CHAPTER 4: REGIONAL MODES OF VARIABILITY.

4.1. INTRODUCTION.

Using the climatological network, the developmend @onstruction which is explained

in the previous chapter; our objective is now teestigate the spatial coherence in the
climatic variations at the station level. The deteration of these regional coherencies is
just a preliminary step to find the relationshiggvizeen their climatic fluctuations and a
large-scale atmospheric control like El Nifio—Sowmh®@scillation (ENSO) phenomenon.

In this context, Principal Component Analysis (PQ#&bpvides two important features

that can help to achieve this objective: 1) ithe technique most commonly used for
regionalisation and 2) its results can generallyebsily interpreted in a physical way.

The method was selected, therefore, as a suitabléda be applied to the digital Mexican

climatological databases.

Principal Component Analysis has been used in @& wahge of scientific and social
areas since its development in the early 1900s.iBwias not until the discovery in
atmospheric sciences around the 1980s of the aatyesitof rotated versus unrotated
solutions that an increasing number of scientifudges have been undertaken (Richman,
1986; Richman and Lamb, 1985; Tabony, 1981). Tlevipus chapter stated that the
main purpose of PCA is to reduce the high dimeraignof the data, conserving the
highest possible amount of the original varianceaifew components, but lately has
moved to deal as well with individual modes of wahility such as El Nifio Southern
Oscillation (ENSO) (e.g., Gershunov, 1998) ofterfemed as to teleconnections
(Gershunov and Barnett, 1998). Climatology is oh#he fields in which PCA has been
applied extensively (Dyer, 1975).
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4.2. PRINCIPAL COMPONENT ANALYSIS (PCA) ON PRECIPIT ATION.

There are only a few studies in which PCA has keggplied to the climate of México.
Amongst the many meteorological variables, preatfph has been more consistently
explored using Principal Components (Comrie anch@ld998; Englehart and Douglas,
2002) than temperature (Englehart and Douglas, )2004s condition has been slowly
changing for both parameters since the releasagithlddatabases in the early 1990s.
Still, for rainfall the studies lack the best pdési (in terms of completeness and
homogeneity) coverage at both the temporal or alpstiale. One of the main thrusts of
this research has been to obtain the best netwbdiiroatological stations, defining
precisely at the same time the wet and dry seasons.

In order to help with improving studies of Mexicelimate, it was necessary to comply
with two essential characteristics: the use ofléingest possible set of stations across the

nation and also a careful determination of theadrg wet seasons (see section 2.2.1).

4.2.1 ANNUAL RAINFALL.

Considering the total annual precipitation (mmMexico (Fig. 2.1), a climatic bridge
can clearly be seen between wet conditions in tlhern part of the country and drier
northern conditions. The tropic of Cancer can haghty considered as the limit of such a
transition. In the southern region, tropical climatonditions prevail all year around, and
precipitation is mostly convective in nature durihg boreal summer, while in the north
convection partly accounts moderately for the tatatount of precipitation, while
monsoon conditions prevail in the north-westerrt pathe country during July, August
and September (Higgins et al., 1997, Douglas et18P3). Several factors other than
convective activity have an influence on Mexicarggpitation, including hurricanes,
orography, polar fronts, etc. Despite this, totahwzal rainfall was also considered as one
of the temporal resolutions to be studied using Rg with the wet and dry seasons
(see sections 2.2 and 2.3). When fluctuationslimate are considered in the north-
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eastern Pacific, the warm related to the Inter lapConvergence Zone (ITCZ) triggers

intense convective activity (Magafa et al., 2003).

In order to observe and clarify some the geograpHactors that affect the climate of

México and also obtain coherently varying regicmsietwork of 175 stations has been
gathered (see section 3.2.1), and the preciseiti@fiof annual, wet and dry seasons has
been established in section 2.2.1. The PCA methpgBed at the annual time-scale are

also valid for the wet and dry season time-series.

Replacing monthly missing values with long-term nmedor every station should not
significantly affect the following results. This ighy a database of 175 time series of
total annual precipitation was used, in which mentbt reported were filled with their
means and expressed as the ratio of the precipitafieach station to its long-term mean

(the average for the base period), for purposesgibnalisation when applying PCA.

Mexico lies in a regional climatic transition beewvetropical and subtropical conditions,
therefore, is useful for the identification -amothg network of climatological stations-
of the differences and/or similarities in the clirogatterns across the country. But here,
this question could be expanded: are the changesrroty in only one geographical
region or are they of a particular distinctive matacross regions? If the latter is so, we
could also ask: are the changes occurring gradoalabruptly? Therefore, the objective
is to determine different sets of stations thatva@herently through time. To reach this

target PCA was used.
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ORTHOGONAL AND OBLIQUE ROTATED SOLUTIONS.

