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Abstract

Understanding the nature and magnitude of the regional climatic variations is a key factor for the development
of adaptation and mitigation policies. Because of this, the present paper analyzes the minimum and maximum
temperature and precipitation records made by meteorological stations located at the State of Mexico between
1978 and 2000. To do so, we evaluate the means and coefficients of the variation of temperature and precipitation
records in 92 stations located in the State of Mexico. We look for linear trends of behavior within these series. On
each meteorological station, we calculated the coefficient of variation for all their registrations to find out which
of them had the most variability. We cartographically represent the same variability in order to evaluate its spatial
distribution and search for spatial relationships. We found a statistically robust pattern of increasing variability on
the records of temperature of maximum temperature for January, April and May and a minimum temperature for
May, June and September; and a possible relation of the station with the most variability of maximum temperature
and the presence of deforestation fronts.
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Resumen

Comprender la naturaleza y magnitud de las variaciones climdticas regionales es fundamental para el desarrollo
de politicas de adaptacion y mitigacion. Por ello, se evaliian los registros de temperatura mdxima y minima y
precipitacion en 92 estaciones meteorologicas del estado de México durante el periodo comprendido entre 1978
y 2000. Para hacerlo se calcularon los valores promedio y los coeficientes de variacion de los registros. En ellos
se buscan tendencias lineales de comportamiento y se calcula para cada estacion el coeficiente de variacion para
encontrar aquellas estaciones que presentan mayor variabilidad. La misma variabilidad es expresada cartogrdfi-
camente para para entender su distribucion en el espacio y buscar relacion con otras variables. Se encontré una
tendencia estadisticamente significativa de creciente variabilidad en los registros de temperatura mdxima de los
meses de enero, abril y mayo y en los registros de temperatura minima de mayo, junio 'y septiembre; asi como una
posible correlacion entre la ubicacion de las estaciones donde se registran mayores variaciones de temperatura
mdxima y los frentes de deforestacion.

Palabras clave: Cambio climdtico, variabilidad climdtica regional, adaptacion.



40 REVISTA DE CLIMATOLOGIA, VOL. 15 (2015)

1. Introduction

Climate change refers, by definition, to a change in the state of the climate that can be identified (making
use of statistical tests) by variations in the average and/or the variability of its properties, which persists
over an extended period, typically over decades or more (Solomon et al., 2007). Global climate change
is one of the major topics for debate and research today. Thus, demonstrate thousands of articles and
book collections and the growing number of academic meetings dealing with it, since the first [IPCC
report. This is not surprising, given the magnitude and seriousness of the consequences that this phe-
nomenon implies. When average temperatures rise, climate related events become more frequent and
serious (King, 2003). For example, the River Thames barrier that protects London from floods was used
once a year during the 1980’s; while in 2000 it was needed at least 6 times a year. As global temperature
increases, local patterns of precipitation change, ecological zones move, the sea temperature rises and ice
sheets melt. All of this heavily affects key aspects of human development: less agricultural productiv-
ity, increased water insecurity, increased exposition at coastal regions, an increment of extreme climate
conditions, ecosystems collapse and increased health risks (UNDP, 2008). Hence, the establishment of
adaptation strategies to face this phenomenon is an urgent and unquestionable need. However, to do so,
a critical posture is necessary in relation to this phenomenon and its regional effects. Gonzalez (2009)
criticizes that often the focus of attention are the phenomena that overpass us and not the actions that we
effectively can do to mitigate them. To be able to propose measures that contribute to stabilize climate
change, it is necessary to observe, understand and predict the changes so that this provides us with the
elements to develop specific policies with a multidisciplinary approach (Ruge and Velasco, 2004). It
is necessary that local and regional societies, and particularly decision makers, have a clear and deep
knowledge of the ways and magnitudes at which this phenomenon could affect their territories, to make
the best decisions in this respect. Sometimes, as several studies have proven, the local and regional ex-
pressions do not behave accordingly with global climate change (Jduregui, 2004). Besides, the intangible
effects at global scale that are presented to the public become real only when they are presented at local
terms (Lowe et al., 2006).

