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RESUMEN

Se realiza un análisis climatológico de los datos meteorológicos históricos de Isla María Madre (de 1922 a 1989) 
para evidenciar las condiciones que tienen impacto en el territorio continental de México, y se comparan 
con datos de reanálisis regional (RR) en la misma zona. Los resultados indican que la temperatura del aire, 
presión atmosférica, humedad relativa y precipitación, en ambos tipos de datos, responden a la señal anual. 
Los datos de RR e in situ muestran diferencias en cuanto a comportamiento climático, principalmente en 
las fases de temperatura del aire y humedad relativa. Estas diferencias pueden deberse a la forma en que se 
obtienen y suavizan los datos de RR.

ABSTRACT

We prepared a synthesis of historical weather conditions for Isla María Madre (1922-1989) to reflect condi-
tions that impact the mainland of México. Observations were compared with regional reanalysis (RR) data 
in the same area. The results indicate that air temperature, atmospheric pressure, relative humidity, and 
precipitation in both sources of data display the annual signal. Observations and RR data show differences 
in climate analysis, mainly in the phase of air temperature and relative humidity. These differences can be 
explained by the smoothness and the methods used to estimate the RR data.

Keywords: Climatology, Islas Marías, ENSO.
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Fig. 1. a) Location of the Islas Marías archipelago; b) bathymetry of the study area and topography of the 
islands (depth and height in meters).
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1. Introduction
Meteorological research in the Eastern Pacific Ocean has been carried out at synoptic and global 
scales. In Mexico, investigations of this kind are relatively new and difficult to perform, mainly 
because there is scarce long-term, meteorological data displaying oceanic influences. A few studies 
have been carried out in the Gulf of California (Leal-Lupercio, 1996), portions of the western coastal 
plain of Jalisco and Colima (Filonov and Tereshchenko, 2000), and in the Gulf of Tehuantepec 
(Martínez, 2005). One area that had yet to be studied is the region in the latitudes of Nayarit, which 
is important for its atmospheric and ocean dynamics, since its coast is strategic in several annual 
and interannual oceanographic and atmospheric signals that converge in this region. Data provide 
an opportunity to study phenomena that affect a large portion of Mexico and the North American 
coasts and understanding the oceanographic and atmospheric conditions that determine the climate 
in the coast of Nayarit. We analyzed long-term observations of meteorological variables at Isla 
María Madre, Nayarit, Mexico, the largest of the four small islands in the archipelago of Islas 
Marías (~21.5º N, ~106.5º W).

Islas Marías (Fig. 1) are of meteorological and oceanographic interest because they are relatively 
close to the coast of Nayarit to the east and at the edge of the continental shelf to the west. This 
latitude matches the point where the mainland coast abruptly changes its orientation. The islands 
are 130 km west of San Blas, Nayarit. The four islands of the archipelago are, from south to north, 
María Cleofas, María Magdalena, María Madre and San Juanito. The archipelago was protected by 
the Mexican government in 2000. Isla María Madre has served as federal prison since 1905. The 
other islands are unoccupied. The climate of the islands is dry and very warm with a markedly warm 
season precipitation regime. Mean annual temperature is 24.9 ºC with an oscillation of 7.6 ºC. The 
hottest month is July, while the coldest months are January and February. Mean annual precipitation 
is 564.2 mm. Northwest winds predominate in winter, while west and southwest winds predominate 
in summer. The arrival of hurricanes and tropical storms is common from September to October. 
CONANP (2007) provides more detailed information of the characteristics of the islands.
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Fig. 2. Series of long-term means of rainfall derived 
from historical monthly records at the Isla María 
Madre station and from daily records at Mexcaltitán 
(21.900º N, 105.483º W) and San Blas (21.533º N, 
105.283º W). Values in the Y-axis are relative to the 
respective annual precipitation shown inside the plot 
series. In the large map, filled contour elevations 
are displayed every 500 m and between 5 and 500 
m additional contour lines are shown: 5 m (black); 
10 m (dark grey), 50 m (middle grey), and 200 m 
(light grey).
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2. Methodology
2.1 Data
Data provided by the Servicio Meteorológico Nacional (SMN) consist of historical monthly records 
from January 1922 through February 1989, with gaps in some years from the Isla María Madre weather 
station. Data were digitized from photocopies of the original document and are the most complete 
and oldest dataset available without continental influence. Some daily data from the island station 
are included in the Climate Computing Project (CLICOM) database (WMO, 2012) in the period 
1968-1978, with gaps for the entire months of March through May 1970, November and December 
1970, and May 1973, and within January 1973 through December 1977. Unlike these daily data, 
historical monthly data from Isla María Madre station used in this study are not available in any other 
way. This contribution represents an opportunity to make this data available to researchers. Currently 
this station is not functioning. The variables used in this study are mean monthly records for air 
temperature, relative humidity, atmospheric pressure, wind speed, and wind direction. Additionally, 
we used records of monthly total precipitation from the weather station on the island and daily records 
from two mainland coastal stations (Mexcaltitán: 21.900º N, 105.483º W; and San Blas: 21.533º N, 
105.283º W [Fig. 2]). The mainland data were extracted from the ERIC database (Quintas, 2000) and 
updated until 2007. Mexcaltitán records span 37 years and San Blas records span 56 years.

