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1.  INTRODUCTION

The report of the Intergovernmental Panel on Cli-
mate Change concluded that average global tempera-
ture increased by 0.74°C over the past century and is
now increasing more rapidly (IPCC 2007). The effects
of warming on production of food and management of
water resources have been discussed in numerous
papers (e.g. Brown & Funk 2008, Milly et al. 2008). The
consequences of changes can be interferred from
diverse meteorological variables, but are particularly
obvious in extreme weather events, leading to severe
economic losses and human catastrophes (Karl & East-
erling 1999, Easterling et al. 2000).

The situation is more complicated because the ef-
fects of global warming at regional levels are poorly
known (Overpeck & Cole 2006, IPCC 2007). For exam-
ple, specific regional changes in extreme weather
events, heat waves, cold waves, and number of days
that exceed some specified temperature are unknown
(Easterling et al. 2000). Hence it is essential to docu-
ment and understand where, how, and the frequency
at which regional climate change is taking place (Thie-
len & Centeno 2007). For example, Yan et al. (2002)
reported an increase in maximum temperatures for
Western Europe. In England, increased temperature is
manifested as a reduction of cold days (Jones et al.
1999). In northern and central Europe, the increase in

© Inter-Research 2010 · www.int-res.com*Corresponding author. Email: lbrito04@cibnor.mx

Trends in rainfall and extreme temperatures in
northwestern Mexico

Oscar G. Gutiérrez-Ruacho1, Luis Brito-Castillo2, 3,*, Sara C. Díaz-Castro1, 
Christopher J. Watts4

1Centro de Investigaciones Biológicas del Noroeste (CIBNOR), La Paz, BCS 23096, México
2CIBNOR, Guaymas, Sonora 85454, México

3Centro Universitario de Ciencias Exactas e Ingeniería, Departamento de Física, Universidad de Guadalajara, Guadalajara,
Jalisco 44430, México

4Universidad de Sonora, Hermosillo, Sonora 83000, México

ABSTRACT: The impact of global warming across northwestern Mexico is difficult to discern be-
cause long-term climatic data series are lacking, and this semi-arid region is subject to strong sea-
sonal variability. Using data between 1922 and 2004 from 55 weather stations located in the State of
Sonora, the Baja California Peninsula, and some stations in the United States near the Mexican bor-
der, we analyzed trends observed for weather variables. The magnitude and statistical significance
of trends were determined, using the least squares regression procedure. Microregional series were
delimited after applying varimax rotated empirical orthogonal functional analysis to the weather
series. The limits between the 9 microregions were defined by considering a rotated factor loading
≥0.6. Series with significant trends were correlated with 5 different climatic indices: Pacific Decadal
Oscillation, Atlantic Multi-decadal Oscillation, Southern Oscillation Index, North Atlantic Oscillation
Index, and values of 700 hPa geopotential height anomalies. Results show that northwestern Mexico
has high meteorological heterogeneity, as observed in spatial and seasonal variability of precipitation
and temperature. Different trends were found across the region. Correlation analyses indicate that
trends in several variables are associated with inter-decadal changes in the Pacific and the Atlantic,
as well as with variations of the 700 hPa atmospheric flow patterns, changes in sea surface tempera-
tures, penetration of extratropical fronts, and, for the State of Baja California Sur, higher incidence of
tropical cyclones.

KEY WORDS:  Tendencies · Extreme values · Northwestern Mexico · Drought · Climate variability

Resale or republication not permitted without written consent of the publisher



Clim Res 42: 133–142, 2010

minimum temperatures has a greater magnitude than
the increase of maximum temperatures (Heino et al.
1999). In Mexico, Englehart & Douglas (2005) showed
an increase in the diurnal range of minimum and max-
imum temperatures, which they associated to changes
in land management. On a regional scale in Mexico,
Weiss & Overpeck (2005) reported a reduction in the
frost-free season in the Sonoran Desert, and associated
this with an increase in minimum temperatures. Brito-
Castillo et al. (2009) showed a temperature dipole for
central Mexico, in part associated with changes ob-
served in the 700 hPa atmospheric flow patterns.

Given inherent high variability in local precipitation
patterns, climate trends from weather station data can
appear inconsistent. This is particularly the case in the
arid and semi-arid lands of southwestern Arizona and
northwestern Mexico (Comrie & Broyles 2002). Climate
in this area is strongly influenced by El Niño Southern
Oscillation (ENSO) events, which is considered one of
the more important global modulators of interannual cli-
matic variability. The El Niño phase of ENSO favors wet
conditions during summers of cold-phase Pacific
Decadal Oscillation (PDO) and during winters of warm-
phase PDO in the northwestern-most part of Mexico,
whereas La Niña exhibits precipitation conditions oppo-
site to the ones produced by El Niño (Pavía et al. 2006).