The scree test plot is used to determine the numb@mponents above the noise level.
Ranking the components in the X axis against tgergialues in the Y axis, the plot has
the objective to find the scree in which the cdnttion of the components to the total
variance is nearly negligible (see section 3.FEXenvalues for components between 10
and 11 in Fig. 4.1 are showing a small decreader #fe 11th component the ratio of
variation with the next component becomes almogeiteptible. A nearly flat slope can
be observed in the graph, so their contributione aot more important to the
communality of the variables. The first 11 compdeearontribute with 58.2% of the total
variance. Therefore, there was no reason to congsidee modes of variation and 11 is

the selected number of components analysed faartheal total precipitation.
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Fig. 4.1. Determination of the number of regiosnfaonents) considered in the analysis of the annual
precipitation using the cliff analogy (Wuensch3)00
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It has been suggested that the Scree Test metlaod B an overestimation of the
components (Horn and Engstrom, 1979), or that tag iMvdistinguishes eigenvalues is
somehow arbitrary (Jackson, 1993). Neverthelessause the purpose of using PCA in
this chapter is the identification of a spatialtpat (regionalisation) rather than a data
compression, the possibility of an overdetermimatb the components must not greatly
affect the interpretation of the results.

The mode in which each station is assigned to onesponding region is explained in
section 3.3.2. Briefly, for the extraction of thengponents only eigenvalues larger than
1.0 are considered, also as missing data werecezplay the long-term mean pairwise or
listwise deletion does not affect the final resudtisd only absolute loading values greater
than 0.4 are accepted. The largest loading for edation was then related to one
corresponding region. This selection process ieatgul for all the precipitation and
temperature stations.

When analysing climatological data with PCA for icemlisation purposes, the results
from different rotation techniques have subtleatiéhces. For total annual precipitation,
the resulting regions show (Fig. 4.2) great coesisy between varimax (orthogonal) and
promax (oblique) solutions, and also strongly cgpond with known Mexican climatic
regions (Garcia et al., 1990, Garcia, 1988). Protkagpa=2) yields clearer results than
varimax, as can be observed in the Mexican Mon&egion (RA11 in table 4.1), where
the oblique solution leads to a better groupinghef stations, omitting two stations near
the Pacific coast identified by the orthogonal solu This is also clear in some parts of
northeast México (Northeast, RA3 in table 4.1) vehagain promax has delineated more
efficiently the clusters across the region, likeha north-eastern part of the country north
of the Tropic of Cancer.

Overall, apart from slight differences, a clearioeglisation of the annual precipitation
emerges as a product of the Principal Componentysisa regardless of the rotation
technique applied. The regions developed for anpreipitation totals are listed in table

4.1 and will be discussed according to known festaf Mexican climates.
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PCA TOTAL ANNUAL PRECIPITATION
VARIMAX {ORTHO®ONAL) LOADINGS>0.4
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Figure 4.2. Principal component analysis (reg&atiain) of a network of 175 stations with annugdiptation
totals (1931-2001) using two different solutioasinuax (&) and promax with kappa=2 (b).
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Table 4.1. Total annual precipitation PCA resultiegions identified according to the known Mexican
climatology (Garcia, 1988).

The eleven groups depict a congruent picture of hmsv stations have been varying
coherently across time, and could be clearly diffiéated from each other accordingly.
Therefore, each group can be identified with orec#je climatic region and their main

geographic characteristics in terms of precipitatiariations (see Table 4.1).

Central Mexican Highlands includes (RAL in tablg)4ites like Mexico City -that is one
of the capital cities with highest altitude in tweorld- and its surroundings. High
elevations sometimes permit large scale high-akitatmospheric circulations features to

have influence on the local weather, which arerdlitaited by mountain barriers.

The second region (RA2) can be roughly relatedht dulf (of México) coast where

summer convective precipitation has great influeageannual precipitation totals, but
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the winter precipitation is also deeply affectedgmjar fronts (Cavazos, 1997; Jauregui,
1997).

The northeast part of México is the third regio8R of the analysis; this set of stations
is a good example of the climatic transition in Nééxfrom tropical to extratropical
conditions: the amount of annual precipitation asrghe stations shows significant

decreases in comparison with the stations soutimeofropic of Cancer, for instance RAZ2.

The dry northern region (RA4) is represented bydtations labelled 4 in fig. 4.2; this

part of the country is geographically isolated Wy tmountain ranges that act as barriers
for the moisture sources that facilitate the rdirgeocesses in other regions. The lack of
precipitation could easily be observed as somé@stbnly reach 300 mm per year (see

fig. 2.1 in chapter 2).

Again, south of the Baja Californian peninsulajimatic division can be clearly seen for
contrasting climatic conditions (tropical to extrapical), the southern tip yields wetter
conditions (RA5 in table 4.1) when compared witle fow precipitation area of the

desertic south Baja California (RA8 in table 4.Hgre it can be clearly seen that the

Tropic of Cancer is a geographic limit.

The driest climatic regimes of the country are eigmeed in the most north-western part
of México, north of the Baja Californian peninsalad south Arizona in the USA (RA6);
this is the only region of all in which the percage of November-April totals (dry
season) exceeds those of the wet season (May-Octdhbare than fifty per-cent of the
annual totals occurs during the low rain periodthe other regions. Autumn-winter

precipitation has a greater influence than sprungyser rainfall in this area.
RA7 can also be considered as a geographical ti@mdbut this time from drier to wetter

climatic conditions. This region has been calledHimsteca (humid areas of Tamaulipas,

Veracruz, San Luis Potosi and Hidalgo states) adddes mainly stations of the Panuco
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River Basin characterised by dense vegetation agteh precipitation than their
surrounding stations in RA2 and RA3.

México’s wettest region (RA9) is located in the $mast of the country; here rainfall
totals can be as high as 4000mm per year, but bribeoremarkable features is the
balance between the seasons with the dry seasourdcty for around 30-40% of the
annual totals (see fig. 2.1; Garcia, 1988); nopisingly it is here that Mexican tropical
rainforest areas can be found.

