CHAPTER 7: THE ENSO MODULATION OF THE
CLIMATE OF MEXICO.

7.1. INTRODUCTION.

Previous chapters have shown that different clieneggimes exist in Mexico, and that
clear changes are occurring in the most importatearological variables. Several large-
scale atmospheric controls modulate the climate tleé country; among these
teleconnections, the El Niflo-Southern Oscillatigeres an important influence over the
fluctuations of precipitation and temperature tlyloout the country (Magafia and Gay,
2001). Identification of the spatial and temporatterns of these climatic fluctuations

over Mexico is the aim of the chapter seven.

It is very well known that the climate of Mexico ldghly seasonal (see section 2.3). In
order to find linear correlations between rainéaid temperature with El Nifio — Southern
Oscillation (ENSO) Kendall’s tau-b statistic (seet®on 3.3.5) will be applied. Annual,

wet (May-Oct) and dry (Nov-Apr) season standardigesions of the extreme weather
and ENSO indices are used. As the length of the-garies of Nifio 3.4 and MEI starts in
1950 instead of 1931 for precipitation and 194 1téonperature, we have to deal with the
fact that we cannot use the full capacity of thesseorological variables (see section
3.2.3). Based on the results of the regionalisatisimg Principal Component Analysis
(see chapter 4), only regional precipitation avesagre available and not regional

temperature time-series.

Climatic responses to large-scale atmospheric otsndire frequently delayed in time. For
this reason, cross correlation is applied to fimel dptimal time-shifts that maximise the
correlations between the meteorological variabled the ENSO indices; but also to
check the spatial consistency when compared with résults of the direct linear

correlations. For this purpose, monthly time-semésregional rainfall averages and
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extreme weather (precipitation and temperaturejc@sdare (lag) correlated with the
ENSO indices.

Linear and lag correlations are calculated in thapter between the meteorological
variables and the different ENSO indices. Secti@deéscribes the relationships between
the SOI index and the meteorological variables.eaimcorrelations involving regional

precipitation averages and the extreme weathecesdare described in section 7.2.1,
while the relationships of the same variables a@®dl &ing lag correlation are explored

in section 7.2.2. Analyses using the Nifio 3.4 statided index follow the same pattern:
linear correlations with regional precipitation eages are assessed first and with
extreme weather indices in section 7.3.1. Secti@R7Zevaluates the lag correlations of
El Nifio 3.4 later with the same variables. Finalgctions 7.4.1 and 7.4.2 explore the
linear and lag correlations respectively of MEIwregional precipitation averages and

extreme weather indices.
The analysis of similarities and differences amtmgy different results are evaluated in

the concluding section 7.5. Spatial and tempoiaiatic patterns among the results from

relationships with the ENSO indices are also amalys this section.
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7.2. THE SOI (SOUTHERN OSCILLATION INDEX) INFLUENCE .

The first analysis to be performed in this chagterthe linear correlation between
standardised regional averages and SOI indiceg k&dmdall tau-b (see section 3.3.5).
The main purpose of the next sections is to caegliinearly) the regional time series
constructed using the results obtained with PCA thnele different ENSO indices. The
regional time series are classified into threeedédht seasons: Annual, Wet (May-Oct)
and Dry (Nov-Apr) seasons. For the rest of the tdrapthe three ENSO indices
considered in the correlations are: the Southerall@son Index (SOI), El Nifio 3.4
index and the Multivariate El Nifio Index (MEI).

Every time series are in their standardised vessiororder toexplicitly avoid(as much
as possible) external influences in the analysig &ltitude (see section 4.2.1). The
regional series of precipitation extend from 1982001 (sections 3.2.1 and 3.2.2), i.e.,
they use 71 years of instrumental data. Meanwthiethree ENSO indices have different
periods of record: SOI starts on 1866 and finighe&004, the Nifio 3.4 index and MEI
periods are shorter and extend from 1950 to 2084 ¢ection 3.2.3). Therefore, for this
study, they differ in their starting year but code in 2001 as the final year of
instrumental temperature and precipitation datae Wain objective when using three
different standardised indices of ENSO is to thstdonsistency of the results (linear or

lag correlations) with the regional precipitatiariss.

Basically, there is a correspondence (synchronisedne) between the time series of
ENSO indices and regional precipitation when theefr) correlations analysis are
applied, except for the cases in which dry (the &foler and December months of the
year before are computed) are correlated to wetossa For instance, wet season
standardised versions of regional precipitationrayes and SOI indices of 1932 can be

correlated, but when we correlate the wet seasginmral precipitation averages with the
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Dry Season SOI of 1932, we use the November ané@rmleer 1931 indices of SOI also
to calculate the November to April index of SOl these cases a lag response (frequently
seen) is expected in the results, between larde-sganospheric controls and the
meteorological variables. A more precise examplthisf kind of lagged response will be

presented in section 7.2.2 using monthly data.

7.2.1. LINEAR CORRELATION.

Regional Precipitation Averages.

The first analysis to be applied is a linear catieh (Kendall tau-b) between regional
precipitation and the different seasonal versiohghe standardised SOI index. As
described in section 7.2., the SOl is the only xwaéh the possibility of correlating with

the regional precipitation series using the fultgmbial of the dataset (1931 to 2001).
Firstly, we will start with a description of the giens with the most significant

(statistically speaking) results (Fig. 7.1), andhet same time extract the most important
climatic patterns associated to these correlatidvis. have classified the results from
positive/negative correlations and separated theéls of statistical significance at either
the 5 or 1% level. The seasonal influence will befty mentioned here, as later on in

this section a more specific analysis is made wihenresults are contrasted with the

extreme weather indices.

One of the regions with the most consistent climp#tterns (being partly modulated) by
the El Nifio phenomenon is the northern area oBi#ga Californian Peninsula (Magafa
et al., 2003). In this region, regardless of seasah the statistically significant

correlations are negative (for negative anomalie$S©I the regional precipitation is

positive, i.e., above normal precipitation durinigNiio years). Most of the correlations
are statistically significant at the 1% level. Tlignatic pattern is consistent across all
the seasonal (annual, wet and dry) time seriesrégional precipitation averages.
Negative correlations are also observed within Mweth American Monsoon — also

called the Mexican Monsoon — Region (NAMR). All sieecorrelations are better than the
1% level of statistically significance, and the swaality shows that they are mainly

present during the dry season (Nov-Apr). It is Wwoppointing out that in the
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Fig. 7.1. Linear correlations (Kendall tau-b) leetivthe standardised versions of the precipitatigponal
averages and the Southem Oscillation Index (B&i)numbers represent positive and blue numbeiseeg
correlations. * means statistical significant al@% and ** at 1% level.
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north-western part of Mexico; winter precipitatibas a large influence (in percentage

terms) on the annual rainfall totals (see sectidm?4?).

Some of the correlations between the regional pitation and the annual SOI are better
than the 1% level of statistical significance: pi@si correlations are observed during the
rainfall wet season in the southern Pacific, patidy the south-eastern rainforest and
the Michoacan state regions (negative annual SOEloNifio-like conditions are
associated to less than normal precipitation). Shme climatic pattern of positive
correlations (also statistically significant at thé& level) is replicated during the May-
Oct (wet) season for the south-eastern rainfoeggon [Fig. 7.1 b) and d)].

A consistent climatic pattern is observed acros$stte regions having the greatest
correlations and statistically significant resuttsere is a clear latitudinal transition from
north to south across Mexico (Cavazos and Hastert800). It is interesting to note that
this climatic pattern of the most statistically refgcant correlations is slightly

concentrated geographically along the Pacific coMexico. The North Pacific regions
within the northern Baja California peninsula amg tNAMR respond during the dry
season with above normal precipitation during EidNlike conditions, and dry regimes
are seen for the same regions during La Nifia [Fidsc) and f)]. Meanwhile, the regions
along the southern Pacific coast are associateld positive correlations, i.e., deficit

rainfall (referred to their long-term means) durthg El Nifio phase.

Among all the statistically significant resultsetigreatest correlation (+0.46, better than
the 1% of statistical significance) is seen in ltlaeHuasteca (see Table 4.1) region [Fig.
7.1 1)]. This is the only significant result forishregion, and is observed when the rainfall
dry season is correlated to the wet season of BkHrefore, dry conditions are to be
expected under El Nifio-like conditions for La H&st region. Negative correlations
(precipitation above normal, during El Nifio) at teetthan the 1% of statistical

significance are observed within the north-westeant of Mexico, especially for the

rainfall dry season combinations [Fig. 7.1 c), fiday)]. It is well documented (Mosifio
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and Garcia, 1974) that boreal winter precipitaficiosely in correspondence to what is
called the dry season of precipitation for the mfsthe country) is very important in
terms of the annual totals. This climatic pattesn be clearly noted in both the Mexican
Monsoon and the northern Baja Californian regionsngd) the November to April (dry

season) period.

The Trans Mexican Volcanic Belt (TMVB or Neovolcaraxis) region is also affected
during the dry rainfall season. Most of the stadjom this region, are located at high
altitudes. Therefore, as mentioned in section e, precipitation within this region is
strongly influenced — among other geographicaldisct by polar fronts (Jauregui, 1997)
during the Northern Hemisphere winter. Negativeradations (precipitation below
normal) are observed, in this region of high aftéustations, relating the dry rainfall
season to both the annual and wet seasons of SOthése results are statistically

significant at the 5% level.

Earlier in this section, when analysing the staiaith the most significant correlations,
it was mentioned that, for the annual totals antdseason for precipitation (see Fig. 7.1),
a latitudinal response of the climate of Mexico da@ observed during El Nifio

conditions: wetter patterns for the northern péthe country and drier conditions in the
south, and that they are mainly geographically eatrated along the Pacific coast
(Englehart and Douglas, 2001). The clearest latialctlimatic transition is found when

the Annual SAI (precipitation regional averagesgasrelated to the Annual SOI [figure

7.1 a)] Quite similar, but less clear is the climatic pret when we observe the
relationships between wet (May-Oct) SAl (Standadisinomaly Index) and the annual
SOl [figure 7.1 b)].

A similar analysis to the latitudinal climatic fea¢s can be applied searching for coastal
or continental climatic patterns related to the m(satistically) significant results.
Seasonality also plays an important role in thati@hships, with annual and wet seasons
for the SOI having the clearest results. The getaterrelations are strongly linked to the

annual SOI [Figs. 7.1 a), b) and c)]. Utilisingheit the annual or wet (season) versions of
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the SAIl, the results exhibit a clear coastal pattespecially along the Pacific coast,
probably with SST as a modulator (Giannini et &Q01). These are the same
combinations that have the best results for theutihal climatic transition. However,
the largest correlations are found for the annoahmared to the wet season SOI. Two
regions appear consistently with statistically gigant correlations: the Northern part of
the Baja Californian peninsula and the south-eastegions. No continental/coastal
climatic pattern is found when using the dry seadov-Apr) SOI for correlations [Fig.
7.1 e) and g)].

Of all the seven possible combinations (see fig, itis the annual SOI [Figs. 7.1 a), b)
and c)] that best modulates the rainfall in Mexic®., showing the largest and
statistically significant correlations. It can bas#y observed in the maps that relate the
annual SOI with both the annual and wet season {®kay SAI; a latitudinal climatic
transition is clearly seen, especially when theuahrgOIl is correlated to annual SAI,
with greater correlations than when combining witet season (May-Oct) SAIL. The
responses of the dry season (Nov-Apr) SAl (regigrakipitation) to the annual SOI
show a nationally widespread pattern of negativeetations (wetter conditions during
El Nifo-like years). The Yucatan Peninsula regi®DT7 in Table 4.3) is the most
interesting result here, although it does not haeelargest correlation. It seems that the
highly variable amount of rainfall during the heane season has an important influence
for the rest of the other seasons of SOI (seesdstion 4.1.2). Wet (May-Oct) and dry
(Nov-Apr) seasons SAI have two very different resges to the wet season (May-Oct)
SOIl. An almost nationally widespread pattern ofifpas correlations (drier conditions
during El Nifio phase) can be observed for the wasasn (May-Oct) SOI, except for
some regions along the Gulf of Mexico, especiatlly the La Huasteca region (RA7 in
Table 4.1), that has the largest correlation (wattnual SOI) of all the seasonal
combinations. Lastly, when the impact of the drgssm (Nov-Apr) SOI is considered, an
almost national coverage of negative correlationstter conditions during EI Nifio) can
be perceived, the strongest relationships are pregighin the north-western part of the
country especially the North American Monsoon dmel North Baja California regions.
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Meanwhile, no clear climatic pattern is observegwthe dry season (Nov-Apr) SAI and

wet season (May-Oct) SOI are correlated [Fig. )].1 f

Extreme Weather Indices.

Precipitation.

For this research, besides the regional precipitativerages, we have correlated the
Southern Oscillation Index with the extreme weatheices. Precipitation and extreme
temperature indices were extracted using the Rwaodt (see chapters 5 and 6). To
calculate the extreme indices, daily data of temjpee and rainfall extending from 1941
to 2001 have been used (chapter 5), while for élgeonal average analysis, monthly data
(1931-2001) was used (chapter 6). In addition, we hanging the analysis from
regional (PCA regions averages, see section 3t@.R)cal (sites) time series; therefore,
the results of this analysis can be contrasted thitise of the regional series. Both data
sets are correlated with three different seasarahyal, wet —May-Oct- and dry —Nov-

Apr-) SOI indices in their standardised versions.

The first analysis performed in this section istorelate linearly the standardised annual
SOl and the extreme precipitation indices (referséation 3.3.4 for extreme weather
indices definitions). As mentioned in the formectgm, the SOI index allows the use of
the full length of the extremes time-series. Itingportant to note here the practical
impossibility, for most of the indices, of deali(@s monthly indices are not available in
the results, but only the extreme annual rainfatlicges) with seasonal versions of the

indices of extremes.

The set of precipitation extreme indices when dateel with the annual SOI show clear
results and climatic patterns for two of the indic€onsecutive Dry Days (CDD) and the
annual maximum 1-day precipitation (RX1day). Thesdices are presenting two
different aspects of the rainfall extremes evabratvith drier conditions for the former
and wetter conditions for the latter. The CDD indeap [Fig. 7.2 a)] depicts a clear
national pattern of positive correlations, mainbncentrated in the northern part of the

country, where four out of the five most statidticaignificant correlations are found.
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Then, during El Nifio (Nifia) atmospheric conditidvedow (above) normal precipitation
is experienced especially in the northern (southktexico. In the meantime, RX1day
[Fig. 7.2 b)] is linked to a latitudinal climaticansition: positive correlations south the
Tropic of Cancer (considering this as a geograjmit) and negative in the northern part
of the country. But, there is also a longitudimahsition: southern (positive) correlations

are related to the Atlantic Ocean (Gulf of Mexicayhile the negative (northern)
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correlations are linked to the Pacific Ocean: thoaeof the four statistically significant

correlations are located at the stations alondrtmefic Ocean.

There are two stations having the most statisticsignificant results, for CDD and
RX1day: Presa Rodriguez, BC, in the Baja Californp@ninsula; and Atzalan, Ver. in
the Gulf of Mexico (station numbers 2 and 34 in [€ab.1). Negative correlations are
prevalent in the extreme indices of the Presa Radd station, i.e., during El Nifio-like
conditions above normal precipitation is observedeh geographically speaking, this
station is located in the most north-western paérthe country, north of th@ropic of
Cancer Below normal precipitation is observed in Atzal&ter.; which is located south
of the Tropic of Cancer. Positive correlations @8).for RX1day mean that during El
Nifio phase, drier conditions are dominant at thcation. The largest correlation (-0.34)
of all the extreme indices (when correlated with standardised annual SOI) is found for
the total annual precipitation (PRCPTOT) [Fig. @PRat La Presa Rodriguez station. The
negative correlation indicates that above normatipitation is linked to El Nifio-like

conditions (negative SOI).

Similar to the correlations for precipitation extre indices with the annual SOI, the
standardised version of the wet season (May-Oct) B&s used to calculate linear
correlations. As mentioned in section 2.2.1 the sestson accounts for at least 70% of
the total annual precipitation across much of tbentry. Therefore, it is expected that

some similarities arise between the correlatiofisingy annual SOl and wet season SOI.

We can start reviewing the maps of extreme ind{€&s 7.3) with the best correlations,
as already done using the annual SOI. The pretigntaxtreme indices that show the
clearest climatic patterns are: CDD, R95P, R99P ldRy and PRCPTOT (for their
definitions refer to section 3.3.4). With the exiwepp of CDD [Fig. 7.3 a)], the rest of the
rainfall indices are linked to wetter conditions.fact, three out of five of these indices
are related to a heavy rainfall threshold (R95FHRand RX1day), and as their units are
millimetres, they can be directly compared withgypéation totals or the normal amount.
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Among the results with the clearest patterns, thg mdex that directly measures drier
conditions is CDD. Positive correlations are widesgd nationally for this index.
According to these linear relationships betweenwieé season SOl and CDD [Fig. 7.3
a)], wetter conditions are mainly observed durindNiio-like conditions. Nevertheless,
amongst all the stations only two have statistycaignificant results: Celaya in Central
Mexico, and Presa Rodriguez in the most north-wespart of the country (station
numbers 16 and 2 in Table 5.1) . More days exceethia 95th percentile (R95P) are
seen in a nearly nationally widespread patternasitive correlations [Fig. 7.3 b)]. This
means that during El Nifio conditions fewer rainysiaurpass the 95th percentile. For
the R95P index, Atzaldn and Presa Rodriguez (stationbers 34 and 2 in Table 5.1) are
the only stations with statistically significantstdts: positive for Atzalan and negative
correlation for Presa Rodriguez. Although, no cldanatic pattern is observed for the
index that measures days exceeding the 99th pdec§®99P, Fig. 7.3 c¢)], it can be
mentioned that the most important results are &mtatong both coasts. It is worth noting
that two out of the three stations with statisticalgnificant correlations, are found along
the Gulf of Mexico. There is no latitudinal climatiransition in these correlations, but
two of these stations with statistically signifitaasults are located north of the tropic of
Cancer: Yecora within the Mexican or North Americktonsoon Region —NAMR-
(RA11 in Table 4.1) and San Fernando in the Noas$tern part of the country (station
numbers 32 and 33 in Table 5.1). Meanwhile, Atzglacated in the Los Tuxtlas region;
station number 34 in Table 5.1) is the only statth a correlation better than the 1%
statistical significant level. Similar correlatipatterns to those of R95P are found for the
RX1day index [Fig. 7.3 d)]. Positive correlationse adominant across the country,
however only Atzalan station, which is located be Gulf of Mexico, has a positive
correlation that is better than the 1% level oftisti@al significance. Finally, the
PRCPTOT [Fig. 7.3 e)] index shows a climatic pattemmilar to that of R95P with
almost a national pattern of positive correlatiomscept the Presa Rodriguez station in
the most north-western part of Mexico (station nemp in Table 5.1) with a negative
correlation, and statistically significant at th& level. The other largest correlation is
located at Juchitan (station number 27 in Tablg Within the Southern Pacific coastal

region.
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The regional climatic features of the ENSO modolatluring the May to October period
were explored earlier in section 7.2.1. Now, wel wi\aluate local responses of the
extreme climate indices to the wet season SOI, samde interesting climatic features
arise. The stations that appear more frequentliz statistically significant results are:
Presa Rodriguez (north-western Mexico; station rem2kin Table 5.1), Atzalan (Central
Gulf of México; station number 34 in Table 5.1) ahtthitdn (Southern Pacific coastal
region; station number 27 in Table 5.1). The Presdriguez station has statistically
significant results for the SDIl, CDD, CWD, R20mmdaPRCPTOT. A closer study of
those correlations shows that, in general, durihgNEo conditions, above normal
precipitation is prevalent at this location. Thatisin at Atzalan, Ver. shows statistically
significant positive correlations in the rainfakteeme indices SDII, R95P, R99P and
RX1day. Interpreting the relationships of thesades with the wet season SOI it can be
concluded that, during prevalent El Nifio conditiomginly below normal precipitation
is observed at Atzalan station. Juchitan in Oax@tete shows significant correlations for
the R20mm, RX5day and PRCPTOT indices. At thidetatll the correlations relate to
drier conditions during El Nifio phase (Cavazos Badtenrath, 1990). Probably, more
stations with statistically significant results arequired to strongly support this
conclusion, but it can be said that above normactipitation is observed north of the
Tropic of Cancer and drier conditions south of thifined geographic limit during with

El Nifio-like years.

The last analyses of linear correlation (Kendaltbg are now to be applied between the
dry season SOI (November to April) and the rainé&ditreme indices. As mentioned in
section 4.1, for most of Mexico, the dry seasonsdoet account for much of the
precipitation totals, except in the north-westeant pf the country (winter precipitation
prevails in this latter region, Magafa et al., 206r this reason, it is expected that the
dry season SOI climatic patterns differ in somessefiom those of the other seasons

[annual and wet (May-Oct) season].
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Fig. 7.4. Linear correlations (Kendall tau-b) lseimthe Extreme Precipitation Indices and the Nim\eky
season) Southem Oscillation Index (SOI). Cirdlesed are representing a positive and in blue iveegat
correlations.

