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Recent trends in sea surface temperature off Mexico
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RESUMEN

Los cambios de temperatura promedio del océano a nivel global tienen el potencial de afectar negativamente 
los sistemas naturales y socioeconómicos actuales; sin embargo, los registros para proyectar las tendencias 
de cambio a nivel regional son escasos y, en algunos casos, contradictorios. En este estudio se analizan las 
ug‚cngu"fg"ecodkq"fg"nc"vgorgtcvwtc"uwrgtÝekcn"gp"octgu"ogzkecpqu."{"ug"eqorctcp"eqp"qvtcu"tgikqpgu"fgn"
rncpgvc"{"eqp"kpfkecfqtgu"enkoƒvkequ"encxg."vcpvq"fgn"Rce‡Ýeq"Pqtvg"eqoq"fg"nc"htcplc"vtqrkecn"gp"gn"Cvnƒpvkeq"{"
gn"Rce‡Ýeq0"Ug"kfgpvkÝectqp"qejq"tgikqpgu"eqp"fkhgtgpvg"gzrqukek„p"c"nc"xctkcdknkfcf"enkoƒvkec<"gp"gn"Rce‡Ýeq."
nc"equvc"qeekfgpvcn"fg"nc"rgp‡puwnc"fg"Dclc"Ecnkhqtpkc"pq"owguvtc"wpc"vgpfgpekc"enctc."gn"Iqnhq"fg"Ecnkhqtpkc"
exhibe una tendencia modesta de enfriamiento durante los últimos 20 a 25 años, en la parte más oceánica 
fgn"Rce‡Ýeq"ogzkecpq"ug"pqvc"wpc"vgpfgpekc"kpvgpuc"fg"gphtkcokgpvq."nc"tgik„p"oƒu"vtqrkecn"owguvtc"wpc"
tendencia intensa de calentamiento, y entre ambas regiones se forma una banda de transición sin tendencia; 
gp"gn"Cvnƒpvkeq."nc"rctvg"pqtguvg"fgn"Iqnhq"fg"Ofizkeq"owguvtc"wpc"vgpfgpekc"fg"gphtkcokgpvq."gp"vcpvq"swg"
nc"rctvg"qguvg."lwpvq"eqp"gn"Ectkdg."ug"jcp"guvcfq"ecngpvcpfq"rqt"nq"ogpqu"fwtcpvg"nqu"¿nvkoqu"52"c‚qu0"Ug"
cpcnk¦cp"ncu"kpvgtceekqpgu"rqvgpekcngu"fg"guvcu"vgpfgpekcu"eqp"cniwpcu"rguswgt‡cu"rtkpekrcngu"{"nc"rtgugpekc"
de ecosistemas costeros sensibles.

ABSTRACT

Changes in global mean sea surface temperature may have potential negative implications for natural and 
socioeconomic systems; however, measurements to predict trends in different regions have been limited and 
sometimes contradictory. In this study, an assessment of sea surface temperature change signals in the seas off 
Mexico is presented and compared to other regions and the world ocean, and to selected basin scale climatic 
kpfkegu"qh"vjg"Pqtvj"RcekÝe."vjg"Cvncpvke"cpf"vjg"vtqrkecn"RcekÝe"xctkcdknkv{0"Yg"kfgpvkÝgf"gkijv"tgikqpu"ykvj"
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fkhhgtgpv"gzrquwtg"vq"enkocvg"xctkcdknkv{<"Kp"vjg"RcekÝe."vjg"yguv"eqcuv"qh"vjg"Dclc"Ecnkhqtpkc"rgpkpuwnc"ykvj"
oquvn{"pq"vtgpf."vjg"Iwnh"qh"Ecnkhqtpkc"ykvj"c"oqfguv"eqqnkpi"vtgpf"fwtkpi"vjg"ncuv"42"vq"47"{gctu."vjg"qegcpke"
area with the most intense recent cooling trend, the southern part showing an intense warming trend, and a 
dcpf"qh"pq"vtgpf"ugvvkpi"vjg"dqwpfct{"dgvyggp"Pqtvj/RcekÝe"cpf"vtqrkecn/RcekÝe"xctkcdknkv{"rcvvgtpu="kp"vjg"
Cvncpvke."vjg"pqtvjgcuv"Iwnh"qh"Ogzkeq"ujqyu"eqqnkpi."yjkng"vjg"yguvgtp"Iwnh"qh"Ogzkeq"cpf"vjg"Ectkddgcp"
jcxg"dggp"yctokpi"hqt"oqtg"vjcp"vjtgg"fgecfgu0"Rqvgpvkcn"kpvgtcevkqpu"ykvj"Ýujgtkgu"cpf"eqcuvcn"ugpukvkxg"
ecosystems are discussed.