2.2 Data processing
Data processing and quality control were performed to remove unreliable values, such as values 
arising from data input errors not corresponding to the climate of the area. Fortunately, some 
mainland stations have extreme data, but these can be reconciled because the station coverage allows 
comparisons with nearby stations. Extreme values produced by hurricanes and mesoscale systems 
are clearly identified at several stations. Input errors can be identified easily when the anomalous 
rainfall value is reported at only one station and does not correspond to a natural event. A list of 
tropical cyclones is available at: http://weather.unisys.com/hurricane/index.php to accomplish this 
purpose. In the case of mainland rainfall at Mexcaltitán and San Blas, the monthly totals were 
based on daily values. Monthly totals were considered when the month was complete (100% of 
available daily records). Otherwise, the month was considered a gap.
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Table I. Amplitudes, phases, and explained variance of air 
temperature, atmospheric pressure, and relative humidity 
from historical data.

Temperature Pressure Humidity

A0 24.93 ºC 1011.4 hPa 77.32%
A1 3.84 ºC 1.7 hPa 4.57%
A2 0.33 ºC 0.6 hPa 1.77%
A3 0.27 ºC 0.4 hPa 0.13%
A4 0.15 ºC 0.2 hPa 0.46%
ϕ1 7.8 (months) 1.6 10.0
ϕ2 5.0 (months) 1.0 1.9
ϕ3 2.5 (months) 3.6 3.3
ϕ4 1.4 (months) 1.5 0.47
EV 88.7 % 62.2 % 35.80 %

Note: A0 is the average of the whole series; A1 and ϕ1 are the 
amplitude and phase of the annual harmonic, respectively; 
A2 and ϕ2 are the amplitude and phase of the semi-annual 
harmonic; A3 and ϕ3 are the amplitude and phase of four-
month harmonic; A4 and ϕ4 are the amplitude and phase 
of the three-month harmonic; and EV is the variance 
explained by the harmonics.

2.2.1 Temperature, atmospheric pressure and relative humidity
For temperature, atmospheric pressure, and humidity time series, one or two months of missing 
data were linearly interpolated. This provided a period of analysis from January 1959 through 
September 1973. A harmonic analysis, using least squares, was applied (Ripa, 2002), obtaining 
amplitudes and phases for each time series from annual periods to quarterly periods. Percentages 
of explained variance in the time series were 88.6, 67, and 26.2% for temperature, pressure, and 
relative humidity, respectively.

By using these harmonics, gaps were interpolated, extending the period of analysis from January 
1922 through February 1989. A new harmonic analysis was applied to the new extended time 
series (second harmonic analysis), yielding a slight improvement in the percentage of explained 
variance: 88.7 and 35.6% for temperature and relative humidity, respectively, and a slight reduction 
of 62.0% for pressure (Table I; Fig. 3). Based on the second harmonic analysis, “modeled time 
series” were generated to fill the gaps in the original time series. From the extended time series, 
modeled series were subtracted to analyze inter-annual variability.

