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Resumen

La medición de la radiación solar ultravioleta B 
de banda (UVB) debe considerarse como una 
prioridad debido a las implicaciones de este tipo 
de radiación en la salud pública en todo el país 
(población nacional total, 108 millones), pero esto 
no se lleva a cabo en la actualidad en México. Los
sensores instalados, que realizan esta tarea en 
forma cotidiana, cubren solamente el 0.12% del 
país. Sin embargo, hay métodos alternativos para
estimar la radiación UVB para superar la falta de 
fcvqu"fg"uwrgtÝekg0"Gn"oƒu"gzkvquq"fg"guvqu"ug"
basan en la utilización de satélites de monitoreo
codkgpvcn0"Gp"gn"rtgugpvg"vtcdclq."ug"eqpuvtw{gp"
los mapas UVB en todo el país mediante una sola 
medición de satélite diaria de UVB al mediodía en
tiempo solar verdadero de 1978-2003. Las 
mediciones obtenidas del satélite fueron 
eqorctcfcu""eqp"ogfkekqpgu"c"pkxgn"fg"uwrgtÝekg"
desde una estación situada en la Ciudad de México 
eqp"gn"Ýp"fg"xcnkfct"ncu"rtkogtcu0"Gn"cpƒnkuku"fg"
espectro wavelet es empleado para este fin. 
Una estrecha correlación se observa entre los 
fqu" eqplwpvqu" fg" fcvqu0" Cfgoƒu." pq" gzkuvg"
correspondencia cualitativa entre la distribución 
espacial de los datos obtenidos por satélite y la 
vqrqitch‡c"fg"nc"uwrgtÝekg0"Nc"fkhgtgpekc"tguwnvcpvg"
durante todo el período mencionado es <2% de la 
media de la energía acumulada promedio anual.

Palabras clave: radiación solar ultravioleta, UVB, 
índice ultravioleta, IUV, wavelet

Abstract

The measurement of solar B band Ultraviolet 
radiation (UVB) should be considered a priority 
in Mexico due to implications on public health 
throughout the country (total  population, 108 
million), but this is not carried out at present. 
Installed sensors cover only 0.12% of the country. 
However, there are alternative methods for 
estimating UVB radiation to overcome the lack 
of surface data. The most successful of these are 
based on the use of satellites for environmental 
monitoring. In the present work, UVB maps are 
constructed for the entire country using a single, 
daily satellite measurement of UVB at solar noon 
htqo" 3;9:〕42250" Ucvgnnkvg/fgtkxgf" xcnwgu" ctg"
compared with the ground measurements by a 
surface station located in Mexico City in order to 
validate the former. Wavelet spectrum analysis 
ku" gornq{gf" vq" vjku" gpf0" C" enqug" eqttgncvkqp" ku"
observed between the two sets of data. Moreover, 
there is qualitative correspondence between 
the spatial distribution of the satellite-derived 
data and the surface topography. The difference 
resulting throughout the period mentioned is <2% 
of the average annual cumulative energy.

Key words: solar ultraviolet radiation, UVB, 
ultraviolet index, wavelet.
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Introduction

Solar radiation is the main source of energy on our 
rncpgv0"Fkhhgtgpv"urgevtcn"tcpigu"qh"uqnct"tcfkcvkqp"
are responsible for triggering several physical 
and biological processes, which are important 
to the balance of ecosystems that make up the 
xctkgv{"qh"enkocvgu"cpf"dkqfkxgtukv{0"UrgekÝecnn{."
the B band of Ultraviolet solar radiation (UVB) is 
a small window of the electromagnetic spectrum 
*ykvj" ycxgngpivju" tcpikpi" htqo" 204:2〕20542"
oketqpu+"yjqug"rjqvqpu"ectt{"uwhÝekgpv"gpgti{"vq"
break the molecules of important components of 
the atmosphere (ozone, carbon dioxide, nitrogen 
dioxide, hydrogen peroxide, formaldehyde, nitric 
acid, etc.). Thus, UVB radiation is linked with 
vjg" oclqtkv{" qh" vjg" rjqvqejgokecn" rtqeguugu"
qeewttkpi"kp"vjg"GctvjÓu"cvoqurjgtg0