Keywords: Climate change, trends, ocean temperatures, regional scale.

1. Introduction

The global mean sea surface temperature  (SST)  

has increased more than 0.67 ºC during the last 100 

years (Trenberth et al., 2007). Due to this observed 

tendency and its potential negative implications for 

pcvwtcn"cpf"uqekqgeqpqoke"u{uvgou."ugxgtcn"oclqt"
international scientific organizations and many 

individual scientists are devoting a great deal of 

time and efforts to the challenge of measuring, un-

derstanding, and forecasting climate change and its 

korcevu0"UekgpvkÝe"kphqtocvkqp"qp"enkocvg"ejcpig"
has been dramatically increasing during the last few 

fgecfgu." cu" tgÞgevgf" kp" vjg" ugtkgu"qh" hqwt" cuuguu-
ments published by the Intergovernmental Panel 

on Climate Change in 1990, 1995, 2001 and 2007 

*vjg" Ýhvj" cuuguuogpv" ku" gzrgevgf" vq" dg" rwdnkujgf"
in 2013/14). However, those same documents still 

jcxg"nctig"fcvc"icru" vjcv"pggf"vq"dg"Ýnngf"fwtkpi"
the upcoming years in order to better understand 

climatic changes.

Ecological, social, and economic sciences are 

committed to identifying and designing strategies for 

the adaptation of human societies and their produc-

tion systems to potential future climate conditions. 

To accomplish that, the consideration of climate 

change scenarios as proposed by climate modeling 

is a relevant activity, but understanding how the 

systems have functioned and changed in the past is 

essential for actual predictability. Still, most analyses 

are centered in the evaluation of the sensibility of 

ecological or socioeconomic systems, while exposure 

is seldom measured.

In this contribution we approach what we believe is 

c"oclqt"icr"kp"vjg"mpqyngfig/dwknfkpi"rtqeguu"ctqwpf"
vjg"enkocvg"ejcpig<"vjg"ogcuwtgogpv"qh"gzrquwtg0"Yg"
are interested in the ocean realm because even when 

octkpg" gequ{uvgou"rtqxkfg" guugpvkcn" dgpgÝvu." uwej"
as provisioning of food and other goods, climate and 

natural hazards regulation, cultural, and supporting 

(Millennium Ecosystem Assessment, 2005), they 

jcxg"nctign{"dggp"wpfgttgrtgugpvgf"kp"vjg"oclqtkv{"qh"
climate change reports. In Mexico, for example, there 

is virtually no mention of marine ecosystems within 

the series of national communications to the United 

Pcvkqpu"Htcogyqtm"Eqpxgpvkqp"qp"Enkocvg"Ejcpig"
(UNFCCC). This situation is similar at the global scale. 

Kv"ku"uwtrtkukpi"vjcv"vjg"wreqokpi"Ýhvj"cuuguuogpv"qh"
vjg"KREE"yknn"dg"vjg"Ýtuv"qh"vjg"ugtkgu"vq"jquv"qegcp"
chapters with assessments of impacts and adaptation, 

both as sectors and as a region.