Because of this reason, we develop an analysis of the variability of climatic records of maximum, mini-
mum and average temperature in the State of Mexico, in order to document how global climate change
expresses in this territory and to suggest strategies that might help develop State actions for regional
mitigation.

2. Methodology

2.1. Study area

The state of Mexico a surface of 22 sq. km, it is located in the Central Plateau of Mexico, between 18° 21’
and 20° 17’ North Latitude and 98° 36’ and 100° 36’ West longitude. It has a noteworthy environmental
richness due to its terrain variability. It is located at the central part of Meseta del Anahuac and it
comprises the Valleys of Mexico, Toluca and Puebla, but also the Mountainous chains of Sierra Nevada,
Monte de las Cruces, Monte Alto and Cumbres Occidentales. The River Balsas depression is located on
its southern side. The prevailing climates are temperate and sub-moist; however in its northern side the
climate tends be dry, while in its southern side the climate is warm. This causes considerable variability
of vegetation types, so it is possible to find temperate forests, rainforest, scrubs, xerophyte vegetation,
grasslands, mountainous grasslands and aquatic vegetation. Although there are slight variations in the
precipitation values depending on the climate type, July and August are commonly the wettest months,
while December and January are the driest.
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2.2. Meteorological record data source

We considered the information collected by 92 meteorological stations operated by Comisién Nacional
del Agua [National Commission of Water] (figure 1). It is necessary to point out that these are not all
the meteorological stations available at the State of Mexico. From 395 existing stations, only 92 are
robust enough on their records for the period of interest. Other stations do not have the desired temporal
coverage, or have gaps on their record collection. However, these 92 selected stations cover the latitude
and elevation variation at the State of Mexico as well as its variability of environments.
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Fig. 1: Meteorological stations that provided the considered records.

2.3. Data processing

The records of maximum and minimum temperatures and precipitation were captured into an excel
datasheet, organized and systematized by month. In this phase, we discarded all the meteorological
stations with less than 70% of their records for the study period and variables of interest. At the end,
we had 92 stations with 23-year records of temperature (between 1978 and 2000) and 18-year records
of precipitation (between 1970 and 1988). For each one of the datasheets belonging to the months of
the year, we calculated the annual average and variation coefficient. This is an indicator (expressed as a
percentage) of how many times the average fits in the standard deviation of the data. We plotted these
averages and variation coefficients to search for lineal trends. We plotted and analyzed how the locations
of such stations with higher variability correlate with the presence of deforestation fronts identified by De
Las Heras and Antonio (2009) for the period 1970-2000, in a GIS environment, making use of a linear
regression method. We also tested the possible correlation between the altitude and such coefficient of
variation using the same method.
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3. Results

3.1. Maximum temperatures

The behavior of the maximum temperatures shows years when it reaches its minimum value, like 1992,
and years when it reaches its maximum, like 1983 and 1999. However, the general dataset does not show
any fit to a linear trend (figure 2, table 1).
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Fig. 2: Average maximum temperature by month, 1978-2000, State of Mexico.

Table 1 summarizes the equations and the values of the ? indicator of adjustment for a lineal trend in
these records. The coefficients of variation do show a marked trend to increase during the last years
(figure 3). Particularly in April, May, January and October a trend of increased variation of the records
of maximum temperature is clearly indicated; this produces a good indicator of fitness to a growing
variation trend (table 2). The maximum temperature records of the month of April show a clear strong
and statistically robust trend of growing variability.

Table 1: Equations of adjustment to a linear trend on the average maximum temperature.

Month Equation r
January 0.2689x+15.875 0.184
February 0.3116x+16.804 0.216
March 0.0522x+22.371 0.221
April 0.0202x+24.292 0.018
May 0.0263x+24.315 0.025
June 0.0463x+22.162 0.084
July 0.0372x+20.873 0.180
August 0.0177x+20.950 0.071
September 0.0311x+20.544 0.100
October -0.014x+21.058 0.033
November 0.0201x+20.566 0.052
December -0.1882x+21.407 0.092
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Fig. 3: Coefficients of variation of the average maximum temperature by month, 1978-2000, State of
Mexico.

