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Abstract

Major prolonged droughts in Mexico during the XX century have been related to summer
dry conditions over parts of North America, as during the 1930’s or 1950’s. Droughts in
northern Mexico frequently correspond to anomalously wet conditions over Mesoamerica
(i.e, southern Mexico and Central America), and vice versa. A weakened inland moisture
flux over the Gulf of Mexico, forced during the warm phase of the Atlantic Multidecadal
Oscillation (AMO) has resulted in some of the most severe droughts in North America as
during the 1930’s. However, drought over northern Mexico may also be related to the
Pacific Decadal Oscillation (PDO), since during its negative phase the Caribbean Low
Level Jet (CLLJ) weakens and Easterly Wave (EW) activity increases, leading to more
tropical convection over Mesoamerica and less moisture flux into northern Mexico.
Therefore, the interaction between easterly waves and the trade winds over the Intra
Americas Seas (IAS) appears to be crucial to explain the spatial structures of droughts that
mainly affected the northern Mexico southern US region. On the other hand, when EW
activity is meager over the IAS due to a stronger CLLJ, precipitation increases over
northern Mexico, leading to prolonged wet periods. The use of very low frequency
modulators, such as AMO or PDO may serve to explain severe droughts in Mexico during

the XIX century.



1. Introduction

Persistent or prolonged drought episodes (duration of more than one year) have had
important negative consequences in the socioeconomic life of Mexico. During pre-colonial,
colonial times and even in recent decades, droughts have led to famine (Endfield et al.
2004a; Endfield et al. 2004b), epidemics (Acuiia et al. 2000; Acuna et al. 2002), economic
crisis, social unrest (Endfield and Fernandez-Tejedo 2006), environmental problems
(Magafia 1999), and even international crisis. Prolonged and intense droughts have affected
civilizations in the region leading to the decline of prehispanic civilizations. Various studies
suggest that the collapse of the Mayan empire is associated with a major drought episode in
the VIII century (Culbert 1973; Hodell et al. 1995; Hodell et al. 2007). Other major drought
periods have become even received names, such as the “One-Rabbit year” in the 1500’s
(Therrell et al. 2004) or the so-called “Year of Hunger’, between 1785 and 1786 (Endfield

2007).

Regionally, dry periods have been analyzed for the most recent centuries based on
documents and meteorological records (e.g. Mendoza et al. 2005; Mendoza et al. 2006;
Endfield and Fernandez-Tejedo 2006), marine and lake cores (Metcalfe and Davies 2007),
or proxi climatic reconstructions, such as tree ring data (e.g. Villanueva et al. 2006;
Villanueva et al. 2007). Analyses of tree rings indicate the occurrence of the so-called
Mega Drought in the second half of the 16th century (1545-1600), that affected most of
Mexico (Fig. 1). Other severe droughts over northern Mexico have been reported for the
periods 1752-1768, 1801-1813, 1859-1868 and most recently, and during the 1930’s,

1950’s and 1990’s. There have also been prolonged wet periods in northern Mexico, for



instance during the 1940’s, 1970’s or mid-1980s, that contrast with relatively dry

conditions in southern Mexico.

Since water availability in Mexico is uneven in time and space, droughts in the north are
considered more severe and consequently, have been more deeply analyzed from the
socioeconomic and physical perspectives (e.g., Garcia Acosta 2003; Magafia and Conde
2003). However, dry and wet episodes in central and southern Mexico also occur as part of
climate variability with important socioeconomic consequences. For instance, severe
droughts have been documented in the western-central region of Mexico under El Nifio
influence (Magana et al. 2003). In Mesoamerica (i.e. southern Mexico and Central
America), there were intense droughts in the mid 1940’s, the 1970"s and the 1980°s. These
periods coincide with relatively wet conditions over northern Mexico. Therefore, prolonged
drought episodes in northern Mexico frequently correspond to normal or even wet

conditions in the Mesoamerica and vice-versa.

