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inkages between global
patterns of climate
change and local societal

impacts are becoming ever better under-
stood. There remains, however, the need
for development and dissemination of
suitable tools for decision makers to ap-
ply to problems involving prediction and
planning (Glantz, 2003; Mearns, 2003).
While process based models are valuable
aids for decision makers at a range of
scales (Giorgio et al., 2001), local cli-
matic data is essential for model param-
eterization, model validation and as for
providing a robust empirical guide to ex-
pected patterns at an appropriate scale
(Katz et al., 2002). Unfortunately, the
available historical data for regional cli-
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CORRELATIONS BETWEEN PRECIPITATION
PATTERNS IN SOUTHERN MEXICO AND THE EL

NIÑO SEA SURFACE TEMPERATURE INDEX

JOHN DUNCAN GOLICHER, NEPTALÍ RAMÍREZ-MARCIAL
and SAMUEL ISRAEL LEVY TACHER

mate research is typified by extreme un-
evenness in both temporal and spatial
coverage. Even in the best instrumented
areas of the globe historical records can
be difficult to obtain and of insufficiently
high density to allow patterns to be easily
extracted (Kittel et al., 1997). This diffi-
culty becomes acute in provincial tropical
regions where the logistical difficulties
associated with maintaining accurate con-
tinuous records are greatest. Furthermore,
local expertise in meteorological data
analysis has historically been lacking in
the tropics (Adeel and Glantz, 2003).
Where local data is patchy there is a
need to robustly quantify empirical cli-
mate trends. Once this has been achieved
scenarios can be modelled using down-

scaling (Hewitson and Crane, 1996) and
stochastic simulation (Richardson, 1981;
Semenov and Barrow, 1997).

A large number of ap-
proaches have been developed for sepa-
rating underlying signals from noise asso-
ciated with either instrumentation faults
or human error. For example, Bell (1982)
suggested an optimal weighting proce-
dure. Hasselmann (1979, 1997) has devel-
oped and applied fingerprinting methods.
These techniques are not easily applied in
situations where a very large proportion
of the records are either missing or of
very poor quality. The missing or faulty
data problem for terrestrial rainfall
records has therefore often been ad-
dressed in a pragmatic manner. The data

SUMMARY

Historical data for regional climate research in the tropics is
typified by extreme unevenness in both temporal and spatial cov-
erage. Spatial interpolation techniques were applied in order to
fill the gaps in time series of rainfall records for the state of
Chiapas. The method involved iterated universal Kriging that
combines a spatial covariance function with a polynomial trend
surface. Automated outlier removal was used to prevent spurious
records distorting the results. The procedure was applied 612
times in order to produce complete monthly time series from
1950 to 2000. In order to trace temporal trends the time series
were decomposed into seasonal, trend and irregular components
and analyzed using loess smoothing (STL). The seasonal values

were removed, and the remainder smoothed to find the trend. An
identical procedure was applied to the El Niño3.4 index. The
trend component of each data set was analyzed for autocorrela-
tion and cross correlation. The autocorrelation function for the
standardized number of days with rainfall shows significant posi-
tive correlations between data points around three to four months
apart. There is significant negative cross correlation between the
standardized El Niño sea surface temperature index and rainfall.
The technique thus led to a clear description of a pattern that
might be used in order to partly predict precipitation driven
events such as floods and wildfire.
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can be cleaned by selective usage of only
the most complete records. Ad-hoc inter-
polation or corrections can be made.
These methods do allow signals to be de-
tected. However, there are a variety of
additional problems that they do not con-
front. Missing or erratic data is not sim-
ply imprecise and noisy. Biased and mis-
leading signals can be introduced due to
instrument or recorder lack of homogene-
ity combined with changes in regional
coverage (Hulme and New, 1997). It is
not always clear if the quantity and com-
pleteness of a climate station’s records
are positively correlated with their accu-
racy. Operational details that would help
clarify sources of systematic error can be
impossible or costly to obtain.