One of the most geographically concentrated PCAIltiag groups is RA10, the

Michoacéan coasts are represented here. Drier ¢onsliare prevalent in RA10 when they
are compared with the stations near the mountanges (Sierra Madre Occidental)
within the southern fringes of what is called thexXitan Monsoon Region (RA11) along

the Nayarit and Sinaloa states (coasts borderiad#tific Ocean).

The last group (RA11) has recently been studiedrsitely (see chapter 2); precipitation
in the Mexican Monsoon Region is characterizedtbyconcentration during the boreal
summer season in the lowlands of western side e@fNbrth Pacific mountain range

(Sierra Madre Occidental). It is important to poiotit here that, for total annual

precipitation, this region does not extend far mdmtyond the México-USA border but is
restricted to only the Mexican side and therefaae been called The Mexican Monsoon
region (Douglas et al., 1993).

As can be seen, regions can be clearly relateg@eoifsc regional precipitation patterns
across the country; it is then presumed that rdt@&€A solutions, especially oblique
methods have succeed in regionalising the Mexidanatic conditions for annual
precipitation totals.
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4.2.2 SEASONAL PRECIPITATION.

WET SEASON.

It has been shown in section 2.2.1 that most ofptleeipitation occurs during what has
been termed the wet season (May-Oct), for thisore#ss expected that PCA results for
total annual precipitation will agree closely t@sle of the rainy season. Conditions for
the Principal Component Analysis differ only in thainfall totals for wet season are
only accumulated from May to October. We begin WRGA defining the number of
components for regionalisation. For this purpose have applied the scree test plot (see
section 3.3.2), we observe a small variation betwvtbe eigenvalues of the 11th and 12th
components (-0.05); these first 11 components e with 57.9% of the total variance
(fig. 4.4). A nearly flat slope is seen after tipisint. Therefore, we will consider 11
modes of variation (regions) to study the spatettgyn of the wet season (May-Oct)
precipitation.
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Fig. 4.3. Determination of the number of regioos{aonents) considered in the analysis of the Magttaber
(Wet Season) precipitation using the scree fivtitpee.

83



ORTHOGONAL AND OBLIQUE ROTATED SOLUTIONS.

A strong agreement can be observed between wedrseasl annual precipitation results
(see figs 4.2 and 4.4). The distribution is geobiegdly coincident but a bit different in
the order of the components. The Mexican MonsoogidRehas disappeared with the
rainy season analysis. In the same sense, grotmbserved when the PCA was applied
on the annual precipitation, the Nayarit State gedistations close to the Pacific coast)
has emerged here [some studies (Mitchell et aD228liggins et al., 1997; Douglas et
al., 1993) have pointed this region out as the nswmsithern fringe of the Mexican
Monsoon Region]. Some stations classified durirgRICA with annual rainfall (like the

couple appearing in Arizona State RA9, or thoseAi1) have not been grouped here.

The strong coincidence found when annual totalipitation and wet season solutions of
PCA are compared can also be seen between thegonthloand oblique rotated results.
Nevertheless, as has been noticed for annual Haitifa promax (k=2) technique is in
general more efficient in showing clearer clusté@n varimax (see section 3.3.2). The
different resulting regions of applying PCA to thet season are shown in table 4.2.
Promax has better delineated RW2, RW3 and RW5 wbatrasted with the orthogonal
solution. The Gulf of Mexico climatic group (RW8 table 4.2) in the case of promax
(k=2) is less extended geographically to Centralxiete In terms of clarity of the
clusters, the Northeast (RW3) and humid Baja Cailito (RW5) regions share one
characteristic: both have one odd station whenyaedlwith the varimax rotation. In the
former group the odd station is located in theestdtCoahuila [in which according to the
Garcia et al. (1990) regionalisation is a climatiansition from arid to semiarid
conditions] while in the latter the additional statwas placed in the Mexican Monsoon

Region instead of the Baja California peninsulégsdbe case for promax (k=2).
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Figure 4.4. Principal component analysis (reg&adiain) on a network of 175 stations with wet segiday-
Oct) precipitation (1931-2001) using two diffeaititions: varimax (a) and promax with kappa=2 (b).
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RW1 (Central Mexican Highlands, see table 4.2) nwlter and better defined, less
geographically extended in the promax solution emicentrated more in central Mexico
(probably better avoiding the influence of altitudmong the stations). RW2 (Gulf of
Mexico coast), RW3 (Northeast) and RW4 (DeserticthNoNew Mexico and Texas) are
basically the same clusters either comparing antotal precipitation versus wet season
or the orthogonal against the oblique solutions.oTkegions not observed [RW6
(Transverse Neovolcanic Belt) and RW10 (Nayaritetavhen the PCA was applied to
the annual total precipitation have produced thaesaesults in the wet season for the
varimax and promax solutions; for the oblique solutRW6 is clearer delineated, this
cluster could be associated to what is called tlamstmexican volcanic axis (Eje
volcanico Trans-mexicano, Demant and Robin, 19%%, stations in this region are
mainly situated in Michoacan State, all of themt mdrthe Transverse neovolcanic belt.
Altitudes of these stations easily exceed 1500esaibove sea level (m.a.s.l.) that can be
considered as a proof of the influence of altitodethe climate of the region, a variable
that it has been frequently disregarded in theistudf the Mexican climatology (see
chapter 2). Region ten (RW10) is the most geogcatlyi concentrated of the regions,
only covering an area of Nayarit State near toRheific Coast, the southern tip of the
Mexican Monsoon Region in which only one statios bha elevation above 1000 m.a.s.l,
a topographic factor that is described in sectich22 Finally, region RW11 (Southeast
rainforest) can be related to the wettest areghefcountry, the south-eastern tropical
rainforest, and again it is better delineated upirmax (k=2) than varimax. Overall, wet
season (May-Oct) precipitation clusters extractetth WCA are in accordance with the

