 
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1990; Appendini 1992; DeWalt, Rees et al. 1994; Barry 1995). The benefits of public 

investment and agricultural growth accrued primarily to the export-oriented private 

producers (and some ejidos) in the northern and north-central states; producers of rainfed 

maize and beans in the Mexican Mesa Central and southern tropics were in large part 

bypassed by the agricultural miracle and relegated to subsistence farming on increasingly 

marginalized lands (Baricin 1990; Appendini 1992; DeWalt, Rees et al. 1994). This 

resulted in a geographic bias in agricultural development as well as an accentuation of 

class divisions within the agricultural sector. For farmers in the irrigation districts of the 

North and Northwest, production decisions became increasingly influenced by national 

and international politics beyond the farmer's control as Mexico's trade objectives 

dominated agricultural investment and the availability of resources (Barkin 1990). The 

disparity between the relative prosperity of the commercial sector in the northern states 

and the relative poverty of the social sector is a factor that has contributed to the 

vulnerability of Me.xico's rural majority in the south-central and southern regions to the 

impacts of drought and attendant food insecurity (Appendini and Liverman 1994). 

The Green Revolution 

Agricultural research and technology development is arguably one of the forces 

that" led to the deepening of the schism between large-scale commercial agriculture and 

the near-subsistence social sector and an accentuation of the geographic bias in 

agricultural development in the years after Cardenas. In the mid-1940s, the Mexican 

Ministry of Agriculture began an intense, decades-long research relationship with the 
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Rockefeller Foundation of the United States designed to boost the productivity of 

Mexican agriculture through the development and introduction of new seeds. The 

Mexican government complemented this research by promoting the use of modem 

agricultural inputs; improved fertilizer, irrigation and other production technologies. This 

collaboration was what generated "the Green Revolution," the "miraculous" leap in 

aggregate agricultural output and yields that resulted from a dramatic expansion in 

irrigated hybrid wheat (and later maize) production and the use of chemical fertilizers, 

pesticides and herbicides in the 1950s and 60s (Borlaug 1965; Yates 1981; Jermings 

1988). The focus of the technology deployment was in the regions of the country 

considered to have a 'high potential and low risk' for commercial production: fertile soils, 

relatively flat terrain, close proximity to transport and accessibility to irrigation water 

sources. Once again, this meant that the traditional rainfed, mountainous agricultural 

regions on the Mesa Central were relatively neglected (Hewitt de Alcantara 1976; 

Jennings 1988). As a result of this policy, in the 1950s agricultural output was growing 

at a rate of 7 percent armually, and, by I960 maize production had increased 250 percent 

with average yields increasing from .3 to 1.3 tons per hectare in the decade. This growth, 

however, was occurring only in particular regions of the country as a result of increased 

output by a relatively small group of producers (Trejo Luna 1992). 

As the dramatic rates of growth in production leveled out towards the end of the 

1960s, it became apparent that the benefits of Mexico's miracle had not been equally 

distributed in the agricultural sector. Yates (1981), for example, provides evidence that 
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although fertilizer consumption increased 30-fold from 1952 to 1980, its use was highly 

concentrated in commercial, irrigated farms larger than 12.5 hectares. Although Yates 

argues that the lack of fertilizer adoption among smallholder farmers could be attributed 

to their "lack of agricultural know-how" and education, other scholars have emphasized 

that the situation was far more complex. The fertilizers and engineered seed stocks of the 

Green Revolution needed to be purchased each planting season to ensure high yields and 

disease-resistant crops. Without easy access to credit, small-scale producers could not 

afford the technologies. Those farmers who could find financing for the technology 

packages risked huge debt burdens should their crop fail because of climatic hazards 

(Appendini and Liverman 1994). Furthermore, it was not clear that the new technologies 

were very appropriate for the ecological and social conditions in which the majority of 

Mexico's campesinos operated: varying altitudes, growing seasons limited by frost and 

drought, little or no irrigation potential and topography that constrained mechanized 

fanning (Yates 1981; Wright 1984; Trejo Luna 1992; Appendini 1992). 

As population grov^ gradually caught up with agricultural production in the late 

1960s, meeting the nation's food needs suddenly became a pressing concern, and 

extending the benefits of the new production technology to subsistence producers and 

small-scale fanners of basic staples in southern and central Mexico was seen as an 

important objective (Redclifl 1983; Jennings 1988). Some experimental programs, such 

as "Plan Puebla" in central Mexico, were designed to introduce the technologies to small-

scale producers. Although in the case of Plan Puebla, yields did increase and some 
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farmers may have benefited from the technologies in the short term, results from this 

experiment illustrated the vuhierability of hybrid 3eeds to climatic variability in the 

absence of irrigation, the significant financial burden imposed on farmers using the 

purchased fertilizer/seed packages, and the importance of social, cultural and ecological 

factors in technology adoption (Redclift 1983; Ireson 1987; Jennings 1988; Appendini 

1992) (figure 4.1). 

Fig. 4.1: Variability in Maize Yields of the Plan Puebia Experiment 
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In a review of Plan Puebia, Michael Redclift reports that "little was learned of use 

to small farmers, whose multifarious production activities (including non-farm 

employment) and slender financial resources made technological packages both 

inappropriate and usually, inaccessible" (1983: 562). The assimiptions about decision-
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making that fit commercial producers did not apply to the small-scale, partially 

subsistence campesinos. In the words of Robert Netting, "The management choices that 

the smallholder makes in the light of intimate knowledge of the land are unlikely to 

involve short-range maximization of production. Farmers who survive must hedge 

against the uncontrollable fluctuations of the climate and the market" (1993: 145). The 

Puebla campesinos' production strategies were designed to minimize risk rather than 

optimize profits (Redclifl 1983). The experiments in introducing the Green Revolution 

technologies to the campesinos illustrated fundamental differences in orientation between 

the private and social agricultural producers in Mexico, differences that the technology 

and services provided by the public sector and agricultural subsidies only exacerbated. 

Statistics on production and the use of technology by campesinos in Tlaxcala 

confirm the failure of the Green Revolution to reach small scale producers in the rainfed 

regions. In a 1978 overview of the agricultural sector in Tlaxcala, Luis Nava 

characterizes a situation of very poor investment, little or no irrigation development, no 

modem seed varieties or other improved technologies and increasingly degraded 

resources resulting from the intensity of cultivation and population density (Nava 

Rodriguez 1978). The 1990 agricultural census reports that improved seeds were being 

used on only 36 percent of Tlzixcala's ejidos, although chemical fertilizer was being 

almost universally applied. Irrigation reaches only a minimal number of producers in 

Tlaxcala, and animal traction is common on two-thirds of the state's communal farming 
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areas (INEGI 1993) (table 4.1). Maize yields are still averaging two tons per hectare, far 

below the potential yields of new maize varieties (INEGI 1996). 

Table 4.1; Use of Selected Agricultural Technologies in Tiaxcala 
Technology Proportion of Ejidos 

Use of improved 36% 
seeds 

Chemical fertilizer 98% 
Animal traction 78% 

source: (INEGI 1993) 

One outcome of the technological change in agricultural production in some 

regions of Mexico may be an increased vulnerability of the agricultural sector to climatic 

variability (Michaels 1979; Liverman 1990). Irrigation infrastructure may buffer 

producers from the implications of rainfall variability in the shortrun; in a prolonged 

drought, however, in areas where water has been over-allocated, or where irrigation has 

allowed the expansion of agriculture to more fragile land, dependence on irrigation can 

exacerbate vulnerability (Liverman 1990). Liverman and O'Brien also discovered that in 

order to acquire the infrastructure and technology for producing green revolution seed 

varieties, many farmers must go into debt. In the event of a climatic disaster, these 

farmers often cannot repay their loans (Liverman and O'Brien 1991). Further, 

Liverman's 1990 study of vulnerability to drought in Sonora and Puebla shows that the 

degree to which 'improved' technologies mitigate vulnerability varies significantly 

between private and communal farming sectors in these states, even after access to 

irrigation has been controlled (Liverman 1990). This suggests that the political-
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economic, ecological and social variables which have distinguished the social sector from 

the private commercial producers - including the promotion of Green Revolution 

technologies - may be significant in determining the benefits of technology in mitigating 

risks to production. 

Finance and Price Support Policies 

A discussion the social implications of the Green Revolution is not complete 

without a discussion of the history of agriculture finance and price incentives, which 

served in part to promote the Green Revolution technology. Finance and price incentives 

were used as the tools for implementing the chosen direction of Mexican agricultural 

policy over the decades. The policies which accompanied the introduction of the new 

technologies in Mexico were designed to enhance the rapid modernization of agriculture. 

In terms of finance, this meant that the volume of credit to private producers from private 

banks, guaranteed by FIRA {Fundos Establecidos en Relacion a Agricultura), increased 

dramatically in the 1950s and 60s and was primarily channeled to support the expansion 

of irrigation, livestock and export crop cultivation in larger-scale, credit-worthy farms 

and ejidos in newly created irrigation districts (Appendini 1992; Sanderson 1986). 

Investment was oriented towards regions of Mexico suitable for mechanized, irrigated 

agriculture; those areas that had been supporting smallholders for centimes - Oaxaca, 

Guerrero, Puebla or Tlaxczda - were considered "marginal farming areas that sooner or 

later will be progressively abandoned" (Yates 1981:204) (table 4.2). 
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Table 4^: Regional Differences in Irrigation Development, 1950 
Region Irrigated Area % of Total % Change in 

(1000 ha.) Arable Area Irrigated Area 1930 
-1950 

Northwest 1663 38 127 
North 1310 27 12 
Northeast 714 38 173 
North-center 188 5 52 
West-center 1431 13 31 
Center 657 11 18 
Gulf-south 213 2 23 
Peninsula 12 1 -^0 

source: (Yates 1981) 

Public Investment 

Irrigation development was the primary focus of public expenditure in agriculture; 

non-irrigation investment did not reach 10 percent of ±e total investment until 1970 

(Yates 1981). Public support flowed to the new irrigation districts in the northern states 

where the focus of subsidies on water, electricity and fertilizer chiefly benefited those 

farmers who were using large quantities of these inputs (Yates 1981). For these farmers, 

input subsidies encouraged an expansion into cash crops and high-input agriculture, a 

concentration of resources in a few regions of the country, an enhancement of the role of 

contract farming, private credit, extension services and market intermediaries (Sanderson 

1986: 240). In these areas, chemical fertilizer rapidly replaced the practice of fallow-cycle 

farming in maintaining soil fertility, enabling more crop cycles in a year while 

simultaneously increasing production costs (Yates 1981; Appendini 1992). Many 

farmers quickly found their traditional land- and risk-management strategies replaced 

with a dependence on the new technologies, in some cases increasing their risk to 
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fluctuations in both the physical climate as well as the market for cash crops and 

purchased inputs (Gates 1989; Appendini 1992; Appendini and Liverman 1994). 

Credit 

From the start, the smallholders were separated from the medium to large-scale 

producers by the federal credit institutions. Credit from the public bank. Banco Nacional 

de Credito Agricola was oriented towards the "higher potential" producers while the 

Banco Nacional de Credito Ej'idal provided financing for the ejidos (Yates 1981). The 

coverage of these institutions was not extensive and generally was targeted to wheat and 

other cash crop producers (both ejidal and commercial) in the irrigation districts and 

livestock centers of the northwest and northern region (Sanderson 1986). Although the 

total volume of finance expanded considerably in the 1950s and 60s, the geographic bias 

of the credit meant that small-scale farmers in the central plateau were relatively inhibited 

from actively participating in the agricultural modernization effort (Jennings 1988; 

Appendini 1992; Appendini and Liverman 1994). 

Price Guarantees 

It was during this period that price guarantees were set for most of Mexico's 

principle crops, initially to ensure that producers would not be exploited by middlemen 

and to ensure that urban consumers (the labor force of the industrialization drive) would 

receive affordable food (Reyes Castaneda 1981; Soils Rosales 1990). Although the state 

attempted to meet both the goals of enhancing food self-sufficiency with strong producer 

prices and of ensuring consumer food security with food subsidies, commodity prices 
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generally favored the urban consumer at the expense of the producers. From 1962 to 

1972, producer price policy favored the production of high-value (rather than maize and 

bean) crops and the price support for maize declined by 25 percent in real terms (Solis 

Rosales 1990) (see figure 4.2). 

Input subsidies 

Input subsidies were also biased in favor of the large-scale commercial producers 

so that the campesinos of southern and south-central Mexico found that production costs 

were rapidly catching up with or exceeding the producer prices for the staple crops 

(Sanderson 1986; Appendini 1992) (see figiu-e 4.3). Electricity, fuel and fertilizer 

remained heavily subsidized during the 1970s and early 1980s, benefiting those farmers 

in the irrigation districts and large commercial plantations that used significant amounts 

of these inputs. In contrast, Yates reports that in real terms, the general producer price 

index declined significantly from 1950 to 1972, then rose again but only to 75 percent of 

its value m 1940 (Yates 1981). The declining profit margins in low-input agriculture had 

the effect of dividing the agricultural sector by commodities: the private-sector, large-

scale producers concentrated on remunerative, high-input crops while the production of 

maize and beans was increasingly left to the rain-fed minifundistas and ejidatarios of the 

central plateau. 



Fig. 42: Real Price Guarantees for Maize, 1953-73 
(deflated by 1978 avg. CPI) 
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Fig. 4 J: Cost of Production and Price Indices for IVIaize Production, 
1960-1982 (1960=100) 
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Reforms of the 1970s 

By the end of the 1960s, agricultural production had slowed its dramatic rate of 

growth, and the inequities of the sector's development were becoming more apparent. 

Production was not keeping pace with national food demands, forcing Mexico to import 

more and more of its food requirements (Esteva 1987). The Echeverria administration 

realized that some concerted investment in small-scale production was required in order 

to still rural unrest and boost food production. BANRURAL, or Banco Nacional de 

Credito Rural was created in 1975 out of a merge of the Banco Nacional de Credito 

Ejidal and Banco Nacional de Credito Agricola, and almost all financing for ejidal 

production was channeled through this institution at subsidized rates. Although the 

expansion of credit to the ejidos was significant (see figure 4.4), it still failed to reach 

more than a third of small-scale producers (Hewitt de Alcantara 1994). The state, 

however, viewed credit as a primary means by which it could guide and control the 

orientation of production as well as push its political agenda on the previously neglected 

communal segment of the agriculture sector (Hewitt de Alcantara 1994). The bank often 

played a central role in dictating each farmer's choice of crop, time of planting, mode of 

production and inputs applied. Bank officials played the roles of extension agents, 

commodity traders, insurance agents and input suppliers (Sanderson 1986: 238). The 

responsibilities of the finance sector eventually created a insurmountable financing 

problem for BANRURAL, which was mandated to provide credit services to a large 

population that could not meet the credit-worthiness criteria of any private institution 

because of repayment problems, environmental risks and poor output. 
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Fig. 4.4: Percentage of Cultivated Maize Area Accredited by Banniral, 
1971-1990 
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The roles of other public institutions also were expanded in this period. Through 

credit and price incentives, many peasants were encouraged to abandon their traditional 

practices in favor of chemical inputs from FERTIMEX and other parastatals. FERTIMEX 

held a virtual monopoly on the production and distribution of chemical fertilizers in 

Mexico until it was privatized in the early 1990s (Appendini 1992; de Janvry, Chiriboga 

et al. 1995). PRONASE, the government's seed production and distribution agency, held 

a monopoly on the supply of improved seeds (Yates 1981; Sanderson 1986). Farmers 

were also encouraged to market their crops through contracts with CONASUPO, the 

government's grain marketing, distribution and import agency. 
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The statist approach to revitalizing the social sector reinforced a historical 

relationship between the ejidos in which the ejidos were made to depend on patronizing 

state agencies. This system partially compensated ejidatarios for their increasingly 

marginalized position in an increasingly intemationalized agricultural sector while 

ensuring that the rural producers would remain loyal to the governing political system, 

controlled by the Institutional Revolutionary Party (PRJ). Some scholars have also 

commented that the state's control of the ejidal sector came at the expense of much of the 

flexibility that makes smallholder production viable in variable environmental and 

economic circumstances (Sanderson 1986: 239; Appendini 1992; de Janvry, Chiriboga et 

al. 1995:60). Farmers no longer had control over decisions concerning the timing of 

planting; choice of crop, seeds and fertilizers; and longer-range investments in terracing, 

canal enhancement or other projects. 

In 1980, the government made an attempt at achieving food self-sufficiency, 

institutionalized by Sistema Alimentario Mexicano (SAM), a program of concentrated 

public investment in marketing, production and distribution of primary commodities 

(Austin and Esteva 1987). SAM was composed of a variety of policy instnmients that 

included enhanced producer price supports, consumer subsidies for basic staples (i.e., 

tortillas, bread), and expanded access to public credit, all financed by Mexico's oil boom 

of the late 1970s (Sanderson 1986; Montanari 1987; Redclift 1989). The influx of public 

investment was targeted for Mexico's rainfed agricultural regions, with the hope that 

modernizing and improving peasant production would have the most significant impact 
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on meeting food needs in deficit areas (Montanari 1987). The price guarantees for maize 

and other staples were also increased to boost food production. Production increased as a 

result of SAM for many campesinos, along with the spread of technology and finance in 

Mexico's rainfed regions. The price incentives for maize production also benefited the 

market-oriented producers whose response to price fluctuations of the basic staples was 

more elastic, and who could more readily take advantage of subsidies for irrigation and 

electricity (Andrade and Blanc 1987; Escalante and Redon 1987; Solfs Rosales 1990; 

Appendini 1994). 

In recognition of the production risk some farmers were now facing with the use 

of new technology, crop insurance was extended to the social sector in the Program of 

Shared Risk (Maurer Ortiz Monasterio 1981). Although some form of crop insurance had 

been available to private producers since the mid-1940s (Reyes Castaileda 1981), it was 

not widely available to producers in the high-risk rainfed production regions. The 

Program was designed specifically to compensate farmers for any production losses they 

incurred due to investing in new technologies, thus serving as an incentive for 

modernization of the peasant sector. 
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Agricultural Crisis 

Although SAM produced a rapid increase in production in the two years of its 

operations, it was short-lived: in 1982, Mexico's economy collapsed in debt and a 

balance of payments crisis, followed by a deep recession (Lustig, Bosworth et al. 1992). 

The de la Madrid administration, under pressure from an Intemational Monetary Fund 

adjustment program, was forced to take drastic measiires to rectify the stability of the 

economy. Real wages dropped, the peso was devalued and by the mid-1980s, real GNP 

had dropped 10 percent below the 1980 level (Barkin 1990). 

Interestingly enough, climate factors were also partially responsible for the 1982 

crisis. The 1982/83 year was one of the most severe El Niiio events of the 20"* century 

and had wide reaching impact on global climate. In Mexico, severe drought devastated 

production everywhere, causing yields to fall and undermining the initial improvements 

in production stimulated by SAM. 

In rectifying the economic crisis, the policy pendulum swung away from the goal 

of food self-sufficiency in favor of export earnings and commercial crop production 

(Barkin 1990). Public investment in agriculture declined 76 percent in real terms from 

1982 to 1989 (and, according to Escalante and Redon, subsidies for agriculture declined 

by 62 percent between 1983 and 1987) and the flow of public credit for maize dwindled 

annually by an average of 20 percent (Appendini and Liverman 1994; de Janvry, 

Chiriboga et al. 1995). In 1986, Mexico joined the General Agreement on Tariffs and 

Trade (GATT) in an effort to revitalize its trade relations and export economy (Josling 

1992). Export subsidies were reduced, import substitution policies discontinued and the 
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government divested from many of the enterprises it had controlled, many which were in 

the agricultural sector (Josling 1992). 

The impact of the economic crisis in the agriculture sector was severe for all 

producers, but particularly for the small-scale farmers of basic staples (Barkin 1990). The 

campesinos who had been made to depend on a complex bureaucratic support system 

now had the rug pulled out from undemeath them. Although escalating inflation and 

interest rates and declining public support for agriculture made production increasingly 

unprofitable, high rates of urban and rural unemployment left few options open for small-

scale farmers (Escalante and Redon 1987; Barkin 1990). Rural and urban wages declined 

precipitously so that by 1986, 51 percent of Mexico's population was below the poverty 

level (Barkin 1990; Hewitt de Alcantara 1994; de Janvry, Chiriboga et al. 1995). Hewitt 

de Alcantara reported that by 1988, the number of com producers operating at a loss was 

approximately 65 percent of the total (1994: 12). 

With their food security threatened with inflation, many small-scale producers 

began to retreat from the market altogether - a trend that appears to be continuing at the 

present time. This increase in subsistence farming caused grain prices to rise as some 

areas experienced shortages of maize in retail markets (Hewitt de Alcantara 1994). In 

other cases, farmers who had previously managed to produce enough maize to last for 

two years of consumption were pressured by rising household expenses to sell their grain 

in spite of disadvantageous prices, only to have to purchase the grain back later in the 

year at a higher price as their stocks ran low (Solfs Rosales 1990). 
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The 1980s recession and decline in agricultural support also had more direct 

affects on rural production strategies. Raul Garcia Barrios and Luis Garcia Barrios 

(1994) report how the emigration of labor from ejidos and rural conununities in Oaxaca 

(in search of urban employment) undermined traditional reciprocity labor networks. 

Remaining producers were unable to keep up with collective infrastructural and land 

management activities such as terracing and irrigation. In addition, the peasants became 

increasingly dependent on remittances for their welfare, increasing their vulnerability to 

fluctuations in urban wages and employment. Although Barrios and Barrios do not 

discuss die implications for vulnerability to climatic risk, other scholars (Waddel 1983; 

Watts 1987; McCabe 1990) have documented how such vulnerability tends to increase as 

traditional coping strategies and environmental practices are disrupted and not replaced 

by viable alternatives. 

Recent Agricultural Policy Reforms and Macroeconomic Change 

When President Salinas de Gotari assumed office in 1988, the livelihood of 

campesinos in most of rural Mexico was particularly precarious. Despite some effort to 

protect producers of basic grains, rural credit and public investment in agriculture was at 

an all-time low. Since 1988, the Mexican government has been nurturing a broad-scale 

initiative to open up the economy to international trade by making the economy more 

efficient and competitive. In 1992, Mexico, by ratifying the North American Free Trade 

Agreement with the United States and Canada, institutionalized the 'technocratic' push 
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for neoliberal reforms in Mexico that had been initiated in 1986 when Mexico signed the 

GATT agreement. 

Land tenure 

The government has decided that the traditional structure of the social sector is at 

least in part to blame for the lack of competitiveness and inefficiency of Mexican 

agriculture (Stanford 1994). In 1992, Article 27 of the 1917 Constitution, which 

guaranteed communal landholding rights was in essence revoked. The alphabet soup of 

public agencies and parastatals that played such a prominent role in the control of 

campesinos' production have been or are being dismantled, privatized or decentralized in 

an effort to rid the sector of decades of institutional corruption, streamline public 

expenditure and promote commercialization. The traditional crutches of support for 

ejidal production are being withdrawn, leaving small-scale producers in the communal 

sector to privatize their landholdings and fend for themselves in an increasingly 

competitive and uncertam economic environment. 

Privatization 

One of the more significant changes has been the privatization or closings of 15 

parastatal agricultural agencies that formerly supported the rural sector (Romero Polanco 

1996). The National Agricultiure and Livestock Insurance Agency, ANAGSA, was one 

such agency that was closed and replaced by AGROSEMEX, a private insurance 

company offering insurance only at market rates - rates that make crop insurance a 

luxury that few farmers can afford (de Janvry, Chiriboga et al. 1995). CONASUPO, the 
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grain marketing agency, was restructured to focus solely on maize and bean production 

and marketing; all other commodity prices were liberalized (Escalante and Redon 1987; 

Appendini 1994; de Janvry, Chiriboga et al. 1995). The fertilizer agency, FERTIMEX, 

was privatized in 1992, and now fertilizer prices have risen to match those on the 

international markets. Price guarantees for maize, sorghum, wheat and beans had been 

declining significantly in real terms since 1986; by the end of the decade, only the price 

of maize and beans was protected (figure 4.5) (de Janvry, Chiriboga et al. 1995). 

