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Resumen. Se desciiben los cambios inbrassiacionales de la circdasdn regional en Mixico medianie el andisis de
VEIDNES Medos pare cinco digs en o8 campos de vierio, Temperature v alures gecpotenciales, exiraidos de los
andlisls operativos @ escala global del Evvopean Centre for Megium-range Weather a5t (ECMWF). Para mostrar
aspectos del desamcilo de la estacidn de lindas, datos de radiacion saliente de onda larga (RSOL) son sobrepusstos
# ok campos de wents en 2000Pa. Cambios &n la circulacidn de riveles bajos son consislenles con la evolusidn de la
ERtBCion de Nuviss sabre Méxize. En la ala troposfers, ol ats de Méxics se desarrolla ripidaments sobre ol Pacifica
oriertal cency de Guatemala curante |3 fese de iniclo de la estazidn de luvies en Amdrica Cenlral y sur de Méslce
£l desplazamiario de este sistema ol norle del pals es lempoeal y espaciaimente consistente con |a distribucicn de la
.H:t'i dad I:I'.'d"l'l‘\tﬂ'rl'i‘. EDEI'. 501 ]
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Intraseasonal changes in the regional circulation over
Mexico

Abstract, Intraseascnal changes in the reglonad ciediafion eer Mexico are descrived by means of S-day averaged
data exirached from the cperational analyses of the Eurgpean Cenire for Medium-range Wealher Forecas! (ECMNVF)
GLR fields are supsrimposed upon 200 hPa winds to llusirate Teatures of the cormeddive actinily over the studied
région. Changes in the lwwe-level circulation over e Carbbean and ihe sastern Morth Pacific. explain vadasens in
sl avelutsan of the raiy saascn over Mexico, In the upper Hﬂpﬂ‘lﬁ“ﬁ. the Medcan Hagh, 88 delineated Trom the
ECMWF clata, devalops rapidly in e easbern Pacific ciods 1o Guslemala during 1he onset phase of (ke fainy season
in Ceniral Amenca and soufemn Mesice. The neefreard movement of this system is lemporally and spatialy
consistert with (e distribution of ke SLR gver Mixico

Key words: OLR, convective actiity, Mexican monsoon, Mexican high

INTRODUCTION

The onsel of the summer rainfalls in Mexdco
has been radionally linked with changes in
the frade winds. As the boreal summer
approaches, the easterly current builds wp
into higher levels and moves toward higher
lafiludes and the entire country comes under
ihe influence of a deep, wide easterly fow
which penetrates Mexico with generally light
but meast winds (Mosino and Garcia, 1974).

Recently, more attention has been paid 1o
ihe circulation over the eastern Pacific and Its
influgnce on precipitation over Mexico. For
example, Reyes and Cadet (1955, 1388)

sugiest that the intensification of the South
Pacific high propels a low-level maisture flux
across the equalor toward weslern kexico.
Douwglas ef al. (1993) propose that both ihe
eastern Pacific and the Gulf of California play
an Iimportant rale as sources of maisture,
which is transporied by the time-mean
lowelevel circulation into western Mexico.
Schmitz and Mullen (1996) hawve further
analyzed the impordance of the Gull of
Mectico, the Guif of Califormia, and the
aastem tropical Pacific as moisture sources
for the Sonoran Deser region during the
perigd from July 1o September. They suggest
the northern Gulf of California as a major
source of low-level moisiure, with significant
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contributions from the Gulf of Mexco al the
upper-levels

Since pravious authors have focused on the
mechanisms responsible for the transpon of
moisiure mainly into norhwest Mexico, their
analyses do not treal aspects related 1o
the process of seasonal changes and
infrazeasonal vanations in the regional
circulations. Consequently, details of the
transition process with a temporal resolution
of less than one month have not been
precisely described. The present study is
an extension of Cortez-Vazquez (2000), and
its primary purpose is to furher analyze
variations i the mean drculalion patlems
over Mexico using S-day averaged data,
Although the enlire year 13 considered,
special attention is given 1o the rainy season.
Conditions associated with the onset and
demise of the wet season are also axamined.

Thi area of siudy extends from Ihe East

1 for geographical reference). This broad
area is included in order 1o evaluate the
influence of such régicnal circulation systems
as the subtropical Morth Allantic and Morih
Facific highs, the midlatitude wesieries,
the trade easteries, and the equatorial
westerdies.