Most explanations on the mechanisms that result in prolonged droughts have been given in
terms of sea surface temperature (SST) anomalies. Mendoza et al. (2007) found that
historical droughts in southeastern Mexico and the cold phase of the Atlantic Multidecadal
Oscillation (AMO) (Enfield et al. 2001) coincide, with a minor influence of El
Nifio/Southern Oscillation (ENSO). Seager et al. (2009) found that the Pacific Decadal
Oscillation (PDO) (Mantua et al. 1997) or ENSO condition may play a more important role
in leading to drought forcing through anomalous winter circulations. Numerical
experiments suggest that the influence of the tropical Pacific, as well as the Atlantic is

crucial in determining the characteristics of drought in North America in general and in



Mexico in particular. Even more, it is important to examine the persistent mechanisms that
result in contrasting climatic conditions between southern and northern Mexico during the
boreal summer, since this is the time of the year when the largest percent of rainfall occurs

in Mexico.

Low frequency variability of the Mexican climate

Mexican climate ranges from the hot, dry conditions in the northwestern Sonoran desert,
with an annual rainfall of less than 100 mm, to the wet tropical climate in the southern part,
where annual rainfall may reach more 3000 mm. Over most of Mexico, more than 60% of
the annual precipitation occurs during the boreal summer (June, July, August and
September), but in several parts of southern Mexico, the rainy season spans from May
through October. During winter, subsidence from the direct Hadley cell associated with the
Inter Tropical Convergence Zone (ITCZ) in the eastern Pacific maintains stable dry
conditions over most of Mexico. Stability diminishes when frontal systems propagate into
the tropics bringing rain, and snow to the northern states. When mid-latitude cyclones
penetrate into the Gulf of Mexico, severe weather may occur in the southern part of Mexico
through the so-called Nortes (Schultz et al. 1997), that act as a cold surges in the tropical
regions forcing ascending motion and producing rainfall along the coastal states (Magafia et

al. 2003).

During summer, trade winds and easterly waves produce moisture flux from the Americas
warm pools into continent (Mestas-Nuiiez et al. 2002; Wu et al. 2008). In the northern part

of Mexico, subsidence persists most of the time even in summer, except in the northwestern



region, where the North America monsoon (Higgins et al. 2006) produces numerous
Mesoscale Convective Systems from July through September. The Mexican climate may
be considered monsoonal with most precipitation during the Northern Hemisphere (NH)
summer months. Therefore, if prolonged drought is to occur, the summer rains should be
severely diminished year after year. Although several studies of persistent droughts are
based on tree ring chronologies (Villanueva et al. 2007), these data only reflect winter or
spring climatic conditions. The study of prolonged droughts in Mexico should consider the

mechanisms that produce negative anomalies in summer precipitation.

Empirical and theoretical research has demonstrated that large-scale climatic phenomena,
such as ENSO, AMO and the PDO result in conditions that modulate climate variability all
over the globe (Diaz and Markgraf 2000). In Mexico, La Nifia (El Nifio) conditions mostly
correspond to negative (positive) winter precipitation anomalies the north, but above
(below) normal winter precipitation in the south, around the Isthmus of Tehuantepec.
During summer, El Nifio (La Nifia) conditions favor below (above) normal precipitation
over most of Mexico. More precipitation during La Nifia is likely due to the northward shift
of the eastern Pacific ITCZ, weaker trade winds (Cavazos and Hastenrath 1990) that favor
easterly wave activity (Salinas 2006), more tropical cyclones in the Intra Americas Seas
(IAS) and intense rains over continental Mexico. On the other hand, El Nifio summers tend
to inhibit precipitation over most of central southern Mexico due to an equatorward shift in
the ITCZ (Walisser and Gautier 1993), enhanced subsidence over most of the continental

region and diminished easterly wave and tropical cyclone (TC) activity in the IAS.



Brito et al. (2002) determined that in northwestern Mexico, fluctuations of winter rains are
characterized by an in phase relationship with the PDO, where the warm phase is generally
associated with humid winters and the cold phase with relatively dry winters. During the
warm phase of the AMO, the northwest of Mexico is drier and a reduction of extreme daily
precipitation events is observed (Curtis 2008). However, there is not much information on
how AMO affects the central and southern parts of Mexico. Seager et al. (2009) have found
that during winter, climate across Mexico is influenced by the state of the tropical Pacific
Ocean with minor influence from the Atlantic Ocean. During summer, northern Mexico
tends to be wetter under El Nifio conditions, but southern Mexico tends to be drier. A warm

tropical North Atlantic Ocean makes northern Mexico drier and wetter in the south.

