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Abstract
This paper estimates the impact of climate change on rain fed maize productivity and its association
with rural children malnutrition in Mexico. We use panel data for 2,196 municipalities to assess the
effects of temperature and rainfall on maize yields from 2003-07. We then incorporate scenarios of
temperature and rainfall changes by 2030-2039 into the estimated coefficients to explore the effects
of climate change. Our estimates suggest wide heterogeneity across municipalities. We then
investigate whether such drops on maize yields are associated with increased children malnutrition
in rural areas. Children malnutrition does relate inversely to maize productivity shocks triggered by
climate change.
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1. Introduction
First, developing countries are particularly vulnerable to climate change.3 Large segments of their
populations still rely in agriculture, and have restricted ability to adapt given their low-income.
Indeed, a growing body of country-level studies has confirmed that changes in precipitation patterns
and warmer temperatures have negative impacts on agriculture, with most severe losses occurring in
Africa (Armah and Odoi, 2011), Latin America and India. (Guiteras, 2009; Sanghi, 1998; Mason
and Baez, 2008; De la Torre, Fajnzylber, and Nash, 2009; Galindo et al, 2009; Cline, 2007).
Rain fed maize agriculture is vital in Mexico. Even though the participation of agriculture in the
economy has shrunk over the past decades,4 rain fed maize agriculture is a dominant source of
livelihood for the poor. Maize is the core staple in the Mexican diet, and about 2.94 million
smallholders grow corn, mainly for subsistence. Despite its poor performance throughout, corn
production has remained stable over the past ten years (at 18 million metric tons). Arguably, this
also reflects the reluctance to abandon a deeply rooted tradition in the Mexican diet. It therefore
remains imperative to establish credible estimates of the effects of climate change on rain fed maize
productivity and their potential association with malnutrition.
Most prior research on the economic effects of climate change in agriculture studies the link
between a production function and climatic factors (Seo et al, 2008, Gay et al, 2006). The so-called
Ricardian method pioneered by Mendelsohn et al. (1994), however, is difficult to carry out in
developing countries, where the absence of well-functioning land markets and data on land prices
are not generally available. Mexico is not the exception. Instead, a semi-Ricardian approach using
farmland net revenues as reflect of net productivity has been proposed (Kurukulasuriya and
Mendelsohn, 2008). The idea being that land price, if available, would be the present discounted
value of profits (Guiteras, 2009). Ricardian or semi-Ricardian models completed in the United
States, Brazil, and India, indicate that agricultural net revenue or land value depends upon climate,
soil and economic conditions5 (Mendelsohn et al., 1994, 1996, 2001, 2007, 2008, Sanghi, 1998;
Guiteras, 2009; Armah and Odoi, 2011).
An alternative strategy to estimate the impact of climate change is through panel data methods
(fixed or random effects) to control for unobserved determinants of agricultural productivity (soil
quality, farmers ability) (Deschenes and Greenstone, 2006). These methods suggest exploiting the
presumably random year-to-year variation in temperature and precipitation to assess if average farm
production is higher (lower) in warmer (wetter) years thereby accounting for intra-year adaptation
practices by farmers (such as changes in inputs or cultivation techniques). At the same time, fixedeffects approaches do away with omitted variable problems intrinsic to Ricardian methods.
However, fixed and random effect approaches assume that observations (climate variables and
agricultural outputs) are independent and identically distributed, when in fact these are likely
correlated over time and across space, thus violating independence assumptions made by these
procedures. Instead, we propose an estimation methodology based on population average models
using a generalized estimating equation (GEE) approach. GEE accounts for spatial and temporal
correlations of both climatic and agricultural variables, becoming more useful to gauge the
relationship between agricultural yields and climatic variables.
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  Climate change is defined as the slow change in average temperatures and average precipitation predicted to result from
the build-up of greenhouse gases in the atmosphere and not of climate variability.
4
In 2010, agriculture accounted for only 3.6% of GDP, down from 7% in 1980, and 25% in 1970 (Baez and Mason, 2008;
INEGI, 2010).	
  
5
To adapt to climate change and thereby achieve food security, it is important to pursue strategies such as expansion of
irrigated agricultural areas, improvement of crop water productivity in rain-fed agriculture, crop improvement and
specialization, and improvement in indigenous technology. (Armah and Odoi, 2011).	