To solve some of these
problems methods have been devised that
permit individual data points to either
“borrow strength” or become censored by
the rest of the available information. Iter-
ated kriging has been suggested by
Sherwood (2001). The approach is el-
egant but computational intensive. A re-
lated but simpler method was used
herein, based on repeated universal block
kriging. The method was loosely based
on that used by Kittel et al. (1997). It
was chosen in order to fulfil three key
objectives. Firstly, to assess the extent to
which rainfall patterns in the Southern
Mexican state of Chiapas are linked to
the El Niño Southern Oscillation, using
as much of the available data as possible
without prejudging its quality. Secondly,
to produce detailed, yet easily communi-
cated breakdown of the available infor-
mation on temporal and spatial rainfall
trends in order that it may be better in-
corporated into both regional decision
making and agricultural and ecological
research. Thirdly, to produce robust time
series of monthly mean precipitations for
use as input for stochastic simulation
models that can be incorporated into agri-
cultural and ecological models being de-
veloped for the region.

Methods

The input for the statis-
tical model was compiled by the Instituto
Mexicano de Tecnologia del Agua
(IMTA) from data provided by the Co-
misión Nacional del Agua (CNA) through
the network of climatological stations
CLICOM and the Comisión Federal de
Electricidad (CFE). This recompiled data
was also checked against and augmented
by more recent data obtained directly
from the CNA. Contemporary develop-
ments are leading to improvements in the
quality of meteorological data for the
state. However the description of the

methods by which most of the data were
collected and compiled reveals many po-
tential causes of loss and errors. Values
were taken daily at 08:00am. Minimum
and maximum temperatures and rainfall
refer to the previous day. The data were
handwritten in notebooks which were
collected at sporadic intervals of weeks
or months and either sent by mail or col-
lected by authorized personnel. The note-
book data was then copied into sheets
with the format 212-50 in the case of the
CNA, the format CFF-VII-176 or some
other unspecified format in the case of
stations associated with irrigation districts
or agricultural associations. Four standard
measurements (maximum and minimum
temperature, precipitation, and pan evapo-
ration) were available on a daily basis
since 1950 for 15 to 212 climate stations
in the state. Temperature and evaporation
records appeared to be the most unreli-
able and this present study thus concen-
trated on rainfall records alone. Records
were available at a daily time scale for
221 stations distributed across the state.
However, most of the time series are er-
ratic and incomplete, meaning that for
any single day records are available for
between 31 and 188 stations.

Statistical analysis

Monthly mean rainfall
was calculated together with the number
of days with measurable (>1mm) precipi-
tation for each month between Jan 1950
and Dec 2000, inclusive, for all stations
with complete monthly records. The lo-
calities of the stations and completeness
of the records are summarized in Figure
1. Notice the concentration of stations in
the Soconusco region, close to the Guate-
malan border. Most stations have cover-
age for less than half the period of inter-

est. The two spatially referenced time se-
ries formed the input for our geostatisti-
cal models. In order to use spatial inter-
polation to produce complete time series,
a statistical analysis was required that al-
lowed repeated spatial interpolation of the
rainfall over the entire study area for
each month from 1950 to 2000. It was
also important that the method was as ro-
bust to the effect of outliers arising from
erroneous data recording as possible.

The first step of model-
ling thus involved fitting 612 spatial sur-
faces for each variable, while recording
the predicted value for a region of inter-
est for each model in order to produce a
complete time series. Fitting geostatisti-
cal models is a time consuming art that
is not easily turned into a fully auto-
mated repeated procedure (Cressie,
1993). No interpolation method is uni-
versally superior to any other. The qual-
ity of the interpolation depends on de-
tails of each data set rather than being
an inherent property of the method cho-
sen (Helsell, 1990). Two commonly used
techniques are thin plate spline
(Hutchinson, 1995) and kriging (Cressie,
1993). Thin plate spline (TPS) has two
advantages over kriging: i- It uses fewer
parameters. ii- Fit is evaluated through
generalized crossvalidation. TPS thus ap-
peared best suited to the task of re-
peated fitting of many surfaces
(Hutchinson, 1993). The results of TPS
were compared with those of kriging by
fitting surfaces with both methods using
the package “fields” (National Centre
for Atmospheric Research) implemented
in the statistical language and environ-
ment R (Ihaka and Gentleman, 1996).
Because meteorological stations in
Chiapas are rather tightly clustered into
local neighbourhoods, short range corre-
lation and inaccurately recorded station