One may be tempted to construct the regional analysis of drought over Mexico in terms of
the meridional position of the local Hadley cell (Diaz and Bradley 2004) modulated by SST
anomalies over the eastern Pacific, but such mechanism would not directly incorporate the
importance of Atlantic SST into summer precipitation, a crucial element to explain

persistent droughts.

The present study examines the spatial structures of prolonged droughts in Mexico for the
instrumental period, examining the mechanisms that lead to a dominant “see-saw” pattern
between the northern and southern regions, but also in terms of other regional aspects, as
the meridional extent of the negative precipitation anomalies. The characteristics of severe
droughts in Mexico are explored in relation to the observed SST anomalies in the Pacific
and the Atlantic. The potential use of very low frequency variability modes in the tropics

and the occurrence of severe droughts for other centuries are discussed.



The study is divided in four sections. In section two, the data and methodologies used for
the analysis are presented. Section three corresponds to an analysis of the relationships
between PDO, AMO and persistent regional precipitation anomalies in Mexico. In section
four, the main findings are discussed in terms of the potential dynamical mechanisms that
control SST conditions and regional climate. Summary and conclusions are given in section

five.

2. Data and Methodology

Estimating the magnitude of drought has been a task of numerous studies (e.g., Feng and
Zhang 2005). A drought index is derived from registries of meteorological variables
(precipitation, humidity of the ground, temperature, etc.) or hydrologic variables (draining
or volume of rivers, storage of reservoirs, etc.) whose value reflects water availability. The
Standard Precipitation Index (SPI) constitutes one of such indices that present a normalized
view of precipitation anomalies. The SPI was developed to analyze the precipitation
deficits on multiple time scales (McKee 1993; McKee 1995), providing reliable
information on the intensity, duration and spatial extension of drought (Keyantash and
Dracup 2002). The SPI is simply the transformation of a probability density function of a
time series of precipitation in a standardized normal distribution. It has three main
advantages: First, its simplicity, since it is based on precipitation records and requires two
parameters only to be calculated, compared with the numerous parameters necessary to
calculate the Palmer Drought Severity Index (PDSI) (Palmer 1965). Second, its temporary

versatility, being useful for the analysis of the dynamics of drought on various time scales.



Third, it has to do with its standardized form, which allows characterizing the frequency of

extreme (wet or dry) conditions (Table 1).

The SPI can be calculated and analyzed using a specific time scale. For example, SPI-1
reflects the short term conditions and its application can be related to the humidity of the
ground; SPI-3 provides a seasonal estimation with the precipitation; SPI-6 and SPI-9
indicate tendencies of the medium term precipitation patterns and; SPI-12 reflects the long
term precipitation patterns, usually related to volumes of rivers or levels of storage of dams.
For the present study, SPI-24 months will be used to characterize persistent drought,

capturing very low frequency climate variability.

Analyses of precipitation or SPI for the XX century are more reliable since the Mexican
Weather Service has digitized historical records of precipitation. For the early part of the
XX century, there were between 20 and 30 synoptic weather stations over Mexico, but this
numbers increased to hundreds and even thousands after the 1950’s. With this information
and climatological stations from the US, Central America and the Caribbean, a gridded
precipitation data base of monthly accumulated precipitation has been prepared
(http://iri.columbia.edu). By means of a Cressman scheme (Cressman 1959), monthly
precipitation data is used to correct a first guess precipitation field given by the monthly
precipitation data from the Climate Research Unit (CRU) (New et al. 2002). The
precipitation reports from various weather stations have been quality controlled by
examining the coherence in monthly precipitation among neighboring stations (within a
radius of 20 km), considering that reports of anomalously intense or weak precipitation in a

station should coincide with similar reports in at least one of the closer stations. The



monthly precipitation data base has been developed for the period 1901-2002 in a 0.5° X
0.5° mesh, and has been used in other studies of drought for North America and Mexico

(Seager et al. 2009).

