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ABSTRACT

The pronounced maximum in rainfall during the warm season over southwestern North America has been
noted by various investigators. In the United States this is most pronounced over New Mexico and southern
Arizona; however, it is but an extension of a much larger-scale phenomenon that appears to be centered over
northwestern Mexico. This phenomenon, herein termed the “Mexican monsoon,” is described from analyses
of monthly mean rainfall, geostationary satellite imagery, and rawinsonde data. In particular, the authors note
the geographical extent and magnitude of the summer rains, the rapidity of their onset, and the timing of the
month of maximum rainfall. Finally, the difficulty in explaining the observed precipitation distribution and its
timing from monthly mean upper-air wind and moisture patterns is discussed.

1. Imtroduction

The pronounced maximum in rainfall during the
warm season over the southwestern United States, and
in particular Arizona, has been addressed by various
investigators (Bryson and Lowrey 1955; Sellers and
Hill 1974; Bryson and Hare 1975; Carleton 1986; Car-
leton et al. 1990). Less apparent from the meteoro-
logical literature is the fact, to be amply demonstrated
below, that the precipitation over the southwestern
United States is but the northwestern extremity of a
much more pronounced phenomenon, which appears
to be centered over northwestern Mexico. The object
of this paper is to show aspects of the summer rainy
season that are evident from monthly mean analyses
of surface rainfall data, geostationary satellite imagery,
and upper-air wind and moisture data from rawin-
sondes.

A satisfactory explanation for the occurrence of
summer rains over southwestern North America (see
Fig. 1 for the geography of this paper) has yet to emerge.
Early explanations of Arizona summer rainfall (e.g.,
Bryson and Lowrey 1955) linked the onset of summer
rains with the change from westerly to easterly flow in
the midtroposphere. The explanation of the onset of
the rains was one based on horizontal advection, and
assumed that the air coming from the east or southeast,
around a westward extension of the Bermuda high,
carried air of greater moisture content (originating over
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the Gulf of Mexico) than air coming from the west or
southwest. Rawinsonde data clearly shows the air to
the west of Arizona to be much drier than air imme-
diately to the east, supporting such a simple explana-
tion.

While the above explanation appears plausible, sev-
eral serious problems with ascribing Arizona rainfall
to advection of moist air from the east or southeast
have been raised. Reitan (1957) noted that during July,
80% of the precipitable water over Phoenix was between
the surface and 800 mb, indicating that the great bulk
of the moisture involved in precipitation over at least
the lower deserts was in the lower troposphere. He
posed the serious question, How could air flowing over
the high terrain between Arizona and the Gulf of Mex-
ico moisten the lower troposphere over Phoenix? De-
spite Reitan’s finding, Sellers and Hall (1974) reiterated
basically the horizontal advection explanation of most
of the summer rains in Arizona.

Further questions were raised concerning the mech-
anisms of the Arizona rains by Hales (1972), Brenner
(1974), and more recently, Carleton (1986). These
authors showed examples of the apparent relation be-
tween widespread Arizona rainfall (or cloud cover in
Carleton’s case) and the movement of low-level mois-
ture into Arizona from the tropical eastern Pacific via
the Guif of California. Hales (1974 ) in discussing fur-
ther the source of moisture for Arizona rains looked
at Mexican rainfall data to attempt to resolve the issue.
He first noted that the heaviest summer rainfall occurs
not at stations in the extreme southeast of Arizona as
a Gulf of Mexico source might suggest but at stations
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FiG. 1. Geography of the Mexican monsoon region showing locations mentioned in text.

more nearly situated in an upslope environment from
the Gulf of California. He then showed that Mexican
rainfall during the summer months was substantially
greater than that in Arizona and, furthermore, that this
rainfall was a maximum on the western slopes of the
Sierra Madre Occidental (hereafter SMO). This pow-
erful argument appears not to have made the impact

it perhaps should have on the interested meteorological

community, for the original advective explanation for
summer rains over Arizona continues to appear.

Very recently, improved tabulations of climatolog-
ical data for northwestern Mexico have become avail-
able (Reyes et al. 1990). As will be shown below, careful
exploitation of even the previously available climato-
logical data can reveal a number of aspects of the sum-
mer rains over southwestern North America that have
not been given a plausible explanation.

The term “Mexican monsoon” is used here in anal-
ogy with the better-known Asian monsoon for several
reasons. Histograms of monthly mean rainfall and
mean temperature for many of the stations in north-

western Mexico are similar to those in southern Asia,
with most of the annual rainfall taking place during a
short period (two to four months) and with the highest
temperatures just prior to the onset of rains (Fig. 2).
Although not discussed here, there is also a seasonal
surface wind reversal over some areas affected by the
Mexican monsoon, notably the Gulf of California
(Badan-Dangon et al. 1991), a reversal that is similar
to but on a much smaller scale than the Asian mon-
soon. Krishnamurti (1971) noted that there were two
planetary-scale east—west ( or monsoonal ) circulations,
a dominant one associated with Asia and a much
weaker one associated with the Mexican plateau in
summer. Hence, there is some precedence and justi-
fication for considering this as a monsoonal region,
though it is not considered monsoonal by Ramage
(1971).