Among the correlations between the extreme raimfidices and the dry season SOI, the
most (statistically) significant results are seenthe CDD, PRCPTOT and R99P indices.
The CDD [Fig. 7.4 a)] shows that the most stat@lycsignificant results are located
along the Pacific Ocean coast especially within M@th American Monsoon (or
Mexican Monsoon) Region (NAMR; RA11 in Table 4.This is an area in which winter
precipitation has an important role in the annaahfall totals, as mentioned in section
2.2.1. Strong EL Nifio (La Nifia) conditions reinfescthe oceanic and atmospheric
conditions that lead to wetter (drier) patternsnglthe Pacific Ocean coast in Mexico.
The scale of the results is larger than regionaktégonally widespread pattern of positive
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correlations with the dry season is observed. Tismns that, during El Nifio, wetter
conditions or fewer Consecutive Dry Days are previalnationally. Above normal
precipitation is also observed for the PRCPTOT xnfléig. 7.4 c)] during El Nifio
conditions. A national pattern of negative corielas for PRCPTOT show wetter
conditions during the negative phase of SOI. Howewosly two of these stations have
statistically significant correlations: Celaya irer@ral Mexico, and Presa Rodriguez in
Tijuana (station numbers 16 and 2 in Table 5.1)psehcorrelation is better than the 1%
level of statistical significance. The next two izes with the clearest results are related
to a set limit, one expressed in mm and the oth@ercentage terms. Nevertheless, these
indices show two very different responses for drgson SOI. negative for R10mm and
positive correlations for RO9P. Negative correlasiare dominant across the country for
the R10mm index [Fig. 7.4 d)] for Mexico this meansre rainy days exceeding the
10mm threshold. Among all these results only tloethem are statistically significant,
but only La Presa Rodriguez (station number 2 inldf&.1) has a correlation better than
1% statistical significance. In the meantime, aticemtal pattern of positive correlations
is seen for R99P [Fig. 7.4 b)], although none esthresults are statistically significant,
while a completely different pattern of negativaretations are seen across the Baja
Californian peninsula, where the station at Saré dte$ Cabo has the largest correlation

that is statistically significant at the 1% level.

Amongst all the results using the dry season S@ha@a and Yecora within NAMR
(RA11 in Table 4.1) have the largest correlatiomoughout all the rainfall extreme
indices. Both stations have the best correlationdlfe CDD index, and better than the
1% statistical significance level. These resultergjly support what has been already
established in section 4.2.1 about the importaniceéhe winter precipitation in the
Mexican Monsoon region (Ropelewski et al., 2004herEfore, at regional and local
levels, the CDD correlations are climatically cadmer It can be said that, across México,
less Consecutive Dry Days (and possibly precipitatibove normal) can be expected

during El Nifio conditions.
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Temperature.

Another aspect of extreme weather likely relate®@ is the daily temperature. At two
different levels, the correlations from this studyn be compared with the former results:
at the local level with the correlations from thetreme rainfall indices, and at the
regional scale with the results from the regionaicpitation averages. The temperature
extreme indices will be correlated, consecutiveithvannual, wet (May-Oct) and dry
(Nov-Apr) season standardised versions of the $@t as undertaken for regional

precipitation averages and rainfall extremes irglioghe previous section.

Annual SOI.

Maps of temperature extreme indices correlated whi annual SOI that have the
clearest results include: TR20, TN10p, TN90p, TX9DFR and TXx (for definitions
refer to section 3.3.4). For an easy interpretatioese indices will be analysed in groups
according to the units by which they are measudegty, %, and °C). The results for the
TR20 index [Fig. 7.5 a)] show a nearly nationaingtic pattern of negative correlations.
Despite this, statistically significant results ageographically concentrated along the
Pacific Coast, north of the Tropic of Cancer, wittihe NAMR and the Baja California
peninsula. These correlations are pointing toghslincrease in warmer (tropical) nights
during EI Nifio conditions. The next three indicealaated are associated with percentile
thresholds: TN10p, TN90p and TX90p, and they aggressed as a percentage of days
per year. The first two indices are related to hiad the last to day temperatures. An
almost national climatic pattern of positive coatedns is observed for the TN10p index
[Fig. 7.5 b)]. Climatically, this means that thergentage of days the temperature is
below the 10th percentile is reduced, i.e., during negative phase of the Southern
Oscillation (EI Nifio) a warming on minimum tempenas is experienced. Statistically
significant results are concentrated along the flea€oast, especially in the Baja
California peninsula. Correlations better than 1B€ level of statistical significance are

found north of the Tropic of Cancer. A widespreaarming signal is also seen across
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Mexico during El Nifio-like years for TN9Op [Fig.57c)]. There is a slight concentration
of statistically significant (negative) correlat®om the southern part of the country. The
largest correlations are found at Atzalan (-0.2%) Matias Romero (-0.23) stations, the
former located along the Gulf of Mexico coast, dhd latter on the southern Pacific
coast. Significant results are also found in céniMaxico and the Baja California
Peninsula. The TX90p index [Fig. 7.5 d)] shows milgir climatic pattern to that of
TN9Op. Negative correlations are present almosonally. Just as with TN9Op [Fig. 7.5
c)], all the largest correlations are significahtttee 5% level of statistical significance,
except Atzalan (station number 34 in Table 6.1} tlasignificant at the 1% level.
According to these results, cooler temperaturedareinant during El Nifio conditions
for TX90p. The DTR index [Fig. 7.5 e)] is also show an almost national pattern of
positive correlations, except for one of the sowthest stations (Santo Domingo
Tehuantepec) on the South Pacific coast with d@sstally significant result. Therefore,
during El Nifio conditions DTR decreases. Accordioghe results, this decrease of the
DTR index is likely caused by a net increase inimum temperatures. Finally, for the
TXx (Hottest Day) index , a clear pattern of negatcorrelations is seen along the
Mexican Pacific coast, but it is only the statianMatias Romero in Oaxaca (station
number 28 in Table 6.1) that has a correlation3¢0.better than the 1% level of
statistical significance. Meanwhile, positive cdateons are observed in continental
central and northern Mexico, but only the correlatat San Fernando (station number 33
in Table 6.1) is statistically significant. The uéis for the TXx lead to warmer maximum

temperatures during El Nifio phases.
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Fig. 75. Linear correlations (Kendall tau-b) leetv the Extreme Temperature Indices and the Annual
Southem Oscillation Index (Annual SOI). Circlesed are representing a positive and in blue wegati
correlations.
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Observing the stations with the largest (linearjrelations among the temperature
extreme indices, we found that Matias Romero (statiumber 28 in Table 6.1) is the
station that has the most statistically significaasults (TX10p, TX90p and WSDI).
According to its correlations, during the El Niflbgse, warmer conditions are found at
this site in the southern Pacific coastal regionodder to compare with a station north of
the Tropic of Cancer that also has the largest murob statistically significant results,
we have selected San Fernando (station number Jabte 6.1), in the north-western
part of the country, near the Gulf of Mexico. Thagation has statistically significant
results for SU25 and WSDI. The indices correlatibms San Fernando show cooling
conditions during El Nifio phase. In general, ardent pattern of warmer temperatures
during El Nifio conditions (utilising the standaetisannual SOI index) is seen among the
different extreme temperature indices. This is eigly true for the minimum
temperatures that show consistently increased satutheir associated indices during El
Nifio.

Wet Season SOI.

In order to directly compare with their counterpdarom the regional rainfall series and
precipitation extreme indices, wet season SOI &lus this section for correlation with
the temperature extreme indices. Linear correlatiame applied between the wet season
(May-Oct) SOI and the temperature extreme indi¢ég. indices with the clearest results
and their corresponding maps are going to be agalgisziding them into three different
groups according to their measurement units. Triseifidices to be analysed are FDO and
SU25 (days). TN10p and TN9Op are the indices wiper@entage limit to be interpreted
after. Finally, measured in degrees Celsius (TNd &Xx) are the last indices to be
considered.
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Fig. 7.6. Linear correlations (Kendall tau-b) lsetvthe Extreme Temperature Indices and the \gehsea
Southem Oscillation Index (wet season SOI). Gimleed are representing a positive and in bigative

correlations.
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The first extreme index to be analysed with May-Quet season) SOI is FDO (Frost
Days, TN< O0C). A national climatic pattern of positive corrdas could easily be
observed in [Fig. 7.6 a)]. Only two stations athigjtitude (Ciudad Hidalgo and El
Palmito; station numbers 23 and 14 in Table 6.Mehstatistically significant results:
they are located in the Meseta Central (Central ibdex Highlands). Their positive
correlations are better than the 5% level of dte#ik significance. The largest
correlations are also geographically concentratethé western half of the country. A
slightly similar pattern is observed for the SUZurtmer days above 2%) index.
Positive correlations are geographically widespreggecially from Central to Northern
Mexico [Fig. 7.6 b)]. San Fernando (station num®®iin Table 6.1) in the north-eastern
part of Mexico has the largest positive correlatiprD.24), which is statistically
significant at the 5% level. The correlations implynet decrease in both indices (FDO
and SU25) during El Nifio conditions. The extrendidas that exceed a set limit (TN10p
and TN90p) show a clear pattern towards warmer éeatpres during El Nifio
conditions, especially within the Baja Californiarfhsula. A national pattern of positive
correlations could be clearly observed in the TNIfap [Fig. 7.6 c)]. The largest
correlations are found at La Purisima and La PResdriguez (station numbers 5 and 2 in
Table 6.1), statistically significant at the 1 &%d levels respectively. A national climatic
pattern of mostly negative correlations is seetnéTN90p index [Fig. 7.6 d)]. The same
stations as in TN10p have the largest correlatfonsTN90p, however, this time their
correlations are better than the 1% level of diask significance. The last group of
indices (TNn and TXx) havéC as their measurement units. A clear nationakepatof
negative correlations is observed for the TNn indésvertheless only Irapuato (-0.26) in
Central Mexico (station number 17 in Table 6.1) hastatistical significant (better than
the 1% level) result. In general, absolute minintemperatures (TNn) increase during El
Nifio conditions. The Hottest day (TXx) index shaaveugh coastal/continental climatic
pattern. Negative correlations are observed aldrg Racific Coast, while positive
correlations are seen over the interior, with theeption of the San Fernando (station
number 33 in Table 6.1) in the north-western parhe country. All these correlations

are statistically significant at the 5% level; agdographically concentrated in the
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central/northern part of the country. For the THaex, warmer (colder) temperatures are

observed during El Nifio (La Nifia) conditions.

La Purisima (station number 5 in Table 6.1) is steion that has most indices (CSDI,
TN1Op, TN9Op and TR20) with statistically significaresults. All these extreme

temperature indices are pointing towards warmeditmms. The index with the greatest
positive correlation is CSDI (0.36), and the latgesgative correlation is observed in the
TN9O0p index (-0.26); both correlations are stataty significant at the 1% level.

Dry Season SOI.
The final stage in analysing the relationships leetwthe extreme temperature indices

and the Southern Oscillation Index is to correlie dry season version (November to
April period) of the standardised SOI and the terapge extreme indices. The maps
with the clearest climatic patterns are going todescribed, and compared with the
previous results (the linear correlations using stendardised annual and wet season).
The extreme indices were grouped according to themsurement units are: days (DTR
and SU25), percentage (TN10p and TN90p) a@d(TNn and TNx). Considering the

local scale, the stations with most statisticallgngicant correlations (indices) are

analysed. Finally the greatest correlations amdintheindices are contrasted in order to

find consistency among the resulting climatic pate

Temperature extreme indices that measure the nuofbdays a temperature exceeds a
set limit are considered first. Positive correlaiare observed over most of the Mexican
territory for the DTR index [Fig. 7.7 a)]. Statisily significant results are basically
concentrated in Central and Southern Mexico, ordpt& Gertrudis station, within the
Baja California Peninsula (station number 8 in €al1) is located slightly north of the
Tropic of Cancer; and the only negative correlatisnfound at Santo Domingo
Tehuantepec in the southern Pacific (station nurBen table 6.1). In general, during El

Niflo conditions decreasing DTRs are seen acrossduledeanwhile, positive
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Fig. 7.7. Linear correlations (Kendall tau-b) leetivthe Extreme Temperature Indices and the DsprSea
Southem Oscillation Index (dry season SOI). Giideed are representing a positive and in bigative
correlations.
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correlations are almost nationally widespread fier $U25 index [Fig. 7.7 b)]. However,
the largest correlations are concentrated in Cleaxch Northern Mexico, precisely the
area strongly affected by polar fronts during tloeelal winter (see section 2.2.2). San
Fernando and Cuitzeo del Porvenir are the onlystations with significant correlations
(station numbers 33 and 21 in Table 6.1), thesdteeare statistically significant at better
than the 1 and 5% levels respectively. Accordinth&se results, colder temperatures are

generally observed for the SU25 index during EldNif

The TN10p and TN9Op indices show warmer temperatdueing El Nifio conditions. A
national climatic pattern of positive and negateerelations is observed for TN10p and
TN9Op respectively. Nevertheless there are suliffierences between these indices. The
TN1Op map [Fig. 7.7 c)] shows that statisticallgrsficant positive correlations are
geographically concentrated along both the Atlaatid Pacific coasts. For this index, the
stations with the largest correlations (statishcalignificant at the 1% level) are: La
Presa Rodriguez in the northern Baja Californiaiferia (station number 2 in Table 6.1)
and Atzalan in the Central Gulf of Mexico (statiommber 34 in Table 6.1). Meanwhile,
negative correlations are the most significant ltedor the TN90p index [Fig. 7.7 d)].
The largest correlation (-0.38) is seen once mbAdzalan. Geographically speaking, the
greatest correlations are mainly located within so@ithern part of Mexico; only La
Purisima station in the peninsula of Baja Califar(station number 5 in table 6.1) is
slightly north of the Tropic of Cancer. The onlysgitve correlation (+0.27) among the
results for TN9Op is found at the Lampazos statinthe north-western part of Mexico
(station number 26 in Table 6.1) that breaks theBcity of this climatic pattern.

Finally, let us evaluate two night-time temperatungices that are measured®@ units.

An almost national pattern of negative correlatiossobserved for TNn, and TNx.
Statistically significant results are concentraadmhg the Pacific Coast for the TNn index
[Fig. 7.7 €)]. Although national, the climatic pati for TNx [Fig. 7.7 f)]; the most
significant results for this index are found at ®&ntiago Papasquiaro and Cuitzeo del
Porvenir (station numbers 15 and 21 in table G&)h are located above 1500 m.a.s.l.,

and have negative correlations better than the ekl lof statistical significance. Both

194



extreme indices basically respond with warmer teatpees to atmospheric El Nifio

conditions.

An almost national climatic pattern (with a componh@long the Pacific Ocean) of
warmer temperatures is seen across Mexico duringifitl-like years. This is especially
evident in the case of minimum temperatures treat te decreasing DTRs across most of

the country.
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7.2.2. LAG CORRELATION (SOl).

Precipitation Regional Averages.

Local climate responses to ENSO are sometimescdiffto prove, because most of the
time these climatic variations take a variable geiof time to be evident. For this reason,
lag-cross correlation was selected as an altemativfind connections between the
climate of Mexico and ENSO. The aim of this teclusigs to find the lag that maximises
the correlation between the variables. Therefouve,abjective here is to determine how
long it takes, for a certain location, to fully pesd to ENSO. This response can be

expressed as a small or large fluctuation frormtbrenal climatic conditions.

The lag-cross correlation (using the public sofev8PSS for Windows, Release 11.0.1,
that applies the Pearson correlation coefficiestysed in this section to establish the
relationships between the monthly time-series ef skandardised Southern Oscillation
Index (SOI) and the regional precipitation averagdseoretically, positive or negative

lags are possible in the process of finding thénegdtcorrelations, but spatial consistency
is also expected when contrasting the differenparses of the regional precipitation to
the ENSO influence.

REGION CENTRAL LOCATION SOl NINO 3.4 MEI
LONGITUDE |JLATITUDE ] CORR+] CORR-] LAG ] CORR+] CORR-] LAG |J CORR+] CORR-] LAG

R1 -101.19 20.77f 1.00E-99] -0.114 0 0.12] 1.00E-99 -3 0.106] 1.00E-99 -3
R2 -97.14 19.62 0.086] 1.00E-99 1| 1.00E-99] -0.092 1| 1.00E-99] -0.068 0
R3 -99.85 25.28 0.138] 1.00E-99 20 0.13] 1.00E-99 -2 0.145 1.00E-99 -3
R4 -104.35 27.39 1E-99]  -0.145 -1 0.212| 1.00E-99 &2 0.218| 1.00E-99 -3
R5 -110.25 23.77 1E-99)  -0.097 1 0.12] 1.00E-99 -4 0.14] 1.00E-99 1
R6 -114.73 32.55 1E-99 -0.12 7 0.191] 1.00E-99 2 0.204| 1.00E-99 3
R7 -98.78 22.72 1E-99]  -0.145 2 0.185] 1.00E-99 3 0.208] 1.00E-99 1
R8 -111.76 26.23 0.115] 1.00E-99 1| 1.00E-99] -0.126 1f 1.00E-99] -0.134 =l
R9 -92.77 17.38 1E-99)  -0.074 -11 0.077| 1.00E-99 -3 0.081{ 1.00E-99 -3
R10 -102.93 18.48 0.066] 1.00E-99 20 0.075] 1.00E-99 -14 0.057| 1.00E-99 4
R11 -109.65 28.42 1E-99] -0.128 0 0.105{ 1.00E-99 0 0.135[ 1.00E-99 0

Table 7.1. Lag cross-correlations between thdestied versions of Regional Precipitation Averaged the
different ENSO indices: the Southem Oscillatialein(SOl), El Nifio 3.4 index, and the Multivariatédifio
Index (MEI). The linear correlation is calculatesihg the Pearson function. Lags (leads) are ezgress
months and related to the maximum correlation faftexdrying several lags and leads. Regionsisphere
are defined in Table 4.1.
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In order to evaluate the level of coherence, tliedeoss-correlation is applied in this
section between standardised SOl and Regional femn Averages. The greatest
negative correlations are observed in Regions feewen, and eleven (RA4, RA7 and
RA11 respectively, regions defined in Table 4.19rr€lations and time shifts are similar
in magnitude between them -0.15(-1), -0.15(+2), a@d.3(0). The largest positive
correlation is found in RA3 (+0.14), but the timi(e20 months) is quite different when
compared with the other correlations of the sangn.siThe clearest geographical
teleconnection of ENSO is located in the north-eestpart of Mexico: the Northern
Baja California Peninsula and the Mexican Monsoegians share similar correlations
and timing responses to ENSO modulation. Three hef tegions with the largest
correlations are located north of the Tropic of €&an although their meteorological
responses are quite different: wetter conditiorsfaund in the north-western region of
Mexico, while the northeast experiences drier comas. In general it can be said that
during EI Nifio, wetter conditions prevail for nagtih Mexico, and close to the peak of El
Niflo-like conditions. This is consistent with thesults of the correlation analysis using
Kendall tau-b.

Fig. 7.8. Lag cross-correlations between theatdiseld versions of Regional Precipitation Averagdghe
Southem Oscillation Index (SOI). Red circles sgmigpositive and blue circles negative corretation
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Extreme Weather Indices.

Extreme Rainfall Indices

The maximum 1-day precipitation (RX1day) shows wigtdy differential climatic pattern

of peninsular and continental variations (Table a@ Fig. 7.9). For instance, in the
north-western part of Mexico, the northern BajaifGatian peninsula (Presa Rodriguez,
station number 2 in Table 5.1) has a different easp (negative correlation) and timing
when compared to stations within the Mexican mons@gion. Yecora in the State of
Sonora (station number 32 in Table 5.1) is at thre of this North American Monsoon
(or Mexican Monsoon) region, with an altitude redagh 1500 m.a.s.l. Yecora is
responding with a net decrease in precipitation wrs (+0.13) during La Nifa

conditions. Meanwhile, the Presa Rodriguez stasoshowing negative correlations (-
0.11); it is the clearest climatic pattern with teetconditions during El Nifio-like years.

The impact in the south-eastern area within thea¥arc Peninsula is nearly negligible.