The PDO and AMO (Mantua et al. 1997; Enfield et al. 2001) indices were obtained from
the NOAA Climate Diagnostics Center (CDC) for the XX century and from Biondi et al.
2001 and Gray et al. 2004 for the XIX century. The dynamics of the processes that result in
precipitation anomalies in Mexico is examined through the use of tropospheric wind data
from the NCEP/NCAR Reanalysis (Kalnay et al. 1996) for the period 1948-2002.
Specifically, Easterly Wave (EW) activity is analyzed in the IAS through the estimate of
high frequency (3-9) variance of the meridional wind at 700 hPa from June through
September. According to Salinas (2006), years of intense EW activity in the Caribbean lead

to positive (negative) precipitation anomalies in southern (northern) Mexico.

3. Persistent droughts in Mexico during the XX century

Frequently, dry periods in northern Mexico (Chihuahua) correspond to wet periods in
southern Mexico (Chiapas). The characteristic of such out phase relationship (Fig. 2) is also

observed in several drought periods in paleoclimatic records (Fig. 1).

Prolonged droughts have always been present in the North American climate. The XX
century shows clear examples of intense droughts during the 1930’s, 1950’s, and the late
1990’s. There was an intense drought in the late 1910’s that extended over most of Mexico

and Texas, but only a few station data are available to reliably document its spatial
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structure. The Dust Bowl drought in the 1930's (1934-1939) has been extensively
documented due to the severe impact it had across North America (Schubert et al. 2004;
Cook et al. 2008). During this period, several more precipitation reports are available for
Mexico and the SPI24 spatial pattern is more reliable. It is observed that during the summer
months the Dust Bowl drought, affected only parts of northwestern Mexico, near the US
border (Fig. 3a). During the same period, significant positive precipitation anomalies occur
over most of Mesoamerica and parts of the Caribbean. The 1950’s (1953-1957) correspond
to the most severe drought in the recent history of the US (Seager et al 2005) and Mexico.
The negative SPI24 values reflect a large precipitation deficit, extending from the US
Midwest all the way south to most of northern Mexico, including the Baja peninsula (Fig.
3b). A positive precipitation anomaly is observed over southern Mexico, the Greater
Antilles and Central America, except over parts of Honduras. The most recent persistent
drought occurred during the second half of the 1990’s (1996-2002), extending over most of
northern Mexico, affecting some of the most important river basins shared by Mexico and
the US (Fig. 3¢). The SPI24 negative anomaly affected only a few states of the southern
US. As in previous cases, during this episode, positive SPI24 anomalies are observed in the

Caribbean and Mesoamerica, except over parts of the Yucatan peninsula and Guatemala.

Droughts in Mesoamerica and the Caribbean, as those during the 1940’s (1941-1943) (Fig.
4a), the 1970’s (1972-1979) (Fig. 4b) and during the 1980°s (1985-1988) (Fig. 4c),
generally correspond to positive precipitation anomalies over northern Mexico, reflecting
the characteristic “see-saw” pattern associated with very low frequency precipitation
variability over Mexico. At times, there is also a negative SPI24 anomaly in the eastern part

of the US (1940°s and 1980°s). Therefore, the main pattern of prolonged drought either in
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northern Mexico or Mesoamerica, may show a contrasting anomaly in the opposite zonal

direction.

The north-south dipole of low frequency variability in SP124 is more clearly represented by
the first two Empirical Orthogonal Functions (EOFs) of the SPI24 for North America,
Mesoamerica and the Caribbean. The first EOF of SPI24 explains approximately 15% of
the total variance (Fig. 5a), and shows a well defined see-saw spatial structure between the
US-northern Mexico and Mesoamerica and the Caribbean. The second EOF explains
around 8% of variance (Fig. 5b), and corresponds to a contrasting SP124 anomaly between
northern Mexico and the eastern US, as well as between the Caribbean and western
Mesoamerica. By looking at the Principal Components (PCs) for the period 1903 — 2002
(Fig. 6a and 6b), it is possible to reconstruct the main characteristics of the SPI24
anomalies for the dry and wet periods, either in northern or southern Mexico. For instance,
the 1950’s severe drought in Mexico results from the combined effect of EOF1 and EOF2,
whose signals maximize during the 1953-1957 period to result in an intense negative
precipitation anomaly that extends all across the southern and Midwest US. The positive
sign of EOF2 over the northeastern US tends to weaken the intensity of the 1950’s drought
over this region. The Mesoamerican region shows positive SPI24 anomalies that result
from a large PC1. The 1930’s drought may be examined in a similar fashion. In this case,
EOF 1 is in its positive phase while EOF2 is in its negative phase. Such condition produced
a positive anomaly along the US Mexican border that limits the extent of drought to the
central and northeastern US. During this period, Mesoamerica and the Caribbean show a
pronounced positive precipitation anomaly. During the 1990’s drought, the PCI is in its