Mexican climatology (see Table 4.2).
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Table 4.2. Wet season precipitation PCA resultiggpms identified according to the known Mexican
climatology (Garcia, 1988).

The few former PCA regionalisations in Mexico hawmainly been made for the summer
season (Englehart and Douglas, 2001; Comrie andnGI&998). The results of the

present research, however, are closer to the raligation made by Giddins et al. (2005)
in terms of the seasonality defined as wet andségsons for the May to October and
November to April periods. Our resulting regiong atso closer to those delineated in
Garcia et al. (1990), and also with the clusteoppsed by Comrie and Glenn (1998), but
unfortunately the latter study does not considerwinole country, as only the northern
part of the country was used to define regions dase PCA. Because of the effort

dedicated to developing the network, our reseam@h conly be compared with the
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research of Englehart and Douglas (2002) who udataset of long-term time-series of

approximately 70 years covering practically tharentountry.

The regionalisation performed in this chapter foe tannual and the wet season has
helped us to determine some key features suchghidtiting the importance of altitude,
for instance the Transverse Neo-Volcanic Belt (RW@able 4.2) during the May to
October (wet) season regionalisation. The impodanicsome large-scale atmospheric
controls in some regions of the north of the coynsuch as the Mexican Monsoon
Region (Douglas et al., 1993), that only appearthénannual season and not during the
wet season that could be the effect of winter jprtation in the region. In the same
north-western region but in the Baja Californiamipsula, three very well defined
regions (from the southern tip to the northern bordre extracted that are not delineated
because of the lack of sufficient stations in #riea for the other studies (Englehart and
Douglas, 2004; Englehart and Douglas, 2002); amdbaghly because of the hurricane
influence no PCA region is found in the Yucatan ipsula for the annual and wet
seasons. So far, Promax (k=2) has proved to betse suitable technique to extract the

best results across Mexico using PCA.

DRY SEASON.

As a natural consequence of having defined thegdviay to October as the wet season,
the rest of the year (climatologically speaking,,ithe months from November to April
are considered the dry season. Most of the couhey experienceselatively scarce
rainfall totals through this time-interval. Only tihe region north of the Peninsula of Baja
California do precipitation totals exceed fifty pmant of the rainfall annual totals during
this season. For some regions, the small amoursecfpitation (in the arid areas) have
a larger impact than during the wet season eveheifratios of the precipitation with
respect to their long-term means are used. Defiptge potential problems, we utilised

the same methods and approaches to regionaliskttseason.
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The number of components selected is a key featutbe PCA, and this is especially
true when this technique is used for regionalisat nearly horizontal line is seen after
the 11th component when the scree test is appbedtion 3.3.2). These first 11
components account for 69.2% of the total variartkke, change on eigenvalues with
respect to the 12th component is approximately340.(Fig. 4.5). Based on this small
variation, eleven different regions are considaxedtudy the spatial pattern of the dry

season (Nov-Apr) precipitation.
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Fig. 4.5. Determination of the number of regioosaonents) considered in the analysis of the NoE\p
Season) precipitation using the the cliff analdgyensch, 2005).

ORTHOGONAL AND OBLIQUE ROTATED SOLUTIONS.

Regions for the dry season in Table 4.3 show adeetidifferent spatial structure (fig.
4.6) when compared with the annual and wet seasalyses. First of all, components

reflect a larger spatial coverage for the dry seaso
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The area named the Mexican Central Highlands re{¢fRiDl) in the annual and wet
season PCA results has now being geographicalgndetl towards the Pacific Coast.
Probably larger scale (than during the annual aatisgasons) dry season phenomena,
like polar fronts, penetrate far south in the copdespite its orographic barriers (the two
mountainous ranges along both coasts). Neverthdlesdropic of cancer remains as a
climatic threshold to delineate the region.

RD2 (Northwest, Arizona and Texas) covers now ardy the Mexican Monsoon, but
also some stations south of the Baja Californianiriaala that had been split in the
annual and wet season results, and now appearsiagl@ cluster in the peninsula. It can
be appreciated that, when compared with varimaampx (k=2) has better delineated
RD2. The spatial coverage in the latter case doeseach any station far East (the state
of Texas in the USA) as in the case of varimax.hBtchniques are coincident in
showing clusters of RD2 on both sides of the SeaCoftez; it would be worth
investigating the role of the thermal inertia oé t&ulf of California (Sea of Cortez) in

relation with the climate during the dry seasothis region.

RD3 (Northeast) extends geographically eastwards north of the central highlands
covering sites that were RA4 and RW4 (Desert nokbyw Mexico, Texas) in the

previous sections.