In this study we investigated the spatial signa-

vwtg"qh" vjg"gzrquwtg"dgecwug"yg"mpqy" vjcv"inqdcn"
warming is not homogenous in time nor space 

(Trenberth et al0."4229="Hcnxg{"cpf"Icttgcwf."422;+."
and we expect the ocean surrounding Mexico to 

reveal particularly diverse trends even thought its 

seas are a relative small part of the world. Reasons 

include the proximity of two oceanographically 

kpfgrgpfgpv" dcukpu" *Cvncpvke" cpf"RcekÝe+." cpf" vjg"
presence of many different regional oceanographic 

regimes and ecological provinces (tropical oceans, 

eqcuvcn"wrygnnkpi."oclqt"ewttgpvu"dqwpfctkgu."gve0+0"
In this regard, large part of the study region is in the 

transition between tropical and subtropical climate 

regimes, and exposed to large-scale modes of natu-

ral variability, such as El Niño/Southern Oscillation 

*GPUQ+."vjg"RcekÝe"Fgecfcn"Queknncvkqp"*RFQ+."vjg"
Atlantic Multidecadal Oscillation (AMO), and their 

kpvgtcevkqpu"kp"vkog"cpf"urceg"*Hcnxg{"cpf"Icttgcwf."
2009; Deser et al., 2010).

2. Methods

The analysis is based on reconstructed sea surface 

temperature from the National Climatic Data Center 

(NCDC) in its latest version (NOAA_ERSST_V3 

data, provided by NOAA/OAR/ESRL PSD, Boulder, 

Colorado [http://www.esrl.noaa.gov/psd/]). The data 

base, spanning from January 1910 to December 2011 
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in monthly time steps, has a spatial resolution of 2 × 2º. 

Yg"gzenwfgf"kegf/qegcpu"d{"gzvtcevkpi"fcvc"qpn{"htqo"
70º S to 70º N. From the same website we downloaded 

the time series of the Atlantic Multidecadal Oscilla-

vkqp"*COQ="GpÝgnf"et al0."4223+."vjg"RcekÝe"Fgecfcn"
Oscillation (PDO; Mantua et al., 1997), and the Trans 

Pk‚q"Kpfgz"*VPK="Vtgpdgtvj"cpf"Uvgrcpkcm."4223+."cpf"
rnqvvgf"vjgo"ykvj"c"Ýxg"{gct"oqxkpi"cxgtcig"Ýnvgt"vq"
explore similarities in the variability patterns.

To detect recent trends at each of the boxes we 

wugf" vjg"Dtgcmu" hqt"Cffkvkxg"Ugcuqpcn" cpf"Vtgpf"
(BFAST) method developed by Verbesselt et al. 

*4232+"cpf"cxckncdng"cu"cp"T"rcemcig"*T"Fgxgnqr-

ment Core Team, 2011) from the Comprehensive R 

Ctejkxg"Pgvyqtm"*jvvr<11etcp0t/rtqlgev0qti1rcemcig? 

bfast). This method integrates an iterative decompo-

sition of time series into a trend, seasonal and noise 

components, and includes methods for detecting and 

ejctcevgtk¦kpi" ejcpigu" *dtgcmrqkpvu+"ykvjkp" vkog"
series. An additive decomposition model is used to 

kvgtcvkxgn{"Ýv"c"rkgegykug"nkpgct"ugcuqpcn"cpf"vtgpf"
oqfgn0"Vjg"pwodgt"cpf"rqukvkqp"qh"vjg"dtgcmrqkpvu"
ctg"guvkocvgf"htqo"vjg"ugcuqpcnn{"cflwuvgf"fcvc"*Yt 

– ├v) with the method proposed by Bai and Perron 

(2003), which minimizes the Bayesian information 

criterion (BIC) to determine the optimal number of 

dtgcmu" cpf" kvgtcvkxgn{"okpkok¦gu" vjg" tgukfwcn" uwo"
qh"uswctgu"vq"guvkocvg"vjg"qrvkowo"dtgcm"rqukvkqp0"
Verbesselt et al. (2010) give a full description and 

validation of the method, which has been applied as 

a normalized difference vegetation index (NDVI; 

Verbesselt et al., 2010, 2012; de Jong et al., 2012). 