Fig. 4.5: Percentage Price Increases of Maize and Fertilizer, 1983-1990 
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Credit 

BANRURAL, along with private financial institutions, now concentrates on 

recuperating its losses by targeting only the most credit-worthy producers in high-
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production zones (Appendini 1994). BANRURAL's interest rates are now nearly aligned 

with market rates. The cost of credit increased further after the devaluation of the peso in 

1994 (de Janvry, Chiriboga et al. 1995). As a result, BANRURAL's coverage dropped 

firom 7.2 million hectares in 1988 to 1.2 million hectares in 1991 (see figure 4.4, above). 

Few small-scale farmers can afford BANRURAL's rates, making investment in 

equipment, inputs and farm infrastructure increasingly difficult. 

In 1990, Mexican farmers who were considered too risky for BANRURAL's 

support were offered a new form of subsidy, credito a la palabra through a new agency, 

PRONASOL, the National Solidarity Program. PRONASOL's loans consist of small 

sums of money paid according to the number of hectares farmed. Repayment is made in 

support of a community fund for development purposes. Producers do not pay interest on 

the PRONASOL loans; the program is intended to be a form of welfare support rather 

than a finance institution. The amounts of money available through PRONASOL are 

very small: in Tlaxcala in 1997, the maximum one could borrow was 400 pesos 

(approximately US$50). 

Input subsidies 

In terms of inputs, the subsidy programs that the campesinos once relied on have 

also been dismantled. Input support declined from a high of 15 percent of aggregate 

production value in 1983 to 4 percent in 1990 (figure 4.6). Subsidies for maize 

production alone declined from 27.5 percent of production value in 1985 to 6.5 percent in 

1990 (de Janvry, Chiriboga et al. 1995). With the privatization of the government 
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parastatal agencies that had formerly provided agricultural inputs to farmers at subsidized 

rates, the cost of production escalated. For example, between 1983 and 1987, de Janvry 

et al. (1995) report that subsidies for inputs declined by 13 percent annually so that 

producers now are paying far more for inputs with far less finance. 

Fig. 4.6: Government Support for Production Inputs 
as a Percent of Production Value, 1982-1992 
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PROCAMPO 

To help campesinos weather the hardships of the transition to the liberalized 

economy, the government is now providing a new form of direct subsidy: a direct 

payment of a fixed amount per hectare of cultivation. The subsidy, called PROCAMPO, 

is issued under an umbrella agricultural support program called Alianza para el Campo 

which distributes small subsidies to help farmers mechanize their production, establish 

4.6: Government Support for Production Inputs 
as a Percent of Production Value, 1982-1992 
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pasture land, improve the health of their crops and livestock and adopt technologies 

which would facilitate their participation in commercial markets, such as improved seeds 

and chemical fertilizers. PROCAMPO, like PRONASOL, is oriented towards the poorest 

high-risk producers—those that produce basic grains —to compensate them for the 

declining price support for maize in the increasingly competitive market. In 1991, the 

payment was set at 350 pesos/hectare and in 1997 it had risen to 556 pesos. In real 

terms, the payment doesn't compensate for the loss of the support farmers previously 

received or the declining price of maize (Gomez Cruz, Rinderman et al. 1993), but it is 

now one of the only forms of public support for small-scale producers of maize, beans 

and nine other crops (wheat, sorghum, rice, barley, soya, cotton, sunflower, safflower and 

sesame) may receive. PROCAMPO is intended only to be a temporary support; farmers 

will be gradually weaned off the payments by 2002. 

Extension service 

Research and extension services, formerly provided at no cost by state agencies 

(the agricultural ministry, SAGAR; BANRURAL; INIFAP, the state research 

organization) have been restructured now to encourage private sector participation in the 

provision of services and to organize state programs on a cost recovery basis. SAGAR 

(through its program PEAT, Programa Elemental de Asistencia Tecnica) and INCARural 

(Instituto Nacional de Capatitacion Agropecuaria Rural) are the agencies that now 

provide most public support for extension. Under the assumption that private sector 

extension sources will provide for the commercial producers, these agencies concentrate 
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on the social sector and smallholders. PEAT is a federal institution and trains and 

supports about 60 percent of the public extension personnel in Mexico. INCARural is an 

organization that operates at the state level, funded by each state's agricultural agency. 

INCARural's mandate is explicitly to focus on the small-scale, most marginalized 

producers (de Janvry, Chiriboga et al. 1995). Both agencies, however, have as their goal 

the encouragement of commercialization and modernization of peasant agriculture. An 

effort is being made to help peasant communities to organize themselves to pay for (at 

least in part) the services they are receiving through legal contracts. Funds from 

PRONASOL are assisting peasant communities to meet their initial obligations as co-

payers for the programs. 

While the intention of the newly decentralized and restructured extension services 

may be constructive, in practice it is not clear how many small scale or ejido producers 

are benefiting from the programs. The resources allocated to cover the campesino 

extension services are not sufficient to meet the demand. The emphasis on co-payment 

requires peasant conununities to be well organized and relatively entrepreneurial, while 

community institutions are simultaneously being dissolved by rural emigration, reforms 

in Article 27 and decreasing profitability in production. Although public investment in 

extension is now focused on the social sector and rainfed agriculture, the total amount of 

resources for extension agent salaries and services has declined considerably since the 

late 1980s (de Janvry, Chiriboga et al. 1995). In these circumstances there will be many 

communities that are not covered by these services. Another problem with the new focus 
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of extension services is that until very recently, the most concerted effort in the 

agricultural research that supports extension has been on commercial, irrigated 

production. The newly decentralized agricultural research agency, INIFAP, now must 

invest its limited budget in lines of research more applicable to the ecological, economic 

and social circumstances of small-scale producers. How well it will fulfill this goal 

remains to be seen. 

Overall, public investment in agriculture has declined by nearly 80 percent since 

the early 1980s (Romero Polanco 1996). The liberalization of producer prices has 

increased the risk of crop diversification, and the low price of maize has made it difficult 

for producers to compete with less expensive imports from the United States (Appendini 

1994; Romero Polanco 1996). Because of cuts in expenditures and the government's 

effort not to interfere as much as previously in private sector markets, the services of 

CONASUPO are not as widely available as before. The price of maize for small-scale 

producers who only wish to sell small quantities of grain sporadically to meet household 

expenditures is often too low to merit the travel and other expenses required to sell to 

CONASUPO. These farmers are now more likely to market their harvest with local 

buyers in the proximity of their village to reduce their transaction costs. The result, 

however, is that these producers will not benefit from the continuation of CONASUPO's 

price supports as much as producers in areas where the volume of production makes 

CONASUPO's services more accessible (de Janvry, Chiriboga et al. 1995). Most small-

scale producers of maize are being squeezed out of the market as the band between 
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production costs and crop prices has narrowed to the point that commercialization is 

increasingly impossible (Barkin 1990; de Janvry, Chkiboga et al. 1995). 

In addition to coping with changes in price policy, access to inputs and 

institutional support, campesinos are now struggling with the uncertainties associated 

with land reform. The revisions in Article 27 now allow campesinos with communal land 

tenure to gain title to their individual parcelas through the government titling program, 

PROCEDE. The objective is to foster more entrepreneurial production strategies in rural 

areas, allowing peasant farmers to lease, sell or rent their land to others in their 

community or outside of it. Farmers will now be able, perhaps required, to put up their 

land titles as collateral for loans, which in theory will improve smallholder access to 

finance and improve investment (Stanford 1994). However this may mean that farmers 

who have been struggling with debt or find that their production costs are urunanageable 

without government support may be forced to sell their property for short-term gain or 

debt payment, only to find that their labor is not easily absorbed in other economic 

sectors. Other experts on Mexican agriculture argue that the new agrarian code simply 

reflects and institutionalizes what has already become a reality for most small-scale 

producers and thus will not produce any dramatic changes in the sector (Collier 1994; 

DeWalt, Rees et al. 1994). Renting and leasing land has been common in many ejidos for 

decades, and inequalities within ejidal communities have facilitated the ability of some to 

amass areas of land that far exceed legal limits (DeWalt, Rees et al. 1994). The reforms 
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of Article 27 will simply legalize this practice, and, in doing so, ensure that land 

transactions are above-board and in the open. 

By the mid-1990s, many small scale producers had participated in PROCEDE's 

titling program. The implications of this trend is not yet apparent. Property titles can 

now be demanded by government agents before any public services or subsidies are 

provided to individual producers, and this requirement has forced many producers to 

comply with the titling program.'" There is no indication at this point, however, that 

mass quantities of ejido or communal land have been transferred to commercial interests 

or that some producers have acquired large amounts of land formerly held by ejidatarios. 

The situation does, however, contribute to a general sense of uncertainty in the 

production process for small-scale producers. 

Implications of Recent Policy Reforms for Tlaxcala 

PROCEDE 

It is not yet clear how farmers in Tlaxcala will respond to the federal 

government's attempt to facilitate the privatization (and through this, the accumulation of 

large landholdings) in its program PROCEDE. Many of the farmers who participated in 

this research expressed a great reluctance to obtain titles to their property, and thus no 

inclination to sell off their small holdings. Land rental is already common in many parts 

of the state (particularly in the northeast where I observed larger landholdings devoted to 

wheat and barely more often than maize) without the PROCEDE certification. 
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Input costs 

While climatic risks are high, farmers in all areas where interviews were 

conducted were preoccupied with the economic viability of their activities, uncertainties 

in the policy environment and what they characterized as a lack of government support 

for their farming. The contraction of public support for rainfed agricultural has been 

difficult in TIaxcala, where the vast majority of producers are smallholders producing 

maize on rainfed, highly eroded lands. Despite the physical variables that make 

production so challenging in TIaxcala, a Terrenate farmer informed me that "the price of 

maize and the cost of fertilizer" were the factors of production of greatest concern to him. 

For example, with the recent reforms in the structure of agricultural input 

subsidies, many farmers have reported that their production suffers from "the lack of 

resources" with which to purchase fertilizer, and that this hurts their yields even more 

than climatic variability. In terms of the common currency of small farmers in 

TIaxcala—maize— farmers informed me that it took the equivalent of two tons of maize 

to purchase a ton of fertilizer, approximately the quantity required for a three-hectare 

parcela. To apply the recommended amoimt of fertilizer in 1997, a farmer would 

probably spend around 550-900 pesos per hectare, a quarter or more of what the farmer 

might earn through the sale of all the maize harvest (table 4.3). Thus, although INIFAP, 

the federal agriculture research and extension service recommended that Tlaxcaltecan 

farmers in high-potential areas apply urea and triple, several farmers said they used only 

This was reported in the Puebla-Tlaxcala regional paper El Sintesis during the summer of 1997. Several 
farmers in TIaxcala complained about the title requirement for the procurement of PROCAMPO funds. 
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superphosphate because it was the most inexpensive. Other farmers said that they ideally 

would apply fertilizer twice - once in the escarda, immediately after planting, and then 

again during the segunda, some thirty days after the first application. They are forced by 

lack of resources, however, to apply fertilizer only once, or in the worst cases, not at all. 

Still other farmers appeared to conserve their resources by simply cutting back on the 

amount of fertilizer applied. Although the recommended application was around 400 

kilogram, per hectare of both urea and triple, farmers reported applying amounts varying 

fi-om less than 40 kilogram per hectare to (in one case) about a ton per hectare. 

Table 4 J: Sample Costs of Production (in 1997 Pesos) 
Farm Fertilizer Total Costs Fertilizer 

Location Costs as % of total costs 
Terrenate 747.5 2047.5 37% 
Tocatlan 565 2430 23% 

source: author interview data. 

Interestingly enough, there is some evidence that although yields do increase with 

the use of chemical fertilizers, the benefit from the increase in yields does not justify the 

cost of the application, and farmers would do better economically using no chemical 

fertilizer. Aliteri and Trujillo reported in their 1987 study of com varieties in Tlaxcala 

that net gains (pesos/hectare) were greater for those farmers who did not purchase 

chemical fertilizers. Although yields were higher under the fertilized conditions, the 

increase in yield did not make up for the increase in production cost (Altieri and Trujillo 

1987). 
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A few farmers, recognizing that their dependence on purchased cheuiicals makes 

their production economically unviable, are seeking alternative methods. A couple of 

farmers in one village were experimenting with developing their own organic fertilizers 

through biodynamic and permaculture principles. In another case a farmer was practicing 

minimum tillage—turning the remants of his harvested com crop under the soil as 

fertilizer before planting his next crop. Another group of farmers on an ejido outside of 

Apizaco were experimenting with composting with the help of technical expertise from 

the state's agricultural agency, Agrotlax. 

Input Subsidies 

Despite the difficulties posed by rising production costs, ejidatarios and other 

miniftmdistas in Tlaxcala are not completely lacking in support. The total amount 

allocated under Alianza para el Campo in Tlaxcala for 1997 was reportedly 142 million 

pesos {Sintesis March 16 1997). PROCAMPO was one of the Alianza programs that was 

most widely available in Tlaxcala. Although farmers are permitted to use the money in 

any manner they choose, most farmers and agricultural experts in Tlaxcala suggested that 

the money is largely used to subsidize the cost of purchasing chemical fertilizer. 

Although the 556 pesos allocated in 1997 covered at best one-third to one-half of the total 

cost of purchasing fertilizer, many farmers indicated that they would be unable to 

purchase fertilizer at all without this cash assistance. Their dependence on the subsidy 

often means that they cannot proceed with their agricultural activities after planting until 

the money arrives. Unfortunately, bureaucratic and budgetary problems in the Alianza 
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program in the last few years have often delayed the arrival of the PROCAMPO subsidy 

to communties, preventing the poorer farmers from applying fertilizer at the appropriate 

time in the growing season. While I was in the field, the newspapers published almost 

daily reports of organizations of farmers protesting the timing of the subsidy's arrival. 

Another problem with the subsidy is that it has been made available only to 

producers who have proof of ownership of land. Because 230 of the 240 ejdios in 

Tlaxcala have apparently completed the PROCEDE land titling process, it is assumed that 

most farmers have this proof of ownership. A large number of farmers in the eastern part 

of the state, including Terrenate, however, apparently had not completed the PROCEDE 

process by the summer of 1997 and were concerned that they would not receive their 

PROCAMPO allocation. Many farmers who have only rented land are also excluded 

from receiving the PROCAMPO allocation. Unless their landlords turn the subsidy over 

to them, they do not benefit from the program. The 1990 agricultural census reports that 

only one percent of farmland is rented in Tlaxcala; however, a large amount of the rented 

property may be unreported. Absentee landlords seemed to be particularly prevalent in 

Nanacamilpa in the westem part of the state. 

Kilo por Kilo, an Alianza program to encourage farmers to adopt hybrid com and 

bean varieties, was the only other program that seemed to be reaching a number of the 

farmers in the areas where 1 conducted interviews. This program subsidizes the price of 

improved seed in such a way that a kilo of improved seed can be purchased for the price 

of a kilo of grain from a local variety. 1997 was only the second year of the program. 
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however the program was already considered a success with somewhere between 30 to 40 

thousand producers statewide expected to participate in the 1997 growing season (six 

times that of the previous year). Although many of the small-scale producers in the 

center of the state, close to the offices of INIFAP {Instituto Nacional de Investigaciones 

Fores tales y Agropecuarias—the institution promoting the program), were actively 

participating in Kilo por Kilo, fewer farmers in the eastern municipios appeared to be 

participating. It is through the Kilo por Kilo program that INIFAP, a collaborator in the 

Tlaxcala climate forecasting project, expects to disseminate agroclimatic information to 

participating farmers. 

The other subsidies available under Alianza para el Campo - subsidies for 

mechanization, irrigation, fruit-orchard estabilishment and livestock for example - were 

rarely mentioned by any of the farmers interviewed. One agricultural expert working 

with farmers in Tlaxcala commented that the Alianza programs often exclude resource-

poor producers, who represent the majority in Tlaxcala. According to this source, many 

of the programs under Alianza require that the producers put up the initial capital for the 

investment which is then matched by the government. Farmers who lack the initial 

capital and cannot borrow to obtain it cannot take advantage of the program. During the 

simimer of 1997, this perspective was echoed in several newspaper articles in the Sintesis 

where it was reported that local campesino organizations were complaining that as much 

as 80 percent of the campesinos in Tlaxcala were not able to take advantage of the 

Alianza benefits {Sintesis 1997). 
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Extension Services 

Technical assistence, apparently once more widely available through the auspices 

of B ANRURAL, is no longer very accessible. Because extension services theoretically 

could be ideal mechanisms for distributing climatic information, the coverage of these 

firms is an important consideration for developers of the climatic forecasts. Individual 

and groups of farmers are supposed to initiate contracts with the organizations for the 

delivery of the extension services (although both PEAT and INCARural services are 

essentially 'free' at this point through the PRONASOL subsidy). PEAT's assistance in 

Tlaxcala in 1997 reportedly covered approximately 93,000 hectares, nearly 40 percent of 

the state's agricultural area. In the Tlaxcala agricultural district there are 40 PEAT 

experts assisting about 18,000 producers, approximately one-quarter of the district's 

farming population. PEAT's resources are devoted primarily to farmers in areas of high 

productivity as determined from environmental characteristics as well as the market 

orientation of the farmers. In contrast, according to one of the extension agents for 

INCARural, the focus of the INCARural program is on the most vulnerable producers or 

the comunidades marginales. The agents cover 60 communities in the state, or a total of 

16 of Tlaxcala's 44 municipios. 

The farmers themselves seem only vaguely aware of the source of technical 

advice that reaches their commimities, unaware of the differences between the agencies 

and acronyms. While there was evidence that some technical assistance was being 

provided in all the communities in which interviews were conducted, the distribution of 

assistance within a community was not uniform. Some farmers appeared to have 



132 

benefited firom advice on seed choice, fertilizer or farming strategy while other fzirmers in 

close proximity seemed to have failed to receive any advice. Among those farmers who 

were aware of the extension programs, a common complaint was that the assistance was 

rarely available when they needed it - the extension agents often came only once during 

the season or began giving advice after planting was well underway and many important 

decisions had been made. Despite the evidence that many farmers were not benefiting 

much from the available services, I visited two communities where farmers were actively 

involved in farm-improvement programs - working closely with extension agents in 

demonstration plots and, in two cases, in perfecting advanced techniques for producing 

alternative organic fertilizers through composting and silage production. 

In addition to the state's extension programs, the Secretary for Agricultural 

Development in Tlaxcala also supports a general program of "Training and Extension" 

that funds a series of workshops and demonstrative modules for both the extension agents 

and the agricultural communities. In 1997 this program reached 1,200 producers in 68 

communities. This program could potentially be a means for integrating agroclimatic 

information into extension messages and educating an eventual forecast user community 

about the potential uncertainties and opportunities the forecasts may represent for 

agriculture in Tlaxcala. 

Credit 

In Tlaxcala, the total accredited area of maize production declined nearly 18,000 

hectares from 1986 to 1989. Private sector smallholders were the hardest hit during that 
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period, experiencing a loss of 40 percent of their accredited maize area during that period 

(INEGI 1996). While credit for basic staples such as maize and beans rapidly dried up 

and the total accredited area in Tlaxcala declined, the credit available for wheat 

production increased by 250 percent in the same period, reflecting a renewed policy 

emphasis on commercial production and export crops (figure 4.7). 

Although I was told that BANRURAL was the only institution offering 

agricultural credit in the state (Ramon 1997), a BANRURAL loan officer in Tlaxcala said 

that the agency's credit was extended to at most 10 percent of the Tlaxcaltecan 

agricultural population. He explained that the government's support for BANRURAL's 

loan program had declined in recent years and the bank was taking on very few new 

clients. BANRURAL's budget was 55.8 million pesos for the 1997 summer crop season 

and the institution expected to cover more than 16,133 hectares or about 6 percent of the 

total agricultural area (Alarcon 1997). 
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Fig. 4.7; Accredited Area in Tlaxcala, 1981-1989 
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Not surprisingly, none of the farmers that I interviewed were receiving credit from 

BANRURAL. Although several farmers indicated that in the 1980s they had taken loans 

from BANRURAL, they could no longer afford the interest rates, particularly given the 

uncertainties of their production caused by climatic variability. The going interest rate in 

the summer of 1997 was about 22 percent. Farmers are also required to purchase 

insurance with loans, although the insurance is primarily to cover the risk of a default on 

the loan itself, not the risk of crop loss to a hazard such as frost or drought. An additional 

collateral equivalent to fifty percent of the loan value would be required for crop 

insurance. As one farmer emphatically explained, even in an average year one could at 

best hope to pay off the interest on the loan with all of the harvest, and, at that rate, it 

would be impossible ever to pay off the loan, make a profit or put food on the table. 
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Several other farmers expressed their fear that the banks would end up dispossessing 

them of their property should their crops fail, particularly now that the reforms of Article 

27 of the Constitution gave them title to their plots, permitting the banks to request the 

title as collateral.'^ The collateral is often expected to have value double the amount of 

the credit requested. 

PRONASOL 

In Tlaxcala, farmers were being permitted to borrow up to 400 pesos per hectare 

for the growing season (1997). Only one or two farmers I interviewed reported that they 

took advantage of this source of ftmding. I was told that the resourses are quite limited 

and acquiring the money involves a considerable amount of bureaucracy. Most of 

thefimding goes to groups of farmers whose projects are commercially oriented. Funding 

for an individual's household maize production is rarely granted (Ramon 1997). 

Commercial private banks in Tlaxcala apparently do not offer loans to the 

agricultural sector. Farmers wishing to get credit from these sources must travel to 

Mexico City to request consideration, and then the cost of acquiring the loan and the 

interest rates become prohibitive. The only other source of private finance is through 

contracts with agribusiness firms. Farmers mentioned two such companies in Tlaxcala: 

Maseca, the corn-flour company, and Impulsora, the beer company. The fear of crop 

failure and the binding nature of the contracts, however, makes most farmers reluctant to 

take credit from these companies. 

" While I did not hear of any particular cases in which a bank—either BANRURAL or a commercial 
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In face of the increasing dearth of credit sources in Tlaxcala, many farmers are 

turning to the non-govemmental sector to assist them. Desarrollo Rural, a civil 

association backed by local businesses, is one such organization that is responding to this 

need. Desarrollo Rural helps farmers organize themselves into credit groups and then 

serves as an intermediary between the private banks in Mexico City and the campesinos 

of Tlaxcala. Most of the farmers who are assisted by Desarrollo Rural are among the 

poorest in Tlaxcala. The important role this organization is playing in Tlaxcala was 

illustrated by one farmer we met at the organization's office in Tlaxcala. Don Fabian, an 

older campesino from an ejido in the far north part of the state, had got up before dawn to 

make the nearly three-hour trip to the office to check on the status of his ejido's loan 

request. It was at least the second visit he had made to Apizaco that season, and the 

season was just underway. At a time when labor was needed in the fields, the opportunity 

cost of his trip was particularly high, yet as he explained, "It is very difficult to find a 

place that offers credit. Desarrollo Rural is one of the few places I can get it." Desarrollo 

Rural is one of the state organizations that is participating in the Tlaxcala climate-

forecasting project, and the organization's leaders are hopeful that the climatic forecasts 

will provide useful guidance for the production of its clients. 

bank—had expropriated land, almost every fanner interviewed believed this threat to be a reality. 
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Conclusion 

The internationalization of the market for agricultural commodities and inputs is 

gradually making only high-value, export crops viable in Mexico. Small-scale producers, 

facing competitive market prices and minimal, if any, access to finance, can no longer 

afford fertilizer, fuel or other inputs (Barkin 1990; Appendini 1992; de Janvry, Chiriboga 

et al. 1995). Although some effort is being made to develop technologies and 

modernization strategies more appropriate to small-scale producer systems, it is unclear 

how many producers will be able to benefit from these initiatives. Farmers in Tlaxcala are 

struggling to continue their production of rainfed maize, in spite of new programs such as 

PROCAMPO, PRONASOL and seed distribution programs. Despite lower labor costs 

and the potential of efficient, intensive production, campesinos lack the market savvy, 

access to resources and infrastructure and flexibility to adapt to the new conditions 

created by Mexico's liberal policies, GATT and NAFTA. And now the only resource 

that peasant producers have always counted on—land—can potentially be lost in debt to 

banks or in economic desperation to private investors. 