The Gulf of Mexico Coast Region (RD4) is smallereixtension than its counterparts of
the annual and wet seasons, covering now onlydhth ©f the Gulf of México, probably
because polar fronts generally do not penetratesdath into this area during the cold

season, as is the case in northern Gulf of Mexico.

One of the only two coincident resulting regionsas surprisingly the area of North Baja
California (RD5). Only in this part of the counttlye dry season precipitation exceed
fifty percent of the annual totals. The clustericgtes identically the annual rainfall one,
but when compared with the wet season it spreadswaeds covering some parts of

Arizona, separating them from part of the RD2 tkatelated to the Mexican Monsoon
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region (RA11 in table 4.1) in the PCA regionalieatiof the annual rainfall. Therefore,
we can say that these stations in Arizona are fiettad by the same physical controls of
the Mexican Monsoon during the dry season.

Although, RD6 can be still be related to the Tramse Neovolcanic Belt, the stations
within it are not the same when compared with thesoof the rainy season results, yet all
the sites in the group are above 1000 m.a.s.ketbf them having altitudes greater than
2000 m.a.s.l., reinforcing what has been pointet kmfore, that altitude should be
considered as one of the most important factothénstudy of the climate of México
(Mosifio and Garcia, 1974).

Probably the PCA’s most striking feature for thg deason analysis is the cluster in the
Yucatan peninsula (RD7). This area is under theenice of Hurricanes during the rainy
season like Hurricane Gilberto in 1988 (one of stengest of the last century, see
section 5.1), and it is likely that the variabletura of hurricane tracks and their
associated sudden changes in precipitation impeogltaneous impacts in the stations
throughout the entire region during the wet seaand therefore the annual totals.
Nevertheless, as November to April is a Hurricame-fperiod, the rainfall patterns are

now easier to identify within RD7 and its surrourgs.

La Huasteca region can still be linked to RD8 cowgthe area north of Veracruz and
south of Tamaulipas states, in which winter atmesighcontrols like polar fronts could

penetrate far south directly affecting the preaifpiin patterns during the dry season.

The humid South Pacific coast is represented as. RD@s not been classified either for
the annual or the wet season analyses, but itgsilple (as in the case of the Yucatan
Peninsula, RD7 in table 4.3) that tropical-cyclgvecipitation have affected the PCA
results during those periods, so only allowingigssification for the dry season.

Closely replicating results in the previous se®ioRD10 shows the wettest Mexican

rainforest area. This is the only region that cob&l observed in the three different
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regionalisation analyses using Principal Componentss supports what has already
been mentioned above. In this region precipitatiotounts are roughly balanced between

wet and dry seasons.

Finally, R11 is the least clear region of all; thiauld be either an artificial effect of PCA
or product of the decision of using more componentsder to compare with the annual

and wet seasons.

Clear regionalisation can be observed either fragonal (varimax) or oblique (promax
k=2) solutions, when we apply PCA to the dry seadvevertheless, because of the
complexity of the database that has been analydedrer results are obtained with
promax (see section 3.3.2), in terms of the clgstérstations for the different groups.
Reduced regions and omission of the odd classstiations (like in the first PCs: regions
RD1, RD2, RD3 and RD4) are two discernible charaties of using promax (k=2).
Overall, dry season regions depict a markedly giffestructure when compared with the
annual and wet season PCA results. These resu#gigns support the conclusion that
wet season is the most important period for theuahmprecipitation in most of the
country (see section 2.2). However, PCA results tioe dry season suggest that
precipitation totals during this period are notageble, and should be take into account

for future studies of the Mexican climatic patterns
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VARIMAX {ORTHOGONAL) ROTATIOM LOADINGE-0.4

PACIFIC OCEAN

15

115 110 105 100 25 80
LONGITUDE
(a)

PCA ON DRY SEARON PRECIPITATION
PROMAX (keppa=Z) {(OBLIQUE) ROTATION LOADINGS:-0.4

(11}
=] L
e
E TAOFICON CANCIR |
S GULF OF MEXICO

m_ _

PACIFIC OCEAN
15_ T T T T T T -
115 =118} =1{}5 =108 =85 =30
LONGITUDE
(b)

Figure 4.6. Principal component analysis (reg&atiain) of a network of 175 stations with dry sedistov-
Apr) precipitation (1931-2001) using two differsoititions: varimax (a) and promax with kappa=2 (b).
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Table 4.3. Dry season precipitation PCA resuliggions identified according to the known Mexican

climatology (Garcia, 1988).
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4.3. PRINCIPAL COMPONENT ANALYSIS (PCA) ON MEAN TEM PERATURE.