Yg"vguvgf" vjg"ogvjqf"uwkvcdknkv{"hqt"oqpvjn{" vgo-

perature values.

Vjg"ogvjqf"tgswktgu"fgÝpkvkqp"qh"vjg"okpkowo"
ugevkqp"qh"vjg"ugtkgu"vq"Ýv"c"rkgegykug"nkpgct"oqfgn0"
Here we selected a period of 10 years of monthly 

temperature data as the minimum period, which 

means that only piecewise linear segments of at least 

32"{gctu"yknn"dg"kfgpvkÝgf0"Yg"urgekcnn{"hqewu"qp"vjg"
oquv"tgegpv"rkgegykug"nkpgct"vtgpf"ugiogpv"kfgpvkÝgf"
as indicator of recent exposure to changes in climate. 

Yg"vjgp"ocrrgf"vjg"unqrg"*ejcpikpi"tcvg+"cpf"ngpivj"
(number of years) of the analytically detected recent 

trend, and computed the total change (their product 

in ºC) for the subset covering from 10 to 35º N and 

342"vq":2³"Y0"Yg"cnuq"eqorctgf"vjg"tgncvkxg"htg-
swgpe{" fkuvtkdwvkqp" qh" vqvcn" ejcpig" vq" hqwt" qvjgt"
areas, and the global.

3. Results and discussion

Figure 1 shows eight time series of SST anomalies 

of the 2 × 2º boxes selected as representative of each 

tgikqp"kfgpvkÝgf"kp"Hkiwtg"4e"*i.e., individual series 

selected from the core of each of the visually identi-

Ýgf"tgikqp+."vq"xkuwcnn{"ujqy"yjcv"yg"fgÝpg"cu"tgegpv"
trends. For these series, we plot the monthly anom-

alies time series (seasonal cycle removed) together 

with the partial trends as resolved by the BFAST, and 

in solid line the recent trend. As shown by the eight 

individual time series, there are differences in the 

number and length of trends between series. These 

large differences are also evident from the maps in 

Figure 2, as slope (Fig. 2a), length (Fig. 2b) of the 

last trend, and the estimated total change (Fig. 2c). 

Vjku"Ýiwtg"tgxgcnu."cu"yg"gzrgevgf."vjgtg"ctg"jkijn{"
contrasting regional behaviors within a relatively 

uocnn"rctv"qh"vjg"qegcp0"Yg"eqpukfgt"vjg"nqygt"rcpgn"
to represent exposure to recent changes in climate.

3.1 Regions

50303"RcekÝe"tgikqp
Vjg"pqtvjgtpoquv"rctv"qh"vjg"RcekÝe"ukfg"*Hki0"4e."
tgikqp"ctqwpf"octm"ÐcÑ+"ujqyu"pq"vtgpf"fwtkpi"vjg"
last 10 to 15 years (slope value close to 0). This region 

corresponds to the southern part of the California 

Ewttgpv"U{uvgo"*EEU+."yjkej"ku"nctign{"kpÞwgpegf"
by seasonal coastal upwelling. According to the Cal-

ifornia Cooperative Oceanic Fisheries Investigations 

(CalCOFI) data, this region has been characterized 

by a shift from warming to cooling trends (Bograd 

cpf"N{pp."4225+" cu" eqpugswgpeg"qh"pcvwtcn"Þwevw-

ations rather than an effect of global warming (Di 

Lorenzo et al., 2005). However, since upwelling in 

the southern CCS is driven by a wind stress curl along 

the California margin, global greenhouse warming 

would increase the ocean-land pressure gradient, in-

etgcukpi"ykpf"uvtguu"cpf"ngcfkpi"vq"cp"kpvgpukÝecvkqp"
qh"wrygnnkpi"*Dcmwp."3;;2="Up{fgt"et al., 2003). Even 