2.2.2 Rainfall
Mean monthly precipitation values were estimated as the long-term average per year for the 
corresponding month. To compare monthly precipitation distribution at each station, series of 
proportions of annual rainfall (see polygons for each station in Fig. 2) were estimated. The sum 
of proportions at each station is equal to 100%, corresponding to the cumulative annual total.
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Fig. 3. Original (thick lines) and modeled (thin lines) mean monthly 
series of: a) air temperature; b) atmospheric pressure; c) relative 
humidity; and d) rainfall.
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2.2.3 Wind
Wind direction was analyzed qualitatively because there is insufficient data. From the monthly 
data (Table II), the amount of data for each month and wind direction, as well as average speed for 
a canonical year (with standard deviation), were analyzed. Velocity components used to estimate 
wind persistence (PER) (Schwerdtfeger, 1959), which is an analysis of mean velocity and mean 
speed, varies from 0 to 1. Values near zero indicate large variability in wind direction, values close 
to 1 indicate mostly unidirectional winds (U: east-west wind; V: north-south wind; n: number of 
measurements).

2.2.4 North American Regional Reanalysis Data
Observations of meteorological variables were compared to the North American Regional Reanalysis 
data (hereafter RR), which is a long-term homogeneous mesoscale analysis, performed from an 
updated model and data assimilation system (Mesinger et al., 2006). Its domain covers North 
America and adjacent oceans. RR data are commonly used by numerical modelers because it has 
proved reliable for capturing the most important features of regional climate in North America. 
The total atmospheric data covers 45 levels with a resolution of 32 × 32 km. For our study, we 
uploaded monthly mean surface air temperature, relative humidity, atmospheric pressure, and 
zonal and meridional components of surface wind for one location (21º38’ N, 106º32’ W). The 
information is available at the website: http://nomads.ncdc.noaa.gov/.

These data were subjected to harmonic analysis. The anomalies were acquired in the same 
way as the data from the Isla María Madre station. The anomalies were filtered with a five-month 
moving average to estimate deviations for periods longer than three months. The time period of 
these data covers 1980 through 2008. Notice that this period does not correspond to the available 
meteorological information from the weather station.
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Table II. Wind direction frequencies per month (columns 2-9), mean speed (SPD, column 10), speed 
standard deviation (SDSPD, 11), and persistence (PER, 12).

Month E NE N NW W SW S SE SPD
(m/s)

SDSPD 
(m/s)

PER

1 2 3 4 5 6 7 8 9 10 11 12
Jan 0 5 3 16 1 2 1 0 1.71 1.25 0.74
Feb 0 2 5 19 0 1 1 0 2.13 2.01 0.86
Mar 0 4 3 19 2 0 0 0 2.31 2.41 0.87
Apr 0 8 3 14 4 1 0 0 2.32 2.64 0.78
May 1 11 2 14 2 0 1 1 2.12 2.47 0.70
Jun 1 6 1 12 3 2 1 2 2.02 2.07 0.52
Jul 1 6 1 13 3 2 1 2 1.46 0.78 0.52
Aug 0 6 1 12 7 4 1 0 1.61 0.94 0.59
Sep 0 4 1 12 5 3 2 3 1.54 1.19 0.65
Oct 0 5 1 12 6 5 0 0 1.62 1.56 0.58
Nov 0 1 4 18 1 5 0 0 2.04 3.22 0.72
Dec 0 4 4 15 2 5 0 0 1.50 1.08 0.64
Total 3 62 29 176 36 30 8 8 1.87 1.80 0.65

Calm: 35 events.

3. Results
3.1 Harmonic analysis and anomalies from observations
Table I shows the amplitudes and phases of the four harmonics that we used and also provides the 
percentage of explained variance. In Table I, a description and analysis of the modeled time series, 
observed time series, and anomalies of temperature, pressure, and relative humidity are shown. 
Figure 3 displays the closeness between the modeled and the original time series. The similarity 
between the series fitted well. The differences between time series are based on deviations (original 
minus the modeled time series, Fig. 4).