Few empirical studies have been conducted to determine what implications these 

policy changes are having on the vuhierability of smallholders to production losses, either 

from natural hazards or from economic stresses. In Tlaxcala, the prospects for successful 

smallholder adaptation to these changes under the current direction of policy is not 

auspicious. Ideally, smallholders are the best equipped to adjust to a wide range of 

socioeconomic and environmental conditions. The dependence of the smallholder farmer 
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on the labor and economy of the household unit, on local knowledge of production risks 

and defined rights to property gives the farmers an advantage of flexibility over producers 

more dependent on input markets and international commodity demand. This 

adaptability, if uninhibited or even facilitated, can ensure rural sustenance and survival in 

areas where few other options are available (Netting 1993). The current agricultural 

policy environment in Mexico, however, seems to be working against the resilience of 

small-scale producers and, if anything, is increasing their vulnerability. As David Barkin 

has written: 

Mexico's integration into the intemational market is systematically closing off 
opportunities, excluding people from participating in the new economy and 
polarizing society - offering opportunities for enrichment (illicit or not) to a 
privileged few. Not only does the current system exclude the vast majority from 
participating in the new economic structures, it also deprives them of the ability to 
survive by continuing their traditional activities. (1990: 3) 
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5. CLIMATIC VARIABILITY AND TLAXCALTECAN MAIZE PRODUCTION: 
IMPACTS AND ADAPTATIONS 

A farmer's story... 
We met Don Davila returning to his modest house on a dirt tract in the ejidal 

community of Santa Ursula Cimatepec, a kilometer or two northwest of Apizaco, 
Tlaxcala. It was the morning after a day of heavy rain; we did not expect to find anyone 
available to interview, as most farmers were taking advantage of the damp soil to 
conduct the "segunda labor " - the third phase of weeding and tilling in the maize crop's 
development. However Don Davila seemed eager to chat with us and offered us seats in 
the swept dirt compound outside his house. 

Don Davila's plot was typical of many of the ejidal farmers we interviewed 
around Apizaco. He had about 2 hectares of maize - less land than some, but not much 
below the average in the Apizaco area. Don Davila's yield was also typical: he estimated 
that he got about 2 tons/hectare in a good year, compared to the state average of 1.7 
tons/hectare. He said he would typically sell half of his harvest over the course of the 
year, primarily to commercial buyers. He planted only "criolla " varieties - local 
varieties of maize seed, selectedfrom the harvest each year for planting the following 
season. He said he did not purchase any seed unless his harvest was poor or his seed 
was affected by pests in storage over the year. Although he planted both yellow and 
white varieties, he preferred the yellow for its pest resistant qualities and because it was 
violente - it seemed to produce something even if planted late in the season. He was also 
told by a friend that the yellow variety was receiving a better price in the market and, 
given the generally low price of maize, a slightly higher price for yellow maize might 
make a big difference. He said he received no direct government subsidies or support for 
his production. 

Like the vast majority of farmers in Tlaxcala, Don Davila had no access to 
irrigation. He waits for the first rains to plant his corn and hopes that the rains will be 
reliable for the rest of the season. Last year they weren 't - the firsts rains were followed 
by an extended dry period which stunted the part of his crop he planted early. The seed 
he planted later was not as badly affected Don Davila asked his wife to bring us a cob 
from last year's crop - he held out the diminutive cob with its puckered grain for our 
inspection. It was obvious that he would have had trouble marketing the grain from these 
cobs. 

In reference to the 1997 crop, Don Davila complained about the affects of a 20-
day period without rain that had just been broken by yesterday's precipitation. He 
hoped that the unusual dry spell had not hurt his maize fields, which at this point in the 
season was tall and green, and commented that drought really wasn 't a big problem in 
his area. Frosts, on the other hand, had historically caused considerable damage. He 
was particularly wary of the 29^^ of September - the Day of San Miguel - on which date 
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there was often a damaging fi'ost, Just befi)re the corn is fiilly mature. Last year 90 
percent of one hectare of maize was lost to frost and had to be fed to the horse as fodder. 

When his crop is hit by a severe siniestro or disaster, Don Davila looks for 
income elsewhere. Like many farmers, Don Davila has a secondjob as a metal worker 
for the construction business — a part time job to supplement his income from his fields. 
This second source of income is not, however, stable. Davila only works in construction 
when his fields allow him the time and when the work is available. As he puts it, he is 
"primero campesino" ("above all, farmer"). 

Introduction 

The previous chapters explored in some detail the broad political, institutional and 

environmental conditions that circumscribe and partially structure agricultural production 

in Tlaxcala. Tlaxcaltecan maize producers are part of a political and economic system 

diat has for decades contributed to the marginalization of small-scale production and that 

now threatens the sustainability of their livelihoods. Also, as evident from the minimal 

water resources, climate, variable topography and high elevation of Tlaxcala discussed in 

Chapter 3, agricultural production in Tlaxcala faces considerable challenges from 

environmental variability. In the words of Gene Wilken, "no other resource [than 

climate] so sets limits for farming or imparts such an element of uncertainty" (1987: 224). 

The scientists and public officials interested m the climate forecasts that are now 

being developed by UNAM and UAT hope that the climate information will provide 

farmers with a means to overcome some of the climatic risks that challenge their 

production. While climate information will not mitigate all of the many uncertainties 

farmers face, helping farmers manage climatic risk may provide the degree of stability 

they need to address some of their other concerns. However, as other scholars 

investigating the potential use of climate forecasting have concluded, the usefulness of 
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climate information depends on flexible management strategies that can be easily adapted 

to new information, and the ability to implement those strategies in the appropriate 

circumstances (Changnon, Sonka et al. 1988; Sonka, Lamb et al. 1986). 

While small-scale producers like Don Davila are faced with a number of 

constraints on their production, they do have some flexibility in their production process. 

Netting has observed that smallholder producers' "detailed ecological knowledge and 

experience with farm resources and operations over long periods of time create a system 

of high information content and considerable distinctiveness at the level of the farm," 

especially where farmers are operating in situations of high environmental variability 

(Netting 1993: 63). Faced with uncertain precipitation and the threat of climatic risks 

such as frosts and hail, over time most agricultural populations will develop risk-adverse 

cropping practices that will tend (on average) to minimize production losses (Netting 

1993). If feasible, producers may also develop particular strategies to minimize the 

effects of a specific hazard, once its occurrence seems highly likely (i.e., crisis response 

strategies). These latter strategies are generally more short-term in nature and employed 

in response to observations of actual weather conditions, in contrast to the longer-term 

strategies that typically are integrated into cropping systems as a response to an 

individual's understanding of longer-term climatic patterns and risk (i.e., risk 

management strategies). The difference between knowing what one should do in face of 

climatic risk and being able to do it at the time and in the manner desired, can be function 

of political-economic circumstances of production outside an individual farmer's control. 
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This chapter details the manner by which farmers currently anticipate and manage 

risks posed by climatic variability. It was clear from the interviews with the Tlaxcaltecan 

farmers who participated in this study that they and their ancestors have been coping for 

decades, if not centuries, with the effects of climatic variability. Campesinos like Don 

Davila have learned to expect a certain amount of inter-annual variability and have 

developed some degree of flexibility in the production process to accommodate different 

conditions. The 'coping strategies' farmers in Tlaxcala employ are complex, based on 

long histories of environmental observation and practical experience. Should reliable 

climatic forecasts become available to these producers, the strategies described here and 

the language and beliefs employed by farmers in relation to climate (see Chapter 6) are 

likely to form the basis of the strategies farmers will follow in response to the new agro-

climatic information (Schware 1982). Understanding how farmers currently manage 

climatic risks in daily decision-making highlights those stages in the production process 

where farmers are most flexible, when an early warning of climatic conditions would be 

most useful to farmers and when a farmer's production may be most vuhierable to 

climatic variability (Sonka, Lamb et al. 1982). The adjustments in the production process 

in response to the new information may in the end be small—planting several centimeters 

deeper, or increasing the area planted to forage crops by a couple of rows—but it is 

possible that these fine adjustments may make a difference. How the strategies are 

affected by socioeconomic and political circimistances will determine, in part, how 
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effective they are in mitigating risk and the ultimate effectiveness of the agroclimatic 

recommendation resulting from a particular forecast (Wells 1991). 

The section that immediately follows focuses on the long-term practices fanners 

employ to mitigate risk. It provides an overview of maize production activities, 

illustrating the stages in the production process that are particularly vulnerable to climatic 

effects and the significance of those climatic influences for production. In subsequent 

sections 1 discuss how the farmers respond to particular climatic events, and how those 

responses are constrained by political-economic circumstances. 

Maize Production Process and Climatic Ristc 

Fig. 5.1; The production cycle for rainfed maize 
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The Barbecho 

For most farmers, the agricultural year begins with the barbecho. The fanners 

interviewed described the barbecho as the process of tilling and clearing the land by 

turning under the crop residuals left after harvest. According to other literature on 

agriculture in the central plateau of Mexico, the term barbecho also refers to fallowing the 
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land for a period covering one agricultural season (Reyes Castaneda 1981). The barbecho 

is undertaken either immediately following the removal of the crop from the field in the 

late fall or early winter ("humid barbecho"), or alternatively a couple weeks before 

planting in the spring ("dry barbecho"). Some farmers said that they actually undertake a 

"double barbecho" - once in November (or immediately following harvest) and again in 

January. 

Whether a farmer does the barbecho in November or in March will depend on 

household finances, labor availability and weather conditions. Either a mule and plow, or 

a tractor can be used. If a tractor is used, the farmer must purchase gasoline and/or rent 

the equipment. The process will involve several days of labor, depending on the size of 

the field and quality of the soil. Using a tractor enables a 'deeper' barbecho - typically 

around 40-50 centimeters. Many of the farmers interviewed said that a deep barbecho, 

performed soon after the end of the rainy season, is important in conserving soil moisture 

through the dry season to the spring, facilitating seed germination (particularly when the 

spring rains are poor or late). The moisture in the subsurface of the soil is protected by the 

gradually drying overtumed soil on the surface.''' To serve as a moisture conservation 

activity, the barbecho must be undertaken when there is moisture in the soil, typically 

between October and January - after the harvest and before the dry season is well 

underway. The deeper the soil rotation, the more moisture is conserved and thus farmers 

Gene Wilken explains that the Tlaxcaltecan fanners' tillage practices "... breaks capillary connections in 
the soil and inhibits water transfers to the surface. The tilled layer dries out quickly by evaporation, but the 
subsoil moisture is conserved." However he also notes that not all soil scientists agree that this practice is 
ultimately very efficient in maintaining soil moisture. (Wilken 1987:235). 
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who have moisture conservation as an objective often prefer to use a tractor. If the 

barbecho is undertaken in the spring, the soil will be relatively dry to the depth of the 

plow, and the purpose of the activity is to clear and loosen the soil to facilitate the 

penetration of the first rains for planting rather than for moisture conservation. 

If the rainy season lingers late into the fall, the fields may be too saturated to 

plow. Several farmers said that this had occurred in their fields in recent years, when the 

rains had continued late into December, preventing them from entering with either a 

mule-drawn or tractor-pulled plow. This is particularly a problem with clayey soils 

which saturate quickly and become extremely heavy. 

The opposite can happen in the spring, if the soils are too dry and hard to work 

with. In these cases, the farmer might have to wait until the rains have actually begun 

before undertaking the barbecho, which could seriously delay planting. One farmer 

interviewed (one of three farming households interviewed which had access to irrigation) 

said that he occasionally applied irrigation to moisten the soil adequately for planting. 

The clayey types of soils may be those in the most need of the early barbecho in 

preparation for planting to keep them manageable for the next season, but they may also 

be the most susceptible to variable climatic conditions forcing the farmers who work with 

this soil to be more flexible in the timing of their activities. 

The timing and depth of the barbecho were repeatedly cited by farmers as 

important ways to mitigate the effect of spring droughts or late rains. Many farmers try 

to undertake the barbecho in the late fall every year as a precautionary measure. 
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However, competition for tractors, the price of gasoline and competing labor demands 

prevents some farmers from doing the barbecho in the fall. For these farmers, advance 

knowledge (in October) of poor spring precipitation might enable them to economize on 

other expenditures to arrange a fall barbecho. For other farmers, the constraints to the fall 

plowing may override any perceived benefit from the activity. 

Rastreo y Surcando (raking andfurrowing) 

The next major activity in the agricultural year is the preparation for planting in 

the spring. Farmers say that there are two steps they undertake before they plant - they 

smooth the soil surface and then plough the fiirrows in which they will plant the seeds. 

The fiirrows are made either shortly before planting or simultaneously with the planting 

at the onset of the rainy season in March or April. Most of the farmers 1 interviewed made 

the fiirrows and planted using animal traction for pulling the plow and then the 

sembradora (seed dispenser). The farmers have to time the field preparation to make the 

most of the initial soaking rains of the season. If they wait too long to prepare the field 

and the rains arrive before they are prepared to plant, they may end up missing critical 

days of good rainfall while trying to contract a tractor to do a spring barbecho or to rake 

and fiirrow the field for planting. Several farmers said that their decision to begin the 

spring field preparation activities is in a large part informed by their observations of 

subtle changes in the immediate physical and biological environment (see Chapter 6). 
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Siembra 

The planting date is one of the critical decisions the farmers make during the 

production season because it determines the month in which the crop will reach maturity, 

and thus how susceptible the crop will be to frost in early fall. The timing of planting is 

often identified by agricultural specialists and climate forecasters as an agricultural 

activity that may be targeted in forecast messages as a means of adapting to variable 

climate conditions. It was obvious from the discussion with producers participating in 

this study that the planting date is decided according to their perception of current 

climatic and environmental circumstances. 

The small-scale farmers in Tlaxcala who were solely dependent on rain water 

typically waited for the first rains of the season before putting the seed in the ground. 

Planting is a delicate activity - the soil needs to be warm and just moist enough for the 

seed to germinate. The interviews suggested that the date of planting varies v^ndely from 

year to year within a period of two months, depending on weather conditions. For the 

majority of farmers this two-month period was between mid to late March to late May for 

maize with an average date of mid-April, depending on the variety planted, the altitude of 

the field and the weather conditions of the begiiming of the rainy season. Some farmers 

reported that they stagger their planting with a lag of one to several weeks in between 

plantings - not necessarily because of the particular varieties they have chosen to plant, 

but rather because they do not want to invest everything in the first (possibly unreliable) 

sign of rain, or they lack the labor necessary to plant all their fields at one time. A few 

farmers indicated that they almost always plant on the same date (typically in mid April), 
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regardless of the particular circumstances of the season. In two cases, farmers had access 

to irrigation and irrigated their fields for a short period immediately after planting, thus 

avoiding being constrained by the precise date the temporal began. 

The altitude of the fields planted also has a significant affect on the planting time. 

Farmers who had small plots both on the slope of a hill and in a gully suggested that they 

might plant these plots at different times, according to the temperature of the soils and air 

in the two locations. Farmers in Nanacamilpa, farming on the gradual slopes of the Sierra 

Nevada foothills and west of the Bloque Tlaxcala, say that farmers who plant in the tierra 

fiia on the hillsides often plant much earlier than those in the valley below the town to 

compensate for the retarding nature of the colder temperatures. One farmer said he and 

his neighbors typically plant in the first 15 days of March, while in the valley farmers 

might plant the same variety as late as mid-May. 

With each day of delay in the arrival of the rainy season, farmers will begin to 

worry that the growing season may become too truncated to produce maize. Without 

irrigation, there is little a farmer can do. Some farmers reported dry planting'® before the 

first rains when the soil is very dry and there is no risk that the seed will rot before it has 

a chance to germinate when the first rains come (in which case they will have wasted 

their seed supply). Dry planting is a labor-saving activity in that farmers can prepare the 

fields and plant all at once, in one day. If they fear they will not have enough time to 

" The word the farmers used was "acosto" and translating this concept into English proved difficult. The 
farmers described the process as one of planting seedlings in small containers that were watered until the 
crop was large enough to transplant into the fields. Wilken describes a similar procedure in his discussion 
of chinampa agriculture in TIacala (Wilken 1987; 82-88). 
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plant in stages, or they have competing activities during the planting season, dry planting 

can insure that they do not miss a day once the rains have come. 

There was some discussion among the interviewed farmers about the difference 

between rains associated with the onset of the rainy season, and the stochastic spring 

rainfall that could be attributed to residual cyclone activity in the Gulf of Mexico, or other 

temporary causes. Many farmers, particularly those in the northeast of the state 

(specifically in Terrenate) distinguished between the different types of spring rain and 

made their planting decisions according to this assessment. If they judged the rains to be 

unrelated to the onset of the rainy season, then they delayed their planting until they felt 

the regular seasonal rains had begun. 

Whether the rains were temporal or related to cyclone activity was a particularly 

troublesome issue for many farmers in 1997 because there were some heavy rains in 

March which to some farmers signaled the early start of the rainy season; and many 

began planting at this time. Others weren't convinced that the March rainfall was really 

the onset of the season, and waited. The more skeptical fanners were fortunate in this 

case because the March rains were followed by an extended dry period lasting through 

most of May. The lack of reiin in May apparently was more damaging to those crops 

planted in March than those which were planted a month later. The perception and 

knowledge of the campesinos about the quality and characteristics of the rainfall 

illustrates the importance of incorporating this understanding into the language and 
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content of a climate forecast. Forecasting the onset of rain, for example, must be specific 

to the concept of rain commonly employed by the forecast users. 

Planting methods 
There was surprising consistency in each farmer's description of his or her 

planting methods. Most farmers said they planted their maize manually in rows about 80-

90 cm apart, and planted their seeds in clusters 40-60 inches apart with 3-4 seeds per 

cluster. While many farmers weren't exactly sure of the measurements, we observed this 

consistancy in most of the fields we visited. The only exceptions to this form of planting 

were in the case of the only farmer interviewed who used a tractor and mechanical 

sembradora for planting - which planted the maize seed by seed, evenly spaced (rather 

than in clusters) along the row, and in the case of a farmer who was planting his maize 

only to be made into silage to feed his cattle and thus scattered the seed into his field as if 

it were a forage seed like wheat or alfalfa. It takes anywhere from eight to fifteen days 

for the plant to emerge from the soil, again depending on the variety of seed, and 

temperature and moisture conditions of the soil. 

Labores 

Farmers in Tlaxcala talk of "las tres labores": the three phases of maize 

cultivation consisting of weeding, soil mounding and fertilizer applications that are 

undertaken once the plant has emerged from the soil. Climatic conditions play an 

essential role in the timing of these activities, and, because the labores are tied to fertilizer 

use, the timing of the labores ultimately plays a role in the crop yield. Each labor 
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involves tilling the soil between the rows to cut the weeds and gradually building up soil 

around the maize stalks so that after the third labor, the furrows in which the seeds were 

planted become raised rows of mounded earth around each clump of maize stalks. The 

first labor is called the escarda (dervived from ^escardar' or 'to hoe'), which is done 

when the plant is about 10-20 cm high, fifteen days or so after planting. The second 

working of the soil is either called the second escarda, or the labra (from Uabrar' or 'to 

till') and is conducted about a month or so after planting when the plant is about one 

meter tall. The third and last working of the field, the segunda labor or the aporque 

takes place about two months after planting, right before the plant will flower. While I 

was in the field, most farmers were preparing to do or already undertaking this final 

weeding and tillage. 

The reason maize requires the three stages of work was not adequately explained 

to me by any of the farmers 1 interviewed. According to Wilken, the function of "maize 

mounding" (as he translates the tres labores) is to prevent the maize stalks from 

collapsing or being blown over by winds (Wilken 1987:136). It was clear from my 

conversations with the farmers that the labores had always been part of maize cultivation 

and the fanners asserted that the labores were necessary if one was to obtain a good yield. 

Farmers repeatedly indicated that those other farmers whose plots were in poor condition 

lacked the work they required. While few fanners mentioned lodging as a reason for their 

labores, they emphasized that the labores were significant in controlling weeds and 

provided the principle opportunities to apply fertilizer while the soil was being disturbed. 
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Most fanners indicated that all other things being equal, they would apply fertilizer twice: 

first during planting or the escarda and the second time during the segunda labor. If the 

Iabores are not undertaken, or a particular labor is skipped, there may not be another 

opportunity to apply the fertilizer that season without detrimental effects on the plant's 

development. 

The Iabores require time and considerable labor on the part of the fanners. Only 

animal traction is used for the Iabores because the distance between the rows of com are 

usually only big enough for a farmer and horse-drawn plow. Depending on the size of 

the plots and condition of the crop, the Iabores can be several days of work for a farmer. 

Most of the farmers interviewed for the study did not employ any day laborers to assist in 

the Iabores. Instead they depended solely on male household members to perform these 

tasks (from my conversations and field observations, the Iabores were undertaken by 

fathers, brothers, sons and nephews, without female participation). 

Climate plays an important role in the timing of the Iabores, and thus with the 

timing of fertilizer application. The quality of the soils varies considerably from one plot 

to another in Tlaxcala; however, many farmers must work with a variety of clayey or 

sandy soils - both diffictilt to work with, although they respond quite differently to water. 

As in preparing the land for planting, there needs to be sufiEicient moisture in the soil to 

faciliate the movement of earth undertaken in the Iabores and to ensure that any chemical 

fertilizers, pesticides or herbicides are efficiently taken up by the plants. If it is too dry, 

farmers cannot efficiently break the soil with the plow, and risk loosing moisture (as well 
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as any chemicals they have applied) through evaporation if they attempt the work. Many 

farmers will skip the labor during a dry spell. On the other hand, too much rain can 

delay the timing of the work because of the difficulty of entering the clayey fields. 

Most farmers hope to work the fields the morning following a heavy rain, or in 

the early morning when there is still dew on the soil. I encountered many farmers trying 

to undertake the segimda labor on one particularly moist July morning (the day I spoke 

with Don Davila) after nearly 10 days of no rain - they indicated that this particular 

morning might well be their only opportunity, because the rain had been so unreliable 

that season. Some farmers told us that those farmers with week-day jobs in nearby 

villages often cannot take advantage of the opportunity of ephemeral moisture and find 

that their field work is delayed, sometimes to the point where weeds are uncontrollable 

(as apparently occured in many fields in Haumantla due to heavy rains in the spring of 

1997) or that when they do have the time, the com crop has developed to a point where 

disturbing the earth may damage root growth. 

Because farmers attempt to apply fertilizer at the time of the labores, difficulties 

in getting fertilizer can also impede a fanner from imdertaking the fieldwork in a timely 

manner. One older farmer interviewed as he was leaving a source of agricultural credit in 

early July explained that a delay in accessing fimds had prevented him from purchasing 

the fertilizer he needed for the segunda labor. He had postponed this last stage of labor in 

the hopes of getting fertilizer too long and now he was afraid that the roots of his com 

crop would be cut if he undertook the labor at this late stage. 
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Dispuntear 

After la segunda labor, the fields are generally left alone until the grain is full on 

the stalk - September or October for most com varieties. At this point many farmers still 

practice "e/ dispunte " -a traditional activity involving cutting off the flower of the stalk 

of each plant. The farmers who still undertake this activity, which is quite labor 

intensive and time consuming, say that the main reason is to collect the flowers as fodder 

for any livestock they might own. This source was mentioned by several farmers as an 

important emergency source of fodder, if for climatic or other reasons pasture was not 

available. A few farmers also indicated that el dispunte improved the size and quality of 

the grain. The labor requirements of this activity, and the fact that many farmers said 

they no longer had livestock to consume the fodder, seemed to be driving this practice out 

of favor and many farmers reported that they no longer devote much effort to this 

activity. 

Harvest 

By October most of the com is mature and ready for the harvest process. Many 

farmers described a process in which they cut the maize stalks, pull them together 

(amogotear) and leave the stalks and cobs to dry in the fields until November or 

December. Their assumption of 'normal' is that the rains will stop in early October. If 

for any reason the rains continue into the fall, as many fanners have reportedly observed 

in recent years, the com can rot in the field or later in storage because it was not dried 

sufficiently. If a campesino anticipates a particularly wet fall, he may be able to cut his 

crop early and bring it into storage to dry. Few farmers suggested that they would have 
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the space to do this, even if they were aware ahead of time of the probability of a wet fall. 