when a warming trend was not detected in the southern 

EEU"ykvj" vjg"DHCUV"ogvjqf."qvjgt" eqpugswgpegu"
of climate change, such as shelf hypoxia conditions, 

that have been well documented for some upwelling 

systems (Helly and Levin, 2004; Monteiro et al., 2008) 

have been recently reported to be increasing in the 

CCS (Feely et al., 2008; Connolly et al., 2010). There 

is a strong interest in testing whether this conditions 

ctg"nkpmgf"vq"ocuu"oqtvcnkv{"gxgpvu"qh"jkijn{"xcnwcdng"
dgpvjke" tguqwtegu" *Iwvkfittg¦"et al., 2011), and to 
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Fig. 1. Sea surface temperature anomalies time series of selected 2 × 2º boxes 

tgrtgugpvkpi"vjg"gkijv"tgikqpu"kfgpvkÝgf"cu"jcxkpi"fkuvkpev"tgegpv"vtgpfu0"Vjg"
coordinates for each box center are listed in Table I, and graphically shown in 

Figure 2c. The most recent trend is highlighted in bold.
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understand the potential interactions of temperature 

changes and hypoxia in these environments.

Hqt" vjg"Iwnh"qh"Ecnkhqtpkc" *Hki0"4e."octm"ÐdÑ+." 
the analysis reveals a modest cooling trend during the 

last 20 to 25 years (Fig. 2b). This coincides with 

Lluch-Cota et al. (2010), who reported that for recent 

fgecfgu" pq" ukipkÝecpv" uwuvckpgf" nqpi/vgto" vtgpf"
was evident in any of the time series of physical 

and ecological variables considered by them. They 

also explained the apparent contradiction with the 

century-long analysis by Lluch-Belda et al. (2009) 

that reported a positive long-term warming, by con-

sidering only the second part of the century (since the 

early 1960s), when the global surface air temperature 

series shows the most dramatic warming, for which 

pq"ukipkÝecpv"vtgpfu"ecp"dg"fgvgevgf"cpf."kp"hcev."vjg"
slope is negative.

Vjg"RcekÝe"hct"qegcp"ctgc"*Hki0"4e."tgikqp"ctqwpf"
octm"ÐeÑ+"tgrtgugpvu"vjg"tgikqp"ykvj"vjg"oquv"kpvgpug"
tgegpv"eqqnkpi"vtgpf0"Vjku"tgikqp"ku"wpfgt"vjg"kpÞwgpeg"
qh" vjg"Pqtvj"RcekÝe"egpvtcn"i{tg" *vjg"uqwvjgtpoquv"
limit of the eastern boundary component and the east-

yctf"vwtp+."cpf"vjg"pqtvj"gswcvqtkcn"eqwpvgt"ewttgpv="
future oceanographic studies might shed light on this 

recent cooling, but it is seemly related to the basin wide 

variability, as suggested by the PDO (Fig. 3, second 

ugtkgu+0"Vjg"uqwvjgtpoquv"tgikqp"qh"vjg"RcekÝe"ukfg"qh"
qwt"uvwf{"ctgc"*Hki0"4e."tgikqp"ctqwpf"octm"ÐgÑ+"ujqyu"
a clear warming trend occurring during the last 10 to 15 

years. This region is fully dominated by tropical condi-

vkqpu"cpf"ku"nctign{"kpÞwgpegf"d{"vjg"GPUQ"f{pcokeu"
cpf"vjg"RcekÝe"ycto"rqqn0"Yjkng"nqpi"yctokpi"vtgpfu"
have been predicted for the future (An et al., 2011), the 

trans El Niño index, which is the difference between 

the normalized SST anomalies averaged in the Niño-

3-4"cpf"Pk‚q/6"tgikqpu"*Vjtgpdgtvj"cpf"Uvgrcpkcm."
2001), suggests that trends are not monotonic in the 