negative phase, which induces a positive anomaly in SPI24 in northern Mexico. However,
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PC2 is in its positive phase and results in negative SPI24 anomalies along the US Mexico

border and positive anomalies in parts of Central America.

Under a similar reasoning, the 1940’s period corresponds to an intense negative condition
for EOF2 and a relatively weak EOF1. Therefore, the spatial pattern of drought in this
period resembles EOF2. The 1970’s, on the other hand, show a large negative PCI1, and a
large positive PC2, that shows as a positive SPI24 anomaly over the eastern US and a
positive precipitation anomaly over northeast Mexico. Over Mesoamerica, PC1 and PC2
combine to produce large negative precipitation anomalies. The 1980’s is a combination of
a large negative PC1 and a large negative EOF2 that clearly shows in a negative SP124

anomaly over the eastern US, Central America and the Caribbean.

The combination of the first two EOFs of SPI24 captures most of the regional
characteristics of persistent droughts. In this way, the spatial characteristics of drought over
the US, Mexico, Central America and the Caribbean may be explained in terms of the two
EOFs of SPI24. The most interesting aspect of the analysis is that PC1 for SP124 is well
correlated with the AMO, mainly after the 1920’s, period when more reliable SP124 data

are available (Fig. 6a). The PC2 for SPI24 is negatively correlated with the PDO (Fig. 6b).

The importance of various dynamical processes in the spatial structure of dry and wet
anomalies that characterized prolonged droughts may be explored by looking at the
temporal behavior of PDO and AMO as very low frequency modes of climate variability,
as well as the dynamical elements that teleconnect such persistent SST anomalies with

summer precipitation over Mexico, such as easterly waves, the Caribbean Low Level Jet

13



(CLLJ) or tropical cyclones. Since information on winds is only available from the 1948

period, the rest of the analysis will be developed for droughts after this year.

4. Mechanisms that produce prolonged droughts in Mexico

As in most studies relating persistent climatic patterns and SST anomalous conditions, it is
necessary to explore the dynamical mechanisms that teleconnect two distant regions.
Usually, persistent stationary circulations have been used as mechanisms for such
teleconnections. However, changes in transient activity may also play an important role in

carrying the signal of anomalous climatic conditions from one region to another.

The contrasting anomalies between northern and southern Mexico could be directly related
to anomalous meridional circulations that modulate enhanced subsidence and more or less
moisture convergence or divergence, as described by Seager et al. (2009). This structure
generally associated with the mean position and extension of the local Hadley cell forced
by the ascending motions over the eastern Pacific ITCZ. Descending motion reduces
precipitation and causes drought over northern Mexico and the US (Mendez and Magafia
2007). However, there are regional elements that characterize some prolonged droughts in
North America that deserve a further analysis. A more persistent El Nifo (La Nifia)
condition, during the positive (negative) phase of the PDO would result in more persistent
dry (wet) conditions over Mesoamerica (Magafia et al. 2003). Under La Nifia conditions,
the meridional temperature gradient in the northeastern tropical Pacific leads to an ITCZ off
the equator, around 12°N that favors convective activity over southern Mexico and Central
America (Uribe 2002). On the contrary, El Nifio keeps the ITCZ close to the equator and

maintains subsidence over most of Mexico and even the Pacific coast of Central America.
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El Nifio is also related to an enhanced CLLJ (Amador 1999) and diminished EW activity
(Salinas 2006). EWs favor the occurrence of extreme precipitation events over southern

Mexico and Central America adding for a surplus of seasonal rainfall.