The north-western part of Mexico shows (with exaeptof the station at Yecora) a
coherent climatic pattern of wetter conditions dgriEl Nifio phase (Dettinger et al.,
2001), and the (lag) time of response is aroundptek of this phenomenon (see Fig.
7.9).
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SOI NINO 3.4 MEI
STATION LONGITUDE | LATITUDE TORR e TORR e TORR e
1|CELAYA -100.82 20.53]  -0.091 11 0.081 7 0.057 4
2[IRAPUATO -101.35 20.68)  -0.063 -12 0.052 -17 0.040 -21]
3[ATZALAN -97.25 19.80 0.084 1 -0.156 1| -0.097 1
4]LAS VIGAS -97.10 19.65  -0.060 11f  -0.091 -5 -0.089 =
5[SAN FERNANDO -98.15 24.85]  -0.060 7 0.061 6 -0.051 20
6{GUANACEVI -105.97 25.93]  -0.090 0 0.094 = 0.101 =
7[SAN JOSE DEL CABO -109.67 23.05] -0.071 13 0.096 7 0.094 6
8[PRESA RODRIGUEZ -116.90 3245 0114 0 0.172 2 0.174 0
9[BADIRAGUATO -107.55 2537 -0.092 -1 0.085 4 0.093 1
10|{CHAMPOTON -90.72 19.35  -0.099 21 0.067 6 0.097 -22
11{JUCHITAN -95.03 16.43|  -0.084 17 0.130 18 0.132 16
12|APATZINGAN -102.35 19.08 0.058 -12)  -0.054 -11f  -0.033 3
13|FCO. | MADERO -104.30 2447  -0.068 -3 0.097 5  -0.056 -14
14|OJINAGA -104.42 29.57)  -0.087 -2 0.074 -4 0.060 -4
15[YECORA -108.95 28.37 0.129 19  -0.129 15  -0.145 14

Table 7.2. Lag cross-correlations between the &X@dax 1-day Precipitation) Index and the differen
standardised versions of the ENSO indices: thiaéouDscillation Index (SOI), El Nifio 3.4 index dine
Multivariate El Nifio Index (MEI). The linear cosbn is calculated using the Pearson functiors (eads)
are expressed in months and related to the maxiometation found after trying several lags argdslea

Fig. 7.9. Lag cross-correlations between the RX({dax 1-day Precipitation) Index and the stansteatdi
version of the Southem Oscillation Index (SOl Ricles represent positive and blue circles imegat
correlations.
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A climatic feature has been repeating consistahtiyughout the extreme indices: wetter
conditions during El Nifio phase, for the Presa Rpdiz station (-0.14 correlation, 0
months lag) in North Baja California Peninsula tfsta number 2 in Table 5.1). This

climatic feature is also true for the RX5day ind@able 7.3 and Fig. 7.10). At the core
of the Mexican Monsoon (or North American Monso&a&gion, the climatic response to
ENSO takes time to be fully developed. The hightale Yecora station in Sonora
(station number 32 in Table 5.1), this location engnces drier conditions (+0.22

correlation) during the negative phase of SOI (Eid)l Precipitation below normal is

also observed at the South Pacific coast (Juchitd®paxaca (station number 27 in Table
5.1) during El Nifio-like conditions near the pedklis phenomenon. A Pacific Ocean
component is involved in the ENSO modulation fog §tday maximum precipitation,

although the timing response is similar for thetistes at Presa Rodriguez and the
Juchitan in Oaxaca, the climatic responses are alifterent. Correlations between SOI
and RX5day are consistent with the climatic pictaready observed for RX1day and the
same ENSO index.
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SOl NINO 3.4 MEI
STATION LONGITUDE|LATITUDE TORR S =ORR e =ORR S
1|CELAYA -100.82 20.53 -0.092 11 0.098 7 0.077 7
2|IRAPUATO -101.35 20.68 -0.059 11 0.051 7 -0.055 =1
3|ATZALAN -97.25 19.80 0.069 4 -0.144 1 -0.108 2
4|LAS VIGAS -97.10 19.65 0.073 50 -0.098 1 -0.095 3
5|SAN FERNANDO -98.15 24.85 0.055 21 0.042 7 0.060 -10
6|GUANACEVI -105.97 25.93 -0.079 0 0.084 -3 0.093 2
7ISAN JOSE DEL CABO -109.67 23.05 -0.067 22 0.088 6 0.083 6|
8|PRESA RODRIGUEZ -116.90 32.45 -0.138 0 0.166 2 0.163 0
9|BADIRAGUATO -107.55 25.37 -0.092 -1 0.085 4 0.093 1
10]CHAMPOTON -90.72 19.35 -0.102 -21 0.072 -20 0.104 -22
11]JUCHITAN -95.03 16.43 0.103 0 0.125 18 0.130 16
12]APATZINGAN -102.35 19.08 0.049 -4 -0.054 24 -0.029 -14
13|FCO. | MADERO -104.30 24.47 -0.045 -3 0.098 6 0.063 7
14]OJINAGA -104.42 29.57 -0.063 & 0.060 17 0.040 -23
15]YECORA -108.95 28.37 0.129 19 -0.129 15 -0.145 15

Table 7.3. Lag cross-correlations between the &XBdax 5-day Precipitation) and the different ENSO
indices: the Southem Oscillation Index (SOI), Bt\8.4 index, and the Multivariate El Nifio Indsi]). The
linear correlation is calculated using the Pedusation. Lags (leads) are expressed in monthelatet! to the
maximum correlation found after trying several &msleads.

Fig. 7.10. Lag cross-correlations between the BXBdax 5-day Precipitation) Index and the staisdard
version of the Southemn Oscillation Index (SOledRircles represent posiive and blue circlestiviega
correlations.
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Extreme Temperature Indices.

DTR
No clear lag pattern is seen correlating DTR amd301 indices (table 7.4 and fig. 7.11).

Highest correlations are slightly concentrated dbersouthern part of Mexico near the
Pacific Ocean. Neither positive nor negative catiehs show a clear climatic pattern.
There is no clear pattern for the time-lags of oese of the different stations to the
ENSO phenomenon.

1 SOl | NINO 3.4 MET
STATION LONGITUDE |LATITUDE |=rmme oo TG
PABELLON DE ARTEAGA ~102. 7]__-0.099 1
PRESA RODRIGUEZ 2 o074 1
| 3[COMONDG 7] _-0.102]
| 4]EL PASO DE IRITU = 0.167]
5]LA PURISIMA 4 0.237 E
6|SAN BARTOLO -0.148] E
7|SANTA GERTRUDIS 0.219) -
8[SANTIAGO 0.095] 0
9[EL PALMITO 0.083] 24
| 10[SANTIAGO PAPASQUIARO 24 0.132] 2
__:lI_R_APUATO 6] 0.102) 8|
PERICOS [ 0.077] ~10
|SALAMANCA 7]___0.082 -
I il_cuwzuzo DEL PORVENIR 7]__-0.235] 9
5[HUINGO 7| 0.078
6|CIUDAD HIDALGO ; 2 0.097]
7|zACAPU -101.78 . . - -0. -1 -0.130 -
| 18[AHUACATLAN -104.48 d 0. . 2 0.075] E
9[LAMPAZOS -100.52 . . - 0. - -0.175 -
| 20[MATIAS ROMERO 95, } ) - 0. 24| -0.338] 24
SANTO DOMINGO TEHUANTEPEC % _I . -2| 0. gl 1 0.265 |
___IMATEHUALA -100.63 23.65| _ 0.094] 7]_-0.105 7| _-0.116 6
BADIRAGUATO -107.55 2537]  0.104] 3] __-0.10. 1| -0.166 1
| 24[SAN FERNANDO 98.15 24.85| _ 0.061] 7]___0.04 13]__0.065 24|
25[ATZALAN 97.25 198 -0.129 20 o0.10 18] o117 18}
26[LAS VIGAS o7.1] 19.65| _-0.187 20] __0.109 1s‘| 0.247] 19]

Table 7.4. Lag cross-correlations between the [DE#y Temperature Range) and the different ENSO
indices: the Southem Oscillation Index (SOI), Et\8.4 index, and the Multivariate El Nifio Indsi]). The
linear correlation is calculated using the Pedusmtion. Lags (leads) are expressed in monthelatet! to the
maximum correlation found after trying several tagsleads.

Fig. 7.11 Lag cross-correlations between the DTdy(Demperature Range) and the Southem Osaillatio
Index (SOI). Red circles express positive comalstand blue circles show negative correlations.
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TN10P

Prevailing positive correlations are observed fbe tTN10P index, although their
corresponding lags are not quite homogeneous (T&d¢. In addition, positive

correlations are greater in magnitude than negativerelations. These positive
relationships are geographically concentrated enBhja California Peninsula, but they
are also present in the Gulf of Mexico and Michoa8#ate (Fig. 7.12). The two largest
correlations are in the central part of the Bajéif@aia Peninsula: La Purisima (station
number 5 in Table 6.1) with a correlation of +0&1d a lag of +2, then Comondu with a
lag of -2 and a positive correlation of +0.16. Baite just examples of the dominant

tendency towards warmer temperatures during anififl phase.
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SOl NINO 3.4 MEI
STATION LONGITUDE |LATITUDE TORR TAG TORR TAG TORR TAG
1]PABELLON DE ARTEAGA -102.33 22.18 0.082 22 0.099 0 -0.101 -16)
2|PRESA RODRIGUEZ -116.9 32.45 0.203 -2 -0.182 4 -0.260 3
3|COMONDU -111.85 26.08 0.164 -2 -0.156 0 -0.174) 0
4[EL PASO DE IRITU -111.12 24.77 -0.135 -7 0.140 -9 0.147 -9
5|LA PURISIMA -112.08 26.18 0.210 2 -0.212 2 -0.264) 2
6|SAN BARTOLO -109.85 23.73 -0.058 -11 0.083 -16 -0.131 9
7|SANTA GERTRUDIS -110.1 23.48 0.096 -24 -0.078 21 0.067 10
8|SANTIAGO -109.73 23.47 0.135 0 -0.134 6 -0.114 -3
9|EL PALMITO -104.78 25.52 0.091 13 -0.104] 11 -0.137 10
10[SANTIAGO PAPASQUIARO -105.42 25.05 0.088 3 0.139 -10 -0.126 11
11{IRAPUATO -101.35 20.68 -0.125 1 0.122 -1 0.168 -2)
12[PERICOS -101.1 20.52 0.121 11 -0.077 14 -0.182 12
13[SALAMANCA -101.18 20.57 0.087 -15 -0.094) -16
14[CUITZEO DEL PORVENIR -101.15 19.97 0.169 19 -0.174 16 -0.230 15
15[HUINGO -100.83 19.92 -0.120 1 0.094 0 0.150 0
16{CIUDAD HIDALGO -100.57 19.7 0.110 5 0.130 20 0.124 22)
17{ZACAPU -101.78 19.82 0.094 -23 -0.152 -10 0.145 23
18[AHUACATLAN -104.48 21.05 -0.136 1 0.104 2 0.181 1
19[LAMPAZOS -100.52 27.03 0.087 0 -0.083 -1 -0.128 2
20]MATIAS ROMERO -95.03 16.88 0.125 2 -0.097 -16 -0.200 -16
21]SAN FERNANDO -98.15 24.85 -0.113 19 0.085 20 0.125 3
22|ATZALAN -97.25 19.8 0.184 6 -0.145 7 -0.203 7
23]LAS VIGAS -97.1 19.65 -0.123 20 -0.097 6 0.120 24]

Table 7.5. Lag cross-correlations between the P60l Night Frequency) and the different ENS@ésd
the Southem Oscillation Index (SOI), El Nifio 8dex, and the Multivariate El Nifio Index (MEI). Tinear
correlation is calculated using the Pearson fundtiags (leads) are expressed in months and relateel
maximum correlation found after trying several &msleads.

Fig. 7.12. Lag cross-correlations between the TN@0BI Night Frequency) and the Southem Osdillatio
Index (SOI). The linear correlation is calculatsohgithe Pearson function. Red circles expres/@osi
correlations, and blue circles show negative atores.
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TNOOP

There is no clear geographical pattern when weetadg the SOI and the TN9OP index
(Table 7.6 and Fig. 7.13). Nevertheless, an intergSfeature has arisen here: both
correlations (positive and negative) and the lagsdescending from south to north in a
geographic way following the same pattern of dediwgn correlations (Table 7.6).
Negative correlations are greater at a number atfosts, and more consistent in their
results. These relationships show a preferencthéocentral and northern stations, and a
northwards descending pattern in the magnitude@wétations and lags. The continental
stations have a dominant characteristic being m@dthigh altitude. In climatic terms,
the dominant negative correlations observed in7Fl@ lead to colder night-temperatures
under EIl Nifio conditions. Results of applying lagrrelations to TN9OP are in
accordance with those of linear correlations (Fig8, 7.6 and 7.7) when the negative
correlations are considered, these are leadingae rfrequent warmer (colder) night-
temperatures close to the strongest El Nifio (LaaNifonditions, while the positive
correlations show an average lag of about 20 mdrehand the frequency reach its peak,

suggesting odd results of the statistical methddying to match the largest correlations.
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SOl NINO 3.4 MEI
STATION LONGITUDE |LATITUDE Tonn e TorR e Tonn e
1|PABELLON DE ARTEAGA -102.33 22.18 0.086 -24)  -0.061 5 0.104 -6
2[PRESA RODRIGUEZ -116.9 3245  -0.152 5 0.181 0 0.241 1
3|COMONDI -111.85 26.08]  -0.097 -5 0.088 -2 0.071 10
4|EL PASO DE IRITU -111.12 24.71 0.110 -18 0.117 3] -0.081 -15
5|LA PURISIMA -112.08 26.18 0.124 -15 0.168 -24 0.154 -24
6[SAN BARTOLO -109.85 23.73|  -0.123 -19 0.096 -20 0.151 -24
7[SANTA GERTRUDIS -110.1 23.48 0.079 -20]  -0.056 -16)  -0.079 -19
8[SANTIAGO -109.73 2347 0.105 -16[  -0.117 22 0.088 2
9[EL PALMITO -104.78 25.52 0.092 -18 0.089 11f  -0.100 -20
10[SANTIAGO PAPASQUIARO -105.42 25.05 0.115 -15 0.079 24 -0.120 -16)
11{IRAPUATO -101.35 20.68 0.214 -18]  -0.195 -20)  -0.306 -20
12[PERICOS -101.1 20.52]  -0.097 5 0.103 5 0.151 4
13[SALAMANCA -101.18 20.57 0.144 -18 0.164 5 0.131 5
14{CUITZEO DEL PORVENIR -101.15 19.97)  -0.161 1 0.140 14 0.214 5
15[HUINGO -100.83 19.92) -0.171 7 0.252 6 0.221 5
16{CIUDAD HIDALGO -100.57 19.7 0.109 200  -0.172 22 -0.189 22
17[ZACAPU -101.78 19.82 0.106 -23 0.168 4
18[AHUACATLAN -104.48 21.05 -0.133 6 0.210 5 0.171 5
19[LAMPAZOS -100.52 21.03 0.110 2| -0.138 0 -0.124 -2
20|MATIAS ROMERO -95.03 16.88] -0.117 5 0.098 -14 0.185 -13
21|SAN FERNANDO -98.15 2485  -0.083 13 -0.069 0 0.111 12
22|ATZALAN -97.25 19.8]  -0.208 8 0.162 6 0.213 7
23|LAS VIGAS -97.1 19.65 0.149 -19(  -0.155 -20(  -0.237 -21]

Table 7.6. Lag cross-correlations between the TI8GRNight Frequency) and the different ENSO eslic
the Southem Oscillation Index (SOI), El Nifio 8dex, and the Multivariate El Nifio Index (MEI). Tinear
correlation is calculated using the Pearson fimdiags (leads) are expressed in months and relateel
maximum correlation found after trying several &msleads.

Fig. 7.13 Lag cross-correlations between the TII96ENIight Frequency) and the Southem Oscillatidex
(SQI). The linear correlation is calculated udiisgRearson function. Red circles express posikeiations,

and blue circles show negative correlations.
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TNn

Warmer absolute minimum temperatures are observeduthern Mexico under El Nifio
conditions. Negative correlations are found when (leg) correlate the TNn index
(coolest night) and the SOI (Table 7.7). Largestatations are found mostly south of the
Tropic of Cancer. Although the greatest negativeratation is observed at Matias
Romero station (station number 28 in Table 6.1%hm Southern Pacific coast, three of
the four largest correlations are located in Micd@aState, and all of them are above the
1000 m.a.s.l. limit, so clearly altitude is exegtits influence in these results (Fig. 7.14).
Nevertheless, it also important to point out the# time shifts are not homogeneous
among these stations. It can be said that duriniylib phase the TNn index show a

pattern towards warmer conditions for the soutlpam of Mexico.
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SOl NINO 3.4 MEI
STATION LONGITUDE|LATITUDE TORR TG TORR S TORR TG
1|PABELLON DE ARTEAGA -102.33 22.18 -0.052 -8 -0.053 -1 -0.026 -3
2|PRESA RODRIGUEZ -116.9 32.45 0.080 -17 -0.048 -24 -0.087 18
3|COMONDU -111.85 26.08 -0.058 2 0.053 5 0.082 1
4]|EL PASO DE IRITU -111.12 24.77 0.078 -13 -0.068 -13 -0.071 -14
5|LA PURISIMA -112.08 26.18 0.061 -16 0.074 5 0.074 -23
6/SAN BARTOLO -109.85 23.73 0.058 20 -0.063 20 0.077 -24
7|SANTA GERTRUDIS -110.1 23.48 -0.058 -23 0.066 19 0.079 -24
8|SANTIAGO -109.73 23.47 0.057 =19 0.052 6 0.056 2
9|EL PALMITO -104.78 25.52 -0.044 17 0.057 17 0.054 13
10]SANTIAGO PAPASQUIARO -105.42 25.05 -0.070 16 0.067 16 0.075 13
11]IRAPUATO -101.35 20.68 0.080 -17 -0.048 -24 -0.087 18
12]PERICOS -101.1 20.52 0.046 17 0.074 =
13]SALAMANCA -101.18 20.57 -0.050 -9 0.037 -19 0.055 -10
14]CUITZEO DEL PORVENIR -101.15 19.97 -0.137 16 0.128 16 0.161 14
15]HUINGO -100.83 19.92 -0.058 5 0.048 6 -0.044 -4
16]CIUDAD HIDALGO -100.57 19.7 -0.098 5 0.077 6 0.071 10
17]ZACAPU -101.78 19.82 -0.121 -8 0.150 -10 0.130 -10
18]AHUACATLAN -104.48 21.05 0.063 21 -0.059 -21 -0.073 -20
19]LAMPAZOS -100.52 27.03 0.063 21 -0.043 23 -0.042 17
20]|MATIAS ROMERO -95.03 16.88 -0.174 -19 0.158 -16 0.262 =1l]
21]SANTO DOMINGO TEHUANTEPEC -95.23 16.33 -0.060 3 0.104 -4 0.074 -3
22|MATEHUALA -100.63 23.65 -0.057 24 0.061 =) 0.075 23
23|BADIRAGUATO -107.55 25.37 -0.067 3 0.041 -15 0.089 -11
24|SAN FERNANDO -98.15 24.85 -0.042 4 -0.044 23 -0.042 18
25|ATZALAN -97.25 19.8 -0.083 5 0.066 8 0.095 -1
26]LAS VIGAS -97.1 19.65 0.084] 19 0.077 -9 -0.097 16

Table 7.7. Lag cross-correlations between the Thibigst night) and the different ENSO indicesStinthem
Oscillation Index (SOI), El Nifio 3.4 index, and ifditivariate El Nifio Index (MEI). The linear cdat®n is
calculated using the Pearson function. Lags (leaespxpressed in months and related to the maximum
correlation found after trying several lags ardblea

Fig. 7.14. Lag cross-correlations between the Tslalést night) and the Southem Oscillation IN8&X)Y, The
inear correlation is calculated using the Pedrsmtion. Red circles express positive correlatiang blue
circles show negative correlations.
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TNx

Regarding the sign of the results, most of thei@tatwith the largest correlations are
located south of the Tropic of Cancér.clear pattern of positive correlations can be
easily observed nationwide, but the largest oneschgarly concentrated south of the
Tropic of Cancer (Fig. 7.15). Only El Paso de Istation (+0.10 correlation and a lag of
-15 months) slightly north of this geographic lingtthe exception. Time shifts are quite
similar for both the positive and negative corielas (see Table 7.8). Negative
correlations are showing mainly also negative lagsanwhile the positive correlations
are showing a preference towards positive timesh#fithough positive correlations are
geographically prevalent, negative correlationslarger in magnitude. In general, the

maximum night temperatures increase during El Migieditions.
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SOI NINO 3.4 MEI
STATION LONGITUDE|LATITUDE CORR S CORR g CORR g
1|PABELLON DE ARTEAGA -102.33 22.18 0.078 -14 -0.082 -13 -0.042 -17]
2|PRESA RODRIGUEZ -116.9 32.45 -0.081 =5 0.086 =5 0.082 3]
3|COMONDU -111.85 26.08 -0.094 18 0.071 20 0.080 12
4|EL PASO DE IRITU -111.12 24.77 0.102 =15 -0.068 -11 -0.081 -15]
5|LA PURISIMA -112.08 26.18 -0.101 5 0.092 3 0.136 2|
6|SAN BARTOLO -109.85 23.73 -0.052 -23 -0.060 18 0.061 2
7|SANTA GERTRUDIS -110.1 23.48 0.057 -14 0.040 -3 -0.058 -17]
8|SANTIAGO -109.73 23.47 0.054 -15 0.065 -6 0.063 -10]
9|EL PALMITO -104.78 25.52 0.052 -17 -0.045 -1 -0.049 -16]
10|SANTIAGO PAPASQUIARO -105.42 25.05 0.074 =15 -0.104 -13 -0.089 -16]
11]IRAPUATO -101.35 20.68 0.102 -16 -0.050 22 -0.131 -17]
12|PERICOS -101.1 20.52 -0.072 2 0.080 1]
13|SALAMANCA -101.18 20.57 0.063 -16 0.074 3 0.068 2|
14|CUITZEO DEL PORVENIR -101.15 19.97 -0.128 3 0.101 4 0.165 2
15|HUINGO -100.83 19.92 0.111 -15 0.124 5
16|CIUDAD HIDALGO -100.57 187 0.103 21 -0.108 22 -0.012 19
17|ZACAPU -101.78 19.82 -0.090 6 0.132 5 0.120 2|
18|AHUACATLAN -104.48 21.05 0.106 21 -0.095 -13 -0.126 19
19|LAMPAZOS -100.52 27.03 0.080 -2 -0.066 -1 -0.042 -3
20|MATIAS ROMERO -95.03 16.88 -0.161 3 0.123 -20 0.270 -20]
21|SANTO DOMINGO TEHUANTEPEC -95.23 16.33 0.137 -14 -0.103 24 -0.181 16
22|MATEHUALA -100.63 23.65 0.097 -16 0.077 7 0.064 7]
23|BADIRAGUATO -107.55 25.37 -0.087 3 0.061 -3 0.093 1
24| SAN FERNANDO -98.15 24.85 0.098 -2 -0.072 =il -0.073 -4
25|ATZALAN -97.25 19.8 -0.130 5 0.103 7 0.146 10]
26|LAS VIGAS -97.1] 19.65 0.117 -21 -0.109 -6 -0.188 -7

Table 7.8. Lag cross-correlations between the Hbliest night) and the different ENSO indicesSiathem
Oscillation Index (SOI), El Nifio 3.4 index, and ifiditivariate El Nifio Index (MEI). The linear cdat®n is
calculated using the Pearson function. Lags (lesespxpressed in months and related to the maximum
correlation found after trying several lags ardblea

Fig. 7.15. Lag cross-correlations between the Tliteist night) and the Southem Oscillation In&€X), The
linear correlation is calculated using the Pedrsmtion. Red circles express positive correlatiang blue
circles show negative correlations.
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TX10P

Colder day temperatures are observed for the TXha88x during El Nifio conditions.