long term, and that variability is largely dominated by 

vjg"jkij"htgswgpe{0
Dgvyggp"vjg"RcekÝe"hct"qegcp"cpf"vjg"uqwvjgtp-

most region, one can identify an interesting band of 

neutral change conditions occurring during at least 

vjg"ncuv"42"vq"52"{gctu"*Hki0"5e."ctqwpf"octm"ÐfÑ+."
somehow setting the boundary between North-Pacif-

ke/nkmg"cpf"vtqrkecn/RcekÝe/nkmg"xctkcdknkv{"rcvvgtpu0

3.1.2 Atlantic region

The Atlantic side of our study region includes the 

yguvgtp"Ectkddgcp"Ugc"cpf"vjg"gpvktg"Iwnh"qh"Ogzkeq0"
Yg"hqwpf"vjcv"vjg"pqtvjgcuv"Iwnh"qh"Ogzkeq"ku"eqqn-
ing, at least during the last 10 to 20 years, while the 

yguvgtp"Iwnh"qh"Ogzkeq"*Hki0"4e."octm"ÐhÑ+"cpf"vjg"
Ectkddgcp"tgikqp"*octm"ÐjÑ+"jcxg"dggp"yctokpi"hqt"
more than three decades. The oceanographic region 

that delimits the two areas coincides with the posi-

tion of the loop current which connects the Yucatan 

and the Florida currents. Although this process can 

dg"eqpukfgtgf"cu"qpg"qh" vjg"mg{" nkpmcigu"dgvyggp"
the North Atlantic and South Atlantic waters, the 

differences in trends suggest that different process-

gu"oc{" jcxg" cp" kpÞwgpeg0"Ejqnngvv"et al., (2012) 

analyzed 25 years of satellite data (1985 to 2009) 

hqt"vjg"Ectkddgcp"Ugc"cpf"vjg"uqwvjgcuvgtp"Iwnh"qh"
Mexico, and reported an average trend of 0.29 ºC/
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wise linear trend segment shown as slope (a), period length 

in years (b), and total change in ºC (c).
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decade, which lies within the range of 0.2 and 0.6 

ºC/decade found by Strong et al. (2008) based on the 

period 1985 to 2006, and close to the estimation by 

Iqqf"et al. (2007), who reported 0.3 ºC/decade for 

the period 1985 to 2003. Yg"hqwpf"xcnwgu"dgvyggp"
0.05 and 0.27 ºC/decade for the boxes with positive 

trend within the Atlantic side of our study period. It 

should be noted that due to the nature of the data (low 

spatial resolution), and the analysis (variable trend 

period for each box), there are differences between 

our study and those cited above, that should be con-

sidered when interpreting the comparison.

Chollett et al. (2012) reported that when using 

high resolution data, the region exhibits spatially 

heterogeneous trends. They found warming to be 

greatest in the tropical Atlantic and eastern Caribbean 

Ugc"cpf"kp"vjg"nqqr"ewttgpv"tgikqp."kp"vjg"gcuvgtp"Iwnh"
qh"Ogzkeq."cpf"hqwpf"pqp/ukipkÝecpv"UUV"ejcpigu"
off Florida, Cuba and the Yucatán Peninsula upwell-

ing area. This contrasts with our description, since 

yg"hqwpf"pgicvkxg"vtgpfu"hqt"vjg"pqtvjgcuv"Iwnh."cpf"
basically no trends for the loop-current region. How-

ever, in the Caribbean region (warming), our data 

coincides with them and with the close to no trend 

values off Cuba. Also, we found that our data agrees 

with Chollett et al. (2012) regarding the Yucatan 
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Hki0"50"Tcy"*fqvu+"cpf"Ýnvgtgf"*7/{t"oqxkpi"cxgtcig+" vkog"ugtkgu"qh"dcukp"uecng"qegcp"enkocvg"
indices. Data was downloaded from the NOAA/OAR/ESRL PSD, Boulder, Colorado website 