  

The impact of climate change on maize yields is estimated from the predicted weather parameters
and predicted changes in climate. As expected, climate affects maize production. Linear
precipitation and temperature increase yields, but their squares (extreme temperature and rainfall)
decrease yields. Temperature increases of around 1 degree Celsius lower yields by around 2.7% for
spring-summer and 1.99% for autumn-winter. Such estimates assume no adaptation, and therefore
represent an upper bound. Our analysis also shows tremendous heterogeneity across municipalities
with yields changes ranging from -10.8 to +2.8% for autumn-winter and -15.2% to 48.8% for
spring-summer.
Given the high reliance of poor households on rain fed maize, drops (gains) in maize productivity
can be associated with increases (decreases) on children malnutrition. We therefore regress the
stunting rates for children under 5 at municipal level on maize yields per hectare to explore the
relationship between drops in output and malnutrition.6 We then use the temperature and rainfall
projections for 2030-39 to build maize projections induced by climate change and the
corresponding changes in stunting. Such estimations overstate the impact of climate change on
stunting because households can mitigate the consequences of climate change migrating to more
amenable municipalities or move across sectors within the same municipality. Therefore, we also
incorporate population projections into our estimates. We estimate maize yields against temperature
and rainfall and then regress such predicted yields against stunting along with population
projections. We contrast again the changes in children stunting by 2030-39 associated to climate
change relative to children stunting in 2005, only this time considering population changes.
Predicted Impacts of Climate Change on Rain fed Maize Yields
To calculate the effects of global warming on maize production in the study areas, we calculate the
difference in yields at projected temperature and rainfall scenarios from the predicted yield at the
historical mean. The climate tab used in the estimation, developed consistent outputs from several
IPCC GCM models resented at the grid level. The climate models showing mean future values and
change with historical data, an envelope of model ensembles depicting the ensemble median,
highest 10th percentile, and lowest 90th percentile. The ensemble of all models is quite useful for
understanding the potential range of climate model outcomes and a simple way to present the idea
of climate model uncertainties. However, the ensemble model does not attempt to provide specific
ways on how to further deal with this issue. (World Bank, 2012)
The ensemble models predict increases in temperature and drops in precipitation. Under such
scenarios, the temperature rises 1.23 degrees Celsius on average, and rainfall decreases from 13.8
percent in average, depending on the region of the country. Both phenomena will occur
simultaneously. Moderate increases in temperature under current rainfall levels improve yields; but
drops in precipitation will invariably reduce maize, despite maintaining current average
temperature. For the main Spring-Summer season, estimates suggest that climate change will reduce
rain fed maize yields in 2030-2039 by about -15.25% for about 48.83% of the municipalities; the
rest would experience declines of about 3.14% on average.
Overall, yields will change in 2030-2039 between -10.8 to +2.8% for autumn-winter and -15.2% to
48.8% for spring-summer. This represents between 23,585 tons to 420,281 tons of maize,
depending on the season. This would be a crude proxy for the expected households that may
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We also regressed in a three-stage cross-section model maize yields (instrumented) against temperature and rainfall and
then such predicted yields against stunting. The results did not change much compared to our non-instrumented OLS
regression.

experience food shortages (assuming all maize comes from self-production) in rural areas, where
maize consumption per year is approximately one ton per household (AMBIO, 2011). Such
estimates assume no adaptation, and therefore represent an upper bound on yield losses.
The impacts of climate change across rural areas through maize losses may be quite heterogeneous
given the dual role of households as consumers and producers of food and whether they are net
consumers or producers. Net producers may benefit from increased prices, but for subsistence
farmers the loss of crops may increase hardship. Their limited capacity to generate profits in the
sector and their vulnerability to catastrophic climatic events might strain their adaptive capacity.
Adaptation might involve migration or turning to non-agricultural occupations. Food might come
from other regions and public transfers to cover such contingencies might attenuate the negative
impact. In addition, explicit food security policies geared towards small-scale farmers should be
adaptation measures to climate change. We now turn to the possible association that maize
shortages could have with children malnutrition.