3.1.1 Temperature, pressure and relative humidity
Figure 3a shows the high correspondence between observed (thick line) and modeled (thin line) 
temperature time series; the explained variance was 88.7%. The maximum was reached in late 
September (approaching 29 ºC) and the minimum in mid-February (21 ºC).

Filtered temperature anomalies (Fig. 4a) had negative values, not exceeding –2 ºC from 1925 
through 1930. A warm decade was registered from 1935 through 1945, with positive anomalies 
of +2.5 ºC in 1939, 1940, and 1941. From 1955 through 1975, positive and negative anomalies 
occurred: +2.5 ºC (1959); –1.5 ºC (1961); and –2.2 ºC (1965). The largest anomalies were: +3 ºC 
(1984) and +3.5 ºC (1987).

In Figure 3b, the atmospheric pressure (thin line) peaks in mid-January (1013 hPa) and drops 
in mid-September (1009 hPa). Original observations are shown by a thick line. Once the seasonal 
pattern was removed from the observations, we obtained the atmospheric pressure anomalies 
(Fig. 4b). The largest anomalies occurred in 1921-1922 (+3 hPa), 1935 through 1938 (+3 hPa), 
and 1945 (–2 hPa). In the series of anomalies, there were several minor periods of ± 2 hPa.
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Fig. 4. Anomalies (5-month moving average): a) air temperature; 
b) atmospheric pressure; and c) relative humidity.
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Figure 3c displays the record (thick line) and interpolated time series by harmonic analysis (thin 
line) of relative humidity. From the modeled series, the maximum was 81% in mid-September; the 
minimum was 70% in mid-May. Positive anomalies (Fig. 4c) ranged from +10% (1922, 1931, and 
1944) to +15% (1972); negative anomalies were 10% (1967, 1987) and 12% (1988).

3.1.2 Rainfall
Figure 3d shows the records of observed data (thick line). Anomalous rainfall (>400 mm) occurred 
in the summers of 1927, 1944, and 1973. Rainfall peaks in September with a maximum of ~151 
mm and annual totals of 550 mm. A regional analysis of precipitation (see Fig. 2) showed clear 
differences between the records from Isla María Madre, with oceanic influence, and stations 
located near the mainland coast, with reduced oceanic influence. Rain occurred at Isla María Madre 
in March, but stations near the coast usually reported March as a dry month. Another notable 
difference was the September peak in precipitation at Isla María Madre and the August peak at 
stations near the coast (Fig. 2). September rainfall peaks occur in the southern part of the Baja 
California Peninsula and southward of Nayarit (see Brito-Castillo et al., 2010), which is related to 
tropical cyclones that reach their northernmost position in September (Díaz et al., 2008). Cyclonic 
tracks also influence the September peak at Isla María Madre, but not the mainland coast at the 
same latitudes, where the August peak is an anomalous pattern in the regular progression from 
south to north, and of the peak summer rainfall from east to west that is influenced by the complex 
thermodynamic interaction between orography of the Sierra Madre Occidental and the regional 
monsoon circulation (Brito-Castillo et al., 2010).

The onset of the rainy season in June occurred at the three stations, in contrast to the very dry 
conditions in May. The shift in moisture conditions on the continent is caused by the North America 
Monsoon (NAM) circulation (Douglas et al., 1993). The NAM circulation is associated with 
thermal contrasts between the continent and adjacent eastern Pacific Ocean (Higgins et al., 2003; 
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Giovannettone and Barros, 2008; Turrent and Cavazos, 2009). Initially, greater rainfall occurs 
in southern México in May, as the Intertropical Convergence Zone (ITCZ) assumes a northerly 
position during the Northern Hemisphere summer. This position, combined with modulation by 
the low level jet of the Caribbean (Mo et al., 2005), the easterly waves from the Caribbean, and the 
lower branch of easterly flow from over the Gulf of Mexico, has a direct influence on the mountain 
ranges in southern Mexico (Giovannettone and Barros, 2008). This initiates precipitation over the 
southern slopes and propagates northward as the convective activity and easterlies strengthened in 
May-June. The combination of moist air from the eastern Pacific Ocean and warm land surfaces 
causes convective instability, producing frequent summer precipitation over the continent (Grantz et 
al., 2007 after Adams and Comrie, 1997; Barlow et al., 1998). As moisture is transported from the 
southeast in May, its influence is barely detectable at the San Blas station. Unlike stations located 
farther north and at Isla María Madre, May is usually a dry month.