In the southwestern United States and parts of north-
western Mexico, recent climate change models predict
a tendency toward a drier and warmer climate (Seager

et al. 2007). These predictions may not be valid for the
southern Baja California Peninsula; however, Díaz et
al. (2008) noted that, in recent years, the number of
tropical cyclones has stayed fairly constant and consti-
tutes an important source of rainfall in the region dur-
ing the summer. At the global scale, the number of
cyclones may be increasing (Hoyos et al. 2006).

With high seasonal and spatial variability of temp-
erature and precipitation in northwestern Mexico and
especially in the Sonoran Desert (which includes the
driest locations in North America; Turner et al. 2003),
several studies have characterized regional climatic
variability (Shreve 1914, 1944, Hastings & Turner 1965,
Ezcurra & Rodríguez 1986, Schmidt 1989, Douglas et
al. 1993, Pavía & Graef 2002, Weiss & Overpeck 2005).
While several studies have dealt with climate in north-
western Mexico, regional climatic changes need to be
based on long-term tendencies in the weather data to
identify the nature of the changes in this region. The
present study analyzed the magnitude of extreme
changes in temperature and precipitation in north-
western Mexico using meteorological data from the
past 8 decades.

2.  MATERIALS AND METHODS

2.1.  Study area

Northwestern Mexico encompasses the States of
Baja California, Baja California Sur, and Sonora. The
Pacific Ocean and the Gulf of California strongly influ-
ence the climate of this region (Fig. 1). Generally, con-
ditions are dry and warm to hot, as is typical of the
Sonoran Desert (Turner et al. 2003). The region is
under the influence of the prevailing westerlies most of
the year, while the subtropical anticyclone and the
Mexican monsoon circulation are strong influences in
the summer and early fall (Vera et al. 2006). The cli-
mate of the study area is marked by a transition be-
tween the region influenced by the Mexican monsoon
and the Mediterranean climate of California (Comrie &
Glenn 19988). Precipitation increases towards the
southeast, with summer receiving the most rainfall,
while in the northwest, winter rains are more common
(Vera et al. 2006).

2.2.  Data

We used daily data of maximum temperature, mini-
mum temperature, and precipitation between 1922 and
2004 from weather stations in the States of Sonora, Baja
California, Baja California Sur, and the southern part of
Arizona and California. For Mexico, the data were ob-
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Fig. 1. Study area. Location of weather stations selected for
analyzing local climatic trends are indicated by filled circles
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tained from the Extractor Rápido de Información Cli-
matológica (ERIC III) database created by the Mexican
Institute of Water Technology. For stations in the United
States, data were obtained from the National Climatic
Data Center (http://iridl.ldeo.columbia.edu/SOURCES/
.NOAA/.NCDC/.DAILY/.FSOD/searches.html). For the
study region, 583 weather stations were found in
Mexico and 30 in the United States. Of these meteoro-
logical stations, 55 were selected that fulfilled our crite-
ria, which was that stations must: (1) have a large num-
ber of daily observations over many years, and (2) be
located outside large cities to avoid heat island effects.
Selection was also biased toward stations that provided
a greater homogeneity of spatial distribution through-
out the area. We selected 14 stations in Sonora, 11 in
Baja California, 27 in Baja California Sur, and 3 in
Arizona (Fig. 1).

We selected the following rainfall and temperature
variables for analysis:

(1) Total annual rainfall (TAR, mm).
(2) Total days with rainfall > 0.0 mm (TDR> 0); in some

cases, original printed data has the legend ‘INAP’
which means ‘imperceptible’. In these instances we
listed the value as 0.01 mm.

(3) Total days with rainfall ≥10% of the historic max-
imum (TDR≥10), determined by finding the following
values in each series: Rmax (heaviest rainfall of the
series in mm); n (total days with records); nr (total days
with rainfall > 0); nr10% (upper 10% fraction of nr); and
nr’ (threshold value separating nr10% from the rest of
the values [mm]).

Necessarily, nr’ < Rmax (an appropriate value for nr’ is
found such that the number of days with rainfall above
nr’ equals or nearly equals nr10%). Once nr’ was found,
this threshold value was used to quantify the days with
rainfall above nr’ per year. After this procedure was
completed, a new series was formed showing the num-
ber of days with rainfall above the threshold value
each year. Regression analysis of the new series mea-
sured the tendency.