DATA AND PROCEDURES

This study utilizes low and upper-air global
analyses dala exiracted from the European
Center for Medium-range Wealher Forecast
([ECMWF), with & horizontal resolution of 2.5°
longitudelatitude, averaged for the penoed
from 1880 1o 1952, Data points laken daily a1
12 GMT were used {0 oblain 5-day mean
wind, femperature, and geopdiential heighis
for the specified levels of 1 000, 850, 500
and 200 hPa. In order to reduce the impac
of synoplic atmospheric systems during
specific years due to a relatively shor
observations percd, a 1-2-1 filler was

Facific (140° W) to the Atlantic Ocean  applied o the original pemtad data,
{B0° W), and from 40° M to 10° S (see Figure
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Figure 1. Geography of the area of study showing locations menticned n the text
Thie conteur Bne represents elevations of 1 500 m.
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To show varations in the patlemns of
convection associated with changes in the
atmospheric circulalion systems, this sludy
also utiized a Iwice-dally Ouigoing Long-
wave Radiation (OLR) data sei from NOAA
salelite observalions for the 1875-8T pariod,
excapd 1878, The spatial resclution and
procedures applied to the OLR dala were the
same as those for the ECMWF data, except
thal the twice-daily values are averaged o
attain a daily mean, It is well accepled that
lowr QLR values roughly comespond (o heavy
rainfall regions in ihe tropics (Rasmusson
et al, 1988; Wang, 1884). In this study,
240Wm* is used as the threshold to delimi
active and weak conveclion areas. On (he
basis of these dala, special attenlion was
paid o spatial and temporal variations in the
mid-lalilude wesieries, the trade wind
eazteriies, and the equatonal westedies.

RESULTS
Low level wind fields (1 000 and 850 hPa)

The [arge-scale low-level flow over the study
reglon is strongly influenced by the Pacific
and Atlantic subtropical highs all year round.
During winler (Figure 2}, an anbicyclonic
circulation cenmbered at 300 N, 130° W
indicates the position of the Morh Pagific

S-DRY HEAM HWIMD

high, yielding nofhwesterfios west of Baja
California peninsula. On the other side of
ihe continani, an anticyclonic flow over the
Greater Anlilles and the Gulf of Mexico
suggests thal the Atlaniic high is positicned
fariher east of the domain, Al the same time,
strong easlerlies are dominant over the
Caribbean, across Ceniral Amerca and
the eastermn tropical Pacific.

The circulalion pattern described above
tends to change as the boresl surmmer
approaches. During April. that hes been
identified as the transitional perod between
the two hemispheric Summer MmMonsoons
(Murakami and Makazawa, 1985
Matsumolo, 1980), the Morih Pacific high
shifts nofhwestward, while the influence of
the Monh Atlanlic high extends over
southeast LISA, Afler Pentad 22 (mid-April)
the mteriropical convergence zone (ITCZ)
Is well established over the eastem MNorh
Pacific, as indicaled by a band of low OLR
along 5° N (Conez-Vazquez, 1898). During
this transition peried, the region of maxmum
convection (OLR less than 200 Wm™) is
located over the equator in the confinental
region. A noticeable change at 1 000 hPa
level is a northward incursicn of ihe southem
branch of the trades off the Pacific coast of
Colombia (not shown).
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Figure 2. Wind Said at 850 hPa for pentad 1 (1-5 January). Half bar represents 1 ms |
whille Tull bar is 2 m 5" Cyclone (antcyclons) carculations are identifiad by © [A)
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The low-level summer cifculation s
characterized by easleries over the
Caribbean, changing to southeastedies over
the Gulf of Maxico, and soufherlies in Taxas.
A noticeable feature over the eastem Nonh
Pacific can cleardy be seen from Ceniral
America ta 120° W, whem the wind flow
al 1 000 hPa altermates from eastedy n
winter (from November to Apeil) {0 westerly
in summer (from May to Oclober), 8 common
feature in monssonic meglons. Paricular
varalions are: during Penlad 28 (mid May,
Figure 3a), identified as (he onset period of
rainfalls over Ceniral Amenca and southarn
Mexico (Cordez-Vazquez, 2000), southaries
from the Gulf of Mexico into the Central
Plains imtensify, while easterlies asorgss
Central Americia into the eastern Pacilic
weaken, Al 1 000 hPa level, a confluence
line nesar 10° N suggesis the position of the
ITCE (Figure 4a). We nole that minimum
OLR walues over the easlern Pacific arme
located equalorward from this confluence
line,