3.1.3 Wind
Table II shows the prevailing wind by month, mostly from the northwest, but with greater variability 
during the summer. A significant change from a southeasterly component, which is typical of 
monsoon circulation, is not observed in the data, a situation that is attributed to local-scale conditions 
at the station. In some instances, the low-level flow is forced to split and move around the island 
on the windward side by high mountain barriers (i.e., above the height of the trade-wind inversion 
or >2 km height), as described by Yang et al. (2008). This is not the case at Isla María Madre 
where peak mountain barriers are below 800 m (see Fig. 1), well below the trade-wind inversion.

Persistence (PER) from the complete set of wind data was calculated as 0.65, with northwestern 
dominance from the beginning of the year (winter), higher wind speed, and February and March 
having the most persistent pattern (PER = 0.86 and 0.87, respectively). In late March, north 
and northeast wind flows increased. In spring, northeast wind increased and April and May had 
the most persistent northeast winds. The lowest persistence of northwest wind occurred in June 
(PER = 0.52), August (PER = 0.59), September (PER = 0.65), and October (PER = 0.58), and 
this included reduced intensity. Particularly from June through August, northeast winds increase 
as do west and southwest winds, as indicated by persistence during July (PER = 0.52), where 
the wind was highly variable in direction, with the northwest wind dominant and with the lowest 
intensity (~1.46 m/s). Northwest winds dominated in September (PER = 0.65) and decreased in 
October (PER = 0.58) with a notable component from the northeast, west, and southwest. In the 
last three months, northwest winds dominated.

3.2 Harmonic analysis and reanalysis of data anomalies
Harmonic RR data is shown in Figure 5 for surface air temperature, atmospheric pressure, and 
relative humidity. Table III contains the results of amplitudes, phases, and explained variance of 
these variables. Figure 5a shows that maximum temperature (28.1 ºC) occurred in mid-August and 
minimum temperature (21.7 ºC) occurred in mid-March. The important anomalies (Fig. 6a) occurred 
in the winters of 1979 (+1.5 ºC), 1983 (+1.0 ºC), 1985 (–1.2 ºC), 1988 and 1989 (–2.0 ºC), 1997 
(+1.2 ºC), 2003 (+1.4 ºC), and 2008 (+1.3º C) corresponding mainly to El Niño and La Niña events; 
other temperature anomalies were of short duration or did not exceed 1 ºC.
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Fig. 5. Reanalysis data series (black lines) and harmonic modeled series 
(grey lines): a) sea level air temperature; b) atmospheric pressure; and c) 
relative humidity.

a)

b)

c)

Barometric pressure had a clear annual 1016.0 hPa maximum in January and a 1012.8 hPa 
minimum in April (Fig. 5b). There was a negative correlation of –0.5 between the time series 
of pressure anomalies and temperature anomalies. The most significant temperature anomalies 
coincided with those of pressure in 1983 (–1.7 hPa), 1985 (0.8 hPa), 1989 (1.4 hPa), and 1997 
(–1.8 hPa) (Fig. 6b).

Seasonal changes in relative humidity are shown in Figure 5c. The maximum (87.7%) occurred 
in late April and the minimum (78.5%) occurred in early July. Recall that records at Isla María 
Madre indicated the opposite pattern: maximum in September and minimum in May. Prominent 
interannual anomalies of relative humidity occurred in 1981 and 1989 (+5%), and 1992 and 1997 
(–5%). These were mostly tied to El Niño episodes in 1992 and 1997 and a La Niña episode in 
1989 (Fig. 6c).

Unlike data of wind velocity at Isla María Madre, the RR showed a clear seasonal signal, with 
more important meridional (positive-negative, north-south, respectively) component V than the 
latitudinal component U (positive-negative, east-west, respectively). The V component reached a 
maximum 3.9 m/s in January and a minimum –0.4 m/s in mid-September, while the U component 
had bimodal peaks of –0.8 m/s and –1.1 m/s in July and October, respectively, and a minimum of 
–2.5 m/s in late April (Fig. 7). Anomalies of the wind time series from RR were best represented 
by the V component (the latitudinal or zonal component U was small). Anomalies in 1996 (–1.4 
m/s) and 2003 (1.3 m/s) were most noticeable (Fig. 6d–e).