This suggests that although the harvest is vulnerable to climatic variability and farmers 

depend on certain climatic conditions to successfully complete their harvest, advance 

knowledge of the weather for the harvest period may not be particularly useful unless the 

farmers can plant early enough to avoid the problem, or plant crops that would be less 

affected by the adverse conditions. 

Hazard Impacts and Adaptation Strategies 

While fanners like Don Davila can prepare for some degree of climatic variability 

every year, it is almost impossible for a farmer to prepare for a particular extreme event 

(i.e., a frost on September 2, or a drought beginning My 3) without predictions that are 

spatially and temporally very specific and that are available well in advance of the event. 

The climate forecasts that are being developed by UNAM and UAT are unlikely to be 

sufficiently specific to predict the day a frost will occur weeks before it happens. Instead, 

the forecasts are intended to find a middle ground between specific predictions and the 

farmer's annual expectations of undefined climatic risk. By providing a particular 

climate scenario of both the degree of variability, and perhaps the likelihood of particular 

climatic anomalies— that the rains will be late in arriving, that there may be a higher than 

usual frequency of frost during the summer, that the canicula may produce less rain than 

normal—scientists hope that farmers will be able to use their risk-mitigation strategies 

more efficiently and effectively. For example, instead of orienting their production 

towards the worst-case scenarios in order to minimize risk in the long run, farmers might 
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be able to tailor their crop production and agricultural practices to take advantage of 

opportunities presented by years of "good" climatic conditions, employing their coping 

strategies only in years of adverse conditions. 

This section explores the particular actions that farmers currently use to mitigate 

specific climatic risks such as frost, drought and hail. Some of the strategies that the 

farmers employ are responsive rather than pro-active: they wait until the event is 

happening (in the case of drought) or just about the occur (in the case of frost) before 

taking action. Other strategies—like Don Davila's planting violente com varieties—are 

employed every year as part of the production process as precautionary measures. It is in 

undertaking the precautionary measures that farmers may find the greatest benefit from 

climatic forecasts. Ultimately, however, the effectiveness of the climatic information will 

be partially a function of the interaction of socioeconomic, cultural, institutional and 

political constraints with the farmer's response to hazard events. 

Frost 

Of all the possible climatic risks faced by Tlaxcaltecan farmers, the risk of crop 

loss to frost is perhaps the most limiting. Frost {un helada) is quite conmion in Tlaxcala. 

Farmers speak of heladas blancas - "white frosts," or partial frosts with a mild effect that 

may delay a crop's growth and "bum" some of the outer leaves of the plant. As one 

farmer in Los Ameles, Terrenate, explained, a white frost does not affect the 'heart' of the 

plant where new leaves will unfurl, and thus it is not devastating. A couple of farmers 
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said that in such cases they clip off the 'burnt' part of the leaves and allow the plant to 

continue growing. Others simply leave the crop in the field, untouched. 

A 'black firost' or helada negra, while more rare, takes all life with it. When 

asked to remember a past "bad year" for production, almost all the disasters recalled were 

attributed to incidences of frost, particularly frosts in early fall. One farmer described 

waking up to a view of large patches of black in the fields where the frost had killed 

everything during the night. 

Frost mitigation strategies 

Preliminary analysis of forty-five years of frost-frequency data from Apizaco, 

Tlaxcala, indicates that there may be only 187 days of the year on average in which the 

probability of frost is less than 50 percent (Cabrera 1997). In these circumstances, most 

farmers will do all they can to ensure that their crop is mature by the first week of 

September by choosing the appropriate seed and doing the field work in a timely manner. 

The small window of opportimity that is available for production with a less than 50 

percent risk of frost makes it very difficult for a farmer to experiment with some of the 

higher yielding but slower maturing varieties. Several of the hybrid com varieties being 

promoted in Tlaxcala require 150 to 200 days to mature. In the years when the weather is 

good, these varieties may prove to be well worth the investment, particularly if their 

yields are as high as purported to be (in some cases 2 to 4 times the yields of local 

varieties). A frost coming just half a month earlier than anticipated, however, could 

destroy a field of hybrid com that had not reached maturity before the weather changed. 
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With a relatively 'fixed' constraint of increased frost risk at the end of the growing 

season, making use of all the time the rain and temperatures allow at the beginning of the 

season becomes a high priority for farmers. Most farmers who plant hybrid com 

suggested to me that they devote at least part of their plots to fast-maturing criollas 

(locally-bred maize varieties) as some insurance against total crop loss from fall frosts. 

Some farmers suggested that they might plant some of their more vuhierable 

crops on protected slopes or out of gullies to avoid the risk of frost. The scarcity of land 

in Tlaxcala, however, means that most farmers cannot afford to have land lie fallow, 

regardless of the risk of frost damage. Farmers who rent land often have to take the 

parcels that are available to them and cannot chose their location. An advantage, 

however, of borrowing, renting or otherwise appropriating land under these conditions of 

scarcity is that many farmers have small plots of land in different locations. Few frosts 

are so extensive in their damage that farmers with spatially diverse plots carmot salvage 

some of their production. 

Black frosts are the most damaging and require the most remedial efforts. If a 

black frost comes while the crop is still young, farmers can plow the crop imder and 

replant, either with a faster-maturing variety of maize, or (if it is too late for maize) beans 

(frijol). Many farmers said they keep a reserve of seed—either the "'anchito" (short-

stature and fast-growing) varieties of maize or some of the forage crop seed—as 

insurance "in case of a early killing frost" A disadvantage of planting faster-maturing 

maize seeds, however, is that yields are typically much less (Altieri and Trujillo 1987). 
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Other farmers said they would have to buy additional seed should they need to replant. If 

it is too late in the season to plant beans (which, like maize, can be processed and eaten 

on the farm as a subsistence crop), some farmers said they would elect to plant barley or 

wheat as forage for livestock. Those farmers without livestock, however, while 

recognizing that forage crops are often the last resort in a year of bad weather, found little 

value in the crops. As I will discuss in detail below, a farmer's flexibility in choosing and 

planting a particular seed variety or crop is limited by the household's financial resources 

to purchase seed, the marketability of the crop and the household's food preferences and 

needs. 

If the black frost hits in the middle of the season or near harvest time, there is 

little a farmer can do. The crop must be abandoned in the field and eventually turned 

under as fertilizer for next year's crop. If something is salvageable, the family will 

simply keep all of the damaged crop for domestic (household and livestock) consimiption 

and lose any hope of profit from the crop. If all is destroyed, to the point of being 

inadequate even for the livestock, the family will have to search for off-farm employment 

and rely on the remains of previous harvests (if available) to sustain themselves for the 

year. Each farmer could remember one or two such frosts in his or her lifetime, although 

these devastating black frosts were considered relatively rare. As one farmer said, the 

damage from frost is never totai - one can always salvage something for the horse or 

animals. 
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In terms of very shurt-term adaptations to frost, some farmers observe clouds and 

ambient temperature to predict a frost several days in advance (see Chapter 6). The 

traditional response to these observations is to bum biomass or other fuel around the 

borders of the planted field to create ""humo amargo " ("bitter smoke") over the crops and 

protect them from frost. While most farmers noted that this method provided effective 

protection, they complained that this activity was expensive and time-consiuning 

(particularly if the friel must be purchased), and required getting up in the middle of the 

night to light the fires. If, in the end, there was no frost, a lot of energy would be 

expended for little gain. Table 5.1 below summarizes the frost mitigation strategies and 

constraints to implementing these strategies, as described by the farmers in the 

interviews. 
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Table 5.1; Adaptations to Frost Etozards 
Frost Hazard Activity Timing Constraints 

Pro-active Measures 

Long-range risk 
mitigation 
activities 

plant early March 
weather, seed variety, soil 
temperature and humidity, timing 
of plowing and financial resources 

plant In protected 
areas 

March-June land availability 

plant fast-maturing 
varieties of maize 

March - May low yields, lack of marketability, 
seed availability 

plant beans, wheat, 
or barley 

June - July non-subsistence crop, lack of 
marketability, input requirements 
and cost 

Short-range 
activities 

bum fiiel around 
fields to generate 
smoke 

the night that 
frost is 
expected to 
occur 

labor requirements, fuel costs, 
organization requirements and need 
for a realiable means of anticipating 
frost 

Recovery Activities 
white frost cutoff'burnt' 

leaves; 
leave plant to 
recover 

immediately 
after frost 

labor and time 

black frost 
replant with fast-
maturing maize, 
beans or forage 
crop 

immediately 
after frost 

labor, time and input costs, seed 
availability, marketability of crop, 
subsistence requirements, lack of 
livestock, timing of frost (spring or 
fall) 

Drought 

Drought, or "sequia " in Spanish, is not a term that the Tlaxcaltecan farmers 

interviewed in this study used with any great frequency. When questioned whether 

seqtiia was a common phenomenon in their area, many farmers patiently explained to me 

that they had a whole season of sequia every year, lasting from November to March. The 
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dry season was the annually anticpated drought and associated with the term "sequia" 

rather than some anomolous dry period during the typically rainy season. 

During the actual rainy season, farmers used the phrase "//uv/a atrasada " (late 

rain) to describe a lack of rain at the beginning of the season or "un retraso de llicvia " or 

"una falta de agua " (a decline or lack of rain or water) to describe an extended period 

without rain (a week to 15 days without rain) during the temporada, rather than the term 

sequia. A sequia in reference to the temporada was apparently something far more 

dramatic - and entire season with very poor rainfall, when "there is nothing to eat", and 

the farm household is in a state of crisis. Drought such as these were reportedly not very 

common; in fact there were only a few farmers who remembered such events (see the 

section on siniestros, below). 

More common, particularly in the northeastern part of the state, was a short period 

without rain at the beginning of the season. Many farmers in Terrenate suggested that 

they expected a short dry spell sometime after the first rains arrived every year, but that 

this dry period could be in April, May or June. In the spring of 1997, the dry spell lasted 

much longer than anticipated and was causing some problems for the farmers in the 

Terrenate ejidos. Some farmers of Nanacamilpa, in the northwest part of the state, also 

indicated that they expected a spring dry period every year and were more concerned than 

farmers interviewed in other areas about drought risk as a threat to production. The 

Apizaco farmers in central Tlaxcala did not suggest that they had anticipated a spring dry 
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spell in 1997, although they were affected by the same irregular rainfall that was 

experienced in Terrenate. 

Drought Impacts 

At the beginning of the season, a dry period right after planting could cause the 

soil of the surface to harden into a hard shell, preventing the seedlings to emerge from the 

soil unless the soil is raked regularly to break the surface. This is particularly a problem 

with the clayey soils that are so common in Tlaxcala and is a threat to production for 

wheat more than maize (wheat is not planted in rows and the seedling is apparently less 

likely to be able to push through a hard soil stirface). A spring dry spell can also prevent 

some of the seeds from germinating, requiring a farmer to either procure seed for 

replanting sparse rows or to settle for the yields the less dense crop would bring. Partial 

replanting is very labor intensive as it is typically done by hand. 

Once the plant has emerged, some farmers seemed to think that the short, young 

plant is less vulnerable to drought than the mature plant. Most farmers indicated that a 

lack of rain during the period when the maize crop is flowering - usually in July and 

August - is the most detrimental for the crop's development and for the ultimate harvest. 

The farmer's observations about the suceptibility of com to moisture stress at this stage is 

confirmed in the agronomic literature (Maurer Ortiz Monasterio 1981). July and August 

is the typical period of the canicula, when there often is a decrease in rainfall (although 

rarely does the rain completely stop—see the section below). One farmer said that a very 

severe drought at this time would only happen about two years in every teiL Such severe 
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drought could cut production in half, or seriously threaten a household's food supply for 

that year. 

Drought not only slows crop growth and development (mcreasing the risk that the 

crop would not be mature when the first frosts comes in the fall), but inhibits a farmer 

from working in the field. Most campesinos asserted that when the soil was disturbed 

during a drought it tended to dry out faster, so they would postpone all field work during 

a drought period. Other farmers commented that even should one want to do one of the 

labores during a dry spell, the soil would be too dry and crumbly to mound around the 

maize stalks. However, if the segimda labor is delayed or skipped because of poor soil 

moisture, it becomes increasing difficult to perform the task at later dates. Once the 

maize plant has reached a certain height, it becomes difficult to use the horse and plow to 

perform the labor without knocking over the crop or cutting the plant's roots. In these 

cases, it may be difficult to control weeds and apply the last dose of fertilizer before 

har\'est. 

As was discussed above, particular stages in the production process - namely the 

barbecho, the siembra, and the labores - are particularly vulnerable to variability in 

rainfall and soil moisture conditions. Farmers anticipate this vulnerability and have made 

their production system accommodate the variable climate by altering the timing of 

particular activities or the maimer in which they are conducted. In order to modify their 

production strategies to fit a particular weather pattern, farmers must have access to the 

time and necessary physical and financial resources. Over and over again, the farmers 
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interviewed stressed that a "barbecho grande" when done immediately after harvest when 

the soil was still moist, was one of the best strategies for conserving soil moisture for the 

spring. Raking the soil afler the barbecho enhanced the soil-moisture conserving 

qualities of the activity by faciliating the soil's capture of any winter rainfall. By doing 

the barbecho in this way, in the late fall, the soils would apparently retain moisture for up 

to two months after planting in the spring. This strategy would help mitigate the risk of 

late rains or poor rainfall in the spring, allowing the seed to germinate. 

Undertaking a deep barbecho, while obviously valuable, would only be possible if 

the farmer had the finances available at the end of harvest to rent the tractor and purchase 

the fuel. For example, a farmer with limited resources and another off-farm job during the 

winter months may, in an average year, choose to do a shallow plowing right before 

planting using animal traction. Should poor rainfall be forecast for the spring, farmers 

would need to have that forecast in hand by the time of harvest the previous fall so that 

they could allocate the resources and time required to undertake the deep plowing as a 

preparatory activity. Tractors are not conamonly owned in Tlaxcala and the competition 

for their use can also inhibit farmers from contracting one when desired. Excessive rains 

in the late fall could also prevent them from doing the barbecho if they are unable to enter 

the fields with the plow. 

Other drought mitigation activities mentioned by the fanners interviewed were 

discussed in the previous section. These include "dry planting," should the rains be slow 

to arrive in the spring, chosing fast-maturing or drought tolerant varieties of maize or 
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switching (should the rains be very late) from maize to beans or a forage crop. Turning 

the drought-eiffected crop under and replanting the field with another crop was not an 

option any farmer considered. This was probably because the effects of drought are slow 

and can-cause a farmer to keep hoping for the crop's recovery until it is too late to replant. 

Like replanting after a frost, the cost of seed and labor can also be prohibitive. Irrigation, 

as a method for drought recovery, is not an option for the majority of Tlaxcaltecan 

farmers. Table 5.2 below simimaries the farmers' adaptations to drought and the 

constraints they face in implementing their adaptation strategies. 

Table 5 J; Adaptations to drought or "lluvia atrasada" 
Climatic Period 
Hazard Activity Undertaken Constraints 

Late Rains in 
Spring 

Deep Plowing previous 
Nov. - Jan. 

financial, labor, soil quality, lack 
of forecast of spring rain 

Dry Planting Mar. - May 
soil moisture and temperature 
cost of replacement seeds 
labor and time 

Change seed variety 
(criolla vs. hybrid, fast vs. 
slow maturing) 

Mar. - May 
access to and knowledge of seeds 
seed storage 
seed cross-breeding 

Change crop 
(maize vs. beans, wheat, 
oats, and barley) 

May - July 
access to, knowledge of seeds and 
price of seeds 
cost of production crop 
marketability 
cultural food preferences 
financial insecurity. 

Dry spells in 
Mid-Summer 

reduce/postpone fertilizer 
applications 

June - July 
prospect of reduced yields, 
weakened plants and slower 
development 

postpone labores June - Aug. 
risk of slower plant growth, 
competition from weeds, and 
collapse of the maize stalks firom 
winds or stalk weakness 

apply irrigation all season high cost, lack of infr-astructure, 
social conflict 
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Excessive Rain 

Too much rain can also be problematic in Tlaxcala. If there is too much rain, 

farmers may not be able to devote the time and labor needed to keep up with the weeds or 

the soils may be too wet to work with. Both cases occurred in Tlaxcala in the sunmier of 

1997 - fanners in communities near Huamantla reported to us that their lands had 

suffered from far too much rain at the start of the season producing an abundance of 

weeds in their fields that many farmers couldn't control, because of labor problems, lack 

of finances for herbicides, or because the soils were too sodden to work with. A month 

later they were hit by an extended period without rain, covering almost the whole month 

of June, but by then the weeds were out-competing the maize crop for water. One 

campesino, a farmer on 28 hectares of pequena propiedad, had to turn under his maize 

crop and replant with beans because he couldn't control the weeds. The farmer told me 

that at with the price of maize at two pesos a kilo, it simply wasn't worth purchasing 

herbicides. 

One farmer said that too much rain affects wheat far more than maize, sometimes 

causing a fugus to grow on the wheat grain. Maize, with its higher moisture 

requirements, has a higher tolerance for wet conditions. As was discussed above, 

excessive rain and humidity at the end of the growing period, however, can significantly 

delay harvest, preventing the crop from drying in the field. Some farmers will cut the 

crop and gather it to dry indoors; others, lacking the time, labor or space to do this, will 
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leave the crop in the field to dry at the risk that the grain will eventually develop a fungus 

or spoil in storage. 

Hail 

Hail, or granizo, also represents a common threat to production in many parts of 

Tlaxcala. Hail storms can occur at any point during the rainy season and in any location. 

Several storms occurred during the sununer of 1997, some more damaging than others. 

In one area (Huamantla district), a hail storm had severly damaged housing as well as 

crops. 

Crop damage from hail is often localized, rarely taking out large areas in a field. 

The impact, according to the campesinos interviewed, is far worse on wheat than on 

maize, particularly if the wheat is flowering. The hail can strip the wheat plant of the 

grain, causing a significant impact in the ultimate yield. Maize, however, can also be 

affected. I was shown one field in Terrenate where the hail had marked the maize leaves 

with long rips, and the frailes, the msect pest that feeds on the maize and bean crops, had 

taken over the weakened crop. The campesinos reported that the hail storms are worse if 

followed or accompanied by heavy rain that flirther weakens the plant. 

If a farmer can anticipate a hail storm by observing weather patterns, ahnost every 

fanner interviewed said the only thing one could do was to "echar cuetes para cortar las 

nubes " (launch firecrackers to cut the clouds). Farmers purchase a special type of 

firecracker that goes particularly high into the observed hail cloud. They said that if 

several farmers launch the fireworks simultaneously about a half-hour before the hail is 
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expected, it reduces the probability that the hail will fall. Most farmers thought that this 

method of crop protection was quite successfiil, if implemented collaboratively. 

Canicula 

Aside from the events normally considered in the category of "climatic hazards" -

drought, frost, hail - Tlaxcala, along with a large part of Mexico, is affected by what 

climatologists call the '^sequia intraestival" or what the campesinos calls the canicula 

(see Chapter 3). To the climatologist, the canicula is a marked drop in the average daily 

precipitation. The rain does not fail completely, but for several weeks in July and 

August, it rains less. Interestingly enough, while the canicula is an 'event' readily 

observed in graphs of annual precipitation, not all farmers seem to be sure about what 

exactly the canicula meant, and quite a few farmers seemed to coniuse the canicula with 

the cabanuelas, the traditional method of long-term weather forecasting (see Chapter 6). 

The farmers who were familiar with the canicula were typically the older farmers, who 

often referenced their fathers when explaining what the canicula was and how it affected 

their crops. Some of the younger farmers were the most vague about the event, 

suggesting that discussion of the canicula and its effects is not perhaps as widespread as it 

once was. 

There was no single prevalent definition of the canicula among the farmers who 

appeared to be familiar with it. Most farmers agreed that it was an extended period of 

time, lasting generally for a month or two between July and September, in which there 

was a marked change in the observed weather. Some farmers described it as a period of 
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"highly variable weather" when it might "rain one day and frost the next." Many 

campesinos suggested that the period could be "dry" (sin agua) or "wet" (con agua). If 

the period was wet, many reported that the rain brought hail with it. If it was dry, frost 

may be a risk. For a couple of farmers, the dry canicula was what they anticipated each 

year: "por lo normal, [el canicula]sig^ifica sequia" (normally, the canicula means 

drought). Some farmers believed that the canicula could bring all the forms of bad 

weather possible - both hail and frost in succession. 

The perceived dates of the canicula's onset and its duration varied from farmer to 

farmer, and to some extent, from place to place. The producers with land in central 

Tlaxcala outside Apizaco said the canicula began July 14 or 15 and typically lasted a 

month until the K"* or 1S"* of August. The campesinos interviewed in die northwest of 

the state in Nanacamilpa gave a longer duration to the event, indicating the canicula often 

lasted until late August or early September. In Terrenate, in the east of the state, the onset 

of the canicula varied from the M"* to the 26"' of July, and, in two cases, not until the 21" 

or 24"" of Aug\ist. Most farmers interviewed believed that the canicula would last thirty 

to forty-five days after it began. 

Many campesinos said that the canicula was always preceded and succeeded by 

"its effects" (los efectos). Three to five days before the canicula was believed to begin, 

the effects would "enter" and serve as a forecast, or as one farmer put it, "like a mirror" of 

the entire canicula. For example, while I was interviewing in Terrenate on the IS"* of 

July, the comisario ejidal told me that the effects of the canicula had just begun and 
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would last until July 20"* when the canicula itself would start. We arrived in pouring rain 

with a dark sky. If that weather continued for the next few days, the comisario would 

take that as a sign of a "canicula con agua," or that the canicula would be wet They 

would use a phrase that appeared to be a saying about the canicula: "51 entra con agiui, 

sale con aguay si entra sin agua, sale sin agua" (if it enters with water, it leaves with 

water and if it enters without water, it leaves without water). 

Impacts of the Canicula 

As might be expected when the concept of the canicula is not consistent among 

the farmers interviewed, explanations of the canicula's effects on the crops also varied 

widely from farmer to farmer. Some farmers seemed to think that the canicula was really 

not of great concern and had little effect on crop production. Others thought that the dry 

canicula is beneficial in that it kills off pests in the crops. Many other campesinos 

seemed to associate the canicula with an increase in the pest problem, but primarily in the 

pests which affected livestock and humans. "Wounds that do not heal" and "worms or 

parasites in birds and poultry" were some of the negative implications of the canicula for 

many farm households. A particularly dry canicula could affect the crops just as a 

drought period would said one campesino who lived outside Apizaco. Another farmer 

said that the dry caniculas can be particularly damaging because it can come when the 

crop is still flowering and prevent the maturation of the com cob. This campesino said he 

had experienced a drop in production of SO percent when this had happened. 



172 

A "wet" canicula can be just as damaging to the wheat crop. Because it is 

commonly believed that a rainy canicula will bring hail, the wheat in flower becomes 

particularly suceptible to hail damage. One farmer said that too much rain during the 

canicula can also cause the top of the mazorca to rot before harvest. 

Although the canicula is something that is anticipated every year by some 

farmers, the campesinos did not seem to have developed many strategies designed to 

mitigate the worst of its effects. Many farmers said it was important not to "move the 

earth" during the canicula to prevent pest outbreaks, so they made an effort to finish all 

the labores before the canicula began. Finishing the segunda labor before the canicula 

begins was also thought to conserve water for the crop, should the canicula be "dry." 

The impact of the canicula on production in Mexico has also been documented by 

Bellon in reference to com production in Chiapas (Bellon 1995). There farmers 

attempted to mitigate the moisture stress on crops during the canicula by choosing faster-

maturing seed varieties (which in this case were high-yielding commercial varieties) that 

would be mature before the canicula set in. The comparative lack of defined strategy in 

relation to the canicula in Tlaxcala may be due to the fact that Tlaxcala is on the margin 

of the area in which the phenomenon is observed and thus its occurrence is not well 

articulated in the activities of Tlaxcaltecan producers. 