(4) Minimum annual average temperature (Tmin, °C),
calculated using the mean of daily values of minimum
temperature during the year.

(5) Total days with temperatures ≤10% of the historic
minimum (TDTmin≤10). The procedure is the same as (3),
except that the complete series of minimum temp-
eratures was used (considering positive and negative
data).

(6) Maximum annual average temperature (Tmax,
°C), calculated using the mean of the daily values of
maximum temperatures during the year.

(7) Total days with temperatures ≥10% of the histor-
ical maximum (TDTmax≥10). The procedure is the same
as (3), except that the complete series of maximum
temperatures was used.

2.3.  Regionalization

For each variable, empirical orthogonal functional
analysis (EOFA) was independently applied with vari-
max rotation of the resultant axes to retain the most im-
portant modes of variation. This analysis is similar to
principal components analysis (PCA), but takes into ac-
count spatial and seasonal patterns in the data, which is
essential for long-term series of data. Factors were ex-
tracted from a correlation matrix, with case-wise dele-
tion of missing data. Here, only those values that are
common to all the series were included in the computa-
tions. Initially, provisional, unrotated factor loadings
(aij’) were determined. For this purpose, PCA, with an
a priori minimum eigenvalue of 1.0, was used. In the
second phase of calculations (factor rotation), only
those factors that together explained between 45 and
63% of the total variance in the original series, taking
into account the analysis of effective degeneracy, were
considered, as discussed by North et al. (1982).

The rotated factor loadings (aij) of each factor were
then plotted on a map to analyze spatial distribution.
The boundaries between microregions were defined
by aij ≥0.6. The microregional series related to aij lead-
ing modes of each variable (number of leading modes
were different for each variable, either 3 or 4) were
obtained by averaging the standardized values of the
series with aij >0.6.

From linear approximation, the tendency of each
microregional series was obtained by the method of
minimal least squares errors, with years as indepen-
dent values and serial data within each year as depen-
dent values.

To match tendencies in the EOFA with climatic in-
dices, we used Pearson’s correlation analyses to relate
data series with significant trends (p < 0.05) with the fol-
lowing indices: (1) Pacific Decadal Oscillation (PDO;
Mantua et al. 1997); (2) Atlantic Multi-decadal Oscilla-
tion (AMO; Barnston & Livezey 1987, Enfield et al. 2001);
(3) Southern Oscillation Index (SOI; BOM 2010); (4)
North Atlantic Oscillation (NAO; NOAA 2002); and (5)
anomalies of the 700 hPa geopotential heights (GH700)
displayed in a 2.5° × 2.5° grid (NOAA ESRL 2006).

3.  RESULTS

From the EOFA, 3 or 4 factors were retained for each of
the variables (North et al. 1982). The geographic distrib-
ution of the factor loadings for each leading mode and
variable is shown in Fig. 2. In this figure, we differ-
entiated 9 microregions with loading contours >0.6.
These microregions are: northwestern Baja California
(NWBC); southern Baja California (SBC); northern Baja
California Sur (NBCS); central Baja California Sur
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Fig. 2. (Above and facing page) Geographic distribution of the rotated factor loadings (aij) for each leading mode and variable.
Dark gray: distribution of significant (aij) for each climatic factor (F1 to F4) identified by the analysis of empirical orthogonal func-
tions with varimax axis rotation. TAR: total annual rainfall (mm); TDR> 0: total days in the year with rainfall > 0 mm; TDR≥10: total
days in the year with rainfall  of the historic maximum; Tmin: annual mean minimum temperature (°C); TDTmin≤10: total days in the
year with temperatures ≤10% of the historic minimum; Tmax: annual mean maximum temperature (°C); TDTmax≥10: total days in
the year in which temperature was ≥10% of the historical maximum; NWBC: northwestern Baja California; SBC: southern Baja
California; NBCS: northern Baja California Sur; CBCS: central Baja California Sur; ESBCS: extreme southern Baja California Sur; 

NSon: northern Sonora; CSon: central Sonora; ESon: eastern Sonora; SSon: southern Sonora; INDEF: indefinite
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(CBCS); extreme southern Baja California Sur (ESBCS);
northern Sonora (NSon); central Sonora (CSon); eastern
Sonora (ESon); and southern Sonora (SSon). Although
there were 28 microregional series corresponding to the
leading modes, only 18 showed statistically significant
trends (Table 1).