The decrease of Ozone (O
3
) in the stratosphere 

at medium and high latitudes has been one 
of the most serious atmospheric pollution 
problems in recent decades World Meteorological 
Qticpk¦cvkqp"*YOQ."3;;6+"cpf"ku"enqugn{"tgncvgf"
with a severe increase in solar Ultraviolet (UV) 
tcfkcvkqp"kp"cnn"qh"vjg"urgevtcn"dcpfu"*C."D."cpf"
C). Because of the great extent of damage to 
the ozone layer, this phenomenon is manifested 
qp" vjg" GctvjÓu" uwthceg0" Vjg" Q

3
 reduction not 

only affects the atmospheric composition in 
vgtou"qh"eqpegpvtcvkqp"qt"vjg"cdugpeg"qh"urgekÝe"
compounds or gases, but also it in general has 
drastic effects on the health of living beings, 
including humans. In particular, the amount of 
WXD" tcfkcvkqp" tgcejkpi" vjg" GctvjÓu" uwthceg" ku"
increased with the decrease in the ozone-layer 
thickness. This parameter plays an important 
tqng"kp"nkhg"qp"vjg"GctvjÓu"uwthceg="vjwu."mpqykpi"
the UVB spatial and temporal distributions may 
help in setting up public health programs for the 
prevention of the short-, mid-, and long-term 
risks of UVB exposure.

Cnvjqwij" kp" ugxgtcn" rctvu" qh" vjg" yqtnf" WXD"
measurements are carried out on a routine basis 
and are reported (hourly) to the general public 
(Universität Innsbruck, 2008), (University of 
Southern Queensland, 2008), due importance 
has not been afforded to this meteorological 
parameter in Mexico. There are some isolated 
cases (point measurements) in which UVB 
is monitored for research purposes as, for 
kpuvcpeg."vjg"Wpkxgtukfcf"Pcekqpcn"Cwv„pqoc"fg"
Ofizkeq" *WPCO+"cpf" vjg"Wpkxgtukfcf"fg"Eqnkoc"
(UC). Only the Metropolitan area of   Mexico City 
*OCOE+"jcu"c"pgvyqtm"qh"WXD"ugpuqtu."vjcv"jcu"
been established that produces measurements 
on a continuous basis and whose results are 
available to the general public (http://www.sma.
df.gob.mx/simat/+"*TCOC."422:+0

However, this network has a spatial coverage 
qh" ogtgn{" 4.722" mo2, which is approximately 
2034'"qh"vjg"eqwpvt{0"Vjg"rqvgpvkcn"dgpgÝekctkgu"
of this activity, therefore, amount to only about 
20% of the total national population.

Mexico has a very abrupt orography. 
Therefore, a meteorological station in many 
cases cannot be considered representative of 
the minimum area recommended by the World 
Ogvgqtqnqikecn" Qticpk¦cvkqp" *YOQ." 3;;8+="
considerable variations in elevation occur within 
very short distances, causing rapid spatial 
variation of climatic parameters. Therefore, to 
ensure continuous and effective monitoring, a 
surface network would certainly require >1,000 
stations. The cost of UVB radiation sensors does 
not allow the possibility of installing such a 
large network, and it is also necessary to take 
additional costs into account, such as preventive 
and corrective maintenance, as well as annual 
calibration for the sensors.

Hqtvwpcvgn{." vjgtg" ctg" vgejpkswgu" vjcv" ecp"
aid us in estimating the levels of B band solar 
UV radiation at ground level. These techniques 
range from theoretical radiative transfer models 
(Gutiérrez-Marco et al., 2007), (Kudish et al., 
2011) to models that utilize meteorological 
satellite data (Peeters et al., 2000), (Ciren and 
Nk."4225+." *Gurkpct"et al0."422;+." *Lcplck"et al., 
2010). The latter is a good alternative, because 
kp" vjg"oclqtkv{" qh" ecugu" kv" cnnqyu"gxcnwcvkqp"qh"
different meteorological parameters with a single 
satellite, greatly reducing the aforementioned 
costs. Moreover, this satellite information is 
available on the Internet.

In the present work, the results of an 
assessment of UVB radiation for Mexico are 
reported. UVB radiation at ground level is 
evaluated at solar noon. The data used for the 
evaluation were measured by sensors called 
Total Ozone Mapping Spectrometers (TOMS), 
which operated in three different satellites of the 
Pcvkqpcn" Cgtqpcwvkeu" cpf" Urceg" Cfokpkuvtcvkqp"
*PCUC+" htqo" 331313;9:" vq" 34153142270" Vjgug"
sensors performed nearly constant monitoring 
qh" vjg" q¦qpg" nc{gt" cpf" WXD" tcfkcvkqp" *Hkiwtg"
1), generating a highly reliable database for 
understanding the climatology of the UVB 
[TOMS, 2011].