Siniestros (Climatic Disasters) 

Although each campesino will have his or her own perspective on the relative risk 

posed by each hazard, the conclusion obtained fix)m interviewing Tlaxcaltecan farmers is 
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that the risks posed by frost and irregular rainfall are the most significant in their 

production process. This general perception confirms the reports of experts on 

agricultural production in Tlaxcala and data on hazard losses from the agricultural 

censuses (Liverman and O'Brien 1991). The role of climate hazards in production was 

also reflected in the campesinos' living memory of major hazard events. When asked to 

remember particularly devastating climatic crises, each farmer typically could recall one 

or two disasterous events in their lifetime, and the vast majority of these disasters were 

the result of frosts. 

The dates and description of the hazards experienced by the farmers interviewed 

were fairly consistent from farmer to fanner, although the year of the hazard may be less 

accurate than the actual date of the event. Many farmers were able to specify the day and 

m o n t h  o f  t h e  e v e n t ,  b u t  c o u l d  o n l y  e s t i m a t e  t h e  y e a r  ( e . g . ,  " a b o u t  5  y e a r s  a g o . . 1  

translated these estimations into a 'best guess' of the year of the hazard events. 

Ten of the fifty respondants interviewed mentioned 1982 and/or 1983 as 

particularly bad years for production. They reported that prolonged drought and several 

severe frosts in early June and September of those years destroyed harvests (see Fig. 3.9 

for 1982-83 rainfed maize yields). The availability of forage for cattle was a particular 

problem. One farmer said that many farms lost their cattle to starvation. A few families, 

recalling the 1982-83 crisis, said that in 1982 they were able to rely on the harvest of the 

previous year. By 1983 all residual stocks had been consimied and they were forced to 

look elsewhere for stocks. 
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The years of 1992, 19993, 1994 and 1995 were mentioned by a number of farmers 

as years with particularly destructive frosts. Farmers reported that in these years 

anywhere from 50 percent to 100 percent of their entire crop had been destroyed by the 

siniestros recalled. Several farmers recalled September 10 as a date of particularly severe 

frost. Devastating frosts apparently occurred on this date in 1982,1985,1989 and 1992. 

September 10 is the day of San Nicolas, the patron saint of one of the ejidos in Terrenate 

where farmers were interviewed. Given the common association of particular hazard 

events (rain, frost and hail) with saints' days in Tlaxcala, the occurance of a "black frost" 

on the day of the ejido's patron saint is likely to have adhered in the memory of those 

ejidatarios. 

Eleven of the fifteen years recalled by the farmers were also El Nino years. The 

frequency of hazard events recalled by farmers in 1982-83 and from 1992-1996, both 

periods of relatively strong ENSO activity, suggest that there may well be a correlation 

between years of particularly severe frosts and poor rainfall and El Nino (see Table 5.3). 

In order to confirm this qualitatively, far more farmers would need to be interviewed. 
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Table 53: Remembered ''disasters" and the El Nifio/ Southern Oscillation 

Year El Nifio #of Date of Event Description 
Year Respondants 

1930 or 1935 yes; 1930 1 frost 
1949 no: La Nifia 1 frost 

1973 or 1974 yes: 1973 1 July 14, Sept. 8 frost 
1978 yes 1 Sept. 20 hail 
1982 yes 3 Sept. 10 frost 
1982 yes 2 drought 

1982/1983 yes 5 frost and drought 
1985 no 3 frost 
1986 yes 2 July 16 frost and drought 
1987? yes 1 mid July frost 
1989 no; La Nitia 3 Sept. 9 and 10 frost 
1992? yes 4 Sept. 10 frost 
1993 yes 3 frost and hail 
1994 ! 
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4 Sept. 8 or 9 frost 
1995 yes 4 Sept and Oct. frost 
1996 no 3 July, Sept., Oct. frost 

Several of the campesinos underlined the extent of the crop damage in these years 

by explaining that they had to purchase seed from PRONASE (the government seed 

company) those years because they simply could not salvage enough of the crop to use as 

seed for the following year. None of the farmers said they had ever received 

compensation from crop insurance. Some farmers who had purchased insurance in 1982-

83 said the insurance company failed to keep the insurance contract. When there were no 

other options, farmers said that they turned to the federal government for support in the 

form of work programs and rations of food. Others left their farms in search of urban 

employment, the majority in the construction industry. Table 5.3 summarizes the 

chronology of major hazard events as remembered by the interviewed fanners. 
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Some of the campesinos interviewed had particular impressions of the frequency 

of 'bad' years for production. Very severe frosts were thought to occur about once a 

decade. Other farmers thought that years for poor production were more frequent - about 

one in every three years. One farmer had the unique opinion that the even years are good 

for production while the odd are typically bad. 

Summary 

The campesinos share common expressions and language that reflect their 

perceptions of how the variable climate of Tlaxcala manifests itself at the local level. For 

every hazard they are accustomed to confronting, every farmer is aware of the options 

available that might reduce the hazard's impact and is equally aware of the obstacles 

which might prevent him from acquiring the seed, finding the equipment or time, or 

accessing the market that would make each strategy effective. Some of the farmers' 

responses are simply designed to mitigate the impacts after the drought, frost, or other 

hazards has hit. Other strategies are preventive in nature, and could potentially serve as 

models of potential adaptations to new climatic forecasts. 

Should UNAM and UAT produce a forecast for the state of Tlaxcala, there is 

ample evidence that the farmers of Tlaxcala have developed a variety of strategies that 

conceivably could become the basis for adaptations in response to reliable climatic 

information. For the two main climatic threats to production, irregular precipitation and 

frost, modifying the date of planting, the timing and depth of the barbecho, the variety of 

seed or the choice of crop perhaps appear to be the activities that would have the most 



177 

significant influence on the ultimate harvest. Without knowledge of the actual climate 

conditions that will affect weather during the season, many farmers undertake these 

activities annually as a means of diffusing some of the risk they face from year to year. A 

reliable forecast could enable these farmers to be more selective in the years they chose to 

spend resources on particular adaptive activities—such as the deep barbecho, or 

purchasing high-yielding seeds. Knowledge that the rainy season will be "good" for 

production might mean that a farmer would chose to do everything in his means to make 

sure his crop could benefit from the favorable conditions by purchasing fertilizer, 

contracting the labor and equipment on time, arranging his other off-farm income-earning 

activities to devote more time to the fields. 

Although farmers have the knowledge and experience to adapt to variable 

environmental conditions, they will not necessarily benefit from the forecast information. 

They may be constrained by broader institutional and cultural circumstances which 

undermine their flexibility in responing to hazards. Many of the possible constraints on 

the decisions of small farmers have already been mentioned in the above discussion and 

entail considerations of labor time and cost, input costs, food needs and crop 

marketability. The important influence of these factors on small-farmer production 

merits further discussion, particularly in relation to the viability of some of the adaptive 

activities climatologists and agricultural specialists may encourage fanners to take in 

reponse to a forecast. In the next section, I discuss in some detail the complexities of a 

farmer's decisions about maize varieties and crop choice. 
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Crop Choice and Cost of Production 

Maize 

"Aun cuando saiga cara, siemhra maiz... " 
("even when its expensive, plant maize") 

—agricultural technician, Agrotlax 

"Se siembra maiz para la gasta de unci''' ("you plant maize to cover your expenses") 
— TIaxcaltecan campesino 

One of the fundamental decisions a farmer makes is what to plant. Because of the 

altitude in Tlaxcala, the topography and limited potential for irrigation, most farmers 

have planted the same mix of basic staple crops that TIaxcaltecan farmers have been 

planting for generations. Recognizing that maize is a crop that is particularly sensitive to 

climatic variability, agricultural-biologists and policy-makers in Tlaxcala are eager to 

promote other, more drought-tolerant and hardy (as well as more commercial) crops such 

as barley or wheat. A climate forecast containing an early warning of poor summer rains 

would provide a concrete incentive to encourage farmers to plant crops other than maize. 

However, for most TIaxcaltecan farmers with limited land, the choice of crop is in part 

determined by ecological necessity - the need for crop rotation - and only partly by 

perceptions of market opportunities; most significantly, com is the dominant crop 

because of cultural food preferences and economic insecurity. Thus, it is grown not only 

out of tradition, but because cultivating maize has become a critical adaptation to variable 

and often imstable economic circumstances. 
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The value of maize 

Maize is the crop of choice among small-scale farmers. Maize tortillas are the 

common denominator of every campesino's meal, and homemade tortillas—made fresh 

from one's own harvest—are perceived as far superior and preferable to any that one 

could buy. A good com harvest provides a campesino family with a secure source of 

food for an entire year, while the stalks and flowers are used to avoid purchasing 

commercial fodder for any household livestock. Maize is also a campesino family's bank 

account and insurance policy. The continued participation of the government in 

marketing and purchasing maize assures that there will always be a place to sell a portion 

of a harvest - even if only a few kilos at a time. Many farmers told me how they might 

sell a ton or so of com right after harvest—perhaps as much as 50 percent of their crop-

but the remaining 50 percent is allocated for domestic consiimption and for paying for the 

unexpected or emergency expenditures of the family. 

One woman described how her daughter paid for each day's bus fare to and from 

her primary school by spending the evenings de-graining maize from the cob to sell by 

the kilo in the market before school. She did this every year until the quantity of maize 

needed in exchange for her fare was too much to justify, and she dropped out of school. 

Another farmer told me that his reserve of com was what paid for emergency medical 

expenditures, unexpected travel to nearby cities, school fees and clothes. These farmers 

were not talking in a figurative sense - they literally sold a kilo or so of com in exchange 

for cash as the need arose. 
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The prevalence of this behavior - particularly among the more small-scale of the 

farmers interviewed - underlines the economic insecurity with which the farmers are 

grappling with on a daily basis. Maize appears to be a more stable currency than the 

peso in many senses - unlike the peso, it can be eaten if food prices rise, it can feed 

livestock when fodder prices are unafTordable, and it is not likely to be devalued 

overnight (the government buys maize at an established price from October until April). 

In this light, maize is the preferred crop in TIaxcala, despite the fact that other crops may 

at some points be more profitable. 

Maize seed choice 

The type of maize seed a farmer chooses is an important factor in determining the 

vulnerability of the crop to climatic stresses such as drought and frost. Every type of seed 

has particular characteristics that makes it more or less resistant to toppling over in the 

field (because of short stature for example), higher or lower yielding, more or less 

drought tolerant, faster or slower growing, bearing heavier or lighter grain, or more or 

less resistant to fimgus or pest infestations in storage. These characteristics are well 

known by traditional farmers, and this knowledge is commonly employed in response to 

the conditions imder which a fanner is planting (Bellon 1995). In TIaxcala, the length of 

the growing season for a particular variety, the quality of the grain for home-made 

tortillas and finally its yield are particularly important characteristics. 

Although there is a trend towards the adoption of commercial hybrid com 

varieties in TIaxcala, most farmers still continue to plant one or more local com varieties. 
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or crioUas. According to the government census, about one-third of Tlaxcaltecan farmers 

were using hybrid (commercial) seed varieties in the early 1990s (INEGI 1993). There 

are numerous varieties of criolla seed, and each variety is probably a mixture of several 

different strains so that no farmer's com is exactly the same as a neighbor's (figure 5.2). 

The types of seeds named by farmers - bianco, negro, amarrillo, grueso, xocoyul, monte 

alto, pinto, campeon - were most likely general categories rather than specific varieties of 

seed, characterized by their color, the size of the cob, they micro-climate to which they 

are best suited and the length of its growing period. The farmers interviewed held 

detailed knowledge about the most smtable soils, the drainage conditions, the fertilizer 

requirements, the grain weight and-texture, and the quality of the grain for making 

tortillas for each type of seed. 

It was also apparent that the number and types of com a farmer might mention as 

part of his or her production system might not necessarily reflect the seed stock he or she 

had available. For example, Roberto, a farmer with several hectares outside of Apizaco, 

claimed to plant only two local varieties along with his hybrid com- el criollo bianco and 

amarrillo zanahoria, the first a relatively long cob with large white grain, and the second 

a short cob with small grains the color of blood oranges. However, his granary had at 

least eight varieties of criolla seed, of all sizes and colors (figure 5.2). 

The criolla seed is selected by the farmers firom their harvest, typically from the 

longest cobs with the biggest grain. Several farmers said the position of the grain on the 

cob was an indicator of the mmiber of days it would take to maturity, and thus they set 
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aside the grains at the tip of the cob, the last to mature, as fast-maturing seed, while they 

separated the larger grains at the base of the cob, which had taken the longest to develop 

on the cob, as seed that required the longest time to mature. In order to ensure that the 

most competitive seed stock was selected from the harvest, several extension agents 

stressed the importance of selecting seed from the cobs while the cobs were still on the 

maize stalk in the fields. In this way, a farmer would be able to select for characteristics 

of healthy maize plants, rather than simply the appearance of the grain. Although some 

farmers suggested that they had heard this advice, few farmers practiced this form of seed 

selection. 

Figures^: Maize varieties 

Bottom row from left to right: (1) Chocoyol, (2,3) Amarillo Zanahoria, (4) Pinto  ̂(5) 
Azul, (6) criollo bianco, (7, 8) el Campeon. Top row, left to right: (I) Amarillo 

Zanahoria, (2) criollo bianco. 
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Farmers decide which seed to plant by weighing all the favorable characteristics 

of each seed against constraints posed by their respective financial positions, household 

needs, the seed available and limitations of the physical enviroiunent. One characteristic 

that was repeatedly brought up was how "violente " a com variety was. Farmers often 

plant the varieties that need more time to develop earlier than the more rapid varieties to 

give the crop sufficient time to mature before the first firosts come in the fall. Many (but 

not all) of the hybrid maize varieties have relatively long growing periods - between 135 

to 200 days or 4 to 6 months. While there are probably several local varieties that are 

slower than others farmers often mention several varieties - "monte alto" (translated as 

"high altitude maize") being the most common - of dwarf com that grow particularally 

fast (3 months to maturity). Farmers also mentioned other faster-maturing varieties: "e/ 

nam" (the dwarf), "e/ ancho" (the short one) "el negro" (black com) and "amarrillo 

zanahoria" (carrot-yellow com). 

Resistance to pests in storage, taste and adaptability to a variety of climatic 

conditions were also factors that farmers considered in selecting seed to plant. Some 

farmers said they relied on maiz amarrillo - a standard yellow variety - because it was 

adaptable to a variety of climatic conditions and could be planted early or late and still 

yield enough to live on. Another fanner emphasized that his choice of seed was a trade 

off between those seeds like campeon ("the champion") that had relatively high yields, 

but weighed little, and seeds like el ancho that produced heavy grain but low yields. 

Although the farmers do distinguish among the different types of seed available to them. 
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few of the local varieties are "pure" - almost every cob represents a genetic blend of 

native, and perhaps commercial, seed material. This introduces considerable variability 

in the characteristics of the crop that will be harvested, despite a farmer's efforts to select 

and plant com with particular features. 

Seed availability and policy 

Although less than half of the farmers interviewed were planting hybrid seeds, the 

state of Tlaxcala, in collaboration with some private-sector agribusinesses were 

encouraging farmers to switch to commercial com varieties that would meet production 

requirements for the Mexican maize flour companies to compete internationally. One 

program that was gaining popularity in Tlaxcala was "Kilo por Kilo" (see Chapter 4). 

This is a program to encourage farmers to experiment with commercial seed stocks by 

exchanging a kilo of certified seed for the price of a kilo of criolla seed. The United 

States Department of Agriculture has noted that although poor farmers are being targeted 

in this program, they are unlikely to benefit because in the long run they cannot afibrd the 

conmiercial seeds, nor can they afford the inputs that such seeds require (Juarez 1997). 

Nonetheless, some farmers were planting the hybrid maize- varieties such as 

H33, VS22, H28 - along with their traditional varieties "to see what would happen." 

Several farmers said that experts from SAGAR, the federal agricultural ministry's office 

in Tlaxcala, had promised that the improved seeds were qmte suitable to the Tlaxcaltecan 

climate. They had heard that the varieties being promoted by the government supposedly 

yielded more, had bigger grain and received preferential prices in commercial markets. 
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Don Juan, a farmer in Nanacamilpa, had been pleased with the yields he had achieved 

with a hybrid variety - double what he had received with his local stock. He commented 

that the criolla he used to plant was "muy bonitopero rinde menos" ("very pretty but 

yields less"). 

Another seed variety that was being promoted in Los Ameles, Terrenate, under 

the name of Maseca, one of the larger maize flour companies, reportedly had heavy grain 

and could yield as much as two ears of com per plant or up to 6.5 tons/hectare. Unlike 

most commercial varieties, the Maseca com would mature quite rapidly - in 126 days -

apparently making it well suited to the short growing season in northeastern Tlaxcala. 

Maseca, one of the three Mexican maize flour and tortilla companies, is now targeting 

areas like Tlaxcala that were once rich areas for maize production for the introduction of 

new maize varieties. Maseca is collaborating with some multinational grain companies 

such as Cargil and Asgrow, as well as with the parastatal company PRONASE to develop 

appropriate strains of hybrid, synthetic and criolla seed. 

A Maseca ofBcial emphasized that the goal of the company's seed program was to 

develop grain that met all the criteria for high-quality flour. Maseca was not interested 

in all the farmers adopting a certain variety of maize, and in fact encouraged farmers to 

inter-crop local criollas with the hybrids so that after a couple years farmers would have a 

stronger seed stock. Although the criollas are well-suited to the climatic conditions and 

culture of Tlaxcala, the grain is poorly suited to the requirements of the maize mills. 

Thus most criolla maize that is marketed goes into the production of animal feed, where 
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the surplus of sorghum, a substitute for maize in feed production, is driving the price 

down. Maseca hopes that the synthesized varieties will double farmers' yields, meet the 

farmer's requirements for com taste, quality and resilience, while simultaneously 

fulfilling a market need for domestic supplies of maize for flour and not increasing the 

cost of production. 

Despite rumors of success, the efforts of extension agents from the government 

and the engineers from companies such as Maseca, most of the farmers interviewed were 

interested in the new varieties but cautious. Lack of first hand knowledge about the 

properties of the seeds appeared to be a central concern in the farmers' willingness to try 

the new varieties. Don Lucas, an older farmer of an ejido in Terrenate mentioned that 

some technician from SAGAR (he thought), the agricultural ministry, had come with 

some advice about new seed varieties. "^H-algo..." he said. ""H-something. Its supposed 

to be fast growing and adapted to the climate here. But it probably grows high only in 

good weather, not in bad weather." He did not try the seed. Don Vincente, a farmer from 

Terrenate, expressed his reluctance to experiment with hybrids this way; "aunque ellos 

crecen mucho...no puedo sembrar otro maiz - no lo sepeT ("although they grow well, I 

can't plant other varieties of maize -1 don't know anything about them"). Some farmers 

said they would consider the new seeds should their neighbors have success with them. 

One farmer had begun to plant a hybrid variety of com after observing that his neighbor's 

field, which was planted with hybrid com, withstood a hail stoma far better than his own. 
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which was planted with the local variety of criolla bianco. Now he plants both, the 

bianco because of its taste, and the hybrid because of its lower risk. 

However, some of the farmers who were experimenting with the commercial 

varieties expressed reluctance to abandon theu: local seed stocks, preferring to devote at 

lease some of their production to the varieties they believed to be more resilient to water 

and heat stress. Although a crop scientist for Maseca argued that the hybrids being 

promoted in Tlaxcala are comparable in their nutritional and environmental needs to the 

criollas and could be produced with minimal investment in Inputs, many of the farmers 

interviewed observed that the hybrid maize varieties took longer to mature and required 

more investment, particularly in the areas of higher elevation where the soils are slow to 

warm at the beginning of the season. Don Eustaquio, a fanner in Terrenate, complained 

that the hybrid seeds brought by the government had to be purchased each year. He said 

his nephews had to purchase seed this year because the seed from last year's harvest was 

"'delgado, " too weak to plant again. One extension agent working with an independent 

civil organization commented that it is expensive to guarantee high yields with the hybrid 

seeds: Fanners need to purchase the seeds every year and apply irrigation and high 

amounts of fertilizer and pesticides. According to one account, the hybrid maize seed in 

the spring of 1997 cost 25 pesos/kilo in contrast to only 5 pesos/kilo for criolla seed. The 

extension agent also indicated that while the new seeds may be adapted to average 

conditions in Tlaxcala, they were not sufficiently adapted to the significant variability in 
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micro-climates and soils in different parts of the state and thus the seed packages 

promoted through Kilo por Kilo would not succeed in many sites. 

The farmers most enthusiastic about the new seeds had access to irrigation, 

enabling them to extend the growing season by several weeks at the beginning of the 

season and overcome the problem that the slower-maturing varieties posed to production. 

These farmers were also typically more active participants in local agricultural markets 

and were not as concerned with producing maize of a quality, texture and variety 

preferred by their families for domestic consiraiption. 

Maize vs. Forage Crops 

Grain choice is of particular interest to the climatologists and agricultural experts 

interested in promoting certain crops over others in different climatic scenarios to 

improve production. Wheat and barley are reportedly far better adapted to the physical 

environment than maize in many regions of Tlaxcala and potentially could yield far more 

reliable returns, particularly in areas where the growing season is limited by early frost 

risk or temperature. Wheat and barley have an advantage over maize in that their 

growing season is typically much shorter (average of 4 months) and thus the crop can be 

planted in June. The crops apparently require less moisture for production, making the 

crop in some instances more "drought resistant" than maize. Barley and wheat seem to 

require less labor investment as they are not sown in rows, but simply scattered hi the 

fields, and once planted, they do not require the strenous labores required by maize (see 

cost of production comparison). These grains also are principally commercial crops, and 
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are promoted by agricultural programs of the state and nation as a whole as a way of 

moving small-scale farming into commerically viable crops. 

According to an agricultural ofiBcial at AGROTLAX, the state agricultural 

secretariat, the cost of production for barley and wheat in 1997 were approximately the 

same at about 1000-1500 pesos/hectare. This agriculture specialist estimated that a 

farmer could get about 1700 pesos for selling a hectare's harvest of barley, leaving a 

profit of 200-500 pesos/hectare. He asserted that the price of barley and wheat, although 

increasingly deregulated, now are relatively stable and the only reason farmers were not 

participating in alternative grain production is the prevailing influence of tradition and the 

cultural preference for home-grown maize for domestic consumption. This was the 

opinion of almost every agricultural technician 1 consulted. 

The farmers I spoke with gave a somewhat different perspective on the issue of 

barley and wheat versus maize production. While they noted that barley and wheat saved 

them some costs in terms of labor and time, they were imsure whether these alternative 

grains were more profitable to grow. Many farmers stated that neither wheat nor barley 

demanded any more fertilizer than maize, although they both required some investment in 

herbicides. The main problem with wheat and barley seemed to be the fact that they are 

commercial crops and are not processed domestically. This means that farmers must 

ensure the quality of product demanded by the buyers in order to make sure their 

investment has paid off. One important factor in this process is purchasing quality seed 

- something that must be done year after year to maintain yields (criolla maize seed is not 
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purchased - it is selected by the farmer from his harvest and stored for the next planting). 

The expense of purchasing quality seeds annually was prohibitive for some fanners. 

Another factor that makes alternative grain production more risky for farmers is 

their perception of crop price fluctuations. Since 1989, price guarantees for barley have 

been eliminated and prices for wheat are now fixed to reflect current international prices 

(de Janvry, Chiriboga et al. 1995). Thus there less price security for farmers who produce 

these crops. In order to manage this price uncertainty, farmers incresasingly are being 

presented with the option to enter into a contract with a flour mill (in the case of wheat) 

or a beer or fodder company (in the case of barley) in advance of planting, in which they 

agree on a price for the expected volume of the harvest. Usually, to obtain the volume 

desired by the company, farmers enter into a contract as a producer group rather than 

individually. The advantage of these contracts is the assurance of a buyer at a price 

negotiated by the farmer group. Many companies offer a package of fertilizer, seed and 

other chemicals on credit as part of the contract. These inputs are paid for at the end of 

the season. The disadvantage of this system, as several farmers explained, is that the 

contract forces the farmers to gamble on prices - an un-practiced activity for them, given 

the newness of the price reforms. With rising input costs and uncertain weather, agreeing 

on a price before planting is too risky for many farmers. 