Negative correlations are widespread in the couraiyhough they are geographically
concentrated in the central-western part (Fig. )7.Ikhese negative relationships
dominate both in magnitude and number comparetid@ositive correlations. For both
positive and negative correlations lags are quiteilar (Table 7.9). The greatest
correlation is found at Cuitzeo del Porvenir in Mbdacan state (station number 21 in
Table 6.1) with a negative correlation of -0.19 @antime shift of -2 months. According

to the geographical distribution it seems thatRlaeific Ocean is partly modulating the

frequency of hot days in the western part of Mexico
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SOl NINO 3.4 MEI

STATION LONGITUDE |LATITUDE orrT Gl corrRTL AT CorRRT 2G
1|PABELLON DE ARTEAGA -102.33 22.18] -0.161 -1] 0.127 -1) 0.181] -11
2|PRESA RODRIGUEZ -116.9 32.45| 0.143] 14| -0.167] 15| -0.220] 12
3]COMONDU -111.85 26.08] -0.171 -6] -0.125 0] -0.142 -2
4|EL PASO DE IRITU -111.12 24.77] 0.151] -12] -0.093] 10] -0.155] 10
5|LA PURISIMA -112.08 26.18| -0.107| -22| 0.169] -16| 0.226] -22
6[|SAN BARTOLO -109.85 23.73| -0.065| -16| -0.107 8| 0.100f -17
7|SANTA GERTRUDIS -110.1 23.48| -0.184 1] 0.140 7] 0.207 -3
8|SANTIAGO -109.73 23.47] 0.101 -5] -0.142 9] -0.144 9
9|EL PALMITO -104.78 25.52|] 0.109 9] 0.150 -2| 0.129 -3
10|SANTIAGO PAPASQUIARO -105.42 25.05| -0.124] 23] 0.082 0] 0.093 0
11]IRAPUATO -101.35 20.68| -0.113 -2| 0.077 -1) 0.115] -21
12|PERICOS -101.1 20.52| -0.083 0] 0.077 -1) -0.067] 13
13]SALAMANCA -101.18 20.57] -0.078 O] 0.091) 13] 0.109] -22
14|CUITZEO DEL PORVENIR -101.15 19.97] -0.192 -2] 0.258 -2] 0.263 -3
15|HUINGO -100.83 19.92] 0.092] 10| -0.091] 13| -0.152] 12
16|CIUDAD HIDALGO -100.57 19.7] -0.161 -2| 0.189 -1] 0.172 =1l
17|ZACAPU -101.78 19.82] -0.129] -20] -0.115 -8] 0.168| 24
18|AHUACATLAN -104.48 21.05| -0.172 1] 0.195 -1] 0.228 0
19]LAMPAZOS -100.52 27.03| -0.070 -2] -0.079] -23| 0.074| -11
20|MATIAS ROMERO -95.03 16.88| 0.084 -9] 0.113 -5] -0.107] -10
21|SAN FERNANDO -98.15 24.85| -0.105 -2] 0.091 0] 0.093 2
22|ATZALAN -97.25 19.8] 0.081 9] -0.085 -9] -0.071] 24
23|LAS VIGAS -97.1 19.65| 0.157 -4] -0.129| -11| -0.208| -17|

Table 7.9. Lag cross-correlations between the TYQO08! day frequency) and the different ENSO iisdibe
Southem Oscillation Index (SOI), El Nifio 3.4 indamd the Multivariate El Nifio Index (MEI). Thedar
correlation is calculated using the Pearson fundiags (leads) are expressed in months and relateel
maximum correlation found after trying several tagsleads.

Fig. 7.16. Lag cross-correlations between the TXQ0BI day frequency) and the Southern Oscilladitiex
(SQI). The linear correlation is calculated udiagRearson function. Red circles express positiaations,
and blue circles show negative correlations.
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TX90P

For the lag correlation between the TX90P and B¢iBdices, positive correlations are
prevalent from Central to Northern Mexico, espdgiaver the western side of the
country (Fig. 7.17). Time shifts for the negativ@relations are quite similar, and except
for the Presa Rodriguez (station number 2 in tékl¢ they are concentrated in the range
between -3 to +5 months, but that is not the cas¢he positive ones that show a great
variation between -14 to +16 months of lag makihglifficult to find the optimal
relationship (Table 7.10). Positive correlationsamehat during ElI Nifio phase the
percentage of hot days exceeding the upper 90 m@ecencreases, i.e., warmer day
temperatures. It can also be said, like in the cdgbe TX10P, that the Pacific Ocean

exerts a partial influence over the Hot Day freguyen
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SOl NINO 3.4 MEI

STATION LONGITUDE |LATITUDE CorrTLrCl CoRRTLAGT CORRTILAG
1|PABELLON DE ARTEAGA -102.33 22.18] 0.110 1| -0.136] -15| -0.173] -15
2|PRESA RODRIGUEZ -116.9 32.45| -0.126] 22| 0.066 -6] 0.107] -24
3]COMONDU -111.85 26.08| -0.126 -5] -0.077 7] 0.106 -7
4|EL PASO DE IRITU -111.12 24.77] -0.089| 21| -0.076] -21] 0.121] 12
5[LA PURISIMA -112.08 26.18| 0.113 -4] 0.092| 11| -0.087] -13
6|SAN BARTOLO -109.85 23.73| 0.103] -11]| -0.139] -13] -0.125| -14
7|SANTA GERTRUDIS -110.1 23.48] 0.127 -3] -0.089 1| -0.156 -5
8|SANTIAGO -109.73 23.47] -0.074| 18| 0.156] 13| 0.150| 10
9|EL PALMITO -104.78 25.52| -0.143 -5] 0.119 -5] 0.142 -7
10|SANTIAGO PAPASQUIARO -105.42 25.05| 0.147] -24| -0.105] -11] -0.159| -21
11]IRAPUATO -101.35 20.68] 0.130] -19| -0.153] -16] -0.195| -18
12|PERICOS -101.1 20.52| -0.102 3] -0.131] 15| 0.170 2
13|SALAMANCA -101.18 20.57] -0.093 4] 0.156 3] 0.168 2
14|CUITZEO DEL PORVENIR -101.15 19.97] 0.101] -22| -0.120| -22| -0.119]| -22
15|HUINGO -100.83 19.92] 0.135] -12| 0.203 3] 0.212 2
16|CIUDAD HIDALGO -100.57 19.7] 0.081] -22| 0.138] 24| 0.152] 24
17]ZACAPU -101.78 19.82] 0.205] 14| -0.196] 15| -0.239] 16
18|AHUACATLAN -104.48 21.05| 0.075 0| -0.115] 18| -0.118] 17
19]LAMPAZOS -100.52 27.03| 0.167 -3] -0.203 -1] -0.258 -2
20|MATIAS ROMERO -95.03 16.88] -0.191 3] 0.140 4] 0.230 1
21|SAN FERNANDO -98.15 24.85| 0.094 -1] 0.081| 13| -0.071] -21
22|ATZALAN -97.25 19.8] 0.194] 16| 0.167| 17| 0.247 0
23|LAS VIGAS -97.1 19.65| -0.170 3| 0.164 6] 0.233 6

Table 7.10. Lag cross-correlations between the F{96t day frequency) and the different ENSO isdibe
Southem Oscillation Index (SOI), El Nifio 3.4 indamd the Multivariate El Nifio Index (MEI). Thedar
correlation is calculated using the Pearson fimdiags (leads) are expressed in months and relateel
maximum correlation found after trying several tagsleads.

Fig. 7.17. Lag cross-correlations between the TX90Pday frequency) and the Southemn Oscillatidex
(SQI). The linear correlation is calculated udiagRearson function. Red circles express positiaations,

and blue circles show negative correlations.
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TXn

Two different climatic patterns are found for thEnTindex. Positive correlations prevail
in Central and Northern Mexico, while in the Southgpart of the country negative
correlations show a few significant results (TaBlé1). This climatic transition from
negative in the south to positive correlations he tentral and northern part of the
country is nearly evident, but not a clear geogiadtpattern. Although the clusters of
positive correlations are clearer for northern Mexinegative correlations are greater in
magnitude (Fig. 7.18). Time shifts are dissimilar footh positive and negative
correlations. According to these results, coolestsdincrease in temperature during El
Nifio conditions in the western part of Mexico fhetcentral and northern part of the
country.
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SOl NINO 3.4 MEI

STATION LONGITUDE |LATITUDE orrT el corRTLAcTCorRRT A
1|PABELLON DE ARTEAGA -102.33 22.18] 0.132) -2| -0.113] -1} -0.133] -3
2|PRESA RODRIGUEZ -116.9 32.45] -0.064| 18| 0.069] 16| 0.066] 12
3|COMONDU -111.85 26.08] 0.141 1] -0.126f -2| -0.136 0
4|EL PASO DE IRITU -111.12 24.77] -0.069|] -8| -0.062] -24| 0.082] 12
5|LA PURISIMA -112.08 26.18] 0.074| -15| -0.057| -13] -0.082] -17
6|SAN BARTOLO -109.85 23.73] 0.048] 20 0.065 9] -0.078] 19
7|SANTA GERTRUDIS -110.1 23.48] 0.120 1] -0.102 0] -0.159] -5
8|SANTIAGO -109.73 23.47] 0.062 2| 0.085] 13| 0.080] 12
9|EL PALMITO -104.78 25.52] -0.086) 18| 0.101] 17| 0.087] 16
10{SANTIAGO PAPASQUIARO -105.42 25.05] 0.112) -2| -0.105| -24| -0.103] -22
11]IRAPUATO -101.35 20.68] 0.107} -1} -0.107] -1} -0.101] -3
12|PERICOS -101.1 20.52] 0.073] -2| -0.099] -2| 0.059] 14
13|SALAMANCA -101.18 20.57] -0.108] 13| 0.092] 13| -0.083] -21
14[CUITZEO DEL PORVENIR -101.15 19.97] 0.110] -2| -0.122] -2| -0.097] -5
15|HUINGO -100.83 19.92] -0.107] 13| 0.106] 13] 0.126] 13
16{CIUDAD HIDALGO -100.57 19.7] 0.080] -2| -0.093] -1] -0.071 4
17|ZACAPU -101.78 19.82] 0.113] -19] 0.086] -10] -0.100] -24
18|AHUACATLAN -104.48 21.05] 0.096f -2| -0.129 0] -0.133 2
19|LAMPAZOS -100.52 27.03] 0.059] -2| -0.053] 23] -0.053] 17
20{MATIAS ROMERO -95.03 16.88] -0.142 2| 0.127] -8] 0.117] -10
21[{SANTO DOMINGO TEHUANTEPEC -95.23 16.33] -0.194) -7] 0.217] -4] 0.283] -5
22[MATEHUALA -100.63 23.65] -0.059| 18| -0.069| -15] -0.055 5
23[BADIRAGUATO -107.55 25.37] -0.086) 12| 0.121] 13| -0.135] -3
24|SAN FERNANDO -98.15 24.85] 0.058| -3| -0.056| -13| -0.047] -6
25|ATZALAN -97.25 19.8] -0.034f -9| -0.056] 12| -0.063 4
26[LAS VIGAS -97.1 19.65] -0.152] -10] 0.156] -6] 0.207] -13

Table 7.11. Lag cross-correlations between theCnlest day) and the different ENSO indices: dogim
Oscillation Index (SOI), El Nifio 3.4 index, and ifiditivariate El Nifio Index (MEI). The linear cdaton is
calculated using the Pearson function. Lags (lesespxpressed in months and related to the maximum
correlation found after trying several lags ardblea

Fig. 7.18. Lag cross-correlations between the Téolést day) and the Southem Oscillation IndeX).($ae
linear correlation is calculated using the Pedrsmtion. Red circles express positive correlatiang blue
circles show negative correlations.
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TXX

A rough latitudinal climatic transition is observéat the (lag) correlation of the Hottest

day (TXx) and the SOI index. Positive correlatiaimninate in the central and northern
part of Mexico, and negative correlations prevaikrosouthern Mexico (Fig. 7.19).

Among the largest correlations negative relatiopstare greater in magnitude than the
positive ones (Table 7.12). This climatic featuseespecially observed in the Santo
Domingo Tehuantepec station in Oaxaca with a negabrrelation of -0.21 and a lag of

-5; while among the positive, the greatest conatais observed in the Santa Gertrudis in
the southern tip of the Baja Californian peningglation number 8 in Table 6.1), with a
correlation of +0.14 and a lag of -2. Neverthelegsmatter the sign of the correlations,
lags do not show a clear pattern. For central amtharn Mexico colder temperatures are

found for the TXx during El Nifio conditions.
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SOl NINO 3.4 MEI
STATION LONGITUDE|LATITUDE CORR ThG CORR ARG CORR ThG
1JPABELLON DE ARTEAGA -102.33 22.18 0.093 -2 -0.101 -15 -0.099 -18
2JPRESA RODRIGUEZ -116.9 32.45 0.096 0 0.089 -18 0.091 -21
3JCOMONDU -111.85 26.08 -0.088 -7 0.850 -6 0.093 12
4JEL PASO DE IRITU -111.12 24.77 0.052) -6 0.096 12]
SJLA PURISIMA -112.08 26.18 0.062 -16 0.069 9 -0.114 -17
6JSAN BARTOLO -109.85 23.73 0.063 -20 0.065, 9 -0.096 -17]
7JSANTA GERTRUDIS -110.1 23.48 0.137 -2 -0.125 24 -0.184, 6|
8JISANTIAGO -109.73 23.47 -0.049 13 0.065 15 0.075 12
9JEL PALMITO -104.78 25.52 0.059 -15 -0.046 -15 0.047 11]
10JSANTIAGO PAPASQUIARO -105.42 25.05 0.119 -16 -0.109 -13 -0.137 -16
11JIRAPUATO -101.35 20.68 0.089 -17 -0.135 -19
12JPERICOS -101.1 20.52 -0.056 3 -0.065 21 0.078 1]
13JSALAMANCA -101.18 20.57 -0.094 2 0.097 3 0.088 2|
14)CUITZEO DEL PORVENIR -101.15 19.97 -0.048 12 -0.099 -3 -0.069 -5
15JHUINGO -100.83 19.92 0.079 -11 -0.090 -13 0.080 10
16JCIUDAD HIDALGO -100.57 19.7 -0.092 15 -0.090 =l 0.092 23
17JZACAPU -101.78 19.82 0.136 17 -0.121 19 -0.159 16
18JAHUACATLAN -104.48 21.05 0.075 -1 -0.103 -2 -0.095 -3
19)LAMPAZOS -100.52 27.03 0.100 -2 -0.079 -1 -0.088 -6
20JMATIAS ROMERO -95.03 16.88 -0.123 = 0.121) 5 0.182 0
21ISANTO DOMINGO TEHUANTEPEC -95.23 16.33 -0.212 -5 0.234 -3 0.304 -4
22]MATEHUALA -100.63 23.65 -0.057 21 0.076 15 0.054 22
23IBADIRAGUATO -107.55 25.37 -0.072 11 0.098 12 -0.111 3|
24JSAN FERNANDO -98.15 24.85 0.145 1 0.127, 23 0.085 24
25JATZALAN -97.25 19.8 -0.120 14 0.117 17 0.176 5]
26JLAS VIGAS L 19.65 -0.163 2 0.139 3 0.194 6|

Table 7.12. Lag cross-correlations between the(fittest day) and the different ENSO indices: tugem
Oscillation Index (SOI), El Nifio 3.4 index, and ifiditivariate El Nifio Index (MEI). The linear cdat®n is
calculated using the Pearson function. Lags (leselspxpressed in months and related to the maximum
correlation found after trying several lags ardblea

Fig. 7.19. Lag cross-correlations between the Hditést day) and the Southem Oscillation Index)($6e
linear correlation is calculated using the Pedsmtion. Red circles express positive correlatiang blue
circles show negative correlations.
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There are two clear climatic patterns when we tat@eextreme temperature indices and
the SOI. Minimum (night) temperatures increase rdyriEl Niflo conditions, and

maximum (day) temperatures are cooler during thmeesphase. Changes in minimum
temperatures related indices have a geographiedénence towards southern Mexico
and high altitude stations, while maximum tempematesults are spatially concentrated

in the western half of the country.

Summary of the results (SOI).

Regardless of the geographical scale (regionaligitatton averages or local sites), a
latitudinal transition (using the Tropic of Caneara geographic limit) is observed in the
response (using the Kendall tau-b linear corretatieethod) of rainfall to the annual and
wet season (May-Oct) versions of the Southern @sicih Index (SOI). During El Nifio

years wetter conditions are prevalent in northeexigb and drier conditions in the south
of the country. Meanwhile, homogeneous nationalddamns are dominant when the
rainfall (regional averages and extreme indice®) larearly correlated with the dry

season (Nov-Apr) SOI. The largest impacts (con@ia) are observed in the north-
western part of the country (the North American Blmon or Mexican Monsoon Region
—RA11 in Table 4.1- and north part of the peninsafidaja California). Nevertheless,

because of the limited number of stations in theecaf daily rainfall data (extreme

indices), a careful interpretation must be apptiedhe results of the analysis of linear
correlations between extreme rainfall indices a@d. $n the case of the analysis of linear
correlation between the extreme temperature indicesSOI, a clear national pattern of
increasing minimum temperatures is observed regssdbf whether the annual, wet
season (May-Oct) or dry season (Nov-Apr) is usesiwhen we considered rainfall, the
conclusions of this analysis can be affected bylithieed number of stations with daily

temperature data.
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The analysis of lag correlation between the Soutl@scillation Index (SOI) and the
rainfall and temperature data are consistent viaghrésults of the linear correlation using
Kendall tau-b. Lag-cross correlations of SOI witte tprecipitation regional averages
show a latitudinal climatic transition in the resulconsidering the Tropic of Cancer as a
geographic limit). The most affected region by BSO phenomenon is the north-
western part of Mexico: the North American Monsdon Mexican Monsoon) Region
(NAMR, RA11 in Table 4.1) and the northern parttloé peninsula of Baja California.
Wetter conditions are prevalent in northern Mexdcwing El Nifio years (negative SOI),
and the largest correlations are mostly observed afethe peak of the ENSO conditions.
At local (sites) scale the correlation of the ralhéxtreme indices with SOI show that the
most important results occur in the north-westart pf the country, near the peak of the
El Nifio (La Nifia) conditions. Regardless the gepgieal scale, according to the results,
the Pacific Ocean appears as an important modubdithre precipitation. Moreover, the
analysis of lag correlation between the extremeptgature indices and SOI show a
national pattern of increasing minimum temperaturesr the strongest conditions of the
ENSO phenomenon.
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7.3. (EL) NINO 3.4 (INDEX) INFLUENCE.

7.3.1. LINEAR CORRELATION.

Regional Precipitation Averages.

The first analysis in this section aims to correliearly (using Kendall-tau b) the Nifio
3.4 index with regional precipitation averages.sseal (annual, wet and dry seasons)
versions of both time-series are used in orderetd the possibility of having a local
response of the rainfall to the large-scale phemameThe length of the Nifio 3.4 index
is shorter (1950-2001) than the time-series of rdgional precipitation (1931-2001),
reducing the potentiality of generating a more clateppicture of variability as with the
case of the Southern Oscillation Index (SOI). Nthadess, in order to avoid external
influences like altitude, standardised versionghafse time series will be used for the

analysis.

With the exception of those correlations closedmza clear latitudinal climatic pattern
can be appreciated when correlating the annualiorersf the regional precipitation

averages and the annual Nifio 3.4 [Fig. 7.20 a)paiee correlations are found south of
the selected geographic limit (Tropic of Cancenyd all these results are statistically
significant at the 5% level. Positive correlaticar® observed north of this divide; and
they are statistically significant at the 1% levBherefore, drier conditions are dominant
during EI-Nifio like years in the southern part oéXto, and annual precipitation totals
above normal are found in the northern part ofdbentry, geographically concentrated

within the Baja California peninsula.
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Fig. 7.20. Linear cormrelations (Kendall tau-bjveen the standardised versions of the regionabiats
averages and the Nifio 3.4 index. Red numbersasigoesitive and blue numbers negative correlations
means statistical significant at 5% level and 1%atlevel.
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With the exception of the neovolcanic belt regiosfdr to section 4.2.2) that breaks the
climatic picture [Fig. 7.20 b)], a combined pattefrcontinental/peninsula and latitudinal
transitions can be observed for the wet seasofafaverages. In the first case, negative
correlations are found over the Mexican mainlantl; the statistically significant
correlations are concentrated south of the Tropi€Cancer. Positive correlations are
located within the Baja California peninsula, baotsignificant results are observed here.
Disregarding the close to zero correlations audirtal climatic transition is found when
correlating wet season regional precipitation (8téadised Anomaly Index, SAIl) and
annual Nifio 3.4 [Fig. 7.20 b)]. Drier conditionsndioate south of the Tropic of Cancer
for El Nifio-like years.