In order to expand the understanding of the clinadit®éxico, and also to complete the
picture depicted by the PCA on precipitation, itswdecided to apply the same sort of
analysis to mean temperature. Only a few have lpegte applying PCA to Mexican
temperatures (see section 4.2). As has been pomtieth previous chapters this is not
surprising, as it is only relatively recently (I1at®90s, see section 3.2) that extended
digital databases prepared from instrumental datee bbeen released. Still, the number
and spatial coverage of temperature stations idlemahen compared with that of
precipitation. This can be explained as the Mexipast-revolutionary economic era
before the 1980s being partially linked to agrictét (Liverman and O’Brien, 1991), and
therefore the precipitation pattern changes werereminportant than those for
temperature. The meteorological network developecerntowards rainfall measurements
during the early instrumental periods, instead e¥afoping simultaneously with other
climatological variables like temperature. The temgpure data network to be used
follows the same conditions established for preatfmn, i.e., to have as many stations as
possible across the nation together with a pred&smition of the seasons under study.
The smaller number of Surface Air Temperature (SAStations than those for
precipitation, does not permit a good spatial cagerthroughout the country (Fig. 4.7).
A database of fifty-two stations containing montmhean temperature was prepared.
Except for those located in the USA, all of themreverocessed from daily data.
Following the same conditions for the PCA on pretatpn, the maximum percentage of
missing values was restricted to 10%, and missimyths were replaced with their
respective means. In contrast, the length of time tseries is only 61 years, starting in
1941 and ending in 2001; ten years shorter thamaiméall network (see section 3.2.2).
Anomalies with respect to their long-term meansenaso calculated, in order to avoid
as much as possible sudden changes in the timessard well-known direct “external”
influences such as altitude (Comrie and Glenn, 199&er factors play important roles
in the annual temperature cycle, among them lagitgccrucial for the determination of

the seasonality of the dynamics of temperaturegsegon 2.2.1).
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STATION NAME STATE |SMN ID |LONGITUDE [LATITUDE* ALTITUDE+
1|PABELLON DE ARTEAGA AGS 01014 -102.33 22.18 1920
2|PRESA CALLES AGS 01018 -102.43 22.13 2025
3|PRESA RODRIGUEZ BCN 102038 -116.90 32.45 100
4{ENSENADA BCN  ]02072 -116.60 31.88 24
5|COMONDU BCS ]03008 -111.85 26.08 260
6|EL PASO DE IRITU BCS 03012 -111.12 24.77 140
7|LA PURISIMA BCS 03029 -112.08 26.18 95
8|SAN BARTOLO BCS ]03050 -109.85 23.73 395
9|SANTA GERTRUDIS BCS 03060 -110.10 23.48 350

10|SANTA ROSALIA BCS 03061 -112.28 27.30 17
11{SANTIAGO BCS 03062 -109.73 23.47 125
12|LA PAZ BCS 03074 -110.37 24.15 10
13]|MANZANILLO COL 06018 -104.32 19.05 3
14|MOTOZINTLA CHIAP |07119 -92.25 15.37 1455
15(EL PALMITO DUR ]10021 -104.78 25.52 1540
16]|EL SALTO DUR ]10025 -105.37 23.78 2538
17|GUANACEVI DUR 10029 -105.97 25.93 2200
18|RODEO DUR |10060 -104.53 25.18 1340
19[{SANTIAGO PAPASQUIARO DUR ]10100 -105.42 25.05 1740
20]IRAPUATO GTO ]11028 -101.35 20.68 1725
21|OCAMPO GTO ]11050 -101.48 21.65 2250
22|PERICOS GTO |11052 -101.10 20.52 1720
23|SALVATIERRA GTO 11060 -100.87 20.22 1760
24|SALAMANCA GTO ]11096 -101.18 20.57 1723
25|CUITZEO DEL PORVENIR MICH ]16027 -101.15 19.97 1831
26|HUINGO MICH ]16052 -100.83 19.92 1832
27|CIUDAD HIDALGO MICH [16152 -100.57 19.70 2000
28|ZACAPU MICH [16171 -101.78 19.82 1986
29]AHUACATLAN NAY 18002 -104.48 21.05 990
30|EL CUCHILLO NL 19016 -99.25 25.73 145
31|LAMPAZOS NL 19028 -100.52 27.03 320
32|MATIAS ROMERO OAX 120068 -95.03 16.88 201
33|SANTO DOMINGO TEHUANTEPEC|OAX  ]20149 -95.23 16.33 95
34| TEZIUTLAN PUE  [21091 -97.35 19.82 2050
35|MATEHUALA SLP 24040 -100.63 23.65 1575
36|BADIRAGUATO SIN 25110 -107.55 25.37 230
37|TRES HERMANOS SON 26102 -109.20 27.20 100
38|SAN FERNANDO TAM 128086 -98.15 24.85 43
39|ATZALAN VER |30012 -97.25 19.80 1842
40|RINCONADA VER |30141 -96.55 19.35 313
41|LAS VIGAS VER 30211 -97.10 19.65 37|
42|EL SAUZ ZAC 132018 -103.23 23.18 2100
43|BROWNSVILLE X BWVTX -97.40 25.80 6
44|SAN ANTONIO X SATTX -98.50 29.50 223
A5|MIDLAND TX MAFTX -102.20 32.00 846
46|EL PASO X ELPTX -106.40 31.80 1150
47|]TOMBSTONE uUsS TSTUS -110.10 31.70 1405
48| TUCSON AZ TUSAZ -110.90 32.10 780
49|PHOENIX AZ PHXAZ -112.00 33.40 335
50|SAN DIEGO CA SANCA -117.20 32.70 5
51|CUYAMACA CA CYCCA -116.60 33.00 1414
52|LOS ANGELES CA LAXCA -118.20 34.10 4

Table 4.4. List of stations with monthly mean teraipes. The period of records for all the staifism 1941

to 2001. * meters above sea level.
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Fig.4.7. Locations of the 52 climatological statiaith monthly mean temperature during the peidd-2001
used in the Principal Component Analysis (PCA).