After Penfad 34 (June 15-19), when the
Maorth Pacific high is localed in #s seasocnal
nomhernmost posiion, and few days prior (o
ihe onsel of the Mexdcan monsoon (MM),
noffweesterias al B850 hPa weaken and tum
westward near Southern Baja California,
leading & southerly flow info central-westem
Mexico within 100° (o 105° W, that seems 1o
be a precursar (o ihe onset of the wel season
in nodhwest Mexico (Figure 3b). Another
interesting change after this time is a
southeastery flow paraiel to the southwest
coast of Masico, This wind emanates from
the eastern tropical Pacfic and appears o
flow farther north than 20° N (Figure 3c), and
turn wast aver the sowthem Gulf of Califomia.
Inside ithe gull, wesierly io southwesterly
winds appear to flow most of the time, an
aoosarvalion thal confradicl an analysis that
utilized radiosonde dala (Douglas ef al,
1883, Despite this discrepancy, the ECNWF
analyses denole an improvement over other
globdl objective analyses in thal region as

discussed in Schmilz and Mullen (19898)
Figure 4 coresponds to 1 000 hPa |evel
cireulation during (a) the anset phasa of (he
rainy season in Central Amerca and
southern Mexico (mid-May), and (b) during
mid-July, when the MM has sxiended over
northwestern Mexico, as Indicated by low
OLR walues along the Siera Madre
Crecidantal (Figure Sch, Comparison of Figure
4b with Figure 3c (Pentad 40, mid-July)
ravieals thal over the Gull of Mexico and the
Caribbean the circulalion patterns st both
levels are basically similar, while over the
eastern Pacific some differences arise. Over
the lalter region the nofhlwesterdy and
southwesierly winds converge around 15° N
at 1 000 hPa, cuslomarly ideniifying the
positien of the ITCZ, while a1 BSOD hPa
southedy winds are visible near 257 N, wesl
of Baja Califormnia (Figure 3c).

Soulheasterdies along the west coas! retreatl
afler mid-Augusi (Figure 3d), A cyclonic flow
related to the themmial heat-low (Rowson and
Colucci, 1992, Douglas and LI, 1998) moves
soulhward inlo norfwesiem Mexico (Figure
3e), and northwesteries strenglhen  ower
Baja California as the Morh Pacific high
returns to its wintertime position (Figure 31).

Upper-level (200 hPaj

During winter the upper level circulation
{200 hPa) is dominaled by westerly winds
over the entire region (Figure 5). During
the summeriime the flow is dominated by the
Mexican high that appesrs cenfered over
norhwest Mexico at the end of July, when a
v OLR axis along the Siera Madre
Decidental has developed (Figure Bg). The
movement of the high from the eastern
Pacific close to Guatemala where i starts
bo develop in mid-May (Pentad 28 Figure
6a), nonhward into nodhwestern Mexico is
mccompanied by a rewversal i the flow from
weslerly 1o easterly in the equalorward side
of the high. A qualifaiive reinforcement of this
system during the onsel Penlad of the MM

Investigrorones Gaogritcas. Boletin 56, 2001
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is noted, indicating strong convection at the
low-levels. As a response (o the northward
ficw near the surface {equatorial westerlles,
Figure 4), 200 hPa wind crosses the equalor
into the Soulherm Hemispherns,

Another  change  associaled with  the
northward shift of this anticyclonic voricily is
the estatlishment of an upper-level trough
during lafe-Juns and early July across the
Gragler Antilles inta the Yucatan Peninsula
{not shown), By the middie of July (Pentad
40, Figure Gg), the trough exiends across
the Gull of Mexico and penetrates into the
nofheasiern part of the country, favorng
subsidence owver this region, which Is
ponsistent with the OLR fields, thal shows an
Esymmeinic paltern between nonheastem
and norhwesiern Mexico during This time
[Figure Gc). As the anbicyclone moves
backward after mid-August the trough relums
to its position over the Greater Antilles, and
suddenly disappears at the end of
Seplember

After med-August (Figure 8d) the Meaxican
high relums southward, méd- and upper-
tropospheric winds over nofhern Mexico
change to westerlies, and the axis of low
OLR along the Siewma Madre Occhdenial
retreals. During Seplember 23-27, which
reprasents the demise pericd of the Maxican
monsoon  (Cofez-Vazquez, 1998), the
anticyclone appears positioned over central-
wostarn Mexico near 20° N, weakening in
mid-October  (Figure 67 and finally
disappearing at the end of this month, few
days afler the conclusion of the rainy season
in Central Amerca.