(http://www.esrl.noaa.gov/psd/).
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upwelling, showing no trend, which contrasts with 

the ongoing debate about a generalized wind-driven 

wrygnnkpi"vjcv"ecwugu"cp"kpetgcugf"UUV"vtgpf"*Dcmwp."
3;;2+0"Vjku"ku"uwrrqtvgf"d{"Dcmwp"et al. (2010) and 

Fgoctes"*422;+."dwv"qpeg"cickp"eqpvtcuvu"ykvj"fcvc"
from others such as Pérez et al. (2010). The upwelling 

ctgc"kp"vjg"Cvncpvke"qhh"Ogzkeq"ujqyu"pq"ukipkÝecpv"
trend in SST, suggesting that the forcing factors of 

upwelling activity are relatively constant.

By visually examining the Atlantic Multidecadal 

Oscillation time series (Fig. 3, third series), it is 

clear that the century-long time series are strongly 

dominated by this variability pattern. Further, other 

variability indices such as the Caribean SST index 

(Penland and Matrosova, 1998) and the Atlantic 

tripole (Deser and Timlin, 1997) also show the gen-

eral multidecadal pattern as capturing a large portion 

of the variability. If this mode of variability continues 

to be dominating in the next decades, and if the am-

plitude and phase of the oscillation are conserved, the 

region will exhibit a decrease in the warming trend for 

a couple of decades, and will tend to cool thereafter. 

However, strong uncertainty on the dates and ampli-

tudes derives from the fact that we have only clearly 

documented one complete cycle of this oscillation, 

cpf"qwt"wpfgtuvcpfkpi"ku"hct"htqo"uwhÝekgpv0

3.2 Comparison of the frequency distribution

Hkiwtg"6"ujqyu"vjg"tgncvkxg"htgswgpe{"fkuvtkdwvkqp"qh"
total change values (the product of last trend period 

length and its slope at each of the 2 × 2º boxes in-

cluded in the polygon) for the ocean around Mexico, 

Hki0"60"Tgncvkxg"htgswgpe{"fkuvtkdwvkqp"qh"tgegpv"vgorgtcvwtg"ejcpig"
estimates (product of the slope and period length of the most recent 

Ývvgf"rkgegykug"nkpgct"vtgpf"ugiogpv"cv"gcej"4"'"4³"swcftcpv+"hqt"vjg"
ocean around Mexico, other four regions in the north and tropical 

RcekÝe"cpf"Cvncpvke"qegcpu."cpf"vjg"gpvktg"yqtnf"qegcp"*rqnct"ugcu"
excluded). Coordinates are listed in Table I.
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Vcdng"K0"Igqitcrjke"tghgtgpegu"hqt"vjg"cpcn{ugu"cpf"eqo-

parisons. The 2 × 2º boxes correspond to letters in Figure 

2c and are considered representative of eight regions with 

a particular recent temperature trend within the oceans 

around Mexico. Polygons correspond to large ocean areas 

and are shown in Figure 4a.

2 × 2º boxes Longitude"*³Y+ Latitude (ºN)

a 116 26
b 110 26
c 112 18
d 94 14
e 88 12
f 94 20
g 88 22
h 86 18

Large areas (polygons)

Oceans off Mexico 120-85º"Y" 10-35º N
Pqtvj"RcekÝe 178-138º"Y" 25-50º N
Vtqrkecn"RcekÝe 178-138º"Y" 12º S-13 ºN
North Atlantic 60-20º"Y" 25-50º N
Tropical Atlantic 40º"Y"vq"2³ 12º S-13º N
The world All 70º S-70º N

as compared to global ocean and four selected areas 

htqo"vjg"RcekÝe"cpf"Cvncpvke"*Hki0"6c+0
The distribution of temperature change for our 