Figure 1. Distribution of climate stations in the State of Chiapas. Radius of dots is proportional to the
number of complete monthly records. The frequency histogram shows the number of stations with
number of records between each range.
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positions were found to cause difficulties
in reliably fitting surfaces using TPS.
The automated crossvalidation procedure
resulted in oversmoothed surfaces that
did not show sufficient local pattern in
precipitation. These problems can be
partly resolved by the removal of data
points (Hutchinson, 1998). However, be-
cause the surfaces suggested by TPS
were very similar to fitting a second or-
der polynomial trend surface, it was de-
cided to use universal Kriging models
that combine the spatial covariance func-
tion with a polynomial trend surface.
These models were fitted through gener-
alized least squares using the package
“spatial” in R (Venables and Ripley,
2002).

As Katz et al. (2002)
points out, precipitation data are typi-
cally right skewed and heavy tailed. The
degree of skewness is somewhat reduced
when monthly means are taken, never-
theless the variance remains proportional
to the mean. A square root transform of
the mean monthly precipitation was
therefore carried out prior to kriging for
both data sets. Back transformation on
the predictive surfaces then led to the
spatial models.

Applying repeated uni-
versal kriging is complicated by the fact
that changes in empirical autocorrelation
are related to changes in spatial cover-
age. Some abrupt changes in spatial co-
variance were also attributable to errone-
ous data. After visual analysis of the
612 variograms for each model a single
covariance function was chosen over the
whole time frame for each model. This
introduced a potential source of error
that could be eliminated by fitting sepa-
rate models to each variogram. However,
the drift modeled by the polynomial
trend surface is fitted without reference
to the variogram. The trend surface
draws on all the data points and is po-
tentially a more robust global element of
a universal kriging model than the local
autocorrelation component. Thus, fitting
the best empirical covariance function
does not necessarily lead to improve-
ment in the model if some of the vari-
ability is noise derived from errors and
omissions. Sensitivity analysis showed
that the surfaces produced by universal
kriging were not greatly affected by
small changes in the spatial autocorrela-
tion function providing reasonable pa-
rameter values were used. A second or-
der polynomial trend surface was used
in combination with an exponential co-
variance function with a range of 0.2
decimal degrees for all models, although
it is stressed that this decision was taken
following analysis of all the variograms

for the residuals after trend surface fit-
ting. A small nugget effect (α= 0.2) was
also included in the kriging models in
order to enforce some local smoothing.
This potentially also removes sources of
error due to faulty data recording al-
though, as with the automated outlier re-
moval procedure, some genuine extreme
values may have been partially smoothed
over.

Inspection of the data
suggested that while some extreme outli-
ers could be attributed to genuine ex-
tremely local rainfall events, many were
recording errors. The fitted polynomial
trend surface provided a guide for finding
and eliminating these erroneous points
from the analysis. Prior to fitting a de-
finitive surface, a second order polyno-
mial trend surface was fitted to the
square root transformed data, three times.
After each fit, points with absolute stan-
dardized residuals >3 were removed from
the data set. These points were in the
main part attributable to stations with
values below the trend surfaces due to
the erroneous use of zeros for missing
data.