As shown by Schubert et al. (2009), the positive phase of AMO explains most of the 1930’s
Dust Bowl drought. An intensified high pressure pattern over the north Atlantic leads to a
weakening in the low level jet over the Gulf of Mexico and diminished moisture flux into
the US Midwest. A warm IAS, during the warm phase of AMO, also favors tropical
convective activity over the Caribbean that manifests as easterly waves which traverse the
Caribbean, bringing much of the rain received during the late wet season (Ashby et al.
2005). Even more, under favorable conditions, EWs may become tropical cyclones whose
activity, modulated by AMO (Goldenberg et al. 2001) produces intense rains. However,
EW activity over the IAS is determined by the intensity of the CLLJ. A strong CLLJ tends
to inhibit EWs (Fig. 7). On the other hand, a relatively weak CLLJ tends to favor more high
frequency transient activity related to EWs over the IAS and consequently, more
precipitation over the Caribbean and Mesoamerica. Such enhanced tropical convection may
in turn enhance subsidence over northern Mexico and consequently, result in drier
conditions (MacDonald et al. 2008). In addition, a warm AMO leads to weaker trade winds
over the IAS (Fig. 8). Ladwig and Stensrud (2008) suggest that tropical easterly waves
north of 20°N produce precipitation over northwestern Mexico that extend to the west-
central United States. However, weaker trade winds over the Gulf of Mexico may reduce
the number of northern tropical EWs that reach northern Mexico, leading to drier

conditions.
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The CLLJ is a key dynamic feature of the IAS climate (Wang 2007). As a barotropically
unstable circulation (Molinari et al. 1997), it may trigger EWs and even TC's that produce
more precipitation. The intensity of the CLLJ is related to ENSO and the PDO, in such a
way that a warm eastern Pacific strengthens the CLLJ and reduces EW formation, as well
as tropical convective activity over the Caribbean (south of 20°N). Diminished
precipitation over the Caribbean and Mesoamerica may result in a weaker local Hadley cell
and less stable conditions over northern Mexico. A linear correlation between the CLLJ
intensity and SPI24 (Fig. 9), shows that an intense CLLJ produces negative precipitation
anomalies over Mesoamerica and positive anomalies over northern Mexico and south-
central US, with a spatial structure that resembles EOF2. Therefore, the PDO relationship

with PC2 of SPI24 occurs through the role of the intensity of the CLLJ]|.

It is therefore necessary to consider the conditions in the tropical eastern Pacific and the
tropical Atlantic to understand the dynamics of the IAS circulations and the processes that
result in dry and wet periods over the US, Mexico, Central America and the Caribbean.
Moisture flux into the US Midwest appears to be controlled to a large extent by the
conditions in the Atlantic, as reflected by the first EOF. On the other hand, the PDO relates
to the second EOF of SPI24. If the PDO is in its warm phase and the Atlantic in its cold
phase, as during the 1980’s, the conditions for a rainy northern Mexico, but a dry
Mesoamerica and Caribbean are given. Combinations of a warm or cold AMO and PDO
may explain the spatial structure of very low regional climate variability over Mexico,

depending on the intensity of the anomaly in each ocean.
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5. Summary and conclusions

An analysis of persistent precipitation anomalies that caused prolonged droughts over
Mexico during the last century shows a dominant contrasting spatial pattern between north
and south,| in a sort of “see-saw” structure. The EOF1 of SPI corresponds to this dominant
see-saw structure. The SPI24 EOF2 shows a zonal structure, but with anomalies of opposite
signs between the US Midwest and eastern states and northern Mesoamerica that provide
some insight into the regional characteristics of drought. Both, EOF1 and EOF2 for SP124
are modulated by forms of very low frequency variability in the Atlantic and Pacific oceans
given by the AMO and the PDO. The spatial characteristics of drought over Mexico,
Central America and the Caribbean depend on the intensity and phase of the AMO and
PDO. By combining the observed amplitudes of EOF1 and EOF2 of SPI24 for the XX
century, most of the spatial structure of the XX century droughts, either in northern or

southern Mexico can be explained.