An almost national widespread pattern of positivereation is found when correlating
dry season SAl of rainfall and the annual versibriNGio 3.4. Statistically significant
results are concentrated from central to northeexibb [Fig. 7.20 c)]. It is interesting to
observe that, the north-eastern part of the coustcearly responding during the winter
to the annual Nifio 3.4 modulation that was not sieerthe annual and wet seasons.
Perhaps the fact that polar fronts could extenthaas southern Mexico is affecting the
rainfall amount during this season (Giddings et 2005). Nevertheless, the largest
correlation is found in the Neovolcanic Axis regi@m area of high altitude sites that is
certainly influencing the results. A clear climagiattern of wetter conditions during the

El Nifio phase is observed almost nationally.

A continental factor is evident when we correlatet weason (May-Oct) regional SAls
and the wet season version of Nifio 3.4 indices.aofndgeneous picture of negative
correlations is found across mainland Mexico [F@0 d)], while positive correlations

are prevalent within the Baja California peninsudapattern of southwards increasing
negative correlations is found for the continergaft of the country. Meanwhile, the

positive correlations increase northwards, reactteghighest correlation in the northern
part of the Baja California Peninsula. Nevertheléiss largest correlations are negative
and located south of the Tropic of Cancer; theeefdrier conditions are dominant during
(wet season) El Nifio years for the southern paMexico.
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The main characteristic when correlating the wedsea (May-Oct) version of the
regional precipitation averages and the dry seg®wv-Apr) Nifio 3.4 is that no

statistically significant results are found [(FQ20 e)] It can be said, however, that drier
conditions are observed in mainland Mexico, whidexee normal precipitation totals are

found within the Baja California peninsula duringN&io-like years.

A national climatic pattern is clear when correigtthe dry season (Nov-Apr) version of
the regional precipitation series and the wet segbtay-Oct) Nifio 3.4 index [Fig. 7.20
f)]. Disregarding the negative correlation (neazlgro correlation is observed in this
region) in the Los Tuxtlas region, positive cortielas are prevalent across most of
Mexico. So, wetter conditions are observed durinig NE1o-like years, for this
combination. The largest correlations among allrdseilts are found in the north-western
part of Mexico, the area where winter precipitati@as a strong influence on the annual
totals (Mosifio and Garcia, 1974). However, the Maxicentral highlands, a region with
stations of high altitude is the only region shogvan statistically significant result at the
1% level like in the northern counterparts. Onlg thaxaca region on the South Pacific
coast has another significant correlation soutthefTropic of Cancer. It seems that there
is a wet season (May-Oct) Pacific Ocean moduladifotie winter precipitation during El

Nifo conditions.

Positive correlations are observed in most of thentry, when correlating the dry season
(Nov-Apr) SAI (Standardised anomaly indices) of iomgl precipitation and the dry

season version of El Nifio 3.4 index [Fig. 7.20 &% in the other combinations the
highest correlations are consistently observetdémirth-western part of the country: the
North American Monsoon (Mexican Monsoon) and therthrern Baja California

peninsula regions. Although not statistical sigrafit the Yucatan Peninsula region
appears with a clear correlation, in the hurrickee-(Nov-Apr or dry) season, pointing
to the importance of the disruption of the normahatic patterns that have for some of
the times extraordinary precipitation totals asst@d with tropical cyclones (Englehart
and Douglas, 2002). Another important climatic featis that most of the stations with

significant correlations are linked with the Paciftoast. Wetter conditions are to be
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expected for the regional precipitation averagasndlEl Nifio phase for the dry season
(Nov-Apr). The most evident characteristic of thpplecation of linear correlation
(Kendall's tau-b) between the standardised versbtise regional precipitation averages
and El Niflo 3.4 index is the strong influence ohsmality in the results. The most
statistically significant correlations are obserdeding the annual and the wet (May-Oct)
precipitation seasons: drier conditions are obskmhering the El Nifio phase for the
southern (considering the Tropic of Cancer as agghic limit) part of Mexico, when
correlating with the annual and wet season (Mayr®dto 3.4 indices. This latitudinal
climatic transition is also accompanied with a awental/peninsula pattern; defining
continental as the mainland (the non-coastal teyit and the peninsula of Baja
California. Wetter conditions for the north (penitey and the clear climatic picture of
drier conditions for the southern part (continentafl Mexico are observed. Regional
rainfall averages for the dry season (Nov-Apr) shmrecipitation above normal across
almost the entire country.

Changing the spatial scale to regional levels, are dearly see some consistency across
the results. Among the positive correlations (wettenditions), two regions appear
frequently: North Baja California (near the Mexid&A border), and the Mexican
Monsoon Region (or North American Monsoon, RA1ltahle 4.1); both in the north-
western part of Mexico, areas strongly influencgalwinter pattern of precipitation and
the Pacific Ocean. Meanwhile, the South-eastenfawst, the Southern Pacific and the
Nayarit Coast regions show the highest consisteamagng the negative correlations,

leading to precipitation below normal during theN&fio phase.
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Extreme Weather Indices.
Precipitation.

Extracted from daily data of rainfall and temperafuweather extreme indices are
correlated with the Nifio 3.4 index. The length loé textreme indices is defined from
1941 to 2001, but 1951 is the starting year ofNif&o 3.4 index. Therefore, it was not
possible to use the full potential of the meteagalal data. The maps with the clearest
results — largest correlation values with statalycsignificant results — are selected to
extract the most important climatic patterns of éhireme weather indices modulated by
ENSO (through El Nifio 3.4.). Seasonal analysespaoposed to evaluate the subtle
differences on the climate of Mexico. Annual, weason (May-Oct) and dry season
(Nov-Apr) are used in both the extreme weatherdjpr@ation and temperature) and the
Niflo 3.4 indices. The analysis is expected tottestatitudinal climatic transition of the

Mexican climate allowing a comparison against thsutts of the correlations of the

extreme indices and SOlI.

Linear correlation (using Kendall's tau-b) betwg®acipitation extremes and the annual
Nifio 3.4 indices is the first combination to be @dded in this section. With the
exception of the RX5day, all other indices (CDD, Ridy and PRCPTOT) were also
analysed using SOI (see section 7.2.1). The CotigecDry Days (CDD) index [Fig.
7.21 a)] shows negative correlations at threeastatirom central to northern Mexico,
two of them can be considered to be within the aykanfluence of the Mexican
Monsoon system: Yecora (-0.23, linear correlatiam) Ojinaga (-0.30), while Celaya (-
0.29) is located in central Mexico [station numb&2s 11 and 16 in Table 5.1 and Fig.
3.6 a)]. In geographical terms, the most significaesults (Celaya and Ojinaga;
statistically significant at the 1% level) are incantral line from a longitudinal
perspective. Only southern stations with statifificaignificant results are found for
RX1day [Fig. 7.21 b)]. Negative correlations areyalent south of the Tropic of Cancer,
pointing to drier conditions at these sites durlalgNifio conditions. Two of these
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stations: Atzalan (-0.39) and Las Vigas (-0.21)witdin the Los Tuxtlas region [stations
number 34, and 35 in Table 5.1 and Fig. 3.6 a}jhidan, near the South Pacific coast
[station number 27 in Table 5.1 and Fig. 3.6 aj &aorrelation of -0.26 and a statistical
significance better than the 1% level. Similar fessare observed for the RX5day index
[Fig. 7.21 c)]: negative correlations are dominsmtith of the geographical limit defined
by the Tropic of Cancer. The maximum 5-day preatmh shows statistically significant
results at Atzalan (-0.28) and Juchitan (-0.25)ata, heading to drier conditions during
El Nifio. These stations are also present with #rgelst correlations and statistical
significance for the RX1day index. Finally, the aahtotal precipitation (PRCPTOT)
[Fig. 7.21 d)] shows some similarity to the reswifghe already analysed indices (CDD,
RX1day and RX5day). The most significant correlasicshow a latitudinal climatic
pattern. In the northern part of Mexico, the PrBsariguez [station number 2 in Table
5.1 and Fig. 3.6 a)] show a positive correlatiof.p8) that is statistically significant at
the 1% level, that leads to precipitation aboverbemnal for this location. Meanwhile,
south of the Tropic of Cancer, Atzalan (-0.23) ahechitan (-0.23) stations show
statistically significant (better than the 5% lgvekgative correlations. Therefore, drier

conditions are dominant for these sites in thetssut part of the country.

A clear latitudinal transition is observed for te&treme precipitation indices when
correlated with the Nifio 3.4 index. Northern stasiosshow a pattern towards above
normal precipitation; especially a decreasing trenthe Consecutive Dry Days (CDD)
index. However, the most consistent climatic pietis among the indices that measure
changes in wet days (RX1day, RX5day and PRCPTOuU)nQ El Nifio, drier conditions
are prevalent for the stations south of the Tragpi€ancer. This statement is particularly
true for the Atzaldn and Juchitan [station numi3drand 27 in Table 5.1 and Fig. 3.6 a)],

near the narrower land mass of the Tehuantepeuustin southern Mexico.
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Fig. 7.21. Linear correlations (Kendall tau-been the Extreme Precipitation Indices and the @\itifio
3.4 Index. Circles in red are representing ayaaitid in blue negative correlations.

228



Fig. 7.22. Linear comrelations (Kendall tau-bjueen the Extreme Precipitation Indices and theSafon
(May-Oct) Nifio 3.4 Index. Circles in red are repmésg a positive and in blue negative correlations
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Wet Season

The relationships between the extreme precipitaimoliices and May-Oct (wet season)
Nifio 3.4 index are the next assessment in thisosedlay to October is the period (wet
season) when most of the annual total precipitadiccurs (see section 2.2 in chapter 2).
Therefore, it is expected that the results willdbese to those of the annual Nifio 3.4
index. The precipitation extreme indices to be ysed with Nifio 3.4 are: CDD, R10mm,
RX1day, R99P and PRCPTOT, because they have taesteand most important results
amongst the potential rainfall indices evaluatecheW compared with those evaluated
using the annual El Nifio 3.4, R10mm and R99P irsdiave been included this time.

The first precipitation extreme index to be anatlysethe Consecutive Dry Days (CDD).
An almost national pattern of negative correlatifless consecutive dry days during El
Nifilo years, i.e., wetter conditions) is observed@®D [Fig. 7.22 a)] when correlated
with the May-Oct Nifio 3.4 index. Although not ssaigally significant there is a clear
concentration of the largest correlations in thestern part of Mexico, especially within
the Mexican Monsoon Region. The highest resultiseoved at Presa Rodriguez station
in North-western Mexico [station number 2 in Tabld and Fig. 3.6 a)], right on the
border Mexico-USA border, its correlation (-0.26) better than the 1% of statistical
significance. In central Mexico, Celaya and Atzasiation numbers 16 and 34 in table
5. 1 and fig. 3.6 a)] have correlations (-0.25 a2l respectively) statistically
significant at the 5% level; it is also importantrhention that both stations are located
above the 1500 m.a.s.l. The heavy precipitatiors dagex (R10mm) shows a prevalence
of negative correlations across the country [Fig2'b)], but the climatic pattern is not as
clear as for CDD. The largest relationships areébior Apatzingan and Juchitan [station
numbers 20 and 27 in Table 5. 1 and Fig. 3.6 aif worrelations of -0.27 and -0.22
respectively; both above the 5% of statistical ifiggnce. Geographically speaking, it
can be said that there is a strong Southern Pagfaection with the results, pointing to
a clear ENSO modulation of this extreme index. BE&tdd in the same measuring units
(as mm) R10mm, the RX1day index or max 1-day pretipn show a clear southern

climatic pattern [Fig. 7.22 c)]. The most signifitaorrelations are located at Atzalan (-
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0.37), Juchitan (-0.26), and Las Vigas (-0.22)tijstanumbers 34, 27, and 35 in Table
5.1 and Fig. 3.6 a)]. They are located near theudetepec isthmus, the narrower
continental land mass of Mexico. The correlationsae of these stations (Atzalan and
Juchitan) are better than the 1% level of statis8@nificance. No significant results are
found in the northern part of Mexico. Most sigréfit correlations for the R99P index
[Fig. 7.22 d)] are observed along the eastern giallexico, near the Gulf of Mexico

coast. The largest results are observed at Atzak Vigas and San Fernando [station
numbers 34, 35 and 33 in Table 5.1 and Fig. 3.6 &)¢ last two have statistically

significant correlations (-0.23 correlation in botases) better than the 5% level.
However, the largest correlation (-0.40) is foundhim the Los Tuxtlas region at

Atzalan, and the relationship is significant at 18é of significant level. It is possible (as
these three stations with statistically significeggults are along the coast of the Gulf of
Mexico) that the hurricane season could be affgctive results of this index. Finally,

annual total precipitation only shows significagsults south of the Tropic of Cancer,
close to the results already observed for the R¥1adex. The stations with the largest
correlations are geographically located near theéhud@etepec Isthmus. Highest
correlations are found at Juchitan (-0.29) and latz4-0.21) better than the 1 and 5% of
statistical significance respectively [station nar®27 and 34 in Table 5.1 and Fig. 3.6
a)]. PRCPTOT results [Fig. 7.22 e)] lead to a ctimgattern of precipitation below

normal in the southern part of Mexico, while noatlpattern evident over the northern

part of the country.

The results when precipitation extreme indices #red (May-Oct) Nifio 3.4 index are
correlated show that the most significant changesiosouth of the Tropic of Cancer.
Negative correlations prevail in most of the exteeindices analysed pointing to drier
conditions during El Nifio, especially for the saerth part of the country. Only the Presa
Rodriguez and San Fernando stations, both locatedrithern Mexico [station numbers
2 and 33 in Table 5.1 and Fig. 3.6 a)] break witis tlimatic picture. Two interesting
features also appear when analysing these comimsatmost of the significant results
are geographically concentrated in southern Mexiear the Tehuantepec Isthmus and

although explicitly avoided (using the standardisetsion of the Nifo 3.4), it seems that
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high altitudes play an important role in the climatesponses of the extreme rainfall
indices to ENSO.

Fig. 7.23. Linear comrelations (Kendall tau-bjsein the Extreme Precipitation Indices and theSBagon
(Nov-Apr) Nifio 3.4 Index. Circles in red are repréing a positive and in blue negative correlations
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Dry Season

The last analysis among the extreme precipitatnaiices is to correlate them with the
dry season (Nov-Apr) Nifio 3.4 index (Fig. 7.23).eTlHovember to April period is the
dry season for much of Mexico, except some northeeas of the country, where winter
precipitation makes a large contribution to theuairiotal rainfall (see section 2.3). This
climatic pattern contrasts markedly with much of tlest of the country. The extreme
indices to be analysed are: CDD, R10mm, R99P, PROPand SDII. When compared
with the annual and wet seasons RX1day and RX5dayothave significant results, and

SDIl is evaluated here, but was not assessed ipréweous analyses.

For the November to April season, the Consecutime@ays (CDD) is the first index to
be evaluated. Then, most significant results avadoin northern Mexico [Fig. 7.23 a)],
especially within the influence of the Mexican Mona Region (section 2.2.2). Almost a
national picture of negative correlations (fewemsecutive dry days, i.e., wetter
conditions) is observed for CDD. Ojinaga (-0.393 &fecora (-0.24) [station humbers 11
and 32 in Table 5.1 and Fig. 3.6 a)] have the ktrgerrelations among all the stations,
and both are statistically significant at the 1%ele Mostly positive correlations are
evident in central and northern Mexico for the He&recipitation Days (R10mm), and
they are slightly concentrated in the western bathe country [Fig. 7.23 b)]. The Presa
Rodriguez in the most north-western part of thenbgu[station number 2 in Table 5.1
and Fig. 3.6 a)], near the border with the USA shdthe largest correlation (-0.28), and
the result is statistically significant at the 18wél. A latitudinal transition can be seen in
the results of the extremely wet day precipitati99P) index [Fig. 7.23 c)]. South of
the Tropic of Cancer, Juchitan [station numbergn2Table 5.1 and Fig. 3.6 a)] has the
largest negative correlation (-0.28); in northerexi¢o the highest (positive) correlation
(+0.22) is observed at the Presa Rodriguez statiRmth results are statistically
significant at better than the 5% level. Despitis tlimatic transition, no clear climatic
pattern can be found in the R99P index. Wetter itimm$ are dominant in central and
northern Mexico according to the annual precipattotals (PRCPTOT) results [Fig.

7.23 d)]. No clear climatic pattern can be extrdcteom the results, but it can be
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mentioned that the largest correlation values aeexved in the central and northern part
of the country, coinciding with the importance ointer precipitation in annual totals.
The highest positive correlation (+0.33) is foundhee Presa Rodriguez station, at better
than 1% of statistical significance. Lastly, onlyeosignificant correlation is seen when
we evaluate the Simple Daily Intensity Index (SDIAlthough not clear, positive
correlations can be observed in Central and NarntliMexico, wetter conditions are
dominant during the El Nifio phase [Fig. 7.23 e)]cléar example of this picture, is the
Presa Rodriguez station that has the only sigmficaorrelation (+0.24) among the
results, in the north of the Baja California penias the correlation is statistically
significant at the 5% level.

In general, above normal precipitation can be olebduring the (Nov-Apr) Nifio 3.4
index, when it is correlated with the extreme ralinindices. Geographically speaking,
this climatic pattern is concentrated in central anrthern Mexico. The Presa Rodriguez
[station numbers 2 in Table 5.1 and Fig. 3.6 agls bonsistently shown this pattern of
wetter conditions during the “dry” season of El dliiMeanwhile, only one statistically
significant correlation has been observed (acrdgbeaindices) for the southern part of
Mexico. Therefore, it can be concluded than the skgson (Nov-Apr) Nifio 3.4 is

modulating the precipitation extreme indices mostlthe northern part of Mexico.
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Fig. 7.24. Linear correlations (Kendall tau-byueen the Extreme Temperature Indices and the ANifiiaal
3.4 Index (Annual Nifio 3.4). Circles in red areasgnting a positive and in blue negative cooesati
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Temperature.

The other aspect of weather extremes to be ccecklatith the Nifio 3.4 index is
temperature. The different seasonal versions (dnklzy-Oct and Nov-Apr) of Nifio 3.4
will in this section be correlated with the extreteenperature indices. The length of the
time series is the same as for precipitation (18d01). A latitudinal climatic transition is
also expected in this analysis; we consider th@i€rof Cancer as a geographical limit to
define different regime patterns.

The extreme temperature indices considered, becabistheir clear results, when

correlated with the annual Nifio 3.4 index are: TRLUN9OP, TNx, TXx, TR20, CSDI

and DTR. These parameters have been divided, ih suevay that minimum and

maximum temperatures are evaluated first, and tiven DTR that summarise the
differences between maximum and minimum temperatufbe Cool Night Frequency
(TN1OP) shows [Fig. 7.24 a)] mostly a pattern ajateve correlations (fewer cool nights,
i.e., warmer temperatures). All significant resudiie located north of the Tropic of
Cancer, particularly within the Baja California jpesula. Highest correlations are
observed at La Purisima (-0.31) and the Presa Raoelri(-0.27) [station numbers 5 and 2
in Table 6.1 and Fig. 3.6 b)], both correlations better than the 1% level of statistical
significance. A clear national climatic picture dsitive correlations is observed for the
Hot Night Frequency (TN90P) index. The most siguaifit results are geographically
concentrated in central and northern Mexico [Fi@47b)]. La Purisima and the Presa
Rodriguez stations have the largest correlations ith values of +0.29, and they are
statistically significant at the 1% level. The reétthe significant correlations located in
Central Mexico are high altitude stations [Salan@anZacapu and Huingo; stations
number 19, 24 and 22 in Table 6.1 and Fig. 3.6tlB{ exceed 1500 m.a.s.|. Warmer
conditions are then expected for the TN9OP indesinduan El Nifio phase. A similar

pattern as for the TNOOP can be seen for the Hattght (TNX) index [Fig. 7.24 c)].

Positive correlations are almost nationally widespr The largest correlations are

slightly biased to the western half of the coumtear or along the Pacific coast. Warmer
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temperatures are then expected at night duringifid [ghases. Warmer conditions are
also dominant during the day time temperaturesrdaog to the TXx correlations [Fig.
7.24 d)]. Indeed, positive correlations can be ples®over much of the country. Because
of the geographical location of many of the sigmafit correlations, it seems that the
Pacific Ocean has a strong influence on this inddse correlations at Santo Domingo
Tehuantepec and El Paso de lIritu [stations 29 aindl4ble 6.1 and Fig. 3.6 b)] are all at
better than the 1% level of statistical significan@arm or tropical nights index (TR20)
also shows a prevalence towards positive correlatjbig. 7.24 e)]. The most significant
results are concentrated in the peninsula of Balfdnia and north of the Tropic of
Cancer. In accordance with these correlations, mimiets above the 2CQ threshold are
expected during El Nifio. Less clear is the climaticofile for the Cold Spell Days Index
(CSDI). Negative correlations are observed in tiagaBCalifornia peninsula and the Los
Tuxtlas region [Fig. 7.24 f)]. Fewer spells of Gheecutive days when TN<"1‘Cp)ercentiIe

of 1961-1990 are expected for the Purisima, ComamdilAtzalan [station numbers 5, 3
and 34 in Table 6.1 and Fig. 3.6 b)]. Finally, lowalues of the Daily Temperature
Range (DTR) are observed during El Nifio in Cerdwrad Northern Mexico, while they
increase in the southern half of the country [Fi@4 g)]. Therefore, we can speak of a

latitudinal transition in the response of the DT&sthis index.