The adjective “Mexican’ was chosen to denote the
area over which the monsoon exerts the greatest influ-
ence. “Southwest North American monsoon” also
might aptly describe the realm of the monsoon, though
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F1G. 2. Rainfall histograms for a station in (a) Sonora and (b)
along the west coast of India, showing similar pattern of mean monthly
precipitation (bars) (mm) and temperature (open dots) (°C) traces.

less precisely, and it is somewhat lengthy. The termi-
nology “Arizona monsoon” has been most frequently
used; however it reflects the geographical bias of the
investigators of the United States, and as will be shown
below, Arizona is situated on the fringes of the Mexican
monsoon.

2. Rainfall characteristics of the Mexican monsoon
a. Geographical extent of the monsoon

The geographical extent of the Mexican monsoon
can be evaluated by examining histograms of monthly
mean precipitation for stations throughout Mexico and
the southwestern United States and identifying those
that show a pronounced maximum during the warm
season. Something similar to this has been done by
Mosifio and Garcia (1974 ); they showed that virtually
all Mexican stations receive more than 70% of their
annual rainfall between May and October. From this
it might be said that the entire country is characterized
by a seasonal precipitation regime.

FIG. 3. Analysis of the contribution of the precipitation during
July, August, and September to the annual total, expressed in percent.
Greater than 70% is crosshatched. Stations used in the analysis are
shown as dots.

Using precipitation data taken from Sellers and Hill
(1974), Water Information Center, Inc., (1974),
Wernstedt (1972), and from Reyes et al. (1990), we
calculated what we term the monsoonal index (MI).

75

75
100

FIG. 4. July mean precipitation (mm) from WMO (1975) atlas.
Continental divide is marked by hatched line.
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TABLE 1.
Elevation June rain July rain Pyuyy — Prupe
Station Lat Long (m) (mm) (mm) (mm)

Panuco 23°24 105°58 602 132 412 280
Badiraguato 25°22 107°29 170 49 310 261
Acaponeta 22°30 105°23 25 92 346 254
Rosario 27°53 109°18 280 45 287 242
Cosala 24°2% 106°41 450 80 292 212
Quiriego 27°31 109°15 210 10 214 204
Average 289

68 310 242

This is defined as the ratio (expressed in percent) of
rain falling during the three-month period July-Sep-
tember, usually the three rainiest summer months, to
the annual mean precipitation. The results (Fig. 3)
show the region surrounding the southern Gulf of Cal-
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ifornia to have the highest MI values, between 70%
and 80%. The maximum MI values extend along the
axis of the Sierra Madre Occidental into southeastern
Arizona, where the values do not exceed 60%. The
maximum values of the MI appear to extend north
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FIG. 5. Analysis of July minus June precipitation (mm) together with selected histograms of rainfall from stations
along a transect across the Sierra Madre Occidental. Stars indicate the location of stations in Table 1.
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FIG. 6. Analysis of the contribution of monthly mean precipitation to the annual mean (in percent) (a) June,
(b) July, (c) August, and (d) September. Areas with greater than 30% are crosshatched.

and then northeastward along the Rio Grande valley
in New Mexico and into the high plains of southeastern
Colorado and western Kansas. New Mexico appears
to be the state most influenced by the monsoon in the
United States.

The MI values discussed above say nothing of the
total precipitation associated with the monsoon rains.
Atlases of monthly mean precipitation are available
(e.g., WMO 1975) and show that the greatest July pre-
cipitation occurs west of the crest of the SMO (Fig. 4)
with amounts ranging from more than 250 mm in Si-
naloa to 50 mm in southern Arizona.

b. Timing of the monsoon rainfall

The climatological aspects of the onset of summer
rains over Mexico can be viewed from maps of the
rainfall difference between two consecutive months.

For northern Mexico the largest rainfall change occurs
between June and July (Fig. 5). The dramatic increase
in rainfall is largest along the western slopes and foot-
hills of the SMO, where a number of stations show an
increase of more than 200 mm between June and July.
There is a rapid decrease in the rainfall change normal
to the mountain axis, with the decrease being much
more rapid toward the west. Over northeastern Mexico
and southern Texas the rainfall actually decreases be-
tween June and July.

Table 1 presents rainfall details from the stations .
contained in Wernstedt (1974) that show a precipita-
tion increase greater than 200 mm between June and
July. The statistics clearly indicate that the large in-
creases in rainfall are a low-altitude foothill phenomena
(see Fig. 5 for station locations). The continental divide
east of these stations varies between 2000 and 2500 m.