One agricultural engineer told the story of a group of 320 producers in Huamantla 

who had entered into a contract with a wheat flour mill in 1995, settling on a harvest price 

before their investment ia planting. Over the growing season, the market price for wheat 
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rose by 100 pesos/ton. Bound by their contract, they were unable to take advantage of the 

higher price. This group of farmers now is very wary of contracts and has elected in the 

1997 season to wait to sell their crop to the highest bidder at the end of the season, even 

at the risk that the price will drop. 

The sentiment of this group of farmers was echoed in the voices of several others 

who explained why they were reluctant to get into the production of alternative grains. 

One farmer emphasized the role of climatic risk, suggesting that the risk of unanticipated 

crop losses was too high to justify taking out credit and signing a contract with a large 

company. If the crop fails, this farmer explained, you would still have to pay for any 

inputs purchased on credit from the grain company by forfeiting any collateral you put 

down. Another farmer complained that contract farming involved too much paperwork 

and interference in his farming. If farmers choose not to enter into a contract 

arrangement for the production of alternative grains, they either can produce individually 

or in groups for home consumption or for vendadores particuiares—local grain buyers 

who are typically middlemen for larger companies. 

Regardless of the purchasing arrangement, all the farmers who discussed the 

production of barley and wheat were preoccupied by the uncertainty in the newly-

liberalized producer prices. There was some debate on what the prevailing producer 

prices were - perhaps reflecting a deficit in market information in fairly isolated 

commimities such as Terrenate. Some farmers said that the price of wheat was 

comparable to that of maize at the time of the interview, others said it was slightly better. 
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and still others thought it to be slightly worse. The prices quoted by farmers indicated that 

the price of wheat was approximately that of maize in the open market, while barley was 

perhaps getting a better price (see Table 5.4). It was clear, however, that the going price 

was not reassuring to the farmers. They were convinced that there was a high probability 

of large price swings which made any large investment in these crops - particularly 

investment of land - a highly risky enterprise. 

Table 5.4; Price ranges for June/July 1997 
Low Price /tn High Price/tn 

pesos pesos 
wheat 900 1250 
barley 1400 1500 
maize 1000 1150 

source: author's interviews with farmers 

Underlying the farmers' concerns about producer price instability was a basic 

concern about sustenance—something fanners perceived as the opportunity cost of 

alternative grain production. The need to be assured that there would be food available, 

regardless of market conditions, featured predominantiy in all the fanners' discussions of 

their crop choice. As one farmer said, "Barley and wheat may require less water, but I 

have a large family to feed." Tlaxcaltecans are not accustomed to eating large amounts of 

either barley or wheat products. If the crop is not sold, it will most likely be used to feed 

the household cow or mule. In this respect, neither crop is a good subsitute for maize, 

which serves as both a food crop as well as a source of cash for the campesinos. 

Although all farmers agreed that the cost of production, in terms of labor and purchased 
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inputs (other than seed), probably made maize the most expensive grain to produce, they 

knew that they could always eat their harvest. 

Few farmers were confident that either wheat or barley could be relied upon to 

have the exchange value of the maize they needed for their family's consimiption. One 

farmer explained that he planted maize because the price of wheat was never high enough 

to cover the cost of purchasing the maize he otherwise would have grown. 

If switching over to wheat or barley is too risky, one might ask why farmers do 

not simply plant some of each crop to diversify and spread risk through a variety of crops. 

Many farmers, whether responsible for only 2 hectares or 12 hectares, said that they did 

plant a variety of crops in rotation - wheat, maize and beans or maize, barley and beans. 

But the farmers pointed out that maize has to be planted every year to satisfy the 

household food demand ("...afuerza, tiene que siembrar maiz" - " ....of necessity, one 

must plant maize")- If land is limited, the land available to alternative crops may be 

reduced to 2 hectare or less, producing only a small quantity of crop. 

While the yield of a hectare or more of barley might be siifBcient as fodder for 

domestic livestock, several farmers indicated that it is far more difficult to sell small 

amounts of barley and wheat commercially than it is to sell small amounts of maize. In 

the view of many small farming households I consulted, the market for alternative grains 

was heavily dominated by larger-scale commercial producers, leaving very little room for 

This means that only a small portion of land is actually under rotation each year. 
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those farmers who wanted to enter and le?ve the market depending on the nature of the 

season. 

Conclusion 

The Tlaxcaltecan campesinos interviewed in this study have developed a system 

of maize production suited to the narrow window of opportunity provided by the high 

altitude, cool temperatures and seasonal rainfall of TIaxcala. While their yields are 

relatively poor and production volume low, agriculture - and in particular, maize - is a 

critical part of rural livelihood in TIaxcala. As such, the small-scale, low-input farmers in 

TIaxcala have developed production systems oriented towards minimizing long-term 

risks: according to the physical constraints of their particular micro-environment, they 

rely on time-tested criolla seeds, planting schedules that on average produce results, and 

labor-intensive tillage and weeding practices that they view as critical for ensuring 

adequate yields. 

In spite of the farmers' best efforts to manage the variability in the physical 

environment, agricultural production is still highly sensitive to climatic impacts. One can 

identify six stages in the production process, involving decisions about labor, time, and 

purchased inputs, that are particularly sensitive to climatic variability: the timing of the 

barbecho, the timing of planting, the choice of seed variety and crop, the timing of the 

labores, and the timing of the harvest When the barbecho is undertaken depends on soil 

moisture conditions and expected rainfall in the spring; the date of planting and choice of 

seed/crop depends on ambient climate conditions as well as the risk of frost in the fall; 
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and the schedule of the labores and the harvest are sensitive to the temporal distribution 

of rain and frost during and at the end of the rainy season. While these phases of 

production may be particularly sensitive to climatic conditions, farmers have only limited 

flexibility in their production strategies to mitigate some of the climatic impacts. The 

greatest opportunities for controlling some of the climatic risk farmers face is quite early 

in the production process - from the time of the barbecho to the date of planting. Once 

the seed is in the ground, the opportunity for pro-active risk hedging is minimal and most 

farmers will be forced to resort to reactive strategies that, while potentially effective (e.g., 

replanting after a frost), can be very costly. 

In this light, the type of pro-active strategies farmers might elect are not likely to 

address a specific frost event or hail storm, but may contribute to reducing the risk posed 

by a general increase in the frequency of frost events, a shorter growing season or late and 

irregular rainfall. The following decisions that the farmer makes appear to have the most 

potential as pro-active risk reduction strategies: 

• fall vs. spring barbecho 

• mechanical (deep) vs. manual (more shallow) barbecho 

• timing of planting (and whether to undertake a dry planting) 

• choice of maize seed 

• choice of maize vs. barley, wheat, alfalfa or other crop 

These are all decisions the fanner makes every year, without a reliance on 

improved climate forecasting. Without knowledge of the actual climate conditions that 

will affect weather during the season, many farmers will adopt a risk-hedging strategy. 
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opting for production methods that may ensure a subsistence crop, but will rarely 

generate a surplus. Thus a farmer may wait a critical week after the first rains to be sure 

that the rains are those of the rainy season, or a farmer may elect to plant only poor-

yielding but 'violente' varieties of maize, in the anticipation of possible irregular rainfall. 

These decisions, while helping to mitigate crop losses to climatic hazards over the long 

run, may not be sufficient responses to the climatic conditions of any given year. In order 

for a farmer to tailor the timing of planting, depth of the barbecho or choice of seed to the 

expected climate fluctuations of a particular year, a reliable, spatially specific climate 

forecast would be needed. For example, to arrange for a deep barbecho, a farmer would 

need to have knowledge of whether the spring rains would be late or irregular by 

November of the previous year, in order to find the finances and time to rent the tractor 

and perform the task. For the other decisions, knowledge of the onset of the rains and 

frequency of frost might be required by late February. This advance knowledge would 

theoretically enable a farmer to adjust his investments and make his decisions against 

some expectation of future conditions that was better than guessing. 

As this chapter has attempted to illustrate, the adaptation strategies a farmer might 

elect are also heavily influenced by factors other than climate, and these factors may 

mhibit a farmer from taking advantage of forecast information. For example, in order to 

undertake the early barbecho, a farmer will need access to a tractor, which in tum means 

access to finance. Planting wheat instead of com is not a simple matter of drought 

tolerance or rate of crop development; maize is preferred for reasons relating to cultural 



197 

orientation, subsistence needs, market uncertainties and financial constraints. The choice 

of a hybrid or local seed variety can be equally complex. The changing policy 

environment in Mexico and in Tlaxcala has made it particularly difficult for small-scale 

producers to access the inputs they need at the time that they require them, and the cost of 

production may drive Tlaxcaltecan fanners into even more marginal (and arguably, more 

inflexible) positions of maize subsistence farming. The inaccessibility of fertilizer alone 

may doom a fanner's plot, regardless of weather conditions (see Chapter 4). Thus 

recommendations from agricultural specialists or from climatologists concerning the most 

appropriate choice of seed or crop, or the amount and timing of fertilizer application 

appropriate for particular weather conditions, may not be very useful to farmers who are 

struggling with minimal public support and an increasingly uncompetitive position in 

even local agricultural markets. 

This chapter has also illustrated that local perceptions of climatic variability and 

its impacts might play an important role in how climate forecasts are understood. The 

Tlaxcaltecan campesinos who participated in this study make use of a vocabulary on 

climate that has origins in tradition and local experience. It is with these words -

canicula sin o con agua, lluvia atrasada, helada negra — that the farmers interpret the 

variability in their environment, and it will be through those terms that they are most 

likely to understand new perspectives on this variability. Where there is confusion, or 

divergences in imderstandings from one locale to another, this confusion may also be 

transferred to new forecast information. The next chapter explores in greater detail local 



perceptions and beliefs concerning climatic variability in Tlaxcala, and how these 

perceptions may influence the reception of new climate forecasting in the state. 
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6. CLIMATE FORECASTING; TRADITIONAL BELIEFS, INFORMATION 
NEEDS AND THE POTENTIAL UTILITY OF NEW FORECASTS 

Introduction 

The utility of a climate forecast could conceivably be measured by how well it 

satisfies several criteria: The predictions must be relatively accurate and reliable for some 

defined scale and time period; the users of the forecast information must have 

opportunities open to them to incorporate the information into their decision-making; and 

the decisions they take on the basis of the forecast information must make some 

difference in outcomes (ideally mitigating risk or maximizing benefits in low-risk 

situations). Underlying all expectations of forecast utility are assumptions that the 

content, format and mode of delivery of the climate information will not be obstacles in 

the effective use of the information. In Tlaxcala, the language that is used to present the 

information, the content of the forecasts, the charmels that are used to distribute it and the 

interaction of new information with individual perceptions and beliefs about the climate 

system are critical concerns that must be considered before the information is 

disseminated (Travis and Riebsame 1979; Murphy and Brown 1983). This chapter 

explores how the farmers who were interviewed have traditionally viewed climatic 

variability as well as the traditional methods they have employed to anticipate climatic 

variability. The chapter then discusses how these campesinos have responded to the 

concept of "new and improved" seasonal climate forecasts in terms of their information 
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needs, their perceptions of the forecasts' potential value and their recommendations on 

how the information might best be disseminated. 

Perceptions of Climate: Local Belief Systems 

As Ogtmtoyinbo and Richards (Oguntoyinbo and Richards 1978:165) write in one 

of the few studies of local perceptions of climatic variability, the "vocabularies and 

concepts" farmers have developed for managing climatic variability "could well be a 

starting point for attempts to build up an agro-meteorological information service 

oriented towards the peasant farmer." Although there may be value in determining 

whether or not the farmers' traditional methods of climatic prediction are valid 

observations of environmental reality, the objective of exploring traditional prediction 

methods in this study was to gain a better understanding of the existing institutional 

structures for forecasting in Tlaxcala and the farmers' own assessment of their utility. 

New climate forecasting information will, at some level, have to interact with the 

fanners' perceptions of the climate system, their beliefs about its predictability and the 

methods they have traditionally employed in forecasting climatic events. It is not how 

well these traditional forecasts correspond with observed climate that matters. The 

assumption is that if farmers have some degree of faith in these methods, we can leam 

from them how farmers perceive and manage climatic variability through this belief 

system. 

In Tlaxcala, farmers manage and predict weather and climate risks through a wide 

variety of environmental observations, some of which have ahready been mentioned in 
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Chapter S. Their predictions can be classified into weather forecasts that are used to 

predict particular events (such as rain, hail, snow, frost) several days to several hours 

before these weather events occur, and climate forecasts that attempt to predict with a 

lead-time of several months general climatic patterns for a period of months to a year. 

Short-term weather forecasts 

In Tlaxcala, 'short-term' weather forecasts often consist of daily observations of 

cloud color and character, temperature and winds, coupled with observations of animal 

behavior. Together these observations inform farmers' interpretations of coming 

weather. For example, one farmer told me that if he notices ants fleeing their homes in 

the ground, he knows that very windy weather is on its way. Another farmer said he 

watched the swallows: when they fly low, it will rain; when they fly high, it will be dry. 

He explained that the humidity of the air determines the height at which the insects eaten 

by the swallows will fly. 

A few farmers interviewed said that they often could forecast a frost either one or 

two days before it occurred by observing the sky and temperature. These farmers said 

that the risk of frost is high when there is a sudden drop in temperature in the late 

afternoon on clear days with thin, high clouds. Several farmers said that a "rosy" tint to 

the clouds and sky is also an indication of a coming frost. 

Many of the fanners interviewed said that they can foresee a hail stomi 

immediately before it occurs also by observing the cloud cover. If the approaching storm 

cloud is very dark with an interior of white, or the peak of the cloud is white, this cloud is 
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likely to bring hail. Farmers described the clouds as ""nubes gruesas, pesadas, y negra 

con una punta bianco " (gray-black, heavy clouds with a peak of white). 

La luna (the moon) 

The moon—its phase, color, angle in the night sky—plays a very important role in 

TIaxcaltecan agriculture. A full, white moon indicates that it will be dry. A full moon 

with a dark ""mancha" (spot) on it is a signal of coming rain. The cresent moon angled to 

the south also brings water; As a symbol of a cup, the luna inclinada is tilted so that it 

spills on to earth. For one farmer, this observation is a signal to plant within five days of 

siting the moon. If the crescent is on its back towards the viewer, as in a perfectly 

vertical cup, the weather will be dry. One of the farmers who explained this aspect of the 

crescent moon to me said it was not always ^''confiables" (trustworthy): At the time of the 

interview the weather had been very dry for over a week, while the moon was at a 

promising incline. 

Nearly all farmers interviewed said that they heeded the phases of the moon in 

conducting their agricultural activities. Crops planted under a new moon, la luna tiema, 

are considered to be more vuhierable to pests and fungus. Many farmers told me that 

maize planted under the luna tiema rots in the ground and never germinates. The bean 

plants are likely to be weak, with flowers over-laden with nectar that attract birds who 

destroy the crop in the field. The waxing moon, five to eight days before the moon is 

full, is the best time to plant and imdertake any of the labores in the ma^e fields. Adolfo, 

a progressive farmer in a commtmity outside of Apizaco, explained that the luna tiema 
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and the luna menguante (waning moon) "lacked focus": "/a energia esta suelta, dispersa" 

("the energy is loose and dispersed") and would not serve to help the crop grow. For this 

reason, several fanners said that it is best to avoid any activities in the luna menguante, 

and instead take advantage of the waxing moon and full moon for all activities. 

It is not only the more traditional farmers in Tlaxcala who recognize the 

importance of the moon on production. A young agricultural engineer for one of 

commercial maize companies said that he always followed the moon in planting, despite 

his technical training and the technical sophistication of his production. Although he 

could not explain the moon's influence, in his experience maize planted under the full 

moon resist pests better, has a more homogeneous grain, is more susceptible to cross 

pollination that improves the crop's genetic material, and has a higher yield. He said that 

the moon has played an important role in Mexican agriculture since before the Aztecs and 

has withstood the test of time as a reliable means of guiding agricultural production. 

Interpretations of the phases of the moon along with other variables are also used 

by farmers to predict the climate for an entire growing season at once. The Tlaxcaltecan 

farmers mentioned two systems of prediction that have had a long tradition of use in the 

region: El Calendario del mas Antiguo Galvdn and the cabanuelas. 
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Traditional Seasonal Climate Forecasts 

El Galvdn 

The Calendario Galvdn is perhaps the Mexican equivalent to the farmer's 

almanac used in the United States, except that it is based in the liturgy of the Catholic 

Church. It was foiinded in 1826 by Don Mariano Galvan Rivera and is published aimually 

in Mexico City. In addition to naming the saint's days and describing the appropriate 

mass for each day of the month, the Galv^ contains information on population growth, 

urbanization, national agricultural production and trade, important dates in the history of 

civilization and the church, and information on climatic and astrological trends. For 

example, the introduction to the 1997 edition (1996:22), suggests that Mexico's climate is 

gradually shifting so that in the future there will be less rainfall in the south of the country 

and more rainfall in the north. For the next two to three years, according to the 

publication, there is likely to be a higher risk of severe drought in Mexico during the 

transition period of this shift. 

Each month in the GalvM begins with a summary of the month's estimated 

temperature (minimums and maximums) and rainfall for about eight cities in Mexico. 

This is followed by a general projection of the weather for that month for the whole of 

Mexico. Every seven days, the calendar indicates the appropriate phase of the moon, its 

position in the Zodiac, and (in one word) the weather that is likely to accompany that 

phase: i.e., ''despejado' (clear), 'frio' (cold), 'heladas' (frosts), ^lluvias' (rain). The 

farmers who spoke highly of the Galvan's reliability said they used its record of the 

moon's phases to anticipate frosts, determine when to plant and harvest, and to know 
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when to expect the canicula. The 1997 Galv^ for example, reports in block letters on 

July 20"", "HOY ENTRA LA CANICULA" ("the canicula enters today") with a footnote 

explaining that the canicula "is the period of the year with the most intense heat" (1996: 

91). A month later, on the 25"* of August, the calendar reports "SALE LA CANICULA" 

("the canicula leaves"). While these farmers recognize that the calendar occasionally 

fails them, they are confident that it is generally reliable. However, the Galvan did not 

seem to be universally used. Several farmers explained that the Galvan is expensive and 

takes too much time to read. 

The Cabanuelas 

"Un mes pasa un ano, un diapasa un mes..." (In one month, passes a year, in one day 
passes a month...) 

The other prevalent system of seasonal forecasting mentioned by Tlaxcaltecan 

farmers is the cabanuelas, a relatively informal system of environmental observations 

that is used to anticipate general climate conditions for a whole year. The cabanuelas are 

a little more complicated than the information presented in the Galvin, partly because 

there is no written guide to the cabanuelas. The forecasts are based on a long series of 

observations that each individual farmer must remember or write down in order to come 

up with a prediction for the entire season. Although the instructions about exactly how to 

follow the cabanuelas varied from farmer to fanner, the consensus method was to begin 

by 'hindcasting' the weather of the year that was just closing, 'e/ ano viejocitoand then 

forecasting the weather of el ano nuevo, the new year. 
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The degree to which the cabanuela of the afio viejocito reflects the past year's 

weather is a means of 'calibrating' the model. Farmers first observe the weather 

(temperature, cloudiness, rain and winds) for the first twelve days of December when 

each day is believed to represent a month of the past year begiiming with January. For 

example, if its cloudy on the first of December, the month of January of the past year 

would have been humid and rainy and if the temperature warms during the day one 

farmer said this is a sign that the month would have had a high risk of hail storms. 

December 13 through 24 are then observed, with each day still representing a month but 

this time beginning with December and working back towards January. Then for the next 

six days, December 25 to 30, each half-day is a month (i.e., December 25 = 

January/February, etc.). Finally, on the 31", every two hours is a month (Table 6.1). 

The ano nuevo is then forecast through observations of daily weather through the 

month of January in the same procedure as for the afio viejocito, but this time for the 

current year (see Table 6.1). Because in both the old and new cabanuelas the weather for 

one month is forecast several times, the farmer notes how well the forecasts correspond. 

The majority forecast prevails, or, if different weather is forecast each time, then the 

weather for that particular month is considered to be 'highly variable.' 

Adolfo, a progressive and entrepreneurial farmer who said that he followed the 

cabanuelas with some confidence, had a more complicated method for conducting the 

observations. He informed me that in addition to recording the daily changes in weather 

in the months of December and January, it was also important to observe the phases of 
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the moon. For example if he observes cool, windy weather and a crescent moon on the 

3"* of January (forecasting high winds for the month of March of the current year) he 

concludes that the windy weather in March would last for seven days, or one quarter of 

the month of March. If the moon was full, the winds would prevail throughout March. If 

the moon were new, the weather would last about one-half of March. As one might 

imagine, a forecasting system this complex is difiBcult to follow. Although one farmer 

said that "cay/ son cierto, casi no falla" (they are almost always right, almost never fail), 

he agreed with many other farmers that the cabanuelas took too much time and were too 

confusing. 

Table 6.1: The Cabanuelas 
days 1-12 days 13-24 days 25-30 day 31 

Afio Viejocito 
Month of 
December 

Jan. - Dec. 
of year 
passing 

Dec. - Jan. 
of year 
passing 

each half-day = one 
month of past year, 
Jan. - Dec. 

each hour = one 
month of past 
year 

Ano Nuevo 
Month of January 

Jan. - Dec. 
of coming 
year 

Dec. - Jan. 
of coming 
year 

each half-day = one 
month of coming 
year, Jan. - Dec. 

each hour = one 
month of 
coming year 

From the interviews with farmers it appears that both the Galvan and the 

cabanuelas are gradually falling out of use. Most farmers, except some of the more 

youthful and more technologically advanced, volunteered information about these 

prediction methods; but they said that their fathers knew more about them than they 

themselves did, suggesting that while the knowledge has been passed on to the present 

generation of producers, it is not being practiced. The cabanuelas are complex and time 
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consuming; the Galv^ is expensive. And for both the cabanueias and the Galvdn, 

farmers also cited another reason for disuse: in the last decade or so, these methods have 

been perceived to be less reliable than before. "They said that it was once more reliable, 

but not now," said one campesino. When asked why they were losing confidence in these 

traditional methods, the farmers would give a consistent answer: the climate had recently 

become too variable to predict. "Fa es diferente tiempo," ("it's a different climate now") 

one farmer said. 'We have lost the ability to use the cabanueias because the climate is so 

variable.' 

Just how the climate has changed depends on the each individual farmer's 

perception; however, there seemed to be a general agreement among the farmers 

interviewed that the climate in Tlaxcala has become drier in recent decades and the rainy 

season has shifted so that it now begins and ends later than it did years ago. According to 

these farmers, the temporada that used to begin in March is now beginning in May, and 

instead of ending in September, the rains have been known in recent years to drag on 

until December. Some of the older farmers commented that there are fewer downpours 

and that many of the earthen reservoirs in the fields that decades earlier filled every year 

rarely fill now. With the increased dryness and ^^calores fiiertes" (heat waves), many 

farmers have also perceived an increased risk of &ost. Some farmers said that the change 

began in the mid-1980s; others thought that the changes had come about in last two or 

three decades. Almost imiformly, however, the campesinos perceived the change to be 

negative, inexplicable and a challenge to their production. 
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Aside from the cabanuelas and the Galvin, some fanners have other ways of 

forecasting the quality of the coming growing season. One farmer said that an early start 

to the rainy season implies that the rains will also leave sooner than usual. Another 

asserted that a lot of wind and frost in winter, as opposed to a rainy winter, would mean 

that prospects were good for the summer growing season. Two farmers observed that the 

season could be anticipated by observing the winds at midnight on December 31". One 

farmers said that if the winds came from the north or west, the year would be promising; 

if they came from the southeast, then it would be a bad year. The other said that winds 

from the northwest indicated a bad year, but from the northeast, good. "Entra mala, mala 

sale" intoned one farmer, indicating that if the year started with poor weather, the weather 

would last for the whole season. One producer claimed that you could tell the quality of 

the coming season from observing the snow on La Malinche, the volcano that towers over 

central Tlaxcala. If there is a lot of snow on La Malinche in April then the season will be 

short with frosts. If there is no snow, the season will be good and they can plant early 

with long-cycle varieties. 