The mid-summer change

Figures T and & represeni differences in the
wind, and geopolential heighis al B50hPa, as
well as difterences in the OLR fields batwean
Pentad 31 and 28, and Pentad 34 and 31,
prior fo and duning the onset phase of ihe
rainy  season i nodhwestern  Maxico,

respactively. Figure Ta reflects festures such
as incremenis in the equatorial wesleries
over the eastem Pacific south of Mexico,
luming souilheries over the Carbbean into
the Greader Antiles, A cydonic center in
nofhern  Yucalan indicales enhanced
corvacthon, while an anticyclang cepler over
southeast USA and nofbeast Mexco
supgests increased subsidence. This pattem
is quite consisten! with heighls (Figure 7h)
and OLR differences (Figure Tc) during the
same peried

The above patlem suddenly changes durnng
mid-June. Figure Ba shows thal an
anticyclone circulation near Cuba replaces
the cyclonic center over the Gulf of Mexizo,
while easterlies from the southemn flank of tha
Morth Atlantic high strongly intensify over
ihe Canbbean, across Central America, &nd
lum southeastery slong the wesl coast of
Mexico (atso noled in the mean flow, Figure
3b). Increments in the OLR fislds (Figure 8c)
are broadly consistent with changes in the
circulation; during this period (mid-Jung)
convection related to the MM tend fo
increase over centrabwesiem Mexico, small
regions of negative OLR incremenis are also
visible near of the Flonda panhandle, and
ground 10° N and 110° W in the eastemn
Pacific (Figure Ba). The opposite tendency
(hess conveclion) is visibbe over the Grealer
Anlilles, the Caribbean and along the wesi
coast of Central America. Comveclion also
tends to decrease over the soullwesiem
USA, the Central Plains, and nomheastem
Mexico. This change in the low lewel
circulation has been associaled with the
onsel phase of the midsummer drought
(Corez-Vazquez, 2000)

Although vanations in the intensily of trade
winds owver the Carbbean and Central
Amarica during June and July has been
described in previpus research (Magafia
2 al, 1999), whal is new in the present study
is the fact that the change in convection
during the onsel phase of the MM described

Inveshgaciones Geograficas, Dolelin 45, 2001
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Figure 8. As in Figure 7, except for Pantad 34 and 31,
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above is also evident in 200 hPa lemperature
fielids, with cooling in soulhem Mexico, the
Greater Antilles, and Conlral Amernca, while
sirong heating (deep convection) is noted
over nodhwes! Mexico (Figure 8),

The change In the low-level circulation
apparently is a response 1o the reinforcement
of the MNoh Atlantic high, and to an
increment in geopotential heights over the
North Amarcan seclor (Figure B¢) during this
firmee, The heighls increment is also noted
over southwestern USA and norhwestem
Mexico, where the largest temperature
imcrement occurs during lale June and eary
July (Rowson and Coluct, 1982), Whia
change in conveclion is consistent with
change in tha circulation as explained above,
the reasons for general changes in
geopoteniial heights are nol clear. One may
speculale thal they are related to enhanced
atmospheric heating over the Mexican
Plateau, and increased |latent heat
gssociated with deep convection over
wasterm Mexico dunng the onset of the MM,
however, the processes leading such a
siuation remains (o be explained.