Methodology

TOMS are spectrometers that can measure the 
total amount of ozone in the atmospheric column 
(from ground level to the top of the atmosphere) 
under any geographical and atmospheric condi-
tions. Measurements are made   in the UV region, 
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where solar radiation is partially absorbed by 
ozone. They are performed for both incoming 
cpf" tgÞgevgf" uqnct" tcfkcvkqp0" Vjg" ncvvgt" ku"
composed of a part that actually reaches the 
GctvjÓu" uwthceg" cpf" ku" tgÞgevgf." cpf" qh" c" rctv"
that is backscattered into space by the air 
oqngewngu"cpf"enqwfu0"Htqo"vjg"ogcuwtgogpv"qh"
vjku"tgÞgevgf"tcfkcvkqp."WXD"cv"itqwpf"ngxgn"cpf"
the thickness of the ozone layer are estimated by 
means of approximate models (McPeters, 1996). 

Vjg"kpuvtwogpv"jcu"c"ukping."Ýzgf"oqpqejtq/
mator with exit slits at six near-UV wavelengths 
(between 308 and 380 nm) and a scanning 
mirror for sampling backscattered radiation. The 
ceewtce{"qh"VQOU"ycu"guvkocvgf"cv"ł7'."ykvj"c"
spatial resolution of 1° latitude × 1° longitude. 
Vjgug" ecttkgf" qwv" 57" ogcuwtgogpvu" gxgt{" :"
uge" cpf" itqwpf" eqxgtcig" ku" 72〕422" mo" ykfg"
qp" Gctvj." fgrgpfkpi" qp" vjg" ncvkvwfg" hqt" gcej"
meridian. Nearly 200,000 daily measurements 
eqxgt"vjg"uwthceg"qh"vjg"Gctvj."gzegrv"hqt"ctgcu"
near the poles during seasons when the sun 
remains below the horizon. In practical terms, 
this technology allows having, in the case of 
UVB, a single, daily data point for 12:00 hrs TST 
(True Solar Time) (McPeters, 1996), (Herman, 
1996), (McPeters, 1998).

Fcvc"Uqwteg

Vjg" kphqtocvkqp" ecp" dg" qdvckpgf" kp" vjg" PCUC"
web server for TOMS (http://toms.gsfc.nasa.
gov/ery_uv/euv_v8.html). It corresponds to glo-
bal coverage on daily arrays that are ordered in 
ncvkvwfkpcn"itqwru"vjcv"tcpig"htqo":;07̇"Uqwvj"vq"
:;07̇"Pqtvj0"Nqpikvwfg" ku" eqxgtgf" htqo"39;07̇"
Yguv"vq"39;07̇"Gcuv0"Vjg"tgcfkpiu"ctg"gzrtguugf"
in milliWatts per square meter (mW/m²), and as 
mentioned previously, each value   corresponds to 
c"ukping"fcvc"rqkpv"cv"pqqp"VUV0"Gcej"tgcfkpi"ku"
expressed with a group of three digits, for exam-
rng."4670"Vjg"Ýtuv"eqttgurqpfu"vq"vjg"gzrqpgpv"
hqt"gcej"fcvwo"kp"uekgpvkÝe"pqvcvkqp."cpf"vjg"ncuv"
two digits comprise the reading divided by 10. 
Hqt"gzcorng."467"eqttgurqpf"vq" vjg"607"'"32)"
mW/m² reading.

Htqo" vjg" qxgtcnn" inqdcn"ocvtkz."yg" ugngevgf"
vjg" fcvc" dqwpf" dgvyggp" :6̇" cpf" 342̇" Yguv."
cpf" 32̇" cpf" 58³"Pqtvj."yjkej" d{" hct" eqpvckpu"
the entire territory of Mexico. These limits 
ctg" uwhÝekgpvn{" hct" htqo" vjg" vtwg" igqitcrjkecn"
extension of the country for the interpolation of 
enkocvqnqikecn"xcnwgu"vq"dg"htgg"qh"gfig"ghhgevu="
i.e., there is no need to be concerned with 
distortions caused near the points on the edges 

Figure 1."Gzcorng"qh"Wnvtcxkqngv"*WX+"kocig"dcugf"qp"fcvc"htqo"Vqvcn"Q¦qpg"Ocrrkpi"Urgevtqogvgtu"*VQOU+"fwtkpi""
September 29, 2003. The image provides us with a global perspective on the distribution of UV irradiance on the 

GctvjÓu"uwthceg0"*Kocig"htqo"Gctvj"Qdugtxcvqt{."Pcvkqpcn"Cgtqpcwvkecn"cpf"Urceg"Cfokpkuvtcvkqp."PCUC+0
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of the array. Thus, after using the data to obtain 
the desired contours, the area-of-interest is cut 
by about 3° of latitude and 3° of longitude on 
each end.