Change of support issues
arise when predictive surfaces are pro-
duced using block kriging. The models
must be seen as predictive of mean val-
ues at the appropriate scale. We used the
kriging model to predict values over a
grid of 300×300 cells in a region with
corners at -94.5ºW, 14.5ºN and -90.5ºW,
18.5ºN. The grid was reduced to the con-
vex hull of the data points and a polygo-
nal mask of the state superimposed. We
then produced regional time series by
taking the mean values for the surface
within polygonal regions around key cit-
ies in the state. The polygons were ir-
regular shapes of approximately 10km2

drawn on the fitted surfaces with refer-
ence to a digital elevation model. This
manual delineation of regions of interest
was considered preferable to using regular
shapes due to the very sharp topographical
divisions in the state. All calculations were
automated using the R language (an R
script for implementing the analysis is
available from the corresponding author).
The analyses produced a large number of
maps and time series that can be used as
inputs into further models.

In order to trace tempo-
ral trends the time series were decom-
posed into seasonal, trend and irregular
components, and analyzed using loess
smoothing (STL). In STL the seasonal
component is found by loess smoothing
the seasonal sub-series (eg., the series of
all January values). The seasonal values
are removed, and the remainder
smoothed to find the trend (Cleveland et

al., 1990). The overall level is removed
from the seasonal component and added
to the trend component. This process is
iterated a few times. Different sized
windows can be used for smoothing both
the seasonal and trend component. A
seasonal window of 12+1 (the value
must be odd) was used and the default
trend window, which is calculated as
nextodd (ceiling((1.5×period)/(1-(1.5/
s.window))). Although more sophisticated,
the technique has a rather similar effect
to taking one year moving averages over
seasonally adjusted data. The remainding
component is the residuals from the sea-
sonal plus trend fit. In order to compare
data sets, the series were first standard-
ized by dividing by the long term mean
and multiplying by 100. This leads to a
standard mean value of 100 and trends
measurable in percentage deviations from
this mean. The same standardization pro-
cedure and decompositions were carried
out on each of the time series and on the
Niño3.4 index of sea surface tempera-
tures in the mid Pacific ocean. The auto-
correlation (ACF) and cross correlation
(CCF) functions were then calculated us-
ing the time series with the seasonal
component removed and the white noise
component retained. The ACF effectively
automates the process of regressing the
time series against a set of lagged ver-
sions of the same time series and report-
ing each of the correlation coefficients.
The CCF is equivalent to regressing one
time series against lagged versions of a
second time series and reporting the sub-
sequent correlation coefficients.

To summarize, the steps
in the analysis were

1- Calculate mean daily rainfall for each
month from 1950 to 2000 for all stations
with over one year’s worth of records.

2- Calculate the number of days with ap-
preciable (>1mm) rainfall for each month
for each station with a complete monthly
record.

3- Fit polynomial trend surfaces to each
data set for each month and remove ex-
treme outliers.

4- Fit predictive surfaces to the data us-
ing universal kriging.

5- Calculate mean values for 10km2 poly-
gons at key positions in the state.

6- Breakdown the data into three compo-
nents seasonal using STL.

7- Analyze the trend component of each
data set (number of days with rain,
amount of rainfall and El Niño index)
looking at autocorrelation and cross cor-
relation between them.
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Results

Figure 2 illustrates the
results of the kriging technique that was
applied for each month. It shows the typi-
cal pattern for four months of a single
year with a comparatively full set of data
(110 stations with at least partial records).
The typical pattern is that the dry season
(Dec to Apr), is less marked in the humid
North and West of the state where 2000-
3500mm of rain falls annually. The sea-
sonal rains begin earlier and are more in-
tense on the Pacific coast as compared
with central regions. The driest region is
the central valley (600-1100masl) which
receives around 700-1100mm per year.
The highlands (1600-3000masl) have a
gradient of rainfall, being drier in the
South and East. The kriging surfaces allow
both the spatial and temporal component
of these patterns to be investigated in
some detail. Here only the temporal com-
ponent is evaluated.