FINAL REMARKS
Spatial and lemporal varations in the
regional  croulation  over Mexico  wers

a&T [(Z200WPal

gxamined by means of S-day mean wind
iemperature and geopolential  hesghis,
extracted from S-year data perod from the
ECMWF operational analyses. A 12.year
record of OLR obiained from polar orbiting
satellites has been also used 10 describe
seasonal changes in the convective activity
In the siudied region. The low and hegh-
tropospheric circulation analysis presenied
here, provide information with better temporal
rasolution compared with analysis of monthly
or seasenal mean values,

Im the previous [ierslure, monsoon
circulation sysiems over the Norh Amencan
sacior have bean identified in southwestem
United States (Hales, 1874; Tang and Relter,
1884}, along ihe Mexican coasi of the guif
of Mexico and thal comesponding to the
United States (Tang and Redter, 1884), and
ovar norhwestern Mexico (Douglas ef al,
1883). Sometimes ihese syslems are
together referred as ihe Norith Amerncan
monsogn system (Higgins & al. 1997,
Barlow ef al, 1998). All these works hava
gvidenced the regional complexity of the
precipitalion regimas over the domain
Surprisingly, desgpite the numerous [Rerature
references to these systems, the conveclve
regime over the eastern Morth Pacific,
intluding Central America and southem
Mexico, is nol commonly considered as such

P34-P31
. 'r.!

140 ™ 10E

=] BO M

Figure 8. 200 hPa remperature (* C) difference between Fentad 34 and 39
Intenvals indicaled in the pansl
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a system.

During the summer months, we found
substantial differences in the mean 1 000
and B850 hPa wind fields over the eastem
Morth Pacific, where the zonal wind near the
surface level alemales from eastery to
wosterly bDetween winter and summer.
Accordingly this area can be considersd to
ba a summer monsoon domain, following the
critefia used by Murakami ef al (1982).
Howewver, furthar analysis an this system is
needed,

Wind changes al the 850 hPa level seem o
be more closely rdlated wih the wel season
in nohwesiem Mexico. |n tha middle of June
the mfluence of the North Aflantic high
extends over the Gull of Mexico, and as
resull easterlies from ihe southem flank of
the high imcreaze along the west coasl
of Mexico, This change in the circulalion is
quite consistent with vanations in  the
conveclive pallems,

The out-of-phase relationship  between
precipiation over norfhwestern Mexico and
the Great Plains discussed in Higgins ef al
(1297}, and Bardow et al (1988) is also
displayed by the 5-day OLR incremenis.
Howaver, the onset of the Mexican monsoon
is alsa strangly accompanied by a decrease
in comvection over the Greatar Antilles, the
Caribbean, and slong the west coast of
Central America as discussed in Corlez
{2000y, and furdher documented in the
present study. Vanations in the low-leval
circulation induced by changes in the position
and inlensily of the subtropical anticyciones
are consistend with changes in convection
from the soulheastemn to the norbwesiem
part of the couniry.

At high levels, the mos? striking fealura that
characterizes ithe rainy season over the
siudisd region s the rapid development
of the Mexican high dunng mid-May. The
nonward movement of this system is

femporally and spatially consistent with the
evolution of the wel season over Mexico
The last days of July and early August
represent (he perfod of the norhernmaos
position of the high, while a1 this time the
OLR fields shows an asymmelnc destnbulion
in nartham Masico, with low values along the
Sierma Madre Occidental, while dry condifions
prevail In the nonheastern part of the
couniry. Such & paltem suggesis that
the onsel of the Mexican monsoon inhibits
comection over eastern Mexico by forong
subsidence.

Conditions during the demise phase of the
rainy season in norhwest Mexico, although
less  impréssive gqualiatively, resemble
the reverse of the onsef process. Al lhe
beginning of August wasterlies in the eastam
Pacific increase, and few days after this
change (mid-Augusty the MM stars lo
retraal, and conveclion moves eastward info
gazlemn Mexico, and southward info the
easiem tropical Pacific (Cortez, 2000).

A common praclice among meteorolpgisis in
Mexico is to identity the position of the ITSE
gver the eastern Morth Pacific in lhe
confluence line whare southwesteries and
gaglerlbes meel near the surface level
However, we found the lowesl values of OLR
(maximum conveclion) soulhward of the
confluence fing. In this regard, as Murakami
and Matsumoto (1884) point out, after the
sateliite era it is more objective to define
the ITCZ as an equatorial belt of minimum
OLR, whera [ow-level convergence (s

expectad to be stronger.

We believe that results of this study will be
useful In the preparation of an inegral
description of the annual rainfall distribution
over Mexico and the surrounding maritimes
environs. I is hoped that the S-day mean
OLR and wind field analysis here presenied
will sarve as a reference in the daily activities
of local weather forecasters,
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