364 E. Palacios Hernández et al.

Table III. Amplitudes (Ai), phases (ϕi), and explained variance (EV) of air temperature, atmospheric 
pressure, and relative humidity from reanalysis data.

Temperature Pressure Humidity U V

A0 24.88 ºC 1014.1 hPa 82.69% –1.53 m/s 1.51 m/s
A1 3.34 ºC 1.2 hPa 3.30% 0.58 m/s 2.45 m/s
A2 0.05 ºC 0.8 hPa 2.10% 0.46 m/s 0.24 m/s
A3 0.24 ºC 0.3 hPa 0.59% 0.15 m/s 0.37 m/s
A4 0.16 ºC 0.1 hPa 0.10% 0.05 m/s 0.17 m/s
ϕ1 (months) 8.5 0.8 3.9 10.0 1.4
ϕ2 (months) 3.7 1.1 4.9 1.5 0.6
ϕ3 (months) 2.6 3.6 1.9 3.9 3.5
ϕ4 (months) 1.4 1.3 2.3 0.5 1.7
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Fig. 6. Reanalysis five-month moving-average anomalies series: 
a) sea level air temperature; b) atmospheric pressure; c) relative 
humidity; d) U (zonal wind); and e) V (meridional wind).

4. Discussion
Harmonic analysis of historical meteorological time series of the Mexican meteorology service 
at Isla María Madre for 1922 through 1989 and similar analysis of the RR time series for 1978 
through 2008 were performed.

4.1 Data from Isla María Madre
4.1.1 Temperature
Analysis reveals a seasonal pattern; the amplitude of annual harmonic was 11 times greater than 
the amplitude of the semi-annual harmonic. Maximum air temperature (28.4 ºC) occurs in July 
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Fig. 7. Reanalysis data series (solid lines) and harmonic modeled series (solid 
lines with white dots): a) U (zonal wind); b) V (meridional wind); and c) wind 
feather diagram.
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and minimum (20.7 ºC) in February. According to Amador et al. (2006), maximum solar radiation 
over the study area occurs in June, July, and August, with July concurrent with the peak month 
of maximum air temperature. This also increases sea surface temperatures and evaporation. With 
eastward wind flow, the higher humidity leads to increasing development of convective cells and 
higher precipitation, which is added to the monsoonal circulation moving from the south (Amador 
et al., 2006, Brito-Castillo et al., 2010). Minimum air temperature did not coincide with minimum 
solar radiation, which occurred in January (Amador et al., 2006); but it coincided a month later 
with minimum sea surface temperature (February-March) (Palacios-Hernández et al., 2010). This 
suggests that minimum air temperatures were strongly influenced by sea surface temperature.

4.1.2 Atmospheric pressure and relative humidity
Atmospheric pressure exhibits annual and semi-annual behavior (amplitudes of 1.0 and 0.7 hPa, 
respectively). Maxima occurred in January (1013.1 hPa) and minima in September (1009.1 hPa) 
(Da Silva et al., 1994). The ITCZ moves south during the northern hemisphere winter (Amador 
et al., 2006), which supports higher pressures in January and February and relatively dry and cold 
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weather surrounding the Islas Marías (see Fig. 5.2). The ITCZ moves north during summer, bringing 
moisture from the south, and the winds shift from a generally westerly direction in winter to southerly 
flow in summer in response to land-ocean thermal contrasts. As the landmass warms in summer, the 
land-ocean temperature gradient increases the movement of winds from the relatively cooler ocean 
to the mainland (Grantz et al., 2007). The combination of moist air and warm land surface causes 
convective instability, producing frequent summer precipitations. The offshore area of the Pacific 
reaches its maximum sea surface temperature in September and more water vapor and heat energy 
in the atmosphere, leading to low density air masses (Amador et al., 2006). Higher evaporation from 
warm oceans, as well as moisture transported from tropical cyclones in the eastern Pacific Ocean, 
contributes to increased rainfall in September, as recorded at Isla María Madre (Mo et al., 2005). The 
high rainfall observed during September (Fig. 2) reflects tropical cyclones.