For total annual rainfall (TAR), 4 leading factors
explained 58% of the original variance (Fig. 2). Analy-
ses of trends indicate that annual rain is increasing in
NWBC and NBCS and decreasing in SSon (Table 1).

For days with rainfall > 0 mm (TDR> 0), 3 leading fac-
tors explained 53.7% of the original variance (Table 2,
Fig. 2) and 4 distinct microregions were delimited.
Analysis of trends indicates that the number of days
with measurable rain is increasing in CBCS and NSon
(Table 1).

For the total days in the year during which rainfall
was ≥10% above the historic maximum (TDR≥10), 4
leading factors explained 46.3% of the original vari-
ance (Table 2, Fig. 2). The microregional series show
an increasing trend for this variable in NWBC and
NBCS (Table 1).

For the minimum annual average temperature (Tmin),
4 leading factors explained 61.6% of the variance
(Table 2, Fig. 2). The minimum annual average in-
creased over time in NBCS and ESBCS and decreased
in NSon (Table 1).

For days with temperatures ≥10% below the historic
minimum (TDTmin≥10), there were 4 leading factors that
explained 63.8% of the variance (Table 2, Fig. 2). The
microregional series show that cold days are becoming
less frequent in ESBCS, NBCS, and SSon (Table 1).
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For maximum annual average temperature (Tmax), 3
leading factors explained 45.4% of the variance (Table 2,
Fig. 2). The microregional series show that maximum an-
nual average temperatures increased in NWBC and
CBCS and decreased in CSon (Table 1).

For days in a year with a maximum temperature
≥10% above the historical maximum (TDTmax≥10), 4
leading factors explained 48.4% of the total variance.
NBCS and ESBCS have increased frequency of hotter
days (Table 1).

Pearson’s correlation analyses be-
tween microregional series with statisti-
cally significant trends and different cli-
matic indexes (PDO, AMO, SOI, NAO)
show the following significant correla-
tions: (1) TDR> 0 in NSon with the PDO
and SOI indices; (2) Tmin and Tmax in
central Sonora with the PDO, AMO and
SOI indices; (3) TAR and TDR≥10 in
NWBC with the SOI; (4) Tmax in CSon,
NWBC and CBCS with the PDO and
SOI indices; (5) TAR in NBCS with the
NAO index; (6) TDTmax≥10 in NBCS with
the NAO and SOI indices; and (7) Tmin

and TDTmin≤10 in NBCS with the PDO,
SOI, and AMO indices (Table 3).

In CBCS, there was a significant correlation between
TDR> 0 and the PDO and SOI indices. In ESBCS, there
was a significant correlation between Tmin and the
PDO, AMO, and SOI indices, as well as TDTmin≤10 with
the PDO and SOI indices; also, TDTmax≥10 was corre-
lated with the AMO index (Table 3).

Fewer significant correlations were found between
the climatic variables and GH700 data. In NWBC, TAR
and TDR≥10 were correlated with GH700 (Fig. 3). In
ESBCS, Tmin correlated with GH700.
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Region TAR TDR> 0 TDR≥10 Tmin TDTmin≤10 Tmax TDTmax≥10

NWBC F2-P F2-NS F1-P F3-NS F2-NS F2-P
SBC F1-NS
NBCS F3-P F3-P F1-P F1-N F3-P
CBCS F1-P F2-P
ESBCS F1-NS F1-NS F2-NS F1-P F1-N F1-NS F1-P
NSon F1-P F2-N
CSon F1-N
ESon F2-NS
SSon F4-N F4-NS F2-N

Table 1. Climatic trends in the microregional series. F: factor; P: significantly
positive; N: significantly negative; NS: non-significant (<95%) across the re-
gion. Regions are those that recurred most frequently during the analysis of em-
pirical orthogonal functions using varimax axis rotation. TDR> 0: total days in the 

year with rainfall ≥ 0.1 mm; other abbreviations as in Fig. 2

Variable Factor Variance explained Total

TAR 1 17.79
2 16.98
3 14.29
4 8.94 58.0

TDR> 0 1 22.17
2 17.84
3 13.65 53.66

TDR≥10 1 15.05
2 11.23
3 11.35
4 8.65 46.28

Tmin 1 20.57
2 15.48
3 15.58
4 9.91 61.55

TDTmin≤10 1 19.90
2 20.22
3 10.60
4 13.01 63.8

Tmax 1 18.72
2 16.33
3 10.34 45.39

TDTmax≥10 1 12.90
2 11.94
3 14.07
4 9.65 48.35

Table 2. Variance explained by each ordination factor for the
local climatic variables that had statistically significant trends. 