5.3 Regression Results on Children Malnutrition
Thus far we have estimated the impact of climate change on maize productivity measured as
average yields per hectare in each municipality. Next, we used IPCC’s and World Bank temperature
and rainfall projections for 2030-2039 tailored for Mexico to build a different climate vector for
each municipality, which then helped to obtain the expected change in maize productivity induced
by climate change. Our estimates suggest that global warming is expected to decrease maize output
(ton per hectare) between 2.6 and 3.4 percent on average for the Autumn-Winter and SpringSummer agricultural seasons or 23,585 tons to 420,281 tons of maize, respectively.
We now provide estimates of the association between malnutrition and climate change through its
effect on maize productivity based on cross-sectional data. It is hard to anticipate if yield losses
(due to climate change) associate with increased food insecurity and this in turn children
malnutrition (Skoufias et al., 2011; Olivera et al., 2012). Lower yields and higher food prices can
threaten food security and lead to malnutrition. Some agricultural households benefit from higher
food prices as producers, but many others living close to subsistence are generally hurt by adverse
productivity shocks as consumers. Subsistence farmers are barely able to cope under normal climate
scenarios, so when food shortages occur, there could be serious risks of hunger and malnutrition.
Recent episodes of hunger in drought-prone pockets of northern Mexico during 2011 illustrate this
reality. Relying on the market to deliver food to areas of high demand can help if there are
sufficient food supplies in the country, yet Mexico already imports maize for self-consumption, and
transporting food into remote areas might increase transaction costs and increase the price of maize.
Households can also mitigate the potential consequences of climate change on food security
migrating to more amenable municipalities or moving across sectors within the same municipality.
Thus accounting for these factors is important while studying the association between maize
productivity and child malnutrition.7

7 The rural population has been decreasing rapidly since import-substituting industrialization policies were put in place
that favored the urban industrial sector. In 1940, Mexico had a population of 20 million people, 65 per cent of which lived
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The link between agricultural productivity and malnutrition is explored through a cross-sectional
OLS estimation of the stunting rate at municipal level against the log of maize output per hectare
and the log of the total population in the municipality. We incorporate population patterns into our
estimates as well as geographic fixed effects (latitude, longitude and altitude), and the average
highest education level of household women per municipality a key predictor for rural malnutrition.
As table 2 shows, maize production is negatively associated with rural stunting. As a result,
doubling maize productivity (an adaptation measure against climate change contemplated by the
Ministry of Agriculture in Mexico) associates with reductions in rural stunting by 1.47 percentage
points.
6. Conclusion
Climate change will increase temperature and rainfall variability, which combined will reduce rain
fed maize production in Mexico: Maize yields will drop 2.6 and 3.4 percent on average for the
Autumn-Winter and Spring-Summer agricultural seasons or 23,585 tons to 420,281 tons of maize,
respectively by 2030-2039 given projected changes in rainfall and temperature. It is hard to
anticipate if maize losses (due to climate change) associated with increased stunting. Lower yields
can imperil subsistence farmers and increase maize prices. So a lot will depend on whether rural
households are net consumers or producers of food. Well-functioning markets can also help if there
is enough food in the country. We then investigate whether such drops on maize yields are
associated with increased children malnutrition in rural areas. Our estimates suggest that children
malnutrition relates inversely to maize productivity shocks triggered by climate change, so wide
heterogeneity of impacts is observed because maize productivity is expected to increase in some
areas and regions, but worsen in many others.
These estimates, however, may overstate the association of climate change with stunting in the
sample since they only take into account spatial adaptive capacity. Households can adapt to
changing climate conditions through spatial mobility, but also increased mean per capita output due
to economic growth over the next 25 years.
Predicting the impacts of climate change on maize yields and then its association with stunting is a
starting point to address the vulnerability of those who have low resilience to adverse climatic
events. It remains to be seen how fast will farmers adapt to changing climate conditions and if
current policies are conducive to this end.
The adaptive capacity of households is very heterogeneous, and we account for some of this
adaptive capacity through spatial mobility. The government can also improve adaptation through
economic growth, prices, transfers and insurance. More food could be grown with better policies
and incentives, and recent initiatives to revamp agricultural research and develop higher yield
drought-resistant maize varieties are clearly needed.
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