The best supported time
series were obtained from the central re-
gion of the state. Thus, an STL decompo-
sition of the standardized mean monthly
rainfall for the area around the city of San
Cristóbal de Las Casas in the highlands of
Chiapas (2200masl) was used in order to
analyze the periodicity in the regional
rainfall. The pattern is shown in Figure 3.
The periodicity in the trend after seasonal-
ity has been removed is clear. There also
is a slight downward trend in rainfall since
the early 50s although this shows up more
clearly if a larger window is used for the
STL analysis. Time series produced in the
same manner for other regions of Chiapas
show similar overall trends, although only
incomplete time series were derived for
the North, Pacific coast and Lacandon re-
gions due to lack of support for points at
the margins of the region.

Figure 4 shows only the
trend component of the time series for
mean monthly rain and number of days of
rain per month for San Cristóbal in more
detail. For most of the series the two mea-
sures are very closely correlated, suggest-
ing that the average size of rainfall events
has remained rather constant. Thus, when
higher than average rainfall occurs, it is
attributable to more days with rain, rather
than simply to larger individual rainfall
events. It is pointed out that under this
particular analytical technique large single
events tend to be placed in the white noise
component of the seasonal breakdown.
While it would be interesting, as a sepa-
rate exercise to look at extreme events
alone, the argument is based on a more
robust general trend, rather than single di-
rect results of individual tropical depres-
sions. There is, however, an apparent link-

Figure 3. Decomposition of standardized mean monthly rainfall for the area around San Cristobal de
Las Casas, Chiapas, Mexico.

Figure 2. Typical annual pattern of monthly mean rainfall (mm per day) obtained using the kriging model.
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age between heavy single events and num-
bers of days of rainfall, probably through
convectional recycling of cyclonic precipi-
tation. The earliest data shows consider-
able discrepancies from this pattern. Data
from the 50s does however need to be in-
terpreted with a great deal of caution, as
these earlier records were inevitably less
reliable and very sparse. The fact that a
similar pattern, although less pronounced,
is present in time series derived for the
other regions may hint at either a genuine
anomaly in the rainfall pattern in the early
50s, a period in which the state was af-
fected by some major hurricanes, or sim-
ply be due to changes in the way data was
collected at that time.

Figure 5 shows the re-
sults of applying the same STL procedure
to the El Niño3.4 time series and superim-

ries. Note that in order to prevent spuri-
ously high correlation coefficients the
white noise component is added back to
the trend before carrying out this analysis.
The autocorrelation function for the stan-
dardized number of days with rainfall for
San Cristóbal (Figure 6) shows significant
positive correlations between data points
up to four months apart. There is a small
negative correlation between seasonally
corrected time series at a lag of exactly 12
months suggesting that wet years have a
slight tendency to be followed by dry
years and vice versa. The cross correlation
between the El Niño3.4 time series and
the standardized rainfall is significantly
negative for around 6 months on either
side (Figure 7). In other words, when sea
surface temperature has been higher than
usual, rainfall tends to be lower than usual

Figure 6. Autocorrelation function for the non seasonal component of the
standardized number of days each month with appreciable rainfall in San
Cristóbal, Chiapas, Mexico.

Figure 5. Comparison between trend in mean monthly rainfall in San
Cristóbal (solid line) and El Niño3.4 index (dashed line).

posing the seasonally
corrected trend com-
ponent on the corre-
sponding component
of the rainfall data. It
can be noticed that
there is a strong vi-
sual suggestion of a
negative correlation
between the two time
series, but that this
relationship is not
constant over the
whole series. This
can be formalized by
looking at the auto-
correlation and cross-
correlation functions
of the two time se-

during that year. Significant positive corre-
lations occur when the lag between the
two time series reaches 2 years. The peri-
odicity observed in the time series thus
show a clear sign that it may be coupled
with ENSO fluctuations in sea surface
temperature, although interestingly, the
two time series do not always appear well
synchronized. The lack of sychronization
is particularly noticeable in records prior
to 1980.