Abbreviations as in Fig. 2

Variable Region Regional climatic index
PDO AMO SOI NAO

TAR NWBC 0.17 –0.08 –0.34 –0.07
NBCS 0.19 –0.08 –0.26 0.39
SSon 0.06 –0.04 –0.04 0.20

TDR> 0 CBCS 0.34 –0.15 –0.32 0.30
NSon 0.45 0.02 –0.45 0.10

TDR≥10 NWBC 0.14 –0.11 –0.31 –0.06
NBCS 0.17 –0.22 –0.27 0.23

Tmin NBCS 0.47 0.28 –0.27 0.16
ESBCS 0.25 0.32 –0.29 0.00
NSon –0.29 0.42 0.14 0.11

TDTmin≤10 NBCS –0.36 –0.33 0.26 –0.21
ESBCS –0.43 –0.26 0.25 –0.11
ESon –0.33 0.27 0.22 –0.01

Tmax CSon –0.44 0.59 0.31 0.09
NWBC 0.36 0.18 –0.32 0.05
CBCS 0.37 0.07 –0.32 0.14

TDTmax≥10 ESBCS 0.04 0.57 –0.13 0.11
NBCS 0.09 0.33 –0.20 0.15

Table 3. Pearson’s correlation coefficients between local cli-
matic variables and regional climatic indices for various ge-
ographic regions. PDO: Pacific Decadal Oscillation; AMO:
Atlantic Multi-decadal Oscillation; SOI: Southern Oscilla-
tion Index; NAO: North Atlantic Oscillation. Abbreviations 

as in Fig. 2. Bold: significant
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Fig. 3. Contour plot of positive (solid line) and negative (dashed line) correlations between the 700 mb geopotential height anom-
alies and (a) total annual rainfall in northwestern Baja California (NWBC), (b) frequency of maximum precipitation in NWBC, and
(c) frequency of minimum temperatures in extreme southern Baja California Sur (ESBCS). Open, closed circles: significantly 

positve or negative correlations, repectively, at the 0.01 level  of confidence
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4.  DISCUSSION

The factors (F1 to F4) of the variables consistently
differentiated geographic climatic microregions within
the larger region. Together, these factors explained
45% of the variance explained in the original series in
Tmax and as much as 64% for TDTmin≤10 (Table 2).
Despite these resemblances, the geographic distribu-
tion of the defined microregions and the patterns of cli-
mate variation between them are very heterogeneous
(Fig. 2) and are not very evident from the geographic
conditions at the boundaries between the micro-
regions. With variables such as TAR and TDR≥10% in
each retained factor, rotated factor loadings (aij) >0.60
are clustered in specific geographic microregions. For
other variables, the contours of aij >0.60 are much
broader, with areas disconnected from one another,
which bring uncertain differentiation of one microre-
gion. In this case, we formed 2 independent microre-
gions instead of one miocroregion with a single factor;
that is, for TDR> 0, F1 is split between NSon and CBCS;
for Tmin and TDTmin≤10, F1 is split between NBCS and
ESBCS in both cases; for TDTmin≤10, F2 is split between
NWBC and SSon; for Tmax, F2 is split between NWBC
and CBCS; and for TDTmax≥10, F1 is split between
ESBCS and SSon, whereas F2 is split between CSon
and SSon. Although the series clustered by the leading
factor reflect a single mode of variation, it appears
more logical to differentiate 2 microregions, as those
mentioned above, when they are separated geograph-
ically. Also, there are situations where the geographic
region is indefinite (Fig. 2). Heterogeneity in patterns
indicates the complexity of factors in regional climatic
variability.

Despite great variability, it is possible to focus analy-
ses on the microregions that appear more frequently
(Fig. 2). For example, the NWBC, ESBCS, and SSon
microregions appear more frequently on the maps
(Fig. 2), whereas the CBCS, NSon, and CSon microre-
gions appear less frequently.