study area shows cooling trend values of as much 

as 1.5 ºC, and warming trend values of slightly over 

0.5 ºC. Close to 75% of the area shows negative 

trends, with a mode around –0.3 ºE0"Vjg"Ýiwtg"ku"
aimed at demonstrating that the study area shows 

a wide range of behaviors in a relatively small 

region; however, when compared to the rest of the 

distributions it is clear that the heterogeneity is not 

exclusively found in this region. In fact, besides 

the tropical Atlantic, all regions have shown wide 

ranges of temperature changes within the recent 

ejcpigu"kp"xcnwgu0"Yg"jcxg"fgvgevgf"vyq"oqfgu"kp"
the distribution, one at each side of the range (pos-

itive and negative temperature changes), tending 

vq"eqttgurqpf"vq"vjg"RcekÝe"*eqqnkpi+"cpf"Cvncpvke"
(warming) distributions of the tropical areas of 

each basin.

It is beyond the scope of this contribution to 

analyze trends from other regions of the world, 

however we found it surprising that: (1) most of 

vjg"ctgc"eqpukfgtgf"jgtg"cu"vtqrkecn"RcekÝe"ujqyu"
a cooling trend during the recent period (mostly 

for the last 10-15 years); (2) the tropical Atlantic 

shows a more homogeneous distribution of warming 

during the most recent period (mostly longer than 

42/47"{gctu+="*5+"vjg"pqtvjgtp"RcekÝe"cpf"pqtvjgtp"
Cvncpvke" jcf" vjg"oclqtkv{" qh" xcnwgu" enqug" vq" pq"
change, but still a relatively large proportion of the 

area showed temperature change values distrib-

uted in the opposite direction when compared to 

their tropical corresponding basin (North Atlantic 

showing cooling areas vs. mostly warming areas 

kp"vjg"vtqrkecn"Cvncpvke."cpf"Pqtvj"RcekÝe"jcxkpi"c"
warming portion of its area vs. mostly cooling areas 

kp"vjg"vtqrkecn"RcekÝe+="cpf"*6+"vjg"GctvjŁu"qegcpu"
(excluding the rapidly warming polar oceans) have 

most of their values showing a close to 0 trend, with 

similar fractions being distributed to the warming 

and cooling sides of the range.

4. Conclusions

Sea surface temperature around Mexico shows highly 

eqpvtcuvkpi" vtgpfu" dgvyggp" tgikqpu0" Kp" vjg"RcekÝe"
ukfg."vjg"yguv"eqcuv"qh"vjg"Dclc"Ecnkhqtpkc"rgpkpuwnc"
ujqyu"oquvn{"pq"vtgpf."vjg"Iwnh"qh"Ecnkhqtpkc"cpf"
the oceanic area have been cooling during recent 

fgecfgu." vjg" uqwvjgtp"RcekÝe" ujqykpi" cp" kpvgpug"
warming trend, and there is a band of no trend set-

vkpi"vjg"dqwpfct{"dgvyggp"Pqtvj/RcekÝe"cpf"vtqr-

kecn/RcekÝe"xctkcdknkv{"rcvvgtpu0"Kp"vjg"Cvncpvke."vjg"
pqtvjgcuvgtp"Iwnh"qh"Ogzkeq"ujqyu"eqqnkpi."yjkng"vjg"
yguvgtp"Iwnh"qh"Ogzkeq"cpf"vjg"Ectkddgcp"jcxg"dggp"
warming for more than three decades. There may 

dg"korqtvcpv"eqpugswgpegu"qh"vjgug"vgpfgpekgu"hqt"
tgikqpcn"Ýujgtkgu"cpf"ugpukvkxg"octkpg"gequ{uvgou="
however, any attempt to use observed recent trends 

to forecast changes in marine populations demands 

not only a deeper understanding of the mechanisms 

nkpmkpi" vjgo."dwv"cnuq" vjg"fgxgnqrogpv"qh"enkocvg"
prediction capabilities.
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