Much of the annual rainfall is concentrated in Me&xin the summer months; and closely
agrees with the procession of the seasons modulgtésmperature (Mosifio and Garcia,
1974). The progression of the temperature maxin@awsha northwards movement
starting in May, with exceptions observed alonghbdexican coasts. For these reasons,
it was decided to define the same three seasoffigr ggecipitation: May to October,
November to April and the annual period, and tolymeathem applying PCA with S-
mode for regionalisation purposes, using the catigl matrix for contrasting climatic
conditions (see section 3.3.2). Rotated (orthog@mal oblique) solutions techniques

were applied to the databases to obtain the religatian.
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4.3.1 ANNUAL MEAN TEMPERATURE.

The contrasting conditions for precipitation exp&d in Chapter two are closely

replicated by mean annual temperature. The smallfetences are experienced in the

south Pacific coast, whilst the most dissimilar diions are observed over the north to

north-western regions of the country, in a gradoateasing tendency from south to

north. Apart of this evident characteristic, toritiy different regions that are coherently
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Figure 4.8. Scree Test Plot on a) Annual and Igessbn (May-Oct) Mean Temperature.
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varying, it was necessary to define how many coreptswere going to be used. For this
purpose the scree test and the same separatiorodneththe previous sections was
applied. Based on the scree test (see section) 38.Eig. 4.8 a), we can select the
number of components using two different criteFastly, after the 12th component, the
variation with respect to the next components gigile and these first 12 components
account for 80.1% of the total variance, and selgortide eigenvalue of the 12th

component is close to the unity (1.0), i.e. thes€aiGuttman rule (Peres-Neto et al.,

2005). Therefore, the number of components iscs&Pt
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Figure 4.9. Principal Component Analysis (PCA reisation) of a network of 52 stations with annozhn

temperature (1941-2001) using two different salstia) varimax and b) promax with kappa=2.
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In contrast to the precipitation results, a laclclairity in regions can be easily observed
(see Fig. 4.9). Probably the only regions reasgnaldll delineated are located in the
north of the country near the border with the U&¥e is centred in the north and
northeast of México related to the Rio Bravo Basihjlst the other is in North Baja

California — California region near to the Pacificast. No other region can be easily

defined and linked to any known climatic featumreshe country.

4.3.2. MAY TO OCTOBER MEAN TEMPERATURE.

The scree test (see section 3.3.2) on the May twb@c period reveals that 12
components would be sufficient to explain the ctiohagy of this period. The curve
becomes close to a line after the"1@mponent, the rest of modes of variation are
practically not contributing to the communalitidsig. 4.8). As in the case of annual
mean temperature, the regions are not clearly e@faxcept for what seems to be the Rio
Bravo Basin. None of the rotated solutions improtredresults when contrasted with the
annual mean temperature regions (Fig. 4.10). Thesalts appear to closely replicate
what has been seen in the previous section (amneah temperature). It is possible that,
the smaller fluctuations in mean temperature (imgarison with the larger and easy
detectable changes in precipitation) have infludnit® unsuccessful regionalisation of
the annual and May to October mean temperatures. ofity clear regions extracted
applying PCA to mean temperature are observed irthRim Mexico where sudden
changes in temperature can occur especially dusimger, in contrast with the less
variable temperatures in Southern Mexico. A laitatitransition (defined by the tropic
of Cancer) can be pointed out in this analysis. RE€#&en, going to be applied to the
three-monthly periods Dec-Jan-Feb (DJF), Mar-ApiyMMAM), Jun-Jul-Aug (JJA),
Sep-Oct-Nov (SON), in order to explore alternatif@smproving the results.

100



PCA ON MEAN MAY-OCT TEMPERATURE
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Figure 4.10. Principal Component Analysis (PCAoregisation) of a network of 52 stations with May-O
mean temperature (1941-2001) using two differtertitss: a) varimax and b) promax with kappa=2.
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4.3.3. SEASONAL MEAN TEMPERATURE.

It is clear observing the Figure 4.12 that no regi@dan be extracted for the mean
temperature (as was the case for precipitatiorgt thake sense with the Mexican
climatology. These poor results obtained for theesaof annual and May to October (wet
season for rainfall) mean temperature enforceddénasion to split the periods on a
traditional seasonal basis (DJF, MAM, JJA, SON)d analyse them using PCA.

Dividing seasonally the mean temperature, we wifllere the possibility of improving

the PCA regionalisation. The scree tests (see&idl) for seasonal mean temperature
show an agreement after the 11th component. Theergsnvalues associated to their
modes of variation are no more contributing to tthtal variance, and not helping in the

interpretation of the spatial patterns.
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Figure 4.11. Scree Test Plot on a) DJF b) MAMA&)aitl d) SON periods for the selection of number of
components.
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The resulting distribution of regions (Fig 4.12)tbé analysis of PC using an orthogonal
rotated solution (Varimax) does not show a cledtepa in any of the (three monthly)
periods. The only consistent region across allpggods is the northeast region that we
have linked to the Rio Bravo Basin in the previsastion. Less clear but present is the
north-western North Baja California — Californiagi@n, however, only during the DJF
period is this well defined. None of the other teshave apparently any relation with
those of rainfall.