Hktuv." vjg" VQOU" Ýngu" ygtg" vtcpuhgttgf" htqo"
vjg"fcvc"ugtxgt."qpg"Ýng"hqt"gcej"fc{"ukpeg"3;9:"
cpf" wr" vq" 42250" Htqo" vjku" kphqtocvkqp." fckn{"
Ýngu"hqt"vjg"ugngevgf"eqqtfkpcvgu"ygtg"qdvckpgf0"
The selected data were employed to generate 
matrices of monthly and annual averages, and 
also seasonal matrices.

Using a Geographic Information System 
(GIS), matrices with the average monthly 
points were incorporated and interpolated with 
vjg"MtkikpiÓu"ogvjqf"vq"qdvckp"cp"cttc{."ykvj"vjg"
interpolated values in color gradation, in order 
to differentiate intensities and the contours for 
gcej" oqpvj0" Hwtvjgtoqtg." c" fkikvcn" gngxcvkqp"
model was included and the state boundaries in 
c"Ncodgtv"Eqpkecn"Eqphqtocn"rtqlgevkqp0

Chvgt" qdvckpkpi" vjg" ocru." ogcuwtgogpvu"
reported by surface stations were used to validate 
the information obtained by this procedure. The 
available surface stations comprise the Solar 
Tcfkcvkqp"Qdugtxcvqt{"*QTU+"qh"vjg"Kpuvkvwvq"fg"
Geofísica (IGeof) of the Universidad Nacional 
Cwv„pqoc" fg" Ofizkeq" *WPCO+" cpf" vjg" uvcvkqpu"
kp"vjg"Tgf"Cwvqoƒvkec"fg"Oqpkvqtgq"Cvoquhfitkeq"
*TCOC+" qh" vjg" Ogzkeq" Ekv{" Iqxgtpogpv0" Dqvj"
systems generate highly reliable information 
because each station meets WMO requirements. 
Jqygxgt."yg"fgekfgf"vq"wug"vjg"fcvc"htqo"QTU"
*3;³"42Ó"23ÓÓ"ÛPqtvj"Ncvkvwfg.";;³"32Ó"76ÓÓ"Yguv"
Longitude at 2,268 m above sea level) because 
vjku"ku"eqpukfgtgf"d{"YOQ"cu"c"Tgikqpcn"Egpvtg"
hqt"Uqnct"Tcfkcvkqp"kp"vjg"KX"Tgikqp"*CT/KX+0

To make this comparison, we used a Solar 
Nkijv" ugpuqt."oqfgn"723c." ugtkcn"pwodgt"42320"
This sensor works in a spectral window from 
204:2〕20542"-o"*Uqnct"Nkijv."3;;3+0

Cu"fkuewuugf"rtgxkqwun{."kphqtocvkqp"htqo"vjg"
satellite observations is registered once a day, 
at true solar noon, while the surface data are 
measured every minute. Therefore, the surface 
measurements used for comparison correspond 
vq"vjqug"cv"33<7;."34<22."cpf"34<23"VUV."yjkej"
were averaged in order to compensate for 
possible delays or advances of a few seconds 
with respect to the satellite observation.

Wavelet analysis

To analyze local variations of power spectrum 
within a single non-stationary time series at 
multiple periodicities, such as UVB surface data 
and satellite data, the Morlet Wavelet is applied 
here because it provides higher resolution in the 

periodicity and because being a complex function 
allows us to analyze the evolution of periodicities 
in the time-space and to calculate the phase 
between two time series (Soon gv"cn0 2011).

The Morlet wavelet consists of a complex 
exponential function modulated by a Gaussian 
ycxgngv"cpf"ku"fgÝpgf"cu<

 e e
i t s t soω / /( )− 2 2

2
, (1)

where t is the time with s = period as the wavelet 
scale and y

0
 is a non-dimensional frequency. 

Here, y
0
 = 6 to satisfy the admissibility condition 

*Hctig."3;;4+0

Vjg"eqpg"qh"kpÞwgpeg"*EQK+"ku"vjg"tgikqp"qh"vjg"
wavelet spectrum outside which the edge effects 
become important (Torrence and Compo, 1998).