Religion and Climatic Risk 

As evident in the pages of the Galvan and the conversations I had with farmers all 

over Tlaxcala, religion and religious ceremonies play a prominent part in the way farmers 

perceive climatic variability and alleviate some of their anxiety about climatic uncertainty 

in their production process (Wilken 1987:224). "The weather is the will of god" was a 

common comment from farmers participating in my interviews, implying that any 
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scientific effort to predict the weather accurately would fail. "Se necessita fe en Dios" 

("one needs faith in God") more than a forecast, one woman stated. 

Table 6.2: Association of Saint's Days with Climatic Events 
Saint's Day Date Association 

San Isidro y Labrador May 15 blessing for good harvest 
Day of Trinidad May 30 frost, hail 
San Juan June 24 always rains 
San Pedro June 29 frost 
San Miguel Sept. 29 frost risk 

In many small towns and ejidos, the community performs religious rites - masses 

and religious processions - on the day of the village's patron saint, in part to pray for a 

good harvest. If the rains are late, or have stopped for some period, the commimity may 

carry an icon out to the fields or to a shrine while praying for better weather. Many 

communities also believe that certain weather conditions are associated with particular 

saint's days. Days of rain are often associated with the day of the village's patron saint, 

and other days with hail or frost (Table 6.2). 

Summary 

The farmers of Tlaxcala already have in existence systems for monitoring, 

responding to and predicting short- and long-term weather events. These systems, based 

on generations of observations of the local environment, traditional ceremonies and 

religious faith, form the structure by which campesinos in Tlaxcala interpret the 

variability in their environment and its implications for their production. The more 

traditional farmers of Tlaxcala are apparently familiar with the concept of climate 

forecasting and prediction and in the past apparently have had sufficient faith in their 
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traditional predictions to use them to make decisions. The idea of long-lead or seasonal 

forecasting is thus not new to the Tlaxcaltecan farmers. These traditional methods may 

be an easy point of reference for the farmers in understanding the potential and 

limitations of new forecasts. It may be safe to assume that because the farmers 

acknowledge the occasional failure of their own methods of prediction, they will be open 

to the idea that the new predictions are not always going to be correct. They are fully 

aware of the complexity and difficulty in predicting the highly variable climate. 

This awareness, however, produces a skepticism that on the one hand could foster 

a healthy, cautious approach to the new information, while on the other hand could 

become an obstacle to the uptake of the climate forecasts. For example, although the 

traditional prediction methods- the cabanuelas, the Calandario GalvM, the litigurical 

calendar - are still part of the farmer's current discourse about the weather and its 

impacts, it is evident that these beliefs and knowledge systems are not as prevalent as 

they once might have been. The farmers' rationale for why their traditional systems are 

no longer functioning- "the climate is too variable now"—is, however, likely to influence 

their reception of any other attempts to predict the weather. Why should the forecasts of 

the university do any better than their own fallible methods? Their skepticism about 

attempts at prediction also reflects the strength of their faith that the weather and climate 

is part of God's will, and thus there ultimately is littie one can do to prevent the siniestros 

except "relieve the anxiety of impotence with ceremony" (Wilken 1987:224). As Don 
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Sabas, a fanner in the Terrenate municipio said, "A/b juegamos con el tiempo," ("We 

don't play with the weather"). 

Perspectives on the Utility of New Seasonal Forecasts 

Understanding the role that climate prediction has played in Tlaxcaltecan 

traditional agriculture in the past gives only an indirect indication about how farmers 

might receive new types of climatic predictions. In order to assess more directly what the 

potential value of forecasts to various players in the agricultural sector in Tlaxcala, I 

asked farmers, bank ofiScials, agricultural extension agents and civil servants working in 

the agricultural sector to share their perspectives on the kinds of climate infomiation that 

might be useful to them and how such information might best be presented and 

distributed. In some cases, I showed farmers copies of the experimental forecast produced 

in the spring of 1997 by UNAM (see figure 6.1 below) to gauge their opinions on the 

nature of the information now being forecast and the manner in which it was presented. 

This was not entirely fair for the climatologists who had produced the forecast because 

the experimental forecast had not yet been specifically designed for wide distribution to 

farmers. 

In general, the farmers interviewed were highly skeptical of the potential of the 

forecasts, saying that if someone told them they could predict the weather of the coming 

season accurately, they wouldn't believe it. One farmer said, 'Wo sabemos nada de 

pronosticar " ("We - meaning the general population — don't know anything about 

forecasting"). They were not closed to the possibility of successfiil forecasts and 
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conceded that such information could be valuable to them, however they were skeptical 

that such information would ever be available to them; given their remote locations and 

the general inaccessibility of most agricultural services. 

Most farmers indicated that if, over time, the forecasts proved to be reliable, they 

might begin to pay attention to them. This cautious outlook on the forecasts reflects the 

general conservative perspective the smallholders have towards all new technologies, 

whether new hybrid seeds, composting techniques or forecasts. Many farmers said that 

they would "wait and see" by taking note of the new information and observing how 

some of the more adventurous farmers fare experimenting with the technology. As one 

farmer commented, "We campesinos are very competitive... we are always watching our 

neighbors to see when they are planting, what they have planted. No one wants to be left 

behind." 

User Needs: the Forecast Content Desired by Campesinos 

Given the assumption that there will exist in Tlaxcala the capability to produce 

reliable forecasts, I asked the farmers 1 interviewed to speculate on the timing and content 

of the information they would like to receive in the forecast, as well as to suggest what 

actions they might take on the basis of the information. The desired forecast content was 

fairly similar among all the farmers interviewed: 
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Fig. 6.1: Forecast prepared by UNAM in May of 1997 for the rainy season'^ 

FORECAST OF EL NIlSO AND THE SUMMER CLIMATE OF TLAXCALA 
(issued May 12, 1997, V. Ms^afia and J. L. Perez, CCA-UNAM) 

The most recent analysis of sea surface temperatures indicates that as of March, positive 
anomalies in the east-tropical Pacific are being established that correspond to a situation of a 
weak Nifio, principally in the regions of Niilo 1 and Nifio 2. According to the forecasts of 
NCEP, it is expected that warm conditions or a Nifio will prevail for most of the summer. The 
climate conditions forecast for T axcala (Apizaco) are the following 

START OF THE RAINY 
SEASON^ 

EARLY (ONE WEEK) 
DID NOT OCCUR 

CLIMATOLOGY = 
FIRST WEEK OF MAY 

FINISH OF THE RAINY 
SEASON* 

WITHIN CLIMATOLOGY CLIMATOLOGY = END 
OF SEPTEMBER 

ACCUMULATED 
PRECIPITATION 
(M-J-J-A-S) 

WITHIN NORMAL 
(END OF SUMMER) 

SUMMER TOTAL = 
640MM 

SEQUIAINTRAESTIVAL 
(CANICUU) 

MODERATE OR WEAK JULY OR AUGUST 

MINIMUM TEMPERATURE NORMAL OR ABOVE 
NORMAL 

WARMING TREND 

MAXIMUM TEMPERATURE NORMAL OR ABOVE 
NORMAL 

WARMING TREND 

FROSTS CLIMATOLOGY GREATER NUMBER OF 
HURRICANES 

EVAPORATION MEDIUM 
SOLAR RADIATION BELOW THE MEDIUM 

* Defined in agricultural terms as precipitation minus evaporation 

See Appendix C for original text in Spanish. 
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• timing of the onset of the rainy season 

• rainfall distribution (months of particularly good rainfall) 

• months (or, if possible, days) of high &ost risk 

• total amount of rain (in relation to "normal" or to water demands of specific crops) 

• date of first frosts in the fall (rather than the end of the rainy season) 

• average temperatures, minimum temperatures 

• number of hurricanes 

Of the above, the timing of the first rains, the overall quality of the rainy season, 

and the date of onset of the frosts in the fall were the pieces of information that farmers 

seemed to think would be most usefiil. With this information, they indicated that they 

would determine their date of planting, then: seed choice and, in some cases, they would 

choose different crops. For example, two brothers who were hoping to get into profitable 

potato production in Terrenate said that they would only make a considerable investment 

in potato planting if they knew that there would not be so much rain that the potatoes 

would rot before harvest. 

The rainfall distribution within the temporada would obviously be usefiil 

information for many farmers, given that many farmers stated that the impact of drought 

or frost differs depending on the plant's stage of growth. For example, a drought at the 

begiiming of the season might be resisted by the young maize plant, while at the end of 

the season it could be devastating. If a fanner knew when a drought was coming, he 

might be able to time planting and the labores more efficiently to take advantage of the 

available moisture. In order to plan appropriately for late rains in the spring, a dry or wet 

temporada, or a particularly short season, farmers would need to have the forecast in hand 
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by March. This would still allow them to arrange to plant other crops or seeds and 

purchase the appropriate inputs. If the information was available as early as December, 

the campesinos could adjust the timing and depth of the barbecho, contract for the 

necessary equipment, and possibly arrange to rent or use parcels of land that would 

minimize their risk (to early frost, for example). 

Several farmers suggested that it would also be helpful to know the minimum 

temperatures for the temporada so that they could choose a crop suitable for the 

temperature and rainfall regime anticipated. A hot and wet temporada would require very 

different crop choices than a cold and wet season. 

The number of "cyclones" was information that only a couple of farmers said 

would be useful. Some indicated that an increased number of cyclones would bring more 

rain to the region and that they would take that into account Other farmers said that they 

might plant dwarf varieties of maize that would not topple over in high winds. From the 

farmers' discussion of the principle climatic events that affected their crops, however, 

vientos huricanos are not one of the main concerns to production in Tlaxcala. 

In terms of reliability of the information they desire, the farmers who were 

interviewed often volunteered that no forecast is likely to be 100 percent accurate, time 

after time. The common conviction that the climate is ultimately in the hands of God and 

the occasional failure of traditional forecasting methods in the past (before the climate 

changed too much to make these methods reliable) generally suggests that the farmers are 

receptive to the idea that the forecasts will not always be right It was difficult to get the 
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farmers to pinpoint a degree of reliability that they would need before they would be 

willing to follow the forecast. A couple of farmers suggested that if the information was 

right 70 percent of the time, they might find it convincing enough to follow. 

Should the farmer have access to a reliable forecast, the ways in which they will 

respond to the information will likely be very similar to the ways they ahready prepare for 

and respond to particular climate hazards which threaten their production (see Chapter 5). 

Thus, the fanners' responses to the forecasts, and the ultimate utility of the information, 

will be subject to the same constraints that might limit their response to ongoing climatic 

variability: the price of seeds and inputs, the accessibility of the markets for alternative 

grains, the cost of equipment rental, competition for their labor from off-farm 

employment. So while the farmers' interest in the potential of the forecasts, should they 

prove over time to be reliable, suggests that the information could be valuable, the utility 

of the forecasts must be considered within the context of the farmers' resource 

constraints. 

The Value of Forecasts for Agricultural Institutions 

While it makes sense to speak directly to the "end user" about information needs 

and adaptation strategies, there may be many other important players in the agricultural 

sector who will also potentially use the forecast information, and in many cases, serve as 

intermediaries in disseminating the information to farmers. INIFAP, the Tlaxcala office 

of the national agricultural research institution, is actively participating in the forecast-

development project for the state of Tlaxcala as one of the institutions that will have the 
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role of conveying and interpreting the new information to fanners participating in their 

programs (namely. Kilo por Kilo). They imagine that with the new information they will 

be able to recommend that farmers plant barley or wheat instead of maize or more 

drought-tolerant varieties of maize rather than some of the more water-demanding 

varieties. They also anticipate that they will be able to reconmiend ideal planting dates or 

planting strategies (i.e., dry planting) according to the weather. If a drought were 

forecast, INIFAP may reconunend different levels of fertilizer or herbicide applications, 

or alterations in the schedule of the labores. In order for the information to be useful, 

INIFAP would require a three-month forecast one month before planting (late February 

or early March). 

Desarrollo Rural, the civil association that assists disadvantaged groups of farmers 

to access credit, is also interested in the development of the forecasts, although not so 

much as a means of formulating extension messages but more as a means of helping 

fanners plan their credit applications. The director of Desarrollo Rural held the opinion 

that "there is not much point in promoting alternative crops on the basis of a 

forecast...farmers will plant maize regardless [of the recommendation]... maiz es 

cultura." Because of the difficulty of accessing the markets for alternative grains and the 

cultural significance of maize, Desarollo Rural is convinced that most small farmers v^ll 

not switch to other crops. Instead, Desanollo Rural would use the forecasts to determine 

the best date to help the farmers get the credit they need for production. If the forecast 

suggests an early start to the season, it would make sense to get the credit earlier, even at 
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the price of an extra month of interest (which typically exceeds 20 percent on an average 

loan). And should the rains begin late, the farmers could save themselves some expense 

by contracting for credit at a later date. DesarroUo Rural could also use the climatic 

information to encourage farmers to purchase calamity insiirance, should the forecast 

warrant the extra expense. The director of DesarroUo Ri^al indicated that he would 

never advise the farmers not to take out any loans, regardless of the forecast. "Money is 

always needed," he said. 

Both the commercial and publicly sponsored banks theoretically would also be 

interested in receiving a reliable forecast in order to adjust their procedure for agricultural 

loans. Climatic risk is often a significant factor in determining the relative risk of a loan, 

and many banks have developed crop suitability maps and climatic risk maps to assist 

them in determining the viability of an investment. The agricultural lending institutions 

in Mexico also have a long history of close control over the production decisions of 

individual farmers who have taken out loans (Sanderson 1986). Forecasts could enable a 

bank to determine the viability of a loan and, should a loan be approved, the crops planted 

and methods of production used by farmers. An ofBcial at the TIaxcala office of 

BANRURAL said that if lending agencies were given forecasts with 60 to 70 percent 

reliability, they would use them to determine their recommendations to farmers as 

conditions of the loans. For example, if a farmer wanted credit for maize in a year in 

which the prospects for maize production are not good, the bank would condition the loan 

on the planting of another crop or would not approve the loan. Although few farmers in 
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Tlaxcala have access to credit from BANRURAL (less than 12 percent of all producers), 

the response of credit institutions to reliable agroclimatic information could potentially be 

significant in influencing how larger-scale farmers and those small farmers who have 

access to credit respond to climatic variability and the viability of their production in 

years where the climatic prospects are not propitious. 

Forecast Dissemination 

As other studies of information distribution have shown (Changnon, Sonka et al. 

1988; Sonka, Changnon et al. 1988), in addition to the content, timing and certainty of 

the information, the source and maimer by which it is distributed may have a significant 

impact on how the it is perceived and ultimately used. Access to the media through 

which the forecasts are disseminated may prove to be a considerable challenge for many 

campesinos. 

TV and radio are both relatively popular means of receiving information and 

news; however, neither source apparently provides detailed information on weather for 

the state. A common complaint of the Tlaxcaltecan farmers is that the current 

information on weather that they receive - either on the TV or via radio—^was never 

geographically specific enough to be usefiil. The forecasts (24 hour/48 hour to one week) 

that they receive, were typically for the states of Veracruz or Puebla. Information was not 

available even at the state level for Tlaxcala. Several campesinos suggested that they 

would need information scaled down at least to their region of Tlaxcala to be usefiil. It 

was apparent from my disciissions with the farmers that weather information that was 
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accurate for the state as a whole, or even for a region as a whole but that failed at the local 

level would be perceived by the farmer as maccurate and unreliable. Explanations of the 

meaning and relationships between scale, precision and accuracy may be necessary as 

part of-the forecast dissemination in order to counteract some of these instinctive 

perceptions. 

The state agricultural service, AGROTLAX, has a radio program in operation, 

'^Dialogos Campesinos" that could potentially distribute the forecasting information. 

None of the farmers interviewed in this study had heard of the program, however, 

implying that should this be the primary means of information distribution, the state 

would have to invest in marketing and promoting the program among farmers. 

In terms of printed media, few farmers said they read the daily newspapers and 

most suggested that information in the papers would not be a reliable means of reaching 

them. The campesinos said they had no time for the papers, the papers were too 

expensive or that they were not distributed in a timely manner in their area. Although 

the Tlaxcala editor of the Puebla/Tlaxcala daily paper. El Sintesis, expressed interest in 

publishing the forecasts, newspapers may be the least effective method for reaching the 

majority of rural producers. 

Because most farmers thought that the forecasts might need to be accompanied by 

some explanation and discussion, some campesinos suggested that they would prefer to 

see the forecasts disseminated by extension agents visting each ejido. As discussed 

above, using extension workers to distribute the forecast information, either verbally or in 



222 

the form of pamphlets, is the current plan of the directors of Desarrollo Rural and INIFAP 

who are both involved in the Tlaxcala forecasting project. However, some farmers, 

when presented with this idea, said that they rarely saw extension agents in theu: area and 

they would not like to have to wait until one arrived to get the information. Relying 

solely on extension agents would be problematic, given that the geographic coverage of 

the extension services is no longer very complete in Tlaxcala. Some fanners, such as 

those participating in the Kilo por Kilo program of INIFAP, have only contracted 

temporarily (as part of the program) to be visited by extension services. Once the 

program is over, they would no longer have access to the same information. 

A few ejidatarios suggested that the information could be disseminated via their 

comisario ejidal or the assembleas ejidales. The representative of the ejido could 

distribute the information at the regular meetings of the ejidos. While this method might 

work for those ejidos who still adhered to a formal institutional and leadership structure, 

it would.be less effective for those that have evolved into more loosely defined groups of 

individual producers. For example, some ejidatarios said that no one listened to these 

sources of authority any more, and the coimnitment of the comisarios to improving the 

production of the ejido varied tremendously from one ejido to another -many comisarios 

simply didn't care and thus wouldn't be good sources of information. Others said that 

there were very rarely meetings in their ejido attended by all the ejidatarios. To get 

around this problem, one farmer suggested that the information would be most accessible 

if it were in the form of a pamphlet or poster, placed in areas where farmers regularly 
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went to pay bills, to collect the PROCAMPO subsidy or to purchase basic goods. The 

town hall might be one such location. 

In terms of the 'believability' of the source, the campesinos suggested that they 

had little confidence in the information that regularly was disseminated over the TV and 

radio, but that information from the university might be more trustworthy than other 

sources. The agricultural ministry, SAGAR, also appeared to enjoy a fairly trust-worthy 

reputation among the campesinos. One farmer, however, said that he would not regard 

the information from the "scientific" sources with any more credibility than any other 

source of information. ""Ellos fallan mucho " ("They are often wrong") he said. Only if 

over time they proved to be right would he believe them. 

Conclusions 

Putting aside any exogenous constraints to the use of the new climate forecasts, it 

appears that the campesinos of Tlaxcala would be, in principle, receptive to the new 

information. The forecasts' reliability, however, would need to be demonstrated. At the 

time of the study, the campesinos were generally convinced that the climate was far too 

variable to support any form of prediction. They would need to be persuaded that 

somehow the new predictions being offered to them were accounting for this variability 

and would be more successful. It is clear that many farmers leam through their direct 

experience or through observations of their neighbor's experiences. This suggests that in 

order to have some farmers initially use the forecasts, it may be necessary to provide 
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them with some assurance against crop loss or income loss as a result of following the 

agro-climatic recommendations. 

The interviews also clarified the infonnation needs of the "end-users" and the 

language that the farmers use to describe and characterize climatic events. Forecasts that 

do not focus on these needs or fail to use the language that conveys the most meaning for 

the campesinos may not be as well received as predictions that are targeted specifically 

towards the campesino audience. This does not mean that the forecasts must satisfy all 

the users' specific demands. It may be impossible for the climatologists to predict the 

nimiber of cyclones in a season or the months of higher frost risk. Knowing what the 

demand is, however, can be helpful in defining the research agenda and in understanding 

the limitations of the forecasts for agricultural applications in Tlaxcala. The forecast 

information that is available should be presented using the terms —such as "a dry" vs. "a 

wet" canicula or "black frost" vs. "white frost"—^that have specific meaning for the users. 

The spatial specificity of the forecasts, something that is of obvious value to 

producers in a state with such spatial variability in weather, is perhaps one of the more 

difficult challenges to the formation of the forecasts. The topography, wind regimes and 

multiple local climate-forcing factors in effect in Tlaxcala limit the precision of any 

forecast at a certain spatial scale. It will be important for the producers of the forecasts to 

convey these limitations to the potential forecast users in Tlaxcala. The campesinos 

appear to be open to the idea that the forecasts will not always be accurate, nor 

completely reliable. They are used to such failures from their own traditional methods 
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and understand the spatial variability of the local weather. The sources of uncertainty in 

the forecasts, however, should be explained to the farmers so that the explanations they 

will inevitably develop for unsuccessful forecasts do not undermine the future use of the 

information. 

The dissemination of the forecasts will also be challenging in Tlaxcala. 

Information is not uniformly accessible in any media. Many producers are not very 

literate, and some do not have access to television or have time for other sources of 

information. In this situation, 'intermediaries'—the extension agents, the bank officials, 

the NGOs at work in Tlaxcala—may play an instnraiental role in interpreting and 

disseminating forecast information, and in this way, will influence how the information is 

used. The limited coverage of extension services (typically concentrated in "high 

potential' areas), the limited access to credit institutions, and the small number of 

agricultural NGOs active in Tlaxcala may mean that only a small proportion of farmers 

will have access to climate information from these sources. How these farmers will 

respond to the forecasts will in turn depend on the uiterpretation of the forecasts by the 

intermediary institutions and the recommendations (or in some cases, conditions) they 

propose to the farmers on the basis of the climate information. 
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7. CONCXUSION 

My research has illustrated that the introduction of climate forecasting technology 

into the small-scale farming sector is inherently complex. The vulnerability of farmers to 

climatic risk and the availability of improved climate information do not necessarily 

translate into a useful forecast. The utility of new forecasts depends on the flexibility of 

fanners' adaptation strategies, and this flexibility is in turn dependent on a complex 

combination of implemented policies, institutional structures and individual perceptions 

of economic and environmental change. I have also argued that forecasts are most likely 

to be widely used by farmers if they are constructed to respond to the specific information 

needs of producers, are expressed using the vocabulary and concepts already employed 

by farmers, and make use of existing modes of information dissemination. 

Structural Constraints 

With respect to the structural constraints to adaptation, my findings are not new. 

Research in anthropology, agricultural economics, psychology, agricultural sciences, 

rural sociology and geography has, through various case studies and theoretical 

developments, come to similar conclusions: ciilture, institutions, economics and policy all 

have significant implications on how individuals adjust and respond to environmental 

change. As yet, however, these lessons have not been adequately considered in research 

on the application of forecasts to agriculture in developing coimtries. Social applications 

of climate forecasts are just now being explored. Until recently, the assumption has been 
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that climate forecasts, if made available to interested organizations and individuals, 

would necessarily be useful to society. However in the agricultural sector, long-lead 

climate forecasts need to be viewed as any new agricultural technology; as a potentially 

very powerful tool for risk mitigation that, in order to be effective, must conform with 

and accommodate the constraints and opportunities of farmers. 

My interviews with Tlaxcaltecan producers and others in the agricultural sector 

have illustrated that farmers in Tlaxcala are struggling with multiple sources of 

uncertainty in undertaking their production. While they have been producing maize in a 

region of irregular rainfall, frequent frost and dry, cool temperatures for generations, the 

political-economic context of theu: production has changed considerably over recent 

decades. The problems of erosion, soil infertility, minifundio and climatic hazards have 

become, if anything, more difficult to manage in recent years as the federal government's 

economic policy reforms altered the incentives and support structures for Mexican 

farmers. 