A clear increase in these extreme indices assaociaiéh minimum temperatures is
observed when correlated with the annual versiorthef Nifio 3.4 index. Warming
conditions are found in central and northern Meximtich is especially clear for the
stations north of the Tropic of Cancer in the B@alifornia Peninsula (La Purisima,
Presa Rodriguez and Comondu). Although increasmaximum temperatures do not

have a clear pattern like the changes in minimunpgratures.
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Wet Season

In this section we correlate extreme temperatudec@s and the May to October version
of the Nifio 3.4 index. Due to their significant uéts the indices to be analysed in this
section are: TN1OP, TN9OP, TNx, TXx, TR20, CSDI abdR. They have been
classified in such a manner that the indices rélai@ minimum and maximum
temperatures are analysed first, finishing with DIt combines the maximum and

minimum temperatures in an index.

The first index associated with minimum temperatuevaluated is the Cool Night
Frequency (TN10P) [Fig. 7.25 a)]. Mostly negativerrelations are seen across the
country; the most significant results are obsermedth the Tropic of Cancer in the
peninsula of Baja California. La Purisima, Comondnd the Presa Rodriguez [station
numbers 5, 3, and 2 in Table 6.1 and Fig. 3.6 D] the stations with the largest
correlations, but only at La Purisima are the tedogtter than the 1% level of statistical
significance. According to these results, the fegry of cool nights decreases during the
May-Oct (wet season) El Nifio phase. An almost mally widespread pattern of
positive correlations is found for the Hot NighteGuency (TN9OP) [Fig. 7.25 b)].
Therefore, warmer nights can be expected duringdimdall wet season (May-Oct) under
El Nifio conditions for TN9OP. The highest correda8 for this index are seen at La
Presa Rodriguez and La Purisima [station numbearsd in Table 6.1 and Fig. 3.6 b)],
both statistically significant at the 5% level. TRacific Ocean seems to be a strong
influence in the modulation of the extremes asdediavith minimum temperatures. This
is especially true when we evaluate the HottesthiNigdex (TNx) [Fig. 7.25 c)]. The
largest (positive) correlations are geographicalncentrated in the western half of
Mexico, but only the result at La Purisima (+0.25)tatistically significant at the 5%
level. Nevertheless, warmer nights could expedb@éadominant in the western part of
Mexico during the May to October period of El Nifpvase. A latitudinal climatic
transition can also be observed in the resulthefHottest Day Index (TXx) [Fig. 7.25
d)]. Positive correlations are prevalent in the teas part of Mexico, especially near the

Pacific coast and the Baja California peninsulafaet, the most significant results are
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found here, north of the Tropic of Cancer at Conmibathd El Paso de Iritu [station
numbers 3 and 4 in Table 6.1 and Fig. 3.6 b)], dpimth below the 1% level of statistical
significance. Warmer day time conditions along tRacific Coast and cooler
temperatures in the northeast part of Mexico arbambserved during May-Oct (wet
season) El Nifilo. Mixed climatic patterns are fodoidthe Tropical Nights (TR20) [Fig.
7.25 e)]. Nevertheless, the largest (positive) elations are seen in the Mexican
Monsoon Region and the Baja Californian peninsoldahie northwest part of Mexico.
More nights above the 20 limit are expected for these regions during Mayt-Qvet
season) El Nifio. Negative correlations are evidetitin the Baja Californian peninsula
for the Cold Spell Days Index (CSDI) [Fig. 7.25,f)E., fewer spells are present when a
fully developed EIl Nifio is occurring during the Mé&y October period (wet season).
Only one statistically significant (at the 5% leveksult is found for the Daily
Temperature Range (DTR) index. Positive correlatiare slightly stronger south of the

Tropic of Cancer. But, no clear climatic pattermixserved for DTR [Fig. 7.25 g)].
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Fig. 7.25. Linear correlations (Kendall tau-byeen the Extreme Temperature Indices and the \Afirse
(May-Oct) El Nifio 34 Index (Wet Nifio 3.4). Circleed are representing a positive and in bluatineg

correlations.
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The temperature extreme indices show an almostraepattern of warmer conditions
when (they are) correlated with the May to Octalvest season) standardised version of
Niflo 3.4. Geographically speaking these warmingddams prevail over the Baja
California peninsula, but also along the Pacifiastovithin the Mexican monsoon region
(RA11 in table 4.1).

Dry Season

The application of the linear correlation betwele@ temperature extreme indices and the
November to April version of Nifio 3.4 is the lasiéysis to be performed. The indices to
be analysed in this section are: TN10P, TN9OP, TNy, TX10P, TR20, and CSDI.
These indices have been divided aiming to analysethe first place minimum
temperatures but finishing this time with a measireold spell days (CSDI).

Although not clear, a national pattern of negatigerelations is dominant for the TN10P
index [Fig. 7.26 a)]. The only statistically signdnt correlation (-0.24) is observed at La
Presa Rodriguez [station number 2 in Table 6.1 Egd 3.6 b)] in the north of Baja
California. In general, it can be said that warreanperatures prevail during Nov-Apr
(dry season) El Nifio. A national climatic picturepmsitive correlations is found for the
TNO9OP index [Fig. 7.26 b)]. Most significant resuéire concentrated in Central Mexico,
and south of the Tropic of Cancer. An interestiagtdire is seen for this index, all the
stations are above 1500 m.a.s.l. It can be condlutiat the frequency of nights
exceeding the 90th percentile increases duringi&b NNov-Apr). Positive correlations
are also nationally widespread for the Coolest Nigdex (TNn) [Fig. 7.26 c)], but, the
largest correlations with statistically significalesults are located within the peninsula of
Baja California, north the Tropic of Cancer. Warnecenditions for the TNn index are
nationally observed during (Nov-Apr) El Nifio. Alntothe same national pattern of
positive correlations is repeated for the TNx infléig. 7.26 d)]. The highest correlations

are geographically located in Central and Northdaxico (within the area of influence
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of the Mexican Monsoon). Except for Badiraguatotl®e north-western part of the
country [station number 31 in Table 6.1 and Fi@. I3)], all these stations exceed 1500
m.a.s.l. Warmer nights are then expected durin@iib. The most significant results
north of the Tropic of Cancer are also observedterTX10P [Fig. 7.26 e)]. There is a
clear continental/peninsula climatic pattern foistimdex: most continental land shares
positive correlations, while within the peninsufaBaja California negative correlations
are dominant. The greatest correlation (better tharl% level of statistical significance)
is found at Santiago (-0.31) [station numbers Bable 6.1 and Fig. 3.6 b)]. The fact that
this large correlation is occurring during the Napr period points to a clear example of
the role that winter precipitation plays in the arespecially during El Nifio years.
According to these results, warmer temperaturesoabe expected in the Baja California
peninsula during the November to April period ofl NEfio phase. Mexico is nearly
dominated by positive correlations when the TR2@.[FF.26 f)] and the (Nov-Apr) Nifio
3.4 indices are correlated. The largest correlatiare geographically biased to the
western half of the country; all these results ftedistically significant at the 5% level.
An increasing number of warmer nights (TN3€) are observed during (Nov-Apr) El
Niflo conditions. A mixed pattern of positive andyatve correlation is found for the
Cold Days Spell Index [Fig. 7.26 g)]. Although masgnificant results [Comondu and
Las Vigas; station numbers 3 and 35 in Table 6.4 &ig. 3.6 b)] are negative
correlations statistically significant at the 5%vdE the climatic picture is not
geographically clear for this index. Neverthelefesyer spells of cold days (warmer

temperatures) can be expected during the Nov-Apogef El Nifio.
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Fig. 7.26. Linear correlations (Kendall tau-bjueen the Extreme Temperature Indices and the Bespise
(Nov-Apr) El Nifio 34 Index (Dry Nifio 3.4). Circlesred are representing a positive and in bluatineg
correlations.
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Warmer temperatures during the November to Aphk (tainfall dry season) period
during El Nifio events are to be expected acrosg ofodlexico. This is especially true
for minimum temperatures indices (TN10P, TNn, TNard a'N9OP); results lead to a
persistence of warmer conditions during El Nifiogghéor central and northern Mexico.
The same geographical pattern could be said toyappghe maximum temperatures, but
it is less clear. Clearer results prevail in thgaB@&alifornian peninsula. However, no
clear geographical climatic picture is observedtf@ CSDI Index; but certainly above
normal temperatures are to be expected. Thereforgtionally widespread pattern of
warmer temperatures is very likely to be found nlgiihe November to April "season” of
El Nifio.
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7.3.2. LAG CORRELATION.

Regional Precipitation Averages

Positive correlations are a dominant characterisficthe largest correlation values
between Regional Precipitation Averages and the I8id index (see Table 7.1). Similar
time shifts (-2, +2, and +3 months) are observedrégions RA4 (Central Mexican
Highlands), RA6 (North Baja California) and RA7 (Huasteca Region) (see Table 4.1
for the regional definitions and their climatic caeteristics). Correlations increase when
moving from west to east and south to north (See Fi27). In this sense, the largest
response of the regional precipitation averagé$ifio 3.4 is located in the north-western
part of Mexico (RA4 and RA®G) just as it was observehen they were correlated with
SOI, with a delayed time-shift. La Huasteca regiBA7) has a quite similar climatic
response in its correlations and lags. In factpating to these results, it can be said that
wetter conditions are found during El Nifio phaserforthern Mexico near to El Nifio

peak conditions.

Fig. 7.27. Lag cross-correlations between thdastdised versions of Precipitation Regional Averagd the
El Nifio 3.4 index. Red circles represent postigdhhue circles negative correlations.
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Extreme Weather Indices.

Extreme Rainfall Indices

Because of their clear statistically significansukts, only two rainfall extreme indices
will be analysed. Both extreme indices are relatedmaximum precipitation: the
maximum 1-day precipitation (RX1day) and the maxamkrday precipitation (RX5day).

The strongest response of the maximum 1-day ptatigm (RX1day) to El Nifio
(expressed by the Nifio 3.4 index) is observed withie most north-western part of
Mexico, at La Presa Rodriguez in the northern Bagifornian Peninsula [station
number 2 in Table 5.1 and Fig. 3.6 a)], with a pesicorrelation of +0.17 and a lag of 2
months (Fig. 7.28). A similar timing of the respermcurs for Atzalan near the coast of
the Gulf of Mexico [station number 34 in Table Buid Fig. 3.6 a)], its correlation is of

negative sign (-0.16) meaning dry conditions duighgNifio phase.

Fig. 7.28. Lag cross-correlations between the BX(@dax 1-day Precipitation) Index and the starsdaid
version of the El Nifio 3.4 Index. Red circles samepositive and blue circles negative corredation
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Less clear are the results in the south Pacificostaegion for the Juchitan in the state of
Oaxaca state [station number 27 in Table 5.1 agd 36 a)] that responds with a net
increase of the amount of rainfall for 1-day maximhbut the correlation is small (+0.13)
and with a long delay (+18 months). Similar timictgaracteristics but a net decrease (-
0.13) in the 1-day maximum precipitation is obsdna Yecora within the Mexican
Monsoon region [station number 32 in Table 5.1 &igd 3.6 a)]. The climatic pattern
found for RX1day is: wetter conditions are domindoting El Nifio for the RX1day
index.

The climatic response of the maximum 5-day preaifn to Nifio 3.4 index is basically
replicating the pattern already seen for the maxinirday rainfall (Fig. 7.29). The

strongest response is observed at Presa Rodrigta¢éiph number 2 in Table 5.1 and Fig.
3.6 a)], in which RX5-day is positively correlatéeD.17) to the Nifio 3.4 index, meaning

that the amount of maximum 5 day precipitation @ases during El Nifio-like years.

Fig. 7.29. Lag cross-correlations between the BXBdax 5-day Precipitation) Index and the staisdard
version of the El Nifio 3.4 Index. Red circles mpmepaositive and blue circles negative corretation
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Drier conditions are observed within the North Aloan Monsoon Region (also called
Mexican Monsoon Region; RA11 in table 4.1) with egative correlation (-0.13) for
Yecora [station number 32 in table 5.1 and fig.&J6 the timing being quite different for
both stations (see table 7.2). Nevertheless, sgtwith positive correlations (wetter
conditions) in north-western Mexico share a similaming (close to the peak) of
response to El Nifio conditions.

Wetter conditions dominate most of the country whamfall extreme indices are
evaluated (using lag correlations) under El Nifindittons. The most significant results
are concentrated along the Pacific Ocean coastcesly in the north-western part of the
country, and these climatic responses are obsemeed to the peak of the El Nifio
phenomenon.
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Extreme Temperature Indices

Patterns of delayed (or simultaneous) climatic eesps of temperatures to El Nifio
(using the Nifio 3.4 index) are going to be expldrethis section. The extreme indices to
be considered are: TN10p, TN90p, TNn, TNx, TX10X9Up, TXn, TXx, and DTR.
Minimum-related extremes correlations are evaluatiest, then maximum-related
indices, and finally DTR to assess if the most ificgnt changes are occurring for

minimum or maximum extremes.

No clear climatic picture is observed for the TN1@Eex. A mixed combination of
positive and negative correlations (warmer condgiduring El Nifio years) is observed
across the country, particularly in Central Mex{Eag. 7.30).

Fig. 7.30 Lag cross-correlations between the TIZOB! Night Frequency) and El Nifio 3.4 Index. Trreak
correlation is calculated using the Pearson fundied circles express positive correlations, mieddicles
show negative correlations.
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Nevertheless, among these contrasting patternENAOP, two regions show clusters of
negative correlations: Los Tuxtlas and Oaxaca (tiearinfluence of the Tehuantepec
isthmus, where a narrow land area is the bridgedsst the Atlantic and Pacific oceans)
and within the northern part of the Baja Califommipeninsula (see Table 7.5). It is
precisely, within the Baja Californian peninsulattkhe time-shifts are similar, the rest of

the correlations do not show consistency among thgs.

Positive correlations prevail in Mexico for the TD®index (Fig. 7.31), especially in the
western half of the country. A positive timing asponse is also associated to these
correlations (Table 7.6). Longer (negative) timétstare linked to negative correlations.
A clear modulation of El Nifio, leading to warmemigeratures is observed in the
western half of Mexico (especially along the Pacifioast and the Baja Californian
peninsula). The timing pattern seems to incorpoaateearly response in the south and
then moving to the north finishing in the peninsofaBaja California near the border
with the USA.

Fig. 7.31 Lag cross-correlations between the T{96ENight Frequency) and El Nifio 3.4 Index. Thedr
correlation is calculated using the Pearson funéiied circles express positive correlations, aeddicles

show negative correlations.
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The largest positive correlation values are obsksarith of the Tropic of Cancer for the
Coolest Night Index (TNn). These results are alsoggaphically concentrated in the
western half of the country (Fig. 7.32). Meanwtlalenegative correlations are close to
zero (Table 7.7). Climatically the lags associatéith the largest positive correlations are
located in the Zacapu and Santo Domingo Tehuantepesmuthern Mexico [station

numbers 24 and 29 in Table 6.1and Fig. 3.6 b)jy tegative time-shifts are -10 and -16

months respectively. Warmer (colder) conditions ohaite the coolest night-temperatures
during El Nifio (La Nifia) phase.

Fig. 7.32 Lag cross-correlations between the TRIoI¢SE night) and EI Nifio 3.4 Index. The linearstation is

calculated using the Pearson function. Red caxjaress positive correlations, and blue circles siagative
correlations.
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Warmer temperatures prevail for the Hottest Nightlelk (TNx) during El Nifo
conditions (Fig. 7.33). Time lags show that thegést positive correlations imply
climatic responses close to the peaks of El NifmsphMost significant results are found
in the southern part of Mexico in Michoacan staadapu, Huingo, and Ciudad Hidalgo;
station numbers 24, 22 and 23 in Table 6.1and3Fb)], but it is really with Las Vigas
station in Los Tuxtlas region [station number 35Table 6.1 and Fig. 3.6 b)] that these
stations share similarity, showing variations betwe6 and +5 months in the time-shifts
(Table 7.8). So, we can speak of dominant warnmghtriemperatures south of the Tropic

of Cancer near to the peak of El Nifo-like condiso

Fig. 7.33 Lag cross-correlations between the Thsitest night) and El Nifio 3.4 Index. The linearetation is
calculated using the Pearson function. Red caxjaress positive correlations, and blue circles siagative
correlations.
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Close to the strongest El Nifio conditions are threespondent climatic responses of the
Cool Night Frequency Index (TX10P). The largest ifpos correlation values are
observed in the western half of Mexico near theiflfacoast (Fig. 7.34). Here, the
station time-lag responses are, on average, onéhnfiehind the peak of El Nifo-like
phase (Table 7.9). Less clear are the negativelations, especially the variability of the
time-lags that fluctuate between -11 and +15 montleen looking for the best
correlation. Geographically speaking these negatoreelations are located in the Baja
California peninsula, although Las Vigas, near@wf of Mexico [station number 35 in
Table 6.1 and Fig. 3.6 b)], shows a significantrdase in the TX10P index. But, the
clearest climatic picture when applying the lagrefation technique between TX10P and
the Nifio 3.4 indices shows decreasing frequendiesght temperatures below the 10th
percentile, i.e., warmer conditions during El Nifith variable times of response,

especially in the western half of Mexico.

Fig. 7.34 Lag cross-correlations between the TXO@l Day Frequency) and El Nifio 3.4. The linear
correlation is calculated using the Pearson fundied circles express positive correlations, mddicles

show negative correlations.
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Although a clear climatic pattern is observed fog Hot Day Frequency Index (TX90P);
positive correlations are dominant in the southgart of Mexico, especially within the
Los Tuxtlas region (Fig. 7.35). Similar also are thmings of response of these southern
stations, having the greatest impact on day tenyoes near to the peak of El Nifo
phase (Table 7.10). Warmer day temperatures arenads within the southern part of
the country close to the peak of El Nifio conditions

Fig. 7.35 Lag cross-correlations between the TXEOPDay Frequency) and El Nifio 3.4 Index. Theline
correlation is calculated using the Pearson funélied circles express positive correlations, aeddicles
show negative correlations.
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Mixed climatic patterns are found for the TXn ind&th no clear spatial distribution of
negative correlations (Fig. 7.36). Time-shiftsitwdfthe best correlation with El Nifio 3.4
index are also quite dissimilar (Table 7.11). Nagatcorrelations are mostly
geographically located in the western half of MexieElowever, clearer results are found
in the southern part of the country. Consistenqatfially) is observed for positive
correlations and time-lags (-6 months average) lwhre close to the strongest conditions
of the El Niio phenomenon. Therefore, accordingthese results, warmer day

temperatures are expected during El Nifio phassedtoits peak.

Fig. 7.36 Lag cross-correlations between the TXoléSt Day) and El Nifio 3.4 Index. The linear tativa is
calculated using the Pearson function. Red caxjaress positive correlations, and blue circles siagative

correlations.
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A longitudinal climatic transition in continentaldé®ico could be observed for the Hottest
day Index (TXx). Roughly, positive correlations ateminant in the eastern part of
Mexico, while negative correlations are prevalenthe western part of the country (Fig.
7.37). Positive correlations are located alongAtiantic Coast, except the most southern
station in Oaxaca that, in fact, it has the greateselation (+0.23) among all the results.
Time lags for these positive correlations are v&rgilar, climatically responding with
warmer temperatures close to the peak of El Nifabl@ 7.12). Negative correlations are
geographically biased to the western half of thentty, but time-shifts of climatic
impact to El Nifio are quite different. North of theopic of Cancer in the Baja California
peninsula positive correlations prevail. Neverteg)eghese correlations in the peninsula
are not large enough to be considered significanterms of correlations and time
response consistency. Warmer conditions are foand@Xx in the eastern half of Mexico
close to the strongest conditions of El Nifio.

Fig. 7.37 Lag cross-correlations between the Txitegbt Day) and El Nifio 3.4 Index. The linear tioa is
calculated using the Pearson function. Red caxjaress positive correlations, and blue circles siagative
correlations.
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Largest (negative) correlations for the DTR inder geographically concentrated in
central and northern Mexico (Fig. 7.38 and Tabp.7As evident in the already analysed
extreme indices, changes in minimum temperaturesckarer than in the maximum-

related indices, and certainly more strongly aflecead in the decreasing DTRs.

Fig. 7.38 Lag cross-correlations between the DTay(Demperature Range) and El Nifio 3.4 Index. The
linear correlation is calculated using the Pedrsmtion. Red circles express positive correlatiang blue
circles show negative correlations.

A clear climatic pattern towards warmer temperauseclear when we correlate extreme
temperature indices and Nifio 3.4. However, we htvepoint out that maximum

temperature related indices have a geographicrereafe for changes in the southern part
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of the country. Meanwhile, minimum temperature aedi are basically varying north of

the Tropic of Cancer.

Summary of the section (El Nifio 3.4 Index).

The results of the (correlations) analysis of iaflue of the EI Nifio 3.4 index on
temperature and precipitation show strong consistevith those of SOI (section 7.2).
This coherence can be fully observed in the latialdtransition and the seasonal factor
of the climatic patterns. No matter the variablalgsed (precipitation or temperature) or
the scale used (regional or local), the timing oesg of the best results is close to the

peak of El Nifio conditions.