Ycxgngv" Rqygt" Urgevtcn" Fgpukv{" *YRUF+" ku"
ecnewncvgf" hqt" gcej" rctcogvgt=" vjg" dncem" vjkp"
nkpgu" kp" Hkiwtgu" 4." 5" cpf" 6" octmu" vjg" ;7'"
eqpÝfgpeg"kpvgtxcn"qt"dqwpfctkgu"qh"EQK0

We use the inverse wavelet transform to 
obtain the decomposition of a signal and can be 
qdvckpgf" htqo"c"vkog/uecng"Ýnvgt"*Ogpfq¦c"cpf"
Velasco, 2011). Inverse wavelet transform is 
fgÝpgf"*Vqttgpeg"cpf"Eqorq."3;;:+"cu<
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where f
j
 is the factor for scale averaging, Cf is 

a constant (f
j 
= 0.6 and Cf"= 0.776, for Morlet 

wavelet), and {
0 
removes the energy scaling.

The cross wavelet
 
Wk

X X1 2 ( )} (XWT) was used 
which measures the common power spectrum 
between the input (X

1
) and output (X

2
) in physics 

u{uvgo"cpf"ku"fgÝpgf"cu"*Vqttgpeg"cpf"Eqorq."
1998):

 
W W Wn
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n

X

n

X1 2 1 2, A
, (3)

yjgtg"*,+"fgpqvgu"eqorngz"eqplwicvkqp."*Wn

X
1) 

and (Wn

X
2) is the wavelet transforms (WT) of the 

time series X
1
 and X

2

The arrows in the cross-wavelet spectra 
show the mean relative phase between the X

1
 

(input) and X
2
 (output) series in time-frequency 

space: arrows at 0° (pointing to the right) 
indicate that both time series are perfectly 
positively correlated (in phase) and arrows at 
180° (pointing to the left) indicate that they 
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throughout all time intervals (framed by a black 
line). In addition to the 1-year period, half-
year periodicity is also present in the overall 
wavelet spectrum throughout the time interval 
*3;;9〕4225+0"Cffkvkqpcnn{."vjgtg"ctg"rgtkqfkekvkgu"
on the order of a few days that can be observed, 
especially around the maxima of the time series 
qh"uwthceg"fcvc"ujqyp"kp"rcpgn"*C+0

It should be noted that these periodicities of 
c"hgy"fc{u"*88."57."42.";."6"cpf"4+"ctg"nqecvgf"
around the descending part of the annual 
maximum. The chart also provides information 
on the behavior of UVB intensity at the surface. 
Cu" ecp"dg"qdugtxgf." vjg"{gctu"3;;:"cpf"4223"
were the most intense over the period of study.

Similarly to the surface data, the global 
wavelet spectrum (panel C) of the satellite data 
*Hkiwtg"5+"ujqyu"c"rtqokpgpv"cppwcn"rgtkqfkekv{."
ykvj" ;7'" tgnkcdknkv{=" cu" qpg"oc{" qdugtxg." vjg"
Morlet wavelet (panel B) is present throughout 
vjg" vkog" kpvgtxcn" *3;;9〕4225+0" Vjgtg" ku" cnuq"c"
half-year periodicity that is present throughout 
the time series, but with less intensity than in 
the surface data. In addition, there are perio-
fkekvkgu" qh" 4." 32." 37." 55." cpf" 96" fc{u" ctqwpf"
the maximum of the time series of surface data. 
However, in the satellite data, these periodicities 
are more spread out over the maximum.

are perfectly negatively correlated (180° anti-
phase). It is important to point out that these 
two cases imply a linear relationship between the 
considered phenomena. Non-horizontal arrows 
indicate an out of phase situation, meaning 
that the two studied phenomena have a more 
complex non-linear relationship.

Qp"vjg"nghv"rcpgnu"qh"Hkiwtgu"4."5."cpf"6."vjg"
wavelet inqdcn" urgevtc are shown, which is an 
average power of each periodicity in both the 
wavelet and the cross spectra.

Vjg" ukipkÝecpeg" ngxgn" qh" vjg" inqdcn" ycxgngv"
urgevtc" ku" kpfkecvgf" d{" vjg" fcujgf" ewtxgu="
they refer to the power of the red noise level 
cv"vjg";7'"eqpÝfgpeg"ngxgn"vjcv"kpetgcugu"ykvj"
decreasing frequency (Grinsted gv"cn0"4226+0"

Results and Discussion

The results of the previously described procedure 
ctg"rtgugpvgf"kp"Hkiwtgu"4〕6."kp"yjkej"vjg"inqdcn"
wavelet spectrum is shown as a function of time.