Table 2: Equations of adjustment to a linear trend on the coefficient of variation of the monthly average
maximum temperature.

Month Equation r
January 0.3062x+11.107 0.3335
February 0.2283x+9.7223 0.2920
March 0.0604x+16.899 0.1181
April 0.01627x+12.277 0.5409
May 0.1827x+10.857 0.4596
June 0.1065x+11.81 0.2436
July 0.0965x+12.584 0.2190
August 0.0959x+12.718 0.1916
September 0.1004x+12.776 0.2034
October 0.1544x+11.957 0.3476
November 0.1545x+12.408 0.3184
December 0.0131x+14.866 0.0006
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Fig. 4. Coef cient of variation of the maximum temperature of April.

3.2. Minimum temperature

The monthly average of the minimum temperature records does not show any trend ( gure 5). Therefore,
the equations of adjustment do not show any degree of con dence.
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Fig. 5: Average minimum temperature by month 1978-2000, State of Mexico.
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Table 3: Equations of adjustment to a linear trend on the monthly average minimum temperature.

Month Equation r’
January -0.0127x+2.5304 0.0117
February -0.0104x+3.274 0.0090
March 0.0052x+4.555 0.0024
April -0.025x+7.0324 0.0911
May -0.0468x+8.6733 0.2330
June -0.0135x+9.6398 0.0425
July -0.0323x+9.5502 0.1979
August -0.01x+9.1786 0.0255
September -0.0096x+8.9683 0.0172
October 0.0102x+6.8355 0.0063
November 0.0402x+4.1553 0.1067
December -0.0208x+3.2968 0.0809

However, the coef cient of variation of the average monthly record of the minimum temperature shows
a clear growing trend ( gure 6). Therefore, the equations for the Months of May, July and September
clearly indicated a trend of increased variation of the records; which produces a good indicator of tness
to a growing variation trend. The minimum temperature records of the month of July show a clear strong

and statistically robust trend of growing variability ( gure 7).
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Fig. 9: Variation coefficients of the average maximum temperature by month, 1978-2000, State of
Mexico.

Table 6: Equations of adjustment to a lineal trend on the coefficient of variation of precipitation.

Month Equation r
January 3.9325x+182.17 0.0165
February -1.7997x+137.32 0.0313
March -5.1128x+198.96 0.0832
April 2.919x+97.701 0.0133
May 0.6027x+45.408 0.1741
June 0.252x+44.059 0.0238
July 0.2859x+37.851 0.0873
August 0.2089x+42.217 0.0423
September 0.901x+40.847 0.1448
October 3.4496x+44.878 0.1571
November -0.1371x+115.46 0.0002
December 1.3386x+153.41 0.0052

4. Discusion

The findings agree with those by Jauregui (2004) on the fact that although global temperature rise is
accepted and measured, regionally the behavior of the records of temperature does not move in the
same direction. In the State of Mexico, this study proves the tendency to a remarkable increase on the
variability of the records of maximum temperature of the months of January, April and May and on
the records of minimum temperature of May, June and September. This is consistent with the idea of
Gonzalez (2009) that the modifications induced to the atmosphere might cause a chaotic trend of behavior
in climate. That of course points to the need to further investigating the records and patterns of climate
variables at local scales.
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Fig. 10: Stations with the most variable records, deforestation fronts and densely forested areas.

The location of the meteorological stations showing the most variability in the records of maximum
temperatures varies slightly with time and seems to be related to the presence of deforestation patterns.
That points to the importance of the regulatory function that forest ecosystems play in this region, as it
has been recognized by FAO (2013).

An important and emergent research area is to understand the effects of this growing variability of the
temperature on the eco-systemic processes to delineate measures of impact mitigation.

5. Conclusions

In the State of Mexico, there is a strong trend to increase the variability of the records of maximum
temperature, particularly on the months of January, April and May for the minimum temperature and
on the months of May, June and September. In these months, we found a statistically robust pattern of
increasing variability on the records of temperature.

The Location of the meteorological stations with the most variability of maximum temperature records
seems to relate to the presence of deforestation fronts, yet further research dealing with the spatial pat-
terns of climatic variability and its relationships is needed.
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