Discussion

A caveat must be men-
tioned regarding the analysis technique
adopted. Although spatial smoothing and
outlier removal was chosen in order to re-
duce bias due to observer error, the method
may also smooth over genuine anomalies.
Thus, if extreme single events such as
single storms or hurricanes are of interest
this technique is not optimal. However,
there are alternative reliable sources for
data on hurricane frequency and distribu-
tion available (Goldenberg et al., 2001).
The data source used in the present work
deserves further attention. Applying rigor-
ous non-automated quality control was too
costly and time consuming for this particu-
lar study. Further detailed investigation of
the quality of the data on a station by sta-
tion basis should be carried out in order to
extract reliable additional information from
this valuable data set.

The data analysis can be
interpreted as confirming the remote ef-
fects of El Niño Southern Oscillation
(ENSO) in this region of Mexico. The cor-

Figure 4. Trends in standardized mean rainfall (solid lines) and standard-
ized number of days with appreciable rainfall (dashed lines) for San
Cristóbal de Las Casas, Chiapas, Mexico.
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relations shown up by the analysis match
patterns previously reported for Mexico as
a whole (Magaña et al., 2003). Neverthe-
less, because local impacts of El Niño
have sometimes been found to vary quite
markedly from those expected over a
wider region (Trenberth and Caron, 2000)
this confirmation of a general pattern for
the state of Chiapas incorporating a larger
number of local data points than those
used in the study by Magaña et al. (2003)
is particularly useful.

The remote effects of the
ENSO cycle, referred to as teleconnec-
tions, are rather well understood both em-
pirically and through modeling studies.
Teleconnections are typically most pro-
nounced during the northern hemisphere
winter. During El Niño, the Aleutian low
pressure centre over the North Pacific
deepens, high pressure develops over west-
ern North America, and low pressure tends
to prevail over the southeastern US. The
pressure changes drive warmer air masses
from southern latitudes into the Pacific
Northwest and southern Canada, leading
to mild winters in the northern part of the
North American continent (Cole and
Cook, 1998). Low pressure in the south-
eastern US brings wetter, cooler conditions
to the states bordering the northern half of
the Gulf of Mexico and drier conditions to
the south. In the state of Chiapas the win-
ter months are typically very dry. Given
that the lower bound for monthly precipi-
tation is zero, any slight negative change
in precipitation during this period does not
show up clearly in any analysis. It is the
reduction in the previous year’s late season
rainfall and prolongation of the dry season

in the region. Typically, the warming El
Niño phase of the ENSO cycle is given
greatest attention by the media. These re-
sults suggest that the cyclical nature of
rainfall patterns should be considered as a
whole. El Niño years may be marked by
drought and an increase in forest fires in
the region, but the effects of la Niña can
be equally important. Flooding associated
with the cool period of the ENSO cycle
can have several adverse effects including
the disruption of farming, especially along
river banks, the contamination of drinking
water and the destruction of roads, bridges
and other infrastructure. Although damag-
ing in most areas, increased precipitation
and extremely intense rainfall events also
brings some benefits in the form of in-
creased aquifer recharge. The most dra-
matic recent example of a rapid change
from dry to wet conditions occurred in
1998 (Trenberth, 1999). The year began
with an extended drought associated with
the end of an El Niño warm phase. In
May 1998, sea surface temperatures fell
8ºC in 30 days. By July, easterly trade
winds had become well established and an
area of cold water, 2ºC below normal, de-
veloped in the central Pacific. In Chiapas
severe flooding followed as the cycle
swung from a warm to cool phase.

Whether the results show
any long term trend associated with global
warming is less clear. Generalizations over
a longer time frame would tend to be
dominated by a few extreme years and
thus could be sensitive to selective report-
ing (Webster et al., 2005). We make no at-
tempt to add to speculation on this. We
feel that global data sets are required for

investigating the effects of global pro-
cesses.