No improvement in the results (Fig 4.13) is obsdrwhen using the rotated oblique
solution (Promax), in contrast with the precipitatiregionalisation applying PCA (see
section 4.2.1). Here, the northern areas of thetcpunear the USA border are the only
regions delineated by the analysis, repeating thstars linked to the Rio Bravo Basin
and the north Baja California area. The latter mo$eeastwards to cover Arizona and
New Meéxico in the USA during the DJF and MAM peisodrhese are seasons when
polar fronts affect both rainfall and temperatuespecially in northern Mexico. The

results closely mirrored those of the orthogondltsan; but overall, as in the case of the
varimax (orthogonal) solution, the regions do rmdvg a spatial consistency through all
the seasons.
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PCA ON MEAN DJF TEMPERATURE
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1 | 1 L

TROPIC OF CANCER |

GULF OF MEXICO

PACIFIC OCEAN

15+

15 410 105 -100 95 .90
LONGITUDE

a)

PCA ON MEAN MAM TEMPERATURE
VARIMAX ROTATION LOADINGS > 0.4
L 1 1 I

+
+ USA

30 F
(2]
]
E 25 TROPIC OF CANCER |
=
5 GULF OF MEXICO

/'-—J_“"\
20 +
PACIFIC OCEAN
16- T T T T T T 2
415 410 105 100 95 90

LONGITUDE

b)

Figure 4.12. Principal Component Analysis (PCAoraiisation) applying an orthogonal rotated solutio
(Varimax) of a network of 52 stations with a) DJMIAM mean temperature (1941-2001).
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PCA ON MEAN JJA TEMPERATURE
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Figure 4.12. Principal Component Analysis (PCArgisation) applying an orthogonal rotated solution
(Varimax) of a network of 52 stations with ¢) J&é €) SON mean temperature (1941-2001).
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PCA ON MEAN DJF TEMPERATURE
PROMAX (kappa=2) ROTATION LOADINGS > 0.4
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Figure 4.13. Principal Component Analysis (PCAoratisation) applying an oblique rotated solution
(Promax) of a network of 52 stations with a) DIAAM mean temperature (1941-2001).
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Figure 4.13. Principal Component Analysis (PCAoratiisation) applying an oblique rotated solution
(Promax) on a network of 52 stations with ¢) J&RdSON mean temperature (1941-2001).
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4.3.4. K-Means Cluster Analysis.

Figure 4.14. Cluster Analysis (K-mean) of a netvadr62 stations with a) annual b) wet season mean
temperature (1941-2001).
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A final option for the purpose of regionalisatioh tbe mean temperature data was to
apply what is termed K-means cluster analysis. rEselting regions are shown in Fig.

4.14., but no improvement can really be observednndompared with those obtained by
rotated PCA. In fact, what the cluster analysiswshds an agreement with the mean
temperature PCA regionalisation, replicating th&rution already observed using that
technique. It can be concluded, therefore thatytpe of analysis has no influence on the
final results, but it is very likely that primarithe small number of stations and the length
of the time series utilised have impeded a cledcayue in comparison with those

obtained in the case of precipitation.

4.4. CONCLUSIONS TO THE CHAPTER.

A process of regionalisation using Principal CongrdrAnalysis (PCA) has been applied
to two different networks of monthly precipitatiamd temperature data. Amongst other
reasons, because of its better temporal and spati@rage; successful results have been
obtained with precipitation, and poor results foeam temperature. Clearer results are
also evident for oblique rotated [in particular dprax, k=2)] solutions than those of

orthogonal rotated (varimax) solutions.

The analyses were divided into three main seasmmgrécipitation: annual, wet (May to
October) and dry (November to April) seasons. Ahrunal wet season results are quite
similar. They share most of the PCA regions, bsb ddave slight differences. The North
American Monsoon and La Huasteca are regions thigtappear during the analysis of
annual total precipitation. These regions are sonest strongly affected by winter

rainfall influencing the annual precipitation.

In contrast, Nayarit state and the transverse Heanmix belt are regions that can only be
extracted during the wet season. In the case ofndwvolcanic belt region, altitude
certainly exerts a large influence on the resdltss is an area that needs to be explored

in much detail in future research. The great ammwhtmoisture entering the continent
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seem to be affecting the Nayarit (Pacific) coastraduthe wet season. This is the reason
the region does not appear during the dry seastimecannual totals. Finally, during the

rainfall dry season there is a markedly latituditnahsition. The Mexican monsoon and
North Baja Californian are regions in which wintprecipitation is an important

percentage of the annual totals; these two regiomdocated in the north-western part of
the country. November to April is basically a hoame-free period; therefore, those
regions that are deeply affected by these phenordariag the wet season, have now
appeared in the dry season results. The Yucatanguea and the South Pacific regions
clearly show that the heavy precipitation causedbricanes can strongly affect their
rainfall patterns completely separating them frdmeirt (PCA) neighbouring regions

during the wet season and the annual totals.

Mean temperature was the other variable analysieg #CA. This method was applied
using the rotation techniques to the annual meanpeeatures and wet season;
nevertheless, no clear results were obtained fesettseasons. An alternative approach
was used defining three-monthly periods that aisteobtaining better results. However,
no improvement was observed in comparison withptieeious analysis. A final attempt
was made using K-means cluster analysis but psuiteewere also evident. Only the
northern regions within the border of Mexico-USApapr consistently across all these

analyses.
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