Kp"Hkiwtg"4."kv"ecp"dg"qdugtxgf"vjcv"vjg"inqdcn"
wavelet spectrum (panel C) of the surface data 
shows a prominent annual periodicity, with a 
;7'" eqpÝfgpeg" kpvgtxcn" *;7'" EK+" fgÝpgf" d{"
vjg"tgf"pqkug"*tgf"fqvvgf" nkpg+0"Cu"yg"ecp"cnuq"
observe (panel B), the Morlet wavelet is present 

Figure 2."Ycxgngv"urgevtwo"hqt"uwthceg"fcvc0"Wrrgt"itcrj"*rcpgn"C+."vkog"ugtkgu=" nqygt"tkijv"*rcpgn"D+."ycxgngv"
rqygt"urgevtc="nqygt"nghv"*rcpgn"E+."inqdcn"ycxgngv"urgevtwo0
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The wavelet global spectrum (panel C) from 
uwthceg"fcvc"cpf"ucvgnnkvg"fcvc"*Hkiwtg"6+"ujqyu"
that the common periodicity, both in phase and 
oczkowo"xcnwg."ku"cppwcn."ykvj";7'"tgnkcdknkv{."
with the cross-wavelet (panel B) present throug-

jqwv" vjg" vkog" kpvgtxcn" *3;;9〕4225+0" Vjgtg"ctg"
cnuq" qvjgt" rgtkqfkekvkgu" kp" eqooqp"ykvj" >;7'"
reliability that have a frequency of about one half 
year and that are also present throughout the 
yjqng"rgtkqf0"Vjg"rgtkqfkekvkgu"qh"4.";."42."57."cpf"

Figure 3."Ycxgngv"urgevtwo"hqt"ucvgnnkvg"fcvc<"*rcpgn"C+."vkog"ugtkgu="nqygt"tkijv"*rcpgn"D+."ycxgngv"rqygt"urgevtc="
lower left (panel C), wavelet global spectrum.

Figure 4."Etquu/ycxgngv"urgevtwo"qh"uwthceg"fcvc"ykvj"ucvgnnkvg"fcvc0"Wrrgt"itcrj"*rcpgn"C+."vkog"ugtkgu="nqygt"tkijv"
*rcpgn"D+."ycxgngv"rqygt"urgevtc."ujqyp"kp"eqnqt"cpf"c"tgncvkxg"rjcug"fkhhgtgpeg"ku"kpfkecvgf"d{"vjg"cttqyu0="nqygt"

left (panel C), wavelet global spectrum.
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66 days are present mainly around the maximum 
of the time series of surface and satellite data. 
The arrows show a phase lag between surface and 
satellite data because the former are local and 
point measurements, while the latter are global 
xqnwogvtke="yjkng"vjg"uwthceg"fcvc"ctg"ogcuwtgf"
cv" c" ikxgp" rqkpv" qp" vjg" uwthceg" qh" vjg" Gctvj."
the satellite data represents an average of the 
processes of extinction of UVB radiation throughout 
the atmosphere within an area of about   1° latitude 
× 1° longitude and where weather conditions can 
change locally. Thus, periodicities on the order 
of a few days are not synchronized between the 
two series. We can observe that for half-year 
periodicities under the relationship is nonlinear 
and complex, because the arrows indicating the 
phase in the two time series, shows random 
orientation, while for periodicities greater than 
half-year, the arrows are oriented from left to 
right indicating a linear behavior.

In panel C, values   of the “classical” 
eqttgncvkqp"eqghÝekgpv"qh"vjg"kphqtocvkqp"fgtkxgf"
from surface and satellite measurements are 
rtgugpvgf0" Vjku" eqghÝekgpv" jcu" nqy" xcnwgu."
indicating that there is a non-linear relationship 
between the two. This makes the advantage of 
vjg"etquu/ycxgngv"*Hkiwtg"6+"gxkfgpv<"kv"fqgu"pqv"
matter whether the two data sets are linearly 
dependent or not because the local correlation 
eqghÝekgpv" ku" eqorwvgf" kpfgrgpfgpvn{" hqt" gcej"
qh"vjg"rgtkqfkekvkgu"kpxqnxgf="vjgtghqtg."yg"jcxg"
c"jkij"eqghÝekgpv"kp"vjg"rgtkqfkekvkgu"*hgy"fc{u."8"
months, and annual).