Relative humidity is more difficult to interpret because only 35.8% of the variance was explained, 
and interannual variability was higher than other parameters. May was the driest month and 
September had the highest humidity. From March to May, atmospheric pressure gradients to the 
south were relatively weak and atmospheric pressure at sea level remained almost constant; this 
prevents moisture entering the study area from the south. May was the transition from dry season 
to wet summer conditions. In June, the ITCZ moved northward, forcing the start of rainstorms. 
By September, tropical cyclones usually reach their highest latitudinal position, which increases 
precipitation over the study area. Rising sea temperatures in September add water vapor, which 
increases relative humidity to peak levels in this month.

4.1.3 Rainfall
Tropical cyclones (TC) and mesoscale convective systems (MCS) are important sources of rainfall 
in the eastern Pacific Ocean and western Mexico. Several TC trajectories move north, passing over 
Isla María Madre and enter the Gulf of California. Farfán (2011) states that, from 1970 through 
2009, the Baja California Peninsula was the most affected area from TC, with 97% probability 
of at least one TC each season and 46% probability of having at least one TC moving inland. 
Díaz et al. (2008) found that a maximum of 67% contribution to annual rainfall total comes 
from TC over the Los Cabos area, with the highest number of landfalls in Mexico in September 
(Jáuregui, 2003; Díaz et al., 2008; Farfán, 2011).

Given the fact that peak rainfall at the Isla María Madre station occurred in September 
(Fig. 2), we conclude that a large contribution to this maximum comes from TC. Unlike the 
Isla María station, on the coastal plain of the mainland the rainfall peak occurs in August. 
Time lag of rainfall maxima between Isla María Madre and the coastal plain at the same 
latitude is indicative of the differential influence caused by TC and MCS over both areas. 
Using microwave data from the Special Sensor Microwave Imager, Negri et al. (1994) report 
that, between July and September, pronounced morning maxima occur off the west coast of 
Mexico from Mazatlán to Puerto Vallarta (20-25º N along 106º W), which were included in 
the study area. The causes of these maxima are attributed to increased convergence caused by 
the coastline shape (Negri et al., 1994), indicating that the concave coast and topography are 
important factors in enhancing convection and precipitation that prevail in the afternoons over 
Nayarit, which diminishes the dominant role of TC contributions and shifts the rainfall peak 
to August on the coastal plain. Brito-Castillo et al. (2010) suggest that the August maximum 
is an anomaly, in contrast to maximum precipitation that normally occurs in July in southern 



367Long-term data at Islas Marías

and northern Nayarit. This argument is supported by the regular progression of rain that 
normally begins in May in the southeast and slowly spreads to the north-northeast with the 
monsoon circulation. Hence, the August peak in Nayarit was one exception to this progression 
and could be indicative of an internally generated mode of variability within the monsoon 
region (Brito-Castillo et al., 2010). Peak rainfall in August on the coastal plain suggests the 
introduction of additional moisture inshore at latitudes of Nayarit. The moisture comes from 
the warm offshore water, induced by higher evaporation and convection that lead to mesoscale 
convective systems (Farfán and Zhender, 1994), which produce heavy rains (>60 mm/24 h) 
between July and September, with the highest rainfall in August (Brito-Castillo et al., 2010).

Unlike the coastal plain, the influence of the sea in combination with high temperature, low 
atmospheric pressure, and high relative humidity at the island station generates a rainfall peak in 
September. Also in September, rainfall to the north has already begun to decline, while tropical 
cyclones reach their maximum penetration at these latitudes and lead to maximum precipitation 
in the southern part of the Baja California Peninsula.

4.2 Contrasting long-term meteorological observations with reanalysis data
In many numerical models, RR data are used because they predict with certainty the climatic 
conditions of North America (Mo et al., 2005). For instance, the development of the monsoon 
described by the antecedent to RR, the NCEP-NCAR reanalysis data, was consistent with 
observations (Higgins et al., 1997).