As my dialogue with the Tlaxcaltecan maize producers has illustrated, many 

farmers have perceived the policy changes in the agricultural sector as a threat to their 

economic security. Subsidies for inputs have been largely removed, domestic prices for 

agricultural products are being aligned with world prices, and the scope and accessibility 

of agricultural services have diminished. The small-scale communal farmer, who in the 

1970s depended on subsidies for credit, seed and fertilizer, now lacks the flmds to 

purchase inputs and the credit to finance his production. Without the market savvy or 
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resources necessary to engage in what they view as a highly rislcy market for conmiercial 

products, many smaller-scale campesinos are electing to produce only for their own 

consiraiption. Off-farm job opportunities for the "pwro campesinos", the middle-aged 

producers whose knowledge and skills are inseparable from their agricultural activities, 

are few. With better education and exposure to Mexico's changing economic 

circumstances, their children may have better luck. But for the next few decades, 

production for many of the small-scale producers in Tlaxcala will be a challenge, and 

many may retreat into subsistence farming. 

Thus, the vulnerability of these farmers to the affects of climatic variability—a 

season of poor rainfall, a series of black frosts, a devastating hail storm—is not simply a 

function of physical, environmental circumstances and chance, but also a function of a 

unique and dynamic combination of policy change, economic uncertainty, and 

institutional and cultural factors. The ability of a farmer to adjust to climatic variability 

and change will also be a function of these multiple stresses on the production process. 

The climatologists at UNAM and agricultural specialists in UAT and the INIFAP in 

Tlaxcala hope that new climate forecasts will enable farmers to make more efScient 

production decisions by adjusting their activities to suit particular climate conditions. 

Climate forecasts, however, address only one of the many sources of uncertainty 

Tlaxcaltecan farmers currently face. Although climatic variability has significant, and 

often detrimental, effects on agricultural output, improvements in the skill of climate 

prediction does not necessarily result in diminished risk for producers. The ability of the 
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small-scale maize producers in Tlaxcala to use forecasts is intricately linked to 

opportunities available to them in the rapidly changing agricultural sector, and perhaps 

ultimately to the future of small-scale farming in Mexico. 

As I illustrated in Chapter 4 and 5, a farmer's decision about when to prepare the 

land, when to plant and which seeds to sow is constrained by weaknesses in the structural 

and institutional support for small-scale agriculture in Tlaxcala and in Mexico. The lack 

of affordable, accessible credit prevents most small-scale producers from purchasing seed 

and fertilizer, renting equipment or experimenting with different crops. The 

inaccessibility of fertilizer alone is enough to destroy a farmer's harvest and prevent him 

from achieving a surplus to market commercially. The liberalization of both input and 

producer prices has increased the uncertainty that farmers must live with, further 

challenging their production decisions. With limited, degraded land, little monetary 

income, minimal extension service support and poor access to the inputs necessary for 

more intensive production, many farmers may find it difficult to modify their production 

strategies significantly in response to predicted climatic conditions. 

Although the agencies involved in the development of the forecasts for Tlaxcala 

hope that the more drought-tolerant wheat and barley could be promoted in years of poor 

climate conditions as a substitute for maize, my interviews with some of the resource-

constrained producers suggest that it is imlikely that this strategy will be accepted by the 

majority of Tlaxcala's producers. Many farmers realize that maize production is no longer 

a reliable source of income and that commercialization of their production is becoming a 
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necessity for economic survival. However, the ability to take advantage of this 

assessment of the market remains out of reach for the economically insecure farmers in 

TIaxcala. As the farmers who participated in my study told me, the risks posed in meeting 

the quality and quantity demands of the private conunercial buyers for wheat and barley 

are high for a farmer with only four hectares in his control. While maize may not be the 

most suitable crop for all areas of TIaxcala, its versatility and prominent place in the 

culture and sustenance of Tlaxcaltecan households makes it, at least in the short term, 

irreplaceable. 

Policy Recommendations 

Current policy trends in Mexico are not auspicious for the small-scale producer. 

Netting (1993) and others, however, would argue that for central Mexico's dense 

agricultural population, a shift to large-scale agricultural production would be 

economically inefficient, socially destructive and environmentally unsustainable. In 

regions like TIaxcala, where there are few alternatives to rural production for household 

income and where land and labor makes intensive agriculture a real possibility, the 

inability of small-scale producers to function in an efficient manner has more to do with 

the policy environment in which they operate than any function of scale. Tlaxcaltecan 

producers could play a prominent role in the regional economy if given the opportunity to 

do so. 

Although it may be unrealistic to expect a change in policy that would facilitate 

small-scale production, it is equally unrealistic to expect widespread use of improved 
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climatic forecasts by small-scale producers in the present policy environment. In order 

for smallholders to make use of the climate forecasts, they need greater flexibility in their 

production decisions. Credit, one of the most constraining factors in small-scale 

production, needs to be extended to far more producers. Perhaps lessons can be learned 

from the credit-provision experience of such organizations as Desarrollo Rural. The 

public sector could do more to facilitate the activities of such non-profit, non

governmental agencies that are making it possible for resource-poor producers to remain 

in production. Credit cooperatives, such as those that operate in some of the more 

commercially-oriented agricultural states of Sonora and Sinaloa, could possibly be 

adapted to the special circumstances of small-scale production in central Mexico. There 

is ample literature on the problems and potential of small-scale agricultural finance; 

iimovation and experimentation are needed in Mexico if the minifundios are to survive 

into the next century. 

In order to ensure that a wide variety of viable seeds are available for use by the 

farmers in different climatic circtmistances, local seed banks containing the diversity of 

seeds (both local, synthetic and hybrid) available in Tlaxcala could be valuable. A 

dialogue between extension agents and farmers on the benefits and problems of each type 

of seed available could increase the knowledge of both agricultural specialists and 

farmers on adaptation options and planting strategies. While almost any farmer is 

familiar with the weight, yield, maturation cycle and marketability of the seeds in their 

fields, they are less certain of the characteristics of new seeds or local varieties in farms 
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of close proximity. Given most farmers' reluctance to experiment with alternative grains, 

improving the availability and accessibility of a large variety of maize seeds may help 

farmers mitigate current and future climatic risk. 

Given the global trends towards liberalization and economic integration, it is 

unlikely that the agricultural subsidies which formerly ensured that inputs were 

affordable to producers will be re-instated in the near future. This does not mean, 

however, that inputs could not be made more affordable for TIaxcaltecan farmers, giving 

them more flexibility in allocating their resources according to climatic conditions. 

Alternatives to high-cost chemical inputs are available and already in use in small areas 

of Tlaxcala. I spent some time on two small farms outside Apizaco that were employing 

sophisticated organic techniques (similar to the German biodynamic methods) to produce 

potent compost material for use in their fields. These farmers, Don Aldolfo and Don 

Roberto, had realized that the viability of their production depended on diversification 

and on their ability to avoid the high cost of purchased inputs. Pooling the land of several 

family members to gain a total of about 13 hectares, both families have developed 

intensive production units where they produce enough com, fava beans and other basic 

staples for their households' consumption, while using some of their com crop to make 

silage, which was then fed to livestock (pigs and dairy cattle). There are other examples 

of innovative organic farming systems already in practice in Tlaxcala (Brormer 1997), 

and these systems could form the building blocks for more sustainable, cost-effective 

production. As Netting has observed, 'To the extent that inputs are produced on the farm 
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and by means available to the household, the fami family is less dependent on outside 

forces and less vulnerable to rapid changes in the market or failures in external economic 

and political systems" (1993:139). While not all farmers will be able to undertake such 

iimovative strategies, many could benefit from agricultural techniques that enable them to 

use existing resources to produce the inpiits they require to farm at low cost. Leadership 

is needed in the public sector agricultural agencies to encourage such practices. 

Production insurance might also be made available to farmers. Similar to the 

Program of Shared Risk that was implemented briefly in the early 1980s to minimize the 

risks small farmers faced in adopting Green Revolution seed varieties and capital-

intensive production methods (see Chapter 4), insurance could be offered as a means of 

mitigating some of the risk entailed by farmers using the forecasts produced by UAT and 

UNAM to alter their production strategies. For example, should an interpretation of a 

forecast encourage fanners to plant only fast-maturing local varieties in anticipation of a 

short rainy season and then the rainy season actually prove to be adequate for slower (and 

higher-yielding) varieties, the insurance might cover part of the farmer's loss in income. 

Such a program might be very difficult to implement however, because unlike hybrid 

seeds or chemical fertilizer, climate forecasts are relatively intangible. For the purposes 

of insurance, it would be difficult to determine if a forecast was integrated into a farmer's 

production strategy from looking at a farmer's purchases and production. It would also 

be necessary to assess the value of the production strategy the fanner would have elected 

without the forecast, something that would undoubtedly be difficult to accomplish. 
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Prospects for Forecast Use in Tlaxcala 

As much as it would greatly enhance the flexibility of small-scale producers to 

respond to climatic variability, and thus also to climate forecasts, it is unlikely that the 

necessary policy changes will be implemented in conjunction with the distribution of the 

newly developed climate forecasts. Small-scale producers in Mexico and elsewhere have 

proven themselves to be quite resilient, both to environmental change and adverse 

political-economic conditions. While in the near future, few of them may be able to 

benefit substantially from the climate forecasts, there may be better endowed farmers, 

with the more fertile land and better access to irrigation and other infrastructure, who can 

benefit. Such farmers might be producers on a larger-scale of 20-40 hectares, or they 

might be farmers such as Aldolfo and Roberto whose innovative techniques have given 

them a margin of flexibility. For these farmers, and in order to maximize the accessibility 

for those who are poor in resources, careful attention needs to be paid to the form, content 

and modes of dissemination of the forecasts. 

My research has shown that Tlaxcaltecan farmers have relatively sophisticated 

understanding of the climate and weather that afiects their production. They use a 

vocabulary relating to specific climatic effects and events that conveys particular 

meaning. For example, frosts are either blanca (white) or negra (black) and the canicula 

is either con agua (wet) or sin agua (dry). It will be important that the vocabulary of the 

forecasts reflects this local use of language and meaning. The farmers also rely on 

relatively few sources of information—word of mouth via neighbors and community 
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leaders, extension messages delivered in person and the television. Distributing forecasts 

by these methods may be expensive, particularly as extension services now reach fewer 

farmers than in previous times, but such person-to-person delivery of the forecasts will 

perhaps be the most effective way of ensuring that farmers understand the content and 

uncertainties of the forecast information. Literacy limitations and the inaccessibility of 

printed media (newspapers and pamphlets) make these modes of dissemination 

problematic. 

1 have also attempted to illustrate that the fanners have ahready developed 

complex systems of climate and weather prediction. While these systems may vary in 

how accurately they reflect reality, they hold an important place in the culture of 

agricultural production in Tlaxcala. Few farmers may use the cabanuelas now, but their 

attitudes towards the traditional system for long-lead weather prediction illustrates the 

sophistication with which they evaluate uncertainty and the reliability of predictive 

information in the face of a highly variable climate. Understanding uncertainty, chance 

and variability are part of the Tlaxcaltecan farmers' annual production process. Their 

sophistication may mean that the forecasts will be met initially with substantial 

skepticism. However, if the information proves reliable, the farmers are likely to be 

convinced of its utility. 

Ideally, a farmer should be able to choose which adaptation strategy he wishes to 

follow, based on the opportunities available to him, his personal circumstances and his 

understanding of the best available market and climate information. Such a freedom of 
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choice depends on relatively unconstrained access to markets and information. While in 

some more industrialized countries with well-developed information infirastructure, one 

can assume relatively unconstrained access to information by a majority of producers, in 

Tlaxcala, the climate information will probably be filtered through one of the agricultural 

institutions of the state, which is likely to reinterpret the forecast for the agricultural 

sector. Thus INIFAP may recommend to the farmers participating in its Kilo por Kilo 

program that they apply less fertilizer, plant earlier or plant a particular hybrid variety 

according to the seasonal forecast. Desarrollo Rural may advise the groups of farmers it 

works with to seek credit earlier, in response to a forecast of early rain, or to alternate 

rows of hybrid seeds with local varieties to mitigate the risk of irregular rainfall. 

UNAM and UAT are working with INIFAP and other agencies in Tlaxcala to 

identify "optimal" adaptation strategies for farming under particular climate scenarios 

that can be translated into agricultural recommendations. Using the CERES maize model 

and improved maps of crop suitability, they hope to identify areas that are best suited for 

particular crop production and the optimal amounts of irrigation, fertilizer and the 

appropriate choice of seed for specific cases of climatic anomalies. This modeling is 

likely to illustrate the potential value of the forecast under ideal conditions, and the 

potential for yield improvements should the forecasts prove to be reliable. It will be 

important, however, to make sure that the "optimal strategies" identified by the model 

can be implemented realistically by the diversity of producers in Tlaxcala. I hope that my 

efforts to catalog the adaptation strategies that the farmers described to me and my 



237 

elaboration of some of the factors that constrain farmers from implementing those 

strategies will facilitate the design of agroclimatic recommendations that are both realistic 

and helpful to the intended audiences. 

My thesis has shown that for Tlaxcaltecan maize producers, socioeconomic 

variables can be instrumental in influencing the decisions elected by a farmer in response 

to climatic variability. Although conceptually the technology and knowledge may exist to 

mitigate severe climate impacts, it is probable that there will be significant political-

economic factors that will affect how farmers exploit these options. In face of such large 

uncertainties and complex constraining factors, the "optimal" adaptation strategies 

prescribed by agricultural scientists and policy-makers may always be out of reach. The 

importance of political and economic relations in the adaptation strategies of Tlaxcaltecan 

farmers highlights the need for research that specifically explores the possible roles of 

policy initiatives in enabling farmers to manage the confluence of climatic, political and 

economic uncertainties more effectively. It is increasingly clear that enhancing the 

flexibility of decision-making, rather than identifying specific adjustment options, may 

ultimately be the best policy direction for adjusting to climatic variability and change for 

the agricultural sector in Mexico. 

Implications for Global Change Research 

On a more global scale, my research aims to contribute to the dialogue now taking 

place among academics, policy-makers and citizens about the implications of climate 

change for different populations and economic sectors. The global circulation models 
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used to predict the regional impact of global warming are embedded with significant 

uncertainties. Several analyses, however, of impacts in Mexico suggest a trend towards 

drier climatic conditions, with more frequent droughts, higher rates of soil moisture 

evaporation and irregularities in precipitation (Liverman and O'Brien 1991; Liverman, 

Dilley et al. 1992; Mundo Molina and Martinez Austria 1993). In these scenarios, both 

irrigated and rainfed farming are likely to be affected, particularly in regions such as 

Tlaxcala where water is already quite scarce and the climatc is variable. 

Although both policy-makers and academics alike may wish to believe that 

technology and shifts in market opportunities will enable farmers to adapt to such global 

changes, my understanding of adaptation in Tlaxcala illustrates that we cannot be 

complacent about the effect of climatic change on the agricultural sector. While there 

may be some opportunities for adjustment through new cropping systems, or through new 

uses of technologies such as irrigation, water harvesting and even seasonal climate 

forecasts, we caimot put all our trust in the efficacy of these technological solutions. If 

the snapshot of vuhierability and adaptation that I have taken of Tlaxcala is illustrative of 

a population's potential for adjustment to a continually changing climate, then it becomes 

clear that reliance on technological developments as our sole strategy for responding to 

climate change is short-sighted. While there are large uncertainties embedded in our 

predictions of global temperature and precipitation change, perhaps one of the greatest 

obstacles to understanding the implication of these changes lies in the fact that we caimot 

reliably model social and economic trends. In order to understand how a population will 
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be able to function in a significantly different climate, we need to understand how the 

populations adjust to a gradimlly changing climate in the context of particular sector and 

national policies, cultural traditions and institutional structures. 

•Where biophysical and economic models fail to adequately encompass the 

diversity of social and environmental variables that affect present and future behavior, 

political-ecological research of present and historical human/environment dynamics can 

provide insight into the complexity of future environmental change scenarios. Although 

it may be many years before we can evaluate the efficacy of one set of adaptation 

strategies over another in the context of global environmental and economic change, 

studies of how particular populations currently are adjusting to dynamic social and 

environmental conditions can serve as analogies for understanding the unplications of 

future change scenarios (National Research Council, forthcoming). 

It is difficult, of course, to extend the insights gained from localized studies of 

vulnerability and adaptation to broader theoretical concerns of how human societies will 

be affected and will respond to global change. However, the implications of abstract 

global concerns—global economic integration, the spread of neoliberal development 

models, the effects of global warming, deforestation and ozone depletion—^will 

ultimately be experienced by individuals living in particular historical, cultural and social 

settings. For these individuals, global warming will be indistinguishable firom the 

experience of interannual climatic variability and the integration of regional markets will 

be experienced as a farmer's ability to market his maize crop in his mimicipio. 
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This is why it is increasingly important that research on the implications of global 

phenomenon be understood in the context of local histories, knowledge systems, and 

human/envirormient relations. Conversely, there is an ever increasing need for case 

studies that elucidate the linkages between local processes and environmental, social and 

political-economic circumstances at national, regional and global scales. Without this 

understanding, we cannot be confident that advances in technology, information and the 

expansion of scientific knowledge will serve to protect those who are most vulnerable. 
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APPENDIX A: ACRONYMS 

AGROSEMEX 

AGROTLAX 

ANAGASA 

BANRURAL 

CIMMYT 

CONASUPO 

ENSO 

FERTIMEX 

INCARural 

INEGI 

INIFAP 

ITCZ 

PEAT 

Mexican Agricultural Insurance Com^zny! Aseguradora 
Agricola Mexicana 

Secretary of Agricultural Development (Tlaxcala) / Secretario de 
Fomento Agropecuario 

National Agriculture and Livestock Insurance Company / 
Aseguradora Nacional Agricola y Ganadera, S.A. 

National Bank of Rural Credit /Banco Nacional de Credito Rural 

International Center for the Improvement of Maize and Wheat / 
Centra Intemacional de Mejoramiento de Maizy Trigo 

National Basic Foods Company / Compania Nacional de 
Subsistencias Populares 

El Niflo/ Southern Oscillation 

Mexican Fertilizer Company / Fertilizantes Mexicanos 

National Institute of Rural Agricultural Training llnstituto 
Nacional de Capatizacion Agropecuaria Rural 

National Institute of Statistics, Geography and Informatics / 
Instituto Nacional de Estadistica, Geogrqfia yinformdtica 

National Institute of Forestry, Agricultural and Livestock 
Research / Instituto Nacional de Investigaciones Forestales, 
Agricolas y Pecuarias 

Inter-tropical Convergence Zone 

Basic Program of Technical Assistance / Programa Elemental de 
Asistencia Tecnico 



PROCAMPO 

PROCEDE 

PRONASOL 

SAGAR 

SAM 

SARH 

SOI 

SST 

TOGA 

UAT 

UNAM 
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Direct Rural Support Program / Programa de Apoyo Directo al 
Campo 

Program for the Certification of Ejido Land Rights and the 
Titling of Urban Plots/ Programa de Certificacion de Derechos 
Ejidalesy Titulacion de Solares Urbanos 

National Solidarity Program / Programa Nacional de 
Solidaridad 

Agriculture, Livestock and Rural Development Secretary / 
Secretaria de Agricultura, Ganaderiay Desarrollo Rural 

Mexican Food System ISistema Alimentario Mexicano 

Ministry of Agriculture and Water Resources / Secretaria de 
Agricultura y Recursos Hidrdlicos 

Southern Oscillation Index 

sea-surface temperature 

Tropical Oceans and Global Atmosphere Program 

Autonomous University of Tlaxcala 

National Autonomous University of Mexico 
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APPENDIX B: GLOSSARY 

Alianza para el Campo 

barbecho 

cabanuelas 

campesmo 

canicula 

Rural Alliance; a government agricultural program that 
includes a number of subprograms designed to encourage 
commercialization and modernization of peasant agriculture. 

The mitial tilling of the soil after the previous season's harvest. 
According to other literature on agriculture in the central 
plateau of Mexico, the term barbecho also refers to fallowing 
the land for a period covering one agricultural season. 

The traditional method of climate prediction in which a 
formula is used to equate the weather of each day in the month 
of January to weather conditions of the succeeding months of 
the new year. 

A widely-used term in Mexico, roughly translated as "peasant 
farmer". A campesino can be any small-scale producer, 
whether ejidatario or private land owner. 

The period of the summer rainy season (typically from mid-
July to the end of August in Tlaxcala) in which a decrease in 
precipitation totals is often observed. Also called the sequia 
interestival. 

comisario ejidal 

credito a la palabra 

criollas 

Desarrollo Rural 

The elected leader of the ejido assembly. 

A welfare program of PRONASOL which provides small loans 
for small businesses and peasant producers at no interest. 
Borrowers repay the amount after one year into a commimity 
fund that is then used for social programs. 

locally bred seed varieties (as opposed to commercial hybrid or 
synthetic seeds). 

Mexican Foundation for Rural Development: A non-profit, 
non-governmental organization working to promote rural 
development through improving peasant farmers' access to 
agricultural credit. 



244 

ejido 

helada 

Kilo por Kilo 

labores 

maguey 

minifimdio 

municipio 

parcela 

pequena propiedad 

pequefla propietarios 

Produce 

seqm'a intraestival 

sequa 

temporal 

tierra Ma 

A form of landholding consisting of a collectively-managed 
production area, typically divided into plots for individual 
cultivation and with some area retained for communal use. 
Members of an ejido are called ejidatarios. 

frost 

A government program to encourage fanners to adopt 
improved maize varieties by exchanging one kilo of local 
maize seed for a kilo of improved seed. 

The three stages of activity (the escarda, labra, and segunda) 
in the maize production process entailing weeding, fertilizing 
and soil mounding. 

A plant of the agave family used to make pulque, a local liquor. 

land that has been repeatedly subdivided so that individual 
plots are quite small 

An administrative jurisdiction in Mexico, roughly equivalent to 
a United States county. 

a small plot of land in a particular location under the authority 
of a peasant producer (either an ejidatario or private land 
owner) 

privately owned landholdings 

the title-holders to the privately owned landholdings 

A govemment-afSliated national organization of 
commercially-oriented producers. 

the "canicula" or mid-season dry spell 

drought 

Land used for rainfed crop production. Also the term for the 
rain of the rainy season (the temporadd). 

land at higher elevations 
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APPENDIX C: SAMPLE FORECAST 

PRONOSTICO DE EL NINO Y EL CUMA DE VERANO EN TLAXCALA 
(emitido el 12 de mayo de 1997, V. Magana y J. L. Perez, CCA-UNAM) 

Los aoalisis mas recientes de la temperature superficial de el mar indican que a partir de 
marzo,' rapidamente se vienen estableciendo anomalias positivas en el Pacifico tropical del 
Este que corresponden a una situacion de Nifio debil, principalmente en las regiones Nino 1 
y Nino 2. De acuerdo a los pronosticos de el NCEP, se espera que la condicion caliente o de 
NIflo prevalecera durante la mayor parte de verano. 
Las condiciones climaticas pronsticadas para Tlaxcala (Apizaco) son las siguientes 
INICIO TEMPORADA DE 
LLUVIAS* 

TEMPRANO (1 SEMANA) 
NO VERIFICADO 

CLIM=1A. SEMANA DE 
MAYO 

TEMINO TEMPORADA DE 
LLUVIAS* 

DENTRO DE LA 
CLIMATOLOGIA 

CLIM=FINALES DE 
SEPTIEMBRE 

PRECIPITACION 
ACUMULADA (M-J-J-A-S) 

ENCIMA DE LA NORMAL 
(FINALES DE VERANO) 

TOTAL DE 
VERANO=640MM 

SEQUIAINTRAESTIVAL 
(CAMCULA) 

MODERADA 0 DEBIL JULIO Y AUGSTO 

TEMPERATURA MINIMA NORMAL 0 POR ENCIMA 
DE LO NORMAL 

TENDENCIA AL 
CALENTAMIENTO 

TEMPERATURA MAXIMA NORMAL 0 POR ENCIMA 
DE LO NORMAL 

TENDENCIA AL 
CALENTAMIENTO 

HELADAS CLIMATOLOGIA MAYOR NUMERODE 
HURACANES 

EVAPORACION MEDL\ 
RADIACION SOLAR PORDEBAJODELA 

MEDIA 
•DEFINIDA EN TERMINOS AGRICOLAS DE PRECIPITACION MENOS EVAPORACION 
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