The results of wavelet analysis, is used to 
Ýnvgt" vjg" fcvc" *hqt" c" eqorctkuqp+" cpf" kortqxg"
the correlation between surface data and satellite 
ogcuwtgogpvu0"Hkiwtg"7*c+"ujqyu"vjg"eqorctkuqp"
dgvyggp" vjgug" fcvc" cpf" Hkiwtg" 7*d+" ujqyu" c"
remarkable improvement of the correlation 
eqghÝekgpv0

We use the inverse wavelet transform (eq. 
2) to obtain the time series > 1 years. Were 
Ýnvgtgf"fcvc"vjcv"eqttgurqpf"vq"rgtkqfkekvkgu"nguu"
vjcp" 3" {gct" cpf" vjg{" ygtg" kfgpvkÝgf" vjtqwij"
ycxgngv" cpcn{uku0" Vjg" eqttgncvkqp" eqghÝekgpv" ku"
ukipkÝecpvn{"dgvvgt"chvgt"Ýnvgtkpi"vjg"fcvc0"Dghqtg"
Ýnvgtkpi" vjg" eqttgncvkqp" eqghÝekgpv"ycu" 20597:."
chvgt" Ýnvgtkpi" vjg" eqttgncvkqp" eqghÝekgpv" ycu"
2096840

Cu" cp" gzcorng" qh" vjg" tguwnvu." yg" rtgugpv"
the average monthly maps of one month of the 
ykpvgt"ugcuqp"*Hkiwtg"8+"cpf"qpg"oqpvj"qh"vjg"
uwoogt"ugcuqp"*3;9:/4225+"*Hkiwtg"9+."yjgtg"
it can be seen the spatial distribution of UVB 
vjtqwijqwv" vjg" eqwpvt{" *Lcpwct{" cpf" Cwiwuv+0"
Vjg"itggp"rqkpv"qp"Ýiwtgu"kpfkecvgu"vjg"rqukvkqp"
of surface sensor in Mexico City.

Fwtkpi"vjg"ykpvgt."yjgp"vjg"Uwp"fgenkpcvkqp"
reaches its maximum negative value, the solar 
tcfkcvkqp" tgcejgu" vjg"uwthceg"qh" vjg"Gctvj"ykvj"
itgcvgt" kpenkpcvkqp" ukipkÝecpvn{" tgfwekpi" vjg"
energy per unit area, so that the distribution 
in surface UVB predominantly responds to lati-
tudinal pattern throughout the country, which 
ku" qpn{"oqfkÝgf"d{"oclqt" vqrqitcrjke" hgcvwtgu"
(Volcanic Belt, Sierra Madre Occidental, Sierra 
Madre Oriental and Sierra Madre del Sur).

Hqt" vjg" uwoogt" oqpvju" vjg" ujcrg" qh"
the isolines is completely different, as a 
predominantly latitudinal distribution, going to 
concentrate the maximum values   in the upper 
parts of the main topographical features (Volcanic 
Belt, Sierra Madre Occidental, Sierra Madre del 
Uwt"cpf"Ukgttc"fg"Dclc"Ecnkhqtpkc+"ykvj"c"itcfkgpv"
which tends to decrease to the sea level. This is 
because during the months around the summer 
solstice, the sun declination angle is positive and 
vjg"uwpÓu"rcvj"cv"pqqp"ku"pgct"vq"vjg"¦gpkvj0"Hqt"
vjku" tgcuqp" vjg" uwpÓu" kttcfkcvkqp" ku" itgcvgt." vjg"
uqnct" tcfkcvkqp" kpvgtcevu" nguu" ykvj" vjg" GctvjÓu"
atmosphere, so the processes of extinction of 
solar radiation are reduced.