A latitudinal climatic transition is observed whéme annual and wet season (May to
October) Standardised Anomaly Indices (SAI) of [piation are used. Wetter
conditions in northern Mexico (especially the nestastern part of the country) and drier
conditions in the South prevail during El Nifio y&an addition, this climatic transition
shows a preference of the largest correlationgHersites along the Pacific coast. An
almost national pattern of above (below) normaktjmiéation during El Nifio (La Nifia)
years is seen for the dry season (November to Agirithe rainfall SAls. These climatic
patterns are also replicated for the precipitagininieme indices, but the importance of the

dry season rainfall on the north-western part okidieis clearer.

Contrasting climatic conditions are also observedthe temperature extreme indices.
During El Nifio years, changes in maximum tempeestysrevail in southern Mexico,
while in the North of the country the most impottaariations are seen in minimum
temperatures. Nevertheless, these climatic pattarasmostly concentrated along the
Pacific Ocean coast in Mexico. The most importasults also show a timing response

close to the strongest ENSO conditions.
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7.4. THE MEI (MULTIVARIATE ENSO INDEX) INFLUENCE.

7.4.1. LINEAR CORRELATION.

Precipitation Regional Averages.

The last El Nifio index to be linearly correlatesiflg Kendall's tau-b) to the regional
precipitation averages is the Multivariate ENSOela@MEI). As in the previous sections
the time-series are divided into annual, wet (Mapy@nd dry (Nov-Apr) seasons for
both the regional averages and the MEI indices. firfa aim is to find either spatial or

temporal climatic patterns of the impacts of El \ifi the regional rainfall averages.

Taking the Tropic of Cancer as a geographical |imitlear latitudinal transition could be
observed when correlating the annual versions df&8w MEI. Positive correlations are
found in northern Mexico, while negative correlasgprevail in the southern part of the
country [Fig. 7.39 a)]. The highest correlationued are concentrated within the Baja
California Peninsula. This climatic pattern has rbeeonsistent across the other
combinations of regional averages and ENSO inditlks: greatest correlations are
positive, and can be seen in the northern parh@fpeninsula. These results are mostly
better than the 1% level of statistical significantlegative correlations are located along
the southern Pacific coast. These correlationsiatestically significant at the 5% level.
Nevertheless, there is an evident geographic pate@ong the Pacific Ocean) of the
annual total rainfall in a clear transitional clicapattern; during El Nifio years the
annual regional precipitation totals are aboverthermal for the northern part of the
country, especially in the peninsula of Baja Caififa; while drier conditions are

observed for the southern Pacific coast.

Closely replicating the former results the corielatbetween the wet season (May-Oct)
SAl and the annual MEI shows a differential clirogiattern: negative correlations south
of the Tropic of Cancer and positive north of theographical limit [Fig. 7.39 b)]. Wetter

conditions are experienced during El Nifio yearstf@ northern half of Mexico and
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below normal precipitation is dominant during tlzene phase of ENSO for the southern
part of the country. It is clear that all the sia8 with statistically significant correlations

(these results are better than the 1% level ofsstatl significance) are concentrated
along the Pacific Ocean coast suggesting a stroodulation of the summer regional

precipitation by ENSO. The only region that bredks clear climatic pattern is the

Neovolcanic Belt region, but its correlation iss#ao zero.

Positive correlations prevail all over the countrigen correlating dry season (Nov-Apr)
SAl and Annual MEI [Fig. 7.39 c)]; this is one diet clearest climatic patterns across all
the combinations of the rainfall extreme indiced adEIl. Statistically significant
correlations are concentrated from central to mortiMexico. Let us recall that, during
winter polar fronts heavily influence the temperatand rainfall of the northern part of
Mexico (section 2.3). This can be easily seen ashtghest correlations are found in the
northern Baja California peninsula and the higftuale Neovolcanic Belt region. Above
normal precipitation above their normal is obserdedng the boreal winter in northern
Mexico during El Nifio years.

Drier conditions are observed in the southern plaMexico, and wetter climatic regimes
for the Baja California peninsula during El Nifio ggle. Positive correlations are
dominant when we correlate the wet season (May-8&t)and wet season MEI north of
the Tropic of Cancer [Fig. 7.39 d)], especiallytire Baja Californian peninsula where
the greatest correlation (better than the 1% lefeétatistical significance) is found
within the northern part of the peninsula. Meanehiiegative correlations prevail along
the southern coast of the Pacific Ocean. Two apeask this precipitation pattern, the
Neovolcanic Belt and the central northern part efxMo, although, both regions show
near zero correlations, so they can easily be ghsded as affecting the whole climatic
picture described above.
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Fig. 7.39. Linear correlations (Kendall tau-bjeen the standardised versions of the regionaditatimn
averages and the Multivariate EI Nifio Index (ME#d numbers represent positive and blue numbetiveeg
correlations. * means statistical significant al@&% and ** at 1% level.
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Although there is a clear differentiation betweentmental and coastal climatic patterns,
no statistically significant correlations are olv&el when correlating wet season (May-
Oct) SAl and dry season (Nov-Apr) MBElVetter conditions (positive correlations) are
found in mainland Mexico, while below normal pratagion (negative correlations) is

evident within the Baja Californian peninsula, awriEl Nifio phase [Fig. 7.39 e)].

The climatic pattern of almost nationally widesgreaositive correlations when
correlating dry season (Nov-Apr) SAI and wet seadday-Oct) MEI [Fig. 7.39 f)] is
quite similar to the former relating dry season \Mpr) SAI and annual MEI [Fig. 7.39
c)]. Nevertheless, there are a couple of regiord Hmeak this climatic picture: Los
Tuxtlas and the southeast rainforest regions. Engebt correlations are found in the
north-western part of the country, a very well kmomegion affected by winter rainfall
patterns. It is also the first time that we havenid a statistically significant result for the
Yucatan peninsula. Precipitation above normal imidant across most of Mexico for the

dry rainfall season when EI Nifio phase is presarnnd the wet season (May-Oct).

A clear national pattern of positive correlatioagaund when dry season (Nov-Apr) SAl
and dry season (Nov-Apr) MEI are correlated [Fig397g)]. In fact, the greatest
correlation (+0.43) is found at the northern Bagif©rnian peninsula and close to this
result is the correlation for the Mexican Monsooeg®n (+0.38), both correlations are
statistically significant at the 1% level. A stropyase of El Nifio phenomenon must
reinforce the atmospheric conditions that makewthreer precipitation an important part
of the annual precipitation totals (see section12.4t is during this season that we see
the regional precipitation fully responding to thllry season (Nov-Apr) ENSO
modulation across the Yucatan peninsula. It is iptes¢hat the nearly chaotic hurricane-
associated rainfall can strongly affect the preatpn patterns during the other seasons
(annual and wet seasons), implying that this reggamlikely to be climatically coherent
with its neighbouring regions. The Neovolcanic Baetd the Mexican central Highlands

regions are clearly modulated by ENSO during thesdgrason (Nov-Apr). High altitude
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stations and polar fronts during winter, can pdgstplained the significant correlations
in these areas (Metcalfe et al., 2000).

Two different geographical patterns are observednithe temperature extreme and MEI
indices are correlated. A latitudinal climatic tséion is observed for the annual and wet
season (May-Oct) SAls (Standardised Anomaly Indicétter conditions are found for
the northern part of Mexico, with below normal pps@ation evident for the southern part
of the country. A nationally widespread patternwatter conditions dominates the Dry
Season (Nov-Apr) SAls combinations. Both geogragdhotimatic pictures are observed
regardless of the season of the MElIs.

Extreme Weather Indices.

Precipitation.

In this section extreme precipitation indices Wil correlated (linearly) with the seasonal
versions (annual, May-Oct and Nov-Apr) of MEI. Tinelices with the greatest number
of statistically significant results will be anafts A comparison among the maximum
and minimum temperatures related indices is thedemand finally among all the

responses of the indices to the seasonal MEIs.

When the significance of the correlations with @mmual MEI is considered, the extreme
precipitation indices to be analysed are: CDD, CVIRO9P, RX1day, and PRCPTOT
(see definitions in section 3.3.3). These give thearest results when we correlate

extreme precipitation indices and the annual MEI.

The climatic pattern for the CDD index [Fig. 7.4)Q] ahows the most statistically
significant results, geographically concentrated dantral and northern Mexico,
especially within the region of influence of the Mo American Monsoon (NAM, see
table 4.1) or Mexican Monsoon. The prevalent negatorrelations lead to wetter
conditions during El Nifio phase, mostly north a# ffropic of Cancer. A mixed climatic

picture is observed for the CWD index [Fig. 7.4Q. & decrease in the number of
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Consecutive Wet Days is found along the North Radfoast within the NAMR.
Meanwhile, the largest positive correlation (statadly significant at the 1% level) is
observed at the Presa Rodriguez station (Tijudra)means wetter conditions under El
Nifo-like years. A longitudinal climatic patternsgen for the R99P index [Fig. 7.40 c)].
Negative correlations are dominant along the Aitanbast, while positive correlations
are observed at the northern Pacific coast at igudherefore, more days exceeding the
99" percentile are observed in the north of the Ba@if@nia peninsula, and drier
conditions for those stations along the Gulf of Mex Just like in the results of R99P, a
coastal pattern can be observed for the RX1dayiffelg. 7.40 d)]. Although only three
statistically significant results are found, atladinal climatic transition can be observed
for RX1day. The 1-day maximum precipitation (in md&crease in Los Tuxtlas Region,
and increase for Presa Rodriguez station in Tiju@uarelations which are statistically
significant at the 1% level show a strong respdadel Nifio. No clear climatic pattern is
observed for the PRCPTOT index [Fig. 7.40 e)]. Tody statistically significant
correlation (at the 1% level) is found at the PrBsmliguez station, i.e., annual total

rainfall increases at Tijuana during El Nifio-likeays.

Consistently wetter conditions are observed forribghern part of the Baja California
peninsula. Drier conditions are more variable (gapbically speaking), ranging from the
North American Monsoon to the Los Tuxtlas regiont,Boughly we can conclude that
when we correlate extreme rainfall indices with #enual version of MEI, wetter
conditions are dominant north of the Tropic of Ganand drier conditions prevail in
southern Mexico. There is also a longitudinal trams. southern (positive) correlations
are related to the Atlantic Ocean (Gulf of Mexicayhile the negative (northern)
correlations are linked to the Pacific Ocean: thwaeof the four statistically significant

correlations are located at stations along thefieacean.
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Fig. 7.40. Linear correlations (Kendall tau-been the Extreme Precipitation Indices and the @nnu
Multivariate ENSO Index (MEI). Circles in red agpriesenting a positive and in blue negative diorala
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The application of linear correlations (Kendallautb) between precipitation extreme
indices and the May-Oct (wet season) version of MEdnalysed here. Because of their
clear results, the indices to be considered areD,COWD, R99P, RXlday and
PRCPTOT. These are precisely the same indices sethlywith the annual MEI, so a
direct comparison is possible with those results.

The extreme indices involving consecutive condgiarf dryness (CDD) or wetness
(CWD) are analysed first. A national climatic pattef negative correlations can be seen
for CDD [Fig. 7.41 a)], but statistically signifiocaresults are concentrated from central to
northern Mexico within the western half of the cooynTherefore, wetter conditions are
dominant for these stations during El Nifio phasemied picture of positive and
negative correlations is observed across the cpuotr the Consecutive Wet Days
(CWD) index [Fig. 7.41 b)]. For those stations wétatistically significant results, drier
conditions (fewer consecutive wet days) are obskmenainland Mexico, while more
Consecutive Wet Days are seen during El Nifio-li@gaditions for Presa Rodriguez in
Tijuana. A longitudinal climatic response is obsghfor the R99P index [Fig. 7.41 c)].
More days of extreme rainfall exceeding the™9fercentile are observed at Presa
Rodriguez, and the opposite (less days surpadsaidimit) are seen along the Gulf of
Mexico coast during El Nifio conditions. With theception of San Fernando in the
north-eastern part of Mexico, similar geographittgras to that of the R99P are found
for the RX1day index [Fig. 7.41 d)]. During El Nifphase, the max 1-day precipitation
increases at the Presa Rodriguez station in ththarar part of the Baja California
peninsula, while this index decreases in the Lostlas region, where the correlation is
statistically significant at the 1% level. The aahtotal precipitation (PRCPTOT) index
does not show a clear spatial distribution acrossibb [Fig. 7.41 e)]. The only
statistically significant correlation is observeditze Presa Rodriguez station in Tijuana.
Wetter conditions are then dominant for this pdrharthern Baja California during El
Niflo-like conditions. The only station that showatistically significant results (wetter
conditions) for PRCPTOT is Presa Rodriguez in thithern part of the Baja California
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Fig. 7.41. Linear comrelations (Kendall tau-byJeen the Extreme Precipitation Indices and thes@asion
(May-Oct) Multivariate ENSO Index (MEI). Circles iied are representing a positive and in blue wegati
correlations.

267



peninsula, supporting the conclusions so far oleskacross this chapter that, this region

is strongly affected by EIl Nifio-like conditions.

Wetter conditions are mainly observed in the narthpart of the Baja Californian
peninsula, and below normal precipitation is foumdainland (the continent) Mexico. It
is important to point out here that these resultscansistent with the former correlations

using annual MEI.

The final analysis for extreme rainfall indicestas correlate linearly these parameters
with the Nov-Apr version of the Multivariate IndgMEI). As mentioned in section
3.2.1, November to April is the dry period for moéthe country, so we expect different
spatial patterns to those resulting from annual aet season. Having the most
significant results, the extreme indices to be ys®l in this section are CDD, CWD,
RX1day and PRCPTOT.

The spatial distribution of the negative correlatofor the CDD index shows
predominance in the western half of central andheon (continental) Mexico [Fig. 7.42
a)]. Fewer consecutive dry days are expected diimgiio conditions for these stations;
especially those within the influence of the No#timerican Monsoon System. Less clear
is the climatic pattern for the Consecutive Wet ®4¢gWD) [Fig. 7.42 b)]. Although
most of the correlations are positive across thenttg, the only statistically significant
result is found at the southern tip of the BajaifGalian peninsula, where more
consecutive wet days are to be expected during iBb-hke years. One statistically
significant correlation is observed for the RX1dagex [Fig. 7.42 c)], but this time it is
located in the northern part of the Baja Califorpéninsula. The annual maximum 1-day
precipitation increases under EI Nifio conditionsheTannual total precipitation
(PRCPTOT) tends to be above normal during El Natatie central and northern regions
of Mexico [Fig. 7.42 d)]. The largest correlaticar® positive and are observed at Celaya
(central) and Tijuana (northern) stations, botlultesare statistically significant at the 1%

level.
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Fig. 7.42. Linear correlations (Kendall tau-bjeen the Extreme Precipitation Indices and theedigon
(Nov-Apr) Multivariate ENSO Index (MEI). Circles ied are representing a positive and in blue wegati
correlations.

Extreme precipitation above the normal is expedsplecially in central and northern
Mexico under EI-Nifio like conditions. This climatjmicture is consistently observed
across all the rainfall extreme indices when theyarrelated with the annual version of
MEI. These results support the very well known weintainfall patterns that are a

substantial fraction of the annual total precipoiatin those regions of the country.
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Temperature.

The last analysis of linear correlation of this piea combines temperature extreme
indices and the seasonal versions (annual, wetday)dof MEI. As mentioned for the
SOl and Niflo 3.4 indices, the results from thistisaccan be compared at different
temporal and spatial scales with the regional pietion averages and extreme rainfall
indices. The (linear) correlation between the terafpee extreme indices and the annual
Multivariate Index is the first part of this sectioBecause of their clearest results the
indices to be analysed are TN10P, TN9OP, TNn, TNRQO, TX10P, TXx and DTR.

A national climatic pattern of negative correlagsaan be seen for the TN10P index [Fig.
7.43 a)]. Fewer days are occurring in which TNQmarcentile. The largest negative
correlations —statistically significant at the 1%vél- are geographically concentrated
within the Baja California peninsula. Warmer coradis are then expected in Central and
the northern Baja California during El Nifio pha8esimilar spatial distribution (when
compared with TN10P) is observed for the TN9OP xpndaut this time the climatic
pattern is for positive correlations [Fig. 7.43.1)j the central region and north of the
Tropic of Cancer in the Baja California peninsularendays when the night temperature
exceeds the dDpercent are expected during El Nifio conditionsriéa temperatures
are also likely to occur during El Nifio for the TNmex [Fig. 7.43 c)]. Although this
pattern is geographically widespread across thentcpumost significant results are
concentrated in the western half of the countrythWhe exception of the variable
correlations in central Mexico, most of the counstyow positive correlations for the
TNx index, especially in the western part of theirdoy [Fig. 7.43 d)]. Warmer night
temperatures are expected during El Nifio phasentst of Mexico. Night temperatures
also increase during El Nifio similar to the restdtsthe TR20 index [Fig. 7.43 €)]. Most
significant results are seen in the north-westem of the country. A rough pattern of
positive correlations in the main part of contir@nlexico and negative correlations
along the Baja California peninsula is observedtiier TX10P index [Fig. 7.43 f)]. Most
significant results are found in the peninsula afeéBCalifornia, where fewer days below

the 18" percentile limit are dominant during El Nifio cotiolis. Warmer day
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temperatures prevail over most of Mexico duringEh&lifio phase. Positive correlations
are found for the TXx index across the country, mmaist significant results are located
along the Pacific Ocean coast [Fig. 7.43 g)]. Qrteresting negative correlation in the
north-eastern part of Mexico breaks this pattem. San Fernando colder day

temperatures are prevalent during El Nifio-like gedr latitudinal transition is observed

for the most significant results of the DTR ind&kg. 7.43 h)]. Negative correlations are
seen in the central and the southern tip of the Balifornia peninsula, while only one

positive correlation —statistically significant thie 5% level- is observed in the southern
pacific coast in Oaxaca. In general, decreasing £dife evident across Mexico during El
Nifio-like conditions.

Linear relationships between the temperature exraaices and the annual MEI show a
national pattern of increasing minimum temperatutasng El Nifio-like conditions.
This is especially clear north of the Tropic of Can Warming conditions (for the
stations close to the northern Pacific Ocean) duEh Nifio are also expected for the
indices related to maximum temperatures. Accordinthe results, a decrease in Daily
Temperature Range index show that the greater esaage occurring in minimum

temperatures.

Linear correlations of the extreme indices with May to October (Wet Season) version
of MEI will be assessed in this section. The indiegth the best results (the largest
numbers of significant correlations) are: TN10P,90R, TNn, TNx, TR20, TX10P,
TX90P, TXx and DTR.

Extreme indices related to minimum temperatures1®™ TN9OP, TNn and TNx) are
the first to be analysed. Negative correlationssaitein most of the country during El
Niflo conditions for the TN1OP index [Fig. 7.44 @he clearest geographical pattern of
statistically significant results is found in theajB California peninsula, north of the
Tropic of Cancer. Significant correlations are atsuoserved in central and southern
Mexico. Therefore, it can be said that the numbledays when TN<1D percentile

decreases during El Nifio phase, leading to warempératures. Positive correlations are
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dominant across Mexico for the TNOOP index [Figt47b)]. The spatial distribution of
the most significant results is very similar to ttHar the TN1OP index. Warmer
conditions are dominant during El Nifio phase acMeszgico, especially within the Baja
California peninsula. Positive correlations ar@asminating Mexico for the TNn index
[Fig. 7.44 c)]. Nevertheless, the most significantrelations are mostly found in the
western part of the country from central to nomth®texico. The largest correlations are
observed at Presa Rodriguez and El Palmito in tith+western part of the country, a
region where winter rainfall is very important teetannual total precipitation. Warmer
night temperatures are expected throughout Mexicing EI Nifio conditions, especially
in the western half of the country. Positive catiens are also nationally widespread for
the TNx index, except for Ciudad Hidalgo and Atmadations in central Mexico [Fig.
7.44 d)]. For the TR20 index [Fig. 7.44 e)], nigamperatures increase during El Nifio
conditions across the country for most of Mexicathva slight geographical preference
to the western half of the country. A mixed clinsaiattern is observed, although the
largest (statistically significant) correlationsegpositive. Geographically these positive
relationships are biased to the western half ofcthentry along the Pacific Ocean coast,
suggesting an important influence of the El Nifi@rge Warmer tropical nights (TR20)
are observed during El Nifio years in most of Mexaspecially within the north-western
part of the country, in the area of influence oé tHorth American Monsoon System
(NAMS) or Mexican Monsoon Region (RA1l in Table 4.Only a few statistically
significant correlations are found within the mixeldnatic pattern of the TX10P index
[Fig. 7.44 f)]. The largest negative correlations geographically concentrated in the
Baja California peninsula, and north of the TropfcCancer. Warmer day temperatures
are likely to be seen under El Nifio conditionshi@ horthern part of the
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Fig. 7.43. Linear correlations (Kendall tau-byveen the Extreme Temperature Indices and the Annual
Multivariate ENSO Index (Annual MEI). Circles indra@re representing a positive and in blue negative
correlations.
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Fig. 7.44. Linear correlations (Kendall tau-bjueen the Extreme Temperature Indices and the ageinse
(May-Oct) Multivariate ENSO Index (Annual MEI). Ges in red are representing a positive and in blue
negative correlations.
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Baja California peninsula and Los Tuxtlas regioResitive correlations are almost
nationally prevalent across Mexico for the TXx irdg-ig. 7.44 g)]. Warmer (day)
temperatures are observed almost nationally, eslpealong the Pacific coast. The most
significant exception to this pattern is observédh@ San Fernando station in north-
eastern Mexico. Finally, (statistically significamegative correlations are found in
central and northern Mexico, and positive correlagiin the southern part of the country
for the DTR index, especially near the Tehuantegienus [Fig. 7.44 h)].