It is clear that low and very low frequency climate variability is largely determined by high
frequency transients. In the case of Mexico, EWs interacting with the mean flow are crucial
to examine years of intense precipitation or drought at the regional level. Even more,
tropical cyclones near of far from Mexico may determine that a particular year be of
positive or negative precipitation anomalies on monthly or even seasonal time scales. Such
effect has not been quantified on decadal time scales and consequently, its role in
explaining prolonged droughts is yet to be determined. At present, it is only through the

modulation of high frequency transients by stationary circulations that the dynamics of
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droughts are being explored. Any attempt to project future intense droughts will depend on

predictions of PDO and AMO.

As proposed by McCabe et al (2004) the drought events in North America may be
explained in terms of PDO and AMO. In the case of Mexico, this may be summarized

(Table 2) as:

A reconstruction of AMO and PDO for the XIX century may serve as a test to explain
persistent droughts in Mexico. Since no meteorological records are given for this period,
the reconstruction of dry episodes in various regions of Mexico has been done based on
historical documents. According to Contreras (2005), the most severe droughts occurred
during 1808-1811, 1868, 1877, 1884-1885 and 1892-1896, with the latter being considered
the most severe, mainly over most of Mexico. On the other hand, Mendoza et al. (2007)
found that the first two decades of the XX century correspond to dry conditions over
southern Mexico. Reconstructions of the AMO and the PDO show that during the early part
of the XIX century, an intense negative phase of the AMO occurred in conjunction with
frequent episodes of positive PDO that affected Mesoamerica, and most probably, the
Caribbean. Most droughts for the second half of the XIX century may be associated with
positive PDO periods and relatively weak AMO anomalies. For instance, the 1890's
corresponded to a major drought over most of Mexico under intense positive PDO
conditions (Fig. 10). The spatial pattern of the late 1910’s drought in Mexico corresponds
to large negative precipitation anomalies over central and southern Mexico, reflecting a
positive PDO phase that combines with negative AMO conditions. Under such

consideration, it would be possible to extrapolate AMO and PDO for the next coming
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decades and have an estimate of the future conditions of persistent drought over Mexico.
NASA'’s Earth Observatory News announced the PDO has entered a cool phase, which,
under persistent positive AMO conditions may result once again in an important drought

over northern Mexico.
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Figure 1. Time series of tree ring Palmer Drought Severity Index (PDSI) reconstructions for
various regions of Mexico (data from Cook et al 2004).
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Figure 3. SP124 for NH summer during the a) 1930°s, b) 1950’s, and ¢) 1990’s.
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Figure 4. As in Fig. 3 but for the a) 1940’s, b) 1970’s, and c¢) 1980’s.
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Figure 6. Principal Components of EOF1 and EOF2 SPI24 (solid lines), and AMO and
PDO indices (gray bars).
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Figure 7. Seasonal anomaly of variance of 3-9-day filtered meridional wind (m’s™) at
700hPa during the NH summer moths at 70°W, 17.5°N (solid line) and anomaly of the
mean seasonal magnitude of the Caribbean Low Level Jet (ms™) (averaged over the region

12.5°-17.5°N, 80°-70°W).
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minus wet (1972-79, 1985-1988) summers. Shading corresponds to the magnitude (ms™) of
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Figure 9. One point correlation between CLLJ intensity (averaged over the region 12.5°-
17.5°N, 80°-70°W) and SPI24 during NH summer.
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Figure 10. AMO and PDO indices (reconstructed for the 1800-1900 period and observed
for the 1901-2008 period).
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Table 1. Classification of drought severity in terms of SPI and its probability

SPI Category Probability (%)
>2.00 Extremely humid 2.3
1.50 to 1.99 Severely humid 4.4
1.00 to 1.49 Moderately humid 9.2
0.5 t0 0.99 Humid 15.0
0.0 to 0.49 Normal to Slightly humid 19.1
0.0 to -0.49 Slightly dry to normal 19.1
-0.5t0-0.99 | Dry 15.0
-1.00 to —1.49 | Moderately dry 9.2
-1.50 to -1.99 | Severely dry 4.4
<-2.00 Extremely dry 2.3

Table 2. Sign of the PDO and AMO indices that leads to regional droughts in Mexico

Drought Drought central
northern southern
Mexico Mexico

PDO - +

AMO + -