We also suggest that de-
cision makers recognize that while the
correlation between the ENSO and rainfall
is significant and detectable it is not par-
ticularly strong. The predictive value of
the relationship is statistical and it is not
expected to form the basis of accurate
prognosis for any given year. Thus, it is
important that decision makers accept that
unpredictable variability is an intrinsic
characteristic of the rainfall pattern in
Chiapas and ensure that adequate prepara-
tions are made.

Conclusion

The method used allowed
a clear cyclical pattern to be extracted from
the data. This pattern is correlated with
changes in mid Pacific sea surface tempera-
tures. The extent to which these associa-
tions are causal has been investigated else-
where. The results confirm and reinforce
other modelling and empirical studies.
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RESUMEN

Los datos históricos disponibles para la investigación de
cambios climatológicos en los trópicos son típicamente escasos
y mal distribuidos en espacio y tiempo. En este estudio fueron
aplicados métodos de interpolación espacial para llenar la au-
sencia de datos de precipitación en el estado de Chiapas. Se
eligió el método de Kriging universal iterado, combinando una
función para la covarianza espacial con una superficie de ten-
dencia polinomial. Para evitar que puntos extremos de calidad
dudosa influyeran en el análisis fueron eliminados en forma au-
tomatizada. Se replicó el procedimiento 612 veces para produ-
cir series de tiempo completas desde 1950 hasta 2000. Para de-
tectar tendencias temporales se descompusieron los datos en
tres componentes, estacional, tendencia y ruido, usando el mé-

todo de curvas suavizadas localmente ponderadas (loess
smoothing, STL). El componente estacional fue removido y los
restantes ajustados para encontrar una tendencia. Un procedi-
miento idéntico fue aplicado al índice Niño3.4 de temperatura
de la superficie marina. El componente de tendencia de cada
arreglo de datos fue analizado para identificar auto correlación
y correlación cruzada. La función de auto correlación para el
número de días con lluvia mostró correlación significativa entre
puntos con separación entre tres y cuatro meses. Se encontró
una correlación negativa significativa entre el índice de la tem-
peratura de la superficie marina y la lluvia. La técnica condujo
a una clara descripción de un patrón que podría emplearse
para predecir parcialmente eventos relacionados con la precipi-
tación como inundaciones e incendios.

CORRELAÇÃO ENTRE OS DADOS DE PRECIPITAÇÃO NO SUL DE MÉXICO E O ÍNDICE DE TEMPERATURA NA
SUPERFÍCIE MARINHA DURANTE O FENÔMENO “EL NIÑO”
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RESUMO

Os dados históricos disponíveis para a investigação de
mudanças climatológicas nos trópicos são típicamente escassos e
mal distribuidos no espaço e tempo. Neste estudo foram aplica-
dos métodos de interpolação espacial para preencher a ausência
de dados de precipitação no estado de Chiapas. Elegeu-se o mé-
todo de Kriging universal iterado, combinando uma função para
a covariança espacial com uma superfície de tendência polino-
mial. Para evitar que pontos extremos de qualidade duvidosa
influisem na análise, foram eliminados em forma automatizada.
Se repetiu o procedimento 612 vezes para produzir séries de
tempo completas desde 1950 até 2000. Para detectar tendências
temporais se descompusseram dos dados em três componentes,
estacional, tendência e ruido, usando o método de curvas suavi-

zadas localmente ponderadas (loess smoothing, STL). O compo-
nente estacional foi removido e os restantes ajustados para en-
contrar uma tendência. Um procedimento idêntico foi aplicado
ao índice Niño 3.4 de temperatura da superficie marinha. O com-
ponente de tendência de cada arranjo de dados foi analisado
para identificar auto-correlação e correlação cruzada. A função
de auto-correlação para o número de dias com chuva mostrou
correlação significativa entre pontos com separação entre três e
quatro meses. Encontrou-se uma correlação negativa significativa
entre o índice da temperatura da superficie marinha e a chuva. A
técnica conduziu a uma clara descrição de um padrão que
poderia empregar-se para predizer parcialmente eventos relacio-
nados com a precipitação como inundaçðes e incêndios.
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