Hkpcnn{."kp"Hkiwtg":."yg"ecp"ugg"vjg"fkhhgtgpv"
values   of monthly average UVB for three sites lo-
cated at similar latitude: Manzanillo City, Colima. 
*3;̇" 25Ó" P." 326̇" 3:ÓY." 7"o" COUN+." Vncocecu"
Uvcvkqp" qp" vjg" pqtvjgtp" Þcpm" qh" vjg" xqnecpq"
Rqrqecvfirgvn" *3;̇" 25Ó" P." ;:̇" 59Ó" Y." 5:89" o"
COUN+" cpf" Dqec" fgn" T‡q." Xgtcetw¦" *3;̇" 25Ó" P."
;7̇"7;Ó"Y."36"o"COUN+"dwv"cv"fkhhgtgpv"cnvkvwfgu"
*Hkiwtg";+0

Values   corresponding to the station Tlamacas, 
always remains above the other two sites, due 
basically to the altitude. While less atmosphere 
through solar radiation, fewer extinguishing 
processes act on it and the amount of energy per 
wpkv"ctgc"yknn"dg"itgcvgt0"Hqt"vjg"qvjgt"vyq"ukvgu"
*Ocp¦cpknnq." Eqn0" cpf" Dqec" fgn" T‡q." Xgtcetw¦+."
the radiation must cross more atmosphere 
and the extinction processes will be grater. 
The difference between the last two curves, is 
primarily due to climatic factors, among which, 
vqrqitcrj{." *Dqec"fgn"T‡q" ku" nqecvgf"qp"c" xgt{"
wide coastal plain, while in Manzanillo, coastal 
rnckp"dctgn{"gzkuvu+="Dqec"fgn"T‡q"ku"owej"oqtg"
exposed to the phenomena of “North” in winter. 
In summer the effects of tropical storms and 
tropical cyclones are more frequently in Boca del 
Tkq"kp"vjg"Iwnh"qh"Ogzkeq"vjcp"kp"Ocp¦cpknnq"kp"vjg"
RcekÝe"ctgc0

Cp"korqtvcpv"rqkpv"vq"pqvg"ku"vjcv"crrctgpvn{"
there are only three periods in the behavior of 
vjg"WXD"cv" vjg" uwthceg." vjg"Ýtuv" qh" Lcpwct{" vq"
March where the radiation simply increases to 
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Figure 5. Comparison 
between surface and sa-
tellite data, upper graph 
*c+"dghqtg"Ýnvgtkpi"fcvc."
lower graph (b) after 

Ýnvgtkpi"fcvc0

tgcej" kvu" rgcm" kp" vjg"oqpvj" qh" Octej0" Chvgt" c"
rgtkqf"qh"ugok/uvcdknkv{"yjkej"twpu"htqo"Crtkn"vq"
Cwiwuv" qt"Ugrvgodgt"yjgtg." cnvjqwij" kv" jcu"c"
tendency decrease, at the end of this period is 
uvcdknk¦gf0"Cpf" vjg" vjktf"cpf"Ýpcn" uvcig."yjkej"
is a clear decrease in solar irradiance during the 
oqpvju"qh"Qevqdgt"vq"Fgegodgt"yjgtg"kp"vjg"ncuv"
month has again reached its minimum values  .

Hkpcnn{" kv" ku" korqtvcpv" vq" ogpvkqp" vjcv" vjg"
main factors that determine the spatiotemporal 
distribution of solar radiation on the surface, 
are cloudiness and topography, and the results 
rtgugpvgf" jgtg." ctg" kpÞwgpegf" d{" vjgug" vyq"
factors, the relative distribution of UVB on the 
surface to the whole country can be considered 
highly reliable. But we must not forget one 

important limitation of this work, there was 
only a single reference point (Mexico City) to 
validate the UVB satellite measurements, so 
we cannot generalize concerning the validity 
of measurements on each point for the entire 
eqwpvt{." dgecwug" kv" fqgu" pqv" jcxg" uwhÝekgpv"
reference points on this surface.

Fwtkpi" vjg" oclqtkv{" qh" cwvwop" cpf" ykpvgt"
oqpvju" *Lcpwct{." Hgdtwct{." Octej." Pqxgodgt."
cpf" Fgegodgt+." yjgp" uqnct" fgenkpcvkqp" ku"
pgicvkxg" cpf" vjg" UwpÓu" tc{u" tgcej" vjg" uwthceg"
in more inclined fashion, the distribution of 
UVB is nearly latitudinal. There are also two 
vtcpukvkqp"oqpvju" *Crtkn" cpf"Qevqdgt+" dgvyggp"
this “winter” behavior and what might be called 
“summer”, where the latitudinal distribution 
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Figure 6."WXD"uqnct"Tcfkcvkqp0"Lcpwct{"oqpvjn{"ogcp"cxgtcig"*3;9:〕4225+0

Figure 7."WXD"uqnct"Tcfkcvkqp0"Cwiwuv"oqpvjn{"ogcp"cxgtcig"*3;9:