In accordance with the former results when theesé indices and the wet season (May-
Oct) MEI are linearly correlated, increasing tengperes are observed across Mexico.
The most significant changes are mainly found & rfinimum temperatures, therefore,
directly affecting the Daily Temperature Range ‘eslu Geographically, climatic

responses of maximum and minimum temperaturesareeatrated in the northern part

of the country.

The last set of indices to be analysed are thoseltieg from the correlation of the
temperature extremes and the dry season (Nov-Agi) NFor their clarity in the results
the group of extreme temperature indices to beuatadl are TN9OP, TNn, TNx, TR20,
TX10P, TX90P and DTR. Minimum temperature indices assessed first, and then

maximum temperature parameters finishing with tAi&kDndex.

The Hot Night Frequency (TN90P) index is evaludtesi. An almost national pattern of
positive correlations can be observed in [Fig. 75 Statistically significant results are
geographically concentrated in Central Mexico fNnT This is particularly true for the
largest correlations that are located within theaawf the so called Neovolcanic axis, all
these stations (Atzalan, Zacapu and Huingo, sde taB) are above the 1500 m.a.s.|
[Fig. 7.45 b)]. Indeed, an almost national pattefrpositive correlations can be easily
seen. Nevertheless, the most significant resuttgyaographically concentrated in Central
and Northern Mexico. The largest correlation val@esinly positive) are spatially

concentrated in continental Mexico, and especihlpsed to the western half of the
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country, for the TNx index [Fig. 7.45 c)]. Duriniget peak of El Nifio conditions there is a
net increase in the night maximum temperatures,namthern Mexico. Positive
correlations dominate central and northern Mexideenvthe TR20 index is evaluated
[Fig. 7.45 d)]. There is a clear tendency for thetaistically significant results to be
located in the western half of the country. Wartnepical nights (TN>20C) are observed
during El Nifio conditions for northern Mexico. Ardmental/peninsular climatic pattern
is observed for the TX10P index: positive corr@las are found in continental Mexico,
while within the Baja California peninsula negatn@relations are dominant, and these
are the only statistically significant results [Fig.45 e)]. Therefore, warmer day
temperatures are observed in the Baja Californiingela during El Nifio phase. A
different kind of transition is observed for the 90€ index [Fig. 7.45 f)]. The
statistically significant results are divided irlaitudinal way: positive correlations are
geographically concentrated south the Tropic of d8gnand negative correlations are
located north of this limit within the Baja Califta peninsula. More days when the
minimum temperature exceeds thd'@@rcentile are observed in the southern partef th
country during El Nifio conditions, while fewer dagelow this percentile are found
under the same climatic conditions. Negative cati@hs are prevailing across Mexico
for the DTR index. Nevertheless, only a few of tleults are statistically significant.
Those are mostly concentrated in Central Mexico amdhe southern tip of the Baja
Californian peninsula. The only significant posgticorrelation is observed at Santo
Domingo Tehuantepec on the southern coast of thdi¢®cean. The DTR climatic
pattern is reflecting that most significant changase occurring in minimum

temperatures, especially from central to northeexieb [Fig. 7.45 g)].

Linear correlations between the temperature extreamdeces and the Nov-Apr (dry

season) MEI show an almost national climatic pattdrincrease in temperatures for El
Niflo years. However, the most significant results @bserved in minimum temperatures
indices like TN9OP, TNn, TNx, and TR20. Geograplycthese important changes in
night temperatures are mostly concentrated northefTropic of Cancer. A net decrease
in the DTR index from central to northern Mexico dsdirect consequence of these

warmer minimum temperatures.
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Fig. 7.45. Linear correlations (Kendall tau-bjusein the Extreme Temperature Indices and theabgrse
(Nov-Apr) Multtivariate ENSO Index (Annual MEI). €lies in red are representing a positive and in blue
negative correlations.
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7.4.2. LAG CORRELATION.

Precipitation Regional Averages (MEI).

Consistency is seen among the resultant climattenmes when the three different ENSO
indices (including MEI) and the Regional PrecipdatAverages are correlated. Positive
correlations are observed in the following regi@hsfinitions and climatic characteristics
in Table 4.1): RA4, RA7, RA6 and RA3 (Fig. 7.46hr&e of them are geographically
located north of the Tropic of Cancer; only La Heaa at the fringes of this limit does
not strictly comply with this condition. Timingseasimilar and close to the strongest El
Niflo conditions. According to these results with M&nd the other ENSO indices used
in this chapter) it is evident that during El Nifdose to the peak of its phase) wetter
conditions are prevalent in the northern part okMe, particularly when we consider the
Tropic of Cancer as a geographical limit.

Fig. 7.46. Lag cross-correlations between thdatdined versions of Precipitation Regional Averagd the
Multivariate El Nifio Index (MEI). Red circles repeat positive and blue circles negative corretation
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Extreme Weather Indices.

Extreme Precipitation Indices

Consistency is the main characteristic of the emx¢rgainfall indices when they are
correlated with the different El Nifio indices, aMEI is not an exception. For the
RX1day index (Fig. 7.47), the largest positive etation (+0.174) is found at La Presa
Rodriguez (northern part of the Baja California iRsunla), meaning wetter conditions
right at the peak of El Nifio phase. A positive etation (+0.101) is also seen in the
Guanacevi station within the Desertic north of Mexiand a similar time-shift (-3).

Therefore, a (small) net increase is seen in theuatmof maximum 1-day precipitation
associated to El Nifio-like years. A delayed (+1sthe lag) ENSO-impact is observed
at the core of the Mexican Monsoon region. Maximiiwday rainfall amounts at the
Yecora station show a small net decrease (-0.14®lation) during El Nifio conditions,

contrasting with its neighbouring stations.

Fig.7.47. Lag cross-correlations between the Maxinduday precipitation (RX1day) Index and the
Multivariate El Nifio Index (MEI). Red circles regeat positive and blue circles negative corretation
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Wetter conditions for the Northern part of the B@glifornian Peninsula are the constant
feature among the different ENSO indices for thefal extreme indices. This climatic
feature is also observed when the RX5day is lagetted with MEI (Fig. 7.48),
although with different responses and timings a&slaingest correlations are in the north-
western part of Mexico, at La Presa Rodriguez wittiie Baja California peninsula
(correlation +0.163 and lag = 0) and within the Meax Monsoon Region for the Yecora
station in Sonora (correlation -0.145, lag=+14)hAugh with different time-shifts, it is
evident that the Pacific Ocean exerts a greattwuante (Mechoso et al., 2004) than the
Atlantic one, especially at those stations along ttorthern Pacific coast. Finally,
RX5day results are close to those correlationsadireobserved applying the MEI to the
RX1day index.

Fig. 748. Lag cross-correlations between the rivlaxi 5-day precipitation (RX5day) Index and the
Multivariate El Nifio Index (MEI). Red circles regeat positive and blue circles negative corretation

280



Prevalent wetter conditions are observed in nomistern Mexico and the Baja
Californian peninsula. These climatic responsessaen close to the peak of El Nifio

phase for the rainfall extreme indices.

Extreme Temperature Indices

The resulting (lag) correlations between DTR andl MIiiow a variable response across
Mexico (Fig. 7.49). No spatial homogeneity is fouachong the positive or negative
correlations. In fact, the greatest correlationan(8 Domingo Tehuantepec and Matias
Romero) are both located within the Tehuantepelemas region (Southern Pacific
coast), but their time-shifts (see table 7.4) auteqdifferent (-5 and -24 months
respectively). Despite, its variable time lag reses, the most significant below normal
precipitation (greatest negative correlations) sed¢m have a geographic component

along the Pacific Ocean coast.

Fig. 7.49 Lag cross-correlations between the DTay(Demperature Range) and the Multivariate EbNIf
Index (MEI). Red circles express positive coraglgiiand blue circles show negative correlations.
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A mixed spatial distribution of positive and negaticorrelations is seen across Mexico
for the TN10P index (Fig. 7.50). In central Mexibagh altitude stations seem to be
linked to these positive correlations, only theistaat Ahuacatlan (900 m) is below the
level of 1500 m.a.s.l. Negative correlations aréespread nationally but with no real
clear climatic pattern. Optimal time-shift responge the modulation of El Nifio are
similar among the positive correlations, as theydose to the peak of this phenomenon.
Therefore, with the exception of a set of hightatte stations in Central Mexico, a

pattern of warmer conditions is observed acrossidtex

Fig. 7.50. Lag cross-correlations between the PNMol Night Frequency) and the Multivariate AN
Index (MEI). Red circles express positive coraelgiiand blue circles show negative correlations.
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A combination of positive and negative correlatiessnilar to the pattern observed for
TN21OP- without a clear climatic picture is seen whee evaluate the TN9OP Index (Fig.
7.51). In the main continental Mexico, central asmlthern regions in Mexico are
dominated by positive correlations with similarat@nships also seen in the peninsula of
Baja California. Time lags for the best climaticspenses are associated with these
correlations close to the peak of El Nifio (seedahb). In general, more frequent cool
nights exceeding the 90th percentile (warmer cans) are observed close to the

strongest El Nifio conditions.

Fig. 751. Lag cross-correlations between the PINBDt Night Frequency) and the Multivariate EIdNif
Index (MEI). Red circles express positive coraelgiiand blue circles show negative correlations.
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Mostly positive correlations are seen across Mexicahe Coolest Night (TNn) Index.
Lower negative correlations are spatially disperfednh Central to Northern Mexico
(Fig. 7.52). Nevertheless when we compare the réfftetime-shifts of response to the
MEI index, for the positive correlations we findriagble time responses (ranging from -
19 to +10 months of lag to get the best climaticelation) and more homogeneous time-
shifts for the negative correlations (+16 to +18nths of lag). Although with different
time-lags of climatic responses, warmer night terajpees are dominant across Mexico

during EIl Nifio phase.

Fig. 7.52. Lag cross-correlations between the Iitiex (Coolest Night) and the Multivariate EI Nifidex
(MEI). The linear correlation is calculated usingyPearson function. Red circles express positieations,

and blue circles show negative correlations.
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A mixed combination of positive and negative catieins is found for the TNx Index.
Positive correlations prevail mostly in the Bajalifdania peninsula, while negative
correlations are spatially distributed across cwttal Mexico (Fig. 7.53). The time
response of this index to El Nifio modulation isyveariable lags found for the negative
correlations (-17 to +16 months), while more cotesisy is observed for the positive
correlations (between +2 to +4 months of lag). Warmonditions (at night time)
dominate in Central and South Mexico near to thekgaverage of 2 months response)
of El Nifio phase.

Fig. 7.53. Lag cross-correlations between the itiex (Hottest Night) and the Multivariate El Nifdex
(MEI). The linear correlation is calculated usingyPearson function. Red circles express positieations,
and blue circles show negative correlations.
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Positive correlations prevail in central and nomthd&lexico, with variable time-lags
(ranging from -22 to 0 months) among the largesitp@ correlations for the TX10P
(see Fig. 7.54 and Table 7.9) index. Negative tatioms are found in central and
southern Mexico and the northern part of the Bahf@nian peninsula, with also a great
variability in the lag of response to ENSO moduwlatiPositive correlations are slightly
greater than negative and also in spatial extentadcordance with these results an
increasing frequency of cool days in central andh&sn Mexico with variable time lags

are to be expected during El Nifio conditions.

Fig. 7.54. Lag cross-correlations between the PXddex (Cool Day Frequency) and the Multivaribldifio
Index (MEI). The linear correlation is calculatesihg the Pearson function. Red circles express/gosi
correlations, and blue circles show negative atores.
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A latitudinal transition in mainland Mexico is olged for TX90P. Positive correlations
prevail in central and southern Mexico, while tlegative correlations are dominant from
Central to northern Mexico, especially in the wastaalf of the country (Fig. 7.55). This
climatic picture is not as clear within the Bajalifdania peninsula, where mixed
correlations can be observed. Similar time lagssasn for the positive correlations, that
show that the strongest climatic response evideat +3 months lag of average) the
peak of El Nifio. According to these results, hajhts are more frequent close to the
strongest El Nifio conditions in central and southBtexico. Meanwhile, fewer hot

nights are expected for northern Mexico, with Valeatimings of response.

Fig. 7.55. Lag cross-correlations between the PXi@ex (Hot Day Frequency) and the MultivariaisliBib
Index (MEI). Red circles express positive coraelgiiand blue circles show negative correlations.
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A longitudinal climatic transition is observed ihet results for the Coolest Day Index
(TXn). Negative correlations predominate in the teas part of Mexico, and the largest
positive correlations prevail in southern Mexicaanéo the Tehuantepec Isthmus (Fig.
7.56). Time-lags are associated with negative @roms range from -5 to O months for
the greatest correlations. Colder days are likelypé found from Central to Southern

Mexico in the western half of the country closéhe peak of El Nifio-like conditions.

Fig. 7.56. Lag cross-correlations between the Tidax (Coolest Day) and the Multivariate El Nificelad
(MEI). Red circles express positive correlatioms}aue circles show negative correlations.
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A clearer meridional pattern is found for the TX>hem compared with the climatic
picture observed for TNx (Fig. 7.57). Positive etamtions are observed along the
Atlantic coast from the northeast until we reach Tehuantepec Isthmus in southern
Mexico. In contrast, negative correlations domintdie western half of Mexico, except
the most north-western station in Tijuana (La Pieedriguez). The greatest correlation
(+0.304) is found within the South Pacific coasBanto Domingo Tehuantepec station,
having a time-lag of -4 months to fully respondite El Nifio modulation. According to
these results, during El Nifio conditions warmer tagperatures are observed along the
Gulf of Mexico close to the peak of the phenomenehile colder temperatures are
likely to be observed in the western part of thentoy, with variable time responses.

Fig. 7.57. Lag cross-correlations between the Tied (Hottest Day) and the Multivariate El Nifioelad
(MEI). Red circles express positive correlations jaue circles show negative correlations.
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Summary of the section (MEI).

Kendall tau-b (linear) and lag correlations of theecipitation and temperature time-
series with the Multivariate El Niflo Index (MEI) & shown consistency with the

analyses of SOI and Nifio 3.4 indices (see seciidhand 7.3).

A clear seasonality factor is observed in the gaplgical patterns of precipitation that is
(partially) modulated by the MEI. When the annualdawet season (May-Oct) of
(Regional) Standardised Anomaly Indices (SAIl) amnstdered, a clear latitudinal
transition is seen: wetter (drier) conditions abserved North (South) of the Tropic of
Cancer during El Niflo (La Nifia) years. Meanwhilepwe (below) normal precipitations
are seen nationally for the dry season (Nov-Apr)sSédnder El Nifio (La Nifia) years.
These climatic patterns (latitudinal transition mational wet or dry conditions) are
replicated for the local scale (sites) when theeswe precipitation indices are analysed.
Nevertheless, the largest correlations are geogralphconcentrated along the western
coast, suggesting an important role of the Pa€fiean, and particularly the sea surface
temperatures (SSTs) in the rainfall totals andesmés. The clearest results are seen in
North-western Mexico, especially the Northern parthe peninsula of Baja California.
The timing of the largest responses for precigtatire close (a few months lag) to the

strongest El Nifio conditions.

When correlated with MEI, extreme temperature iaedgitiave less clear results. Linear
correlations (Kendall tau-b) show a national patt&rincreasing minimum temperatures,
especially north of the Tropic of Cancer, and thaximum temperature changes are
mainly concentrated along the Pacific Ocean cadesdther aspect of the analysis of the
ENSO modulation (utilising MEI) is to apply lag celations on extreme temperature
indices. Variable time lags are found with the eli#éint extreme indices but the largest
correlations are observed close to the peak of EloNLa Nifia) conditions. In

geographic terms, there are no clear climatic pstéor either maximum or minimum

temperatures, when the lag correlation method diegh Due to this lack of consistency
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in the maximum and minimum temperature indicesspatial homogeneity is observed

for the Daily Temperature Range (DTR).

7.5. CONCLUSIONS TO THE CHAPTER.

This chapter has dealt with the final major analys this thesis. The aim has been to
determine the characteristics of the large-scat@ospheric control (El Nifio-Southern
Oscillation phenomenon) of the main meteorologiwakiables (precipitation and
temperature) across Mexico. ENSO is the main meolutzf the precipitation across the
country (Magafia et al., 2003), and also has a gnflaence in the hurricane activity
(Reyes and Troncoso, 1999). Using instrumental datdifferent temporal and spatial
scales, linear (Kendall's tau-b) and lag correlaidave been applied to explore the

modulation of ENSO on recent climatic changes inxige

Linear correlations of the seasonal SAls (StandaddliAnomaly Index) and the ENSO
indices (SOI, Nifio 3.4 and MEI) show consistenciosas the results. A clear latitudinal
transition can be observed when the annual andsaaton SAls and annual and (May-
Oct) ENSO indices are correlated. Wetter conditiares found north of the Tropic of

Cancer, while below normal precipitation is evidensouthern regions. More extended
geographically are the results when the dry sefidom-Apr) SAls and dry season ENSO
indices are combined: an almost national climattiggn of wetter conditions prevails
this time. Regardless of these seasonal variatihiesregions with the most consistent
results (largest correlations) are mainly foundtle north-western area: the North
American Monsoon (or Mexican Monsoon) region andrthiern Baja California

peninsula. It is important to point out that thesgions are strongly affected by winter

rainfall patterns contrasting with the climaticteans of rest of the country.

Rainfall extreme indices results replicate the geak effect that has been already

described in the case of regional precipitation.laditudinal transition is directly
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responding to sesonal ENSO modulations. When webownthe annual and wet season
(May-Oct) versions of the SAls and ENSO indiceg torrelations show that wetter
conditions prevail north of the Tropic of Cancendadrier conditions dominate the
southern part of Mexico. This latitudinal transitiof wetter in northern and drier
conditions in southern Mexico is also seen for ¢heelations between dry (Nov-Apr)
SAls and ENSO indices. Nevertheless, the most fsignt results are found in the
northern part of the country, this can be fully mgmmated in the climatic response at Presa
Rodriguez (north-western) to the ENSO modulation.

At regional and local scales, when lag correlaticare applied, precipitation is
consistently responding close to the peak of EloNiKe conditions with amounts above
their normals mainly in the north-western part okexXito, especially the Mexican
Monsoon and the northern Baja California peninsdihis climatic picture is also

coincident with the results obtained applying linearrelation using Kendall tau-b.

Due to the difficulty of developing regional tempemre averages (see sections 4.3),
temperature is only evaluated at the local scaéxvelheless, linear and lag correlations

were also applied to the extreme temperature isdice

When linear correlations have been applied, thatgst changes in extreme temperatures
with  ENSO phases are found in the indices relatedntinimum temperatures.
Geographically, warmer temperatures are observeasa@ll the country, but the most
significant results are found in the northern pEriMexico. Although no clear pattern
could be found when lag correlations were applietiveen extreme temperature and
ENSO indices, it can be concluded that warmer teatpees are observed south of the
Tropic of Cancer, close to the peak of El Nifilo agbads. This climatic picture is

especially true for the indices related to minim@mperatures.
The core processes of the El Nifio Southern OgaligiENSO) phenomenon occur in a

latitudinal band along the equatorial Pacific OceAs Mexico lies in the (northern)

climatic transition between tropical and extratogpiconditions, we needed a technique
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to explore the time-dependence between the Mexeaperature and precipitation and
ENSO; for this purpose the lag-cross correlationthod was applied to those
meteorological parameters. The largest impactsooal land regional scales are mostly
observed close to the peak of El Nifio (La Nifia)ditons. But, as we have seen in this
chapter, the ENSO modulation is also associatedsd¢asonal and geographical
characteristics. For example, two regions are lgngéduenced by El Nifio: the Mexican
Monsoon region (see Table 4.1) during the wet sedbtay-Oct) and the North Baja
Californian peninsula during the dry season (Now)ApThe possibility of
(approximately) knowing the time of the greatespanse of the precipitation to ENSO
could have practical applications in agricultui; ihstance, directly in the tomato crops
in the Mexican Monsoon region and indirectly in th@ae production in the northern
region of the peninsula of Baja California.

The climatic responses at regional and local legélsinfall and temperatures to ENSO
are clear. A latitudinal climatic transition (if waefine the Tropical of Cancer as a
geographical limit) in precipitation can be appated with the wet season (May-Oct) and
annual versions of the ENSO indices. Wetter comwitiare found in northern Mexico;
while drier conditions prevail in the southern paftthe country. Under extra-tropical
conditions, an almost national pattern of wettardittons are seen when the dry season
(Nov-Apr) ENSO conditions are dominant. Neverthglethe time of response of the
precipitation is directly linked to the spatial Egaregional time-series are strongly
affected close to the peak of El Nifio conditionsd grecipitation extremes are more
variable in their timing with ENSO modulation. Teemnpture extremes do not reflect a
clear climatic picture. Although significant chasgean observed in the extreme indices
related to minimum temperatures, the geographitsifiloution is less clear as is their
response timing. Fluctuations toward warming camjygreciated across all Mexico, the
largest correlations are found in the northern pérthe country especially the Baja
California peninsula, but the impacts are firstasleed in southern Mexico close to the
peak of El Nifio conditions. Precipitation seems endimatically stable in its response to
ENSO than temperature, especially regional raifedirages.
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