The NWBC microregion, of Mediterranean climate,
has received much attention (Hastings & Turner 1965,
Comrie & Glenn 1998, Cavazos & Rivas 2004, Cavazos
et al. 2008). Pavía & Graef (2002) showed positive
trends over the historic record in TAR, TDR≥10, and
Tmax. Increasing rainfall is associated with more fre-
quent intrusion of extratropical fronts from the north-
west and negative correlations between TAR and
GH700 (Fig. 3a). The pattern of atmospheric flow is
very similar to those described by Brito-Castillo et al.
(2003) as typical for wet winters, with negative anom-
alies of GH700 that spread from the North Pacific and
cross northern Mexico toward the southeastern United
States. It appears that wet winter patterns intensify
during El Niño events and positive phases of the PDO

(Pavía & Graef 2002, Cavazos & Rivas 2004, Cavazos et
al. 2008). We found that the correlation between TAR
and the SOI in NWBC is statistically significant
(Table 3).

In contrast, ESBCS showed positive trends in Tmin

and TDTmax≥10, but a negative trend in TDTmin≤10.
Although this microregion is affected by tropical
cyclones (Cavazos 2008, Díaz et al. 2008), the trends in
TAR and TDR> 0 are not statistically significant. The
correlations between TAR and GH700 (Fig. 3b) show a
pattern opposite to that in NWBC. This suggests that
the influence of atmospheric phenomena from the mid-
dle latitudes on the generation of rain is much smaller
than the influence of tropical atmospheric phenomena.
Thus the atmospheric phenomena of middle latitudes
are linked with positive tendencies of rainfall in north-
western Baja California, in contrast to summer atmos-
pheric phenomena in southern Baja California, where
this rainfall pattern does not occur.

In Sonora, the trend in rainfall is positive in the north
(TDR> 0), and negative in the south (TAR), a phenome-
non that cannot be associated with tropical cyclone
occurrences because these storms usually affect
extreme, but not mean, values (Cavazos 2008). The
opposite rainfall trends in northern and southern
Sonora are an example of the great variability typical
of semi-arid regions (Comrie & Broyles 2002). Declin-
ing trends in rainfall in the south with an increased
trend in the north suggest an expansion of the overall
boundaries of the Sonoran Desert in the south and a
contraction in the north. This result is different from
the results of Weiss & Overpeck (2005) and the ecolog-
ical responses of these changes appear to be more
complicated than previously assumed. Another exam-
ple is that Tmin has a negative trend in northern Sonora
and TDTmin≤10 has a negative trend in southern Sonora.

The extreme values of minimum temperature, TDT-

min≤10, showed negative trends in NBCS, ESBCS, and
SSon, which means a decline in cold days. These
results correspond well with the finding by Weiss &
Overpeck (2005) of positive trends in monthly mini-
mum temperatures in Sonora. They argued that their
results were evidence of the effects of global warming
in more frost-free days in the Sonoran Desert. It is pos-
sible that their results were influenced by the small
amount of data used in their study, which, in certain
ways, could mask trends in the extreme values
reported in the present study. Still, the correspondence
between both studies indicates that the minimum tem-
perature in northwest Mexico is rising, as does a
regional climate model that predicts warmer and drier
conditions in northwestern Mexico and the southwest-
ern United States (Easterling et al. 2000).

The correlations between historical data trends and
the different climatic indices used in the present study
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were heterogeneous, but most of these correlations
were statistically significant (Table 3). For example,
the correlations between PDO and the measured vari-
ables TDR> 0, Tmin, TDmin≤10, and Tmax were statistically
significant, which indicates that these variables are
governed by climate oscillations of low frequency.
However, it is not possible to conclude from the data if
the observed tendencies represent an oscillation over
very long periods or if their behavior is monotonically
decreasing or increasing. The significance of many of
the correlations also indicates that the tendencies of
these different variables are associated with inter-
decadal changes in the Pacific and the Atlantic, as well
as with variations in patterns of the 700 hPa atmos-
pheric flow, changes in sea surface temperature, intru-
sions of extratropical fronts, and — at least in the south-
ern Baja California Peninsula — more frequent tropical
cyclones.

5.  CONCLUSIONS

Northwestern Mexico has high meteorological het-
erogeneity, as observed in spatial and seasonal vari-
ability of precipitation and maximum and minimum
temperatures. This variability makes it difficult to see a
general pattern of warming across the region. In the
Baja California Peninsula, we detected a trend towards
increased precipitation of similar magnitudes in the
southern and northwestern parts of the peninsula. We
also detected a decrease (increase) in days with tem-
peratures ≤10% (≥10%) of the historic minimum (max-
imum) in the southern part of the peninsula. In contrast
to the Baja California Peninsula, some regions of
Sonora have trends toward reduced minimum and
maximum temperatures, reduced annual rainfall, and
fewer days when the minimum temperature was ≤10%
of the historical minimum.
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