However, one of the important drawbacks of RR data is its spatial resolution (32 km and 45 
atmospheric levels) that limit detailed studies of a region and, therefore, cannot substitute in situ 
observations. For example, precipitation values from RR data were slightly lower than records 
in southeastern Mexico and the average wind speed in northern Mexico was higher (Mo et al., 
2005). Comparing data from RR and from Isla María Madre by calculating an index of correlation 
cannot be done because the time series do not coincide. Observations from the island station in 
the 1980s consisted of limited data; after the 1980s, data are not available (Fig. 3). RR data are 
from 1980 through 2008 (Fig. 5). However, it is possible to compare long-term mean values, that 
is, climate, of these data.

Table IV compares climatic values from harmonic analysis of temperature of both time series, 
indicating that temperature was lower in RR by 0.3 ºC (maximum) and higher by 1.0 ºC (minimum) 
with a lag of one month. The lag is relevant because the discrepancy may be derived from how RR 
data are obtained, using established and emerging technologies to access and integrate stored data 
and climate prediction models. The first harmonic of RR data indicates that the phase was 8.6 months 
(mid-September). Palacios-Hernández et al. (2010) showed that the first harmonic of the sea 
surface temperature from satellites had exactly the same phase (8.6 months), which indicates that 
it was very likely that air temperature obtained by RR was inferred by sea surface temperature. 
This raises an important difference between actual conditions and RR data, especially if numerical 
modeling of circulation is performed, including thermodynamics, that is, the forecasts will be 
affected by this gap.

Other variables (relative humidity and atmospheric pressure) also differed (see Table IV) between 
the different time series in terms of maximum, minimum, and phases, but a smooth adjustment 
with the island data was poor, so the source of these discrepancies could not be clearly determined. 
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RR temperature, pressure, and relative humidity data tended to reduce the amplitude of these 
variables. This effect probably results from the smoothing process used to build a regular mesh and 
homogeneous RR data. The most outstanding difference between the two types of data was with 
relative humidity; the RR maximum and minimum data occurred in April and July, respectively, 
while the weather station had maximum and minimum data in September and May, respectively.

For wind fields, the historical time series from Isla María Madre did not have a seasonal pattern 
as good as the well-known RR (see Table II and Fig. 7). In the comparison, northwest wind was 
dominant in this area, but was very low in the summer when the zonal wind becomes slightly 
more dominant.

5. Conclusions
Historical weather data covering January 1922 through December 1989 were analyzed using 
harmonic analysis. The results showed a satisfactory approximation of the harmonic series 
to the original time series for mean air temperature (explained variance: 88.7%), and average 
atmospheric pressure (explained variance: 62.0%). Relative humidity was difficult to forecast 
(explained variance: 35.6%). The most significant interannual anomalies, based on harmonic 
analysis, were attributed to El Niño and La Niña events. Prevailing wind was northwestern with 
great variability in summer.

Rainfall was clearly influenced by oceanic conditions surrounding Isla María Madre, where 
maximum precipitation occurred in September at the island station and in August at the mainland 
coastal plain stations. At both positions, maximum precipitation was an anomaly in the regular 
progression of rain of southeastern Mexico carried by the monsoon circulation.

Differences occurred in the amplitude and phase of RR and Isla María Madre data. Advantages 
of the reanalysis data are that there are no blanks and are readily available online; the important 
disadvantage is that they do not represent the reality of weather patterns in the study area. Since 
Isla María Madre data have a different amplitude and phase than RR data, it seems desirable to 
use the RR data with caution when employing numerically-coupled, ocean-atmosphere models 
for delivering weather forecasts, since such results might be skewed.
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Table IV. Climatic maximum and minimum comparisons between observed and 
reanalysis data, including month of occurrence.

Observed
(max/min)

RR
(max/min)
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Pressure (hPa) 1013.1(Jan)/1009.1(Sep) 1016.0 (Jan)/1012.8 (Apr)
Relative humidity (%) 81.5 (Sep)/69.5 (May) 87.7 (Apr)/78.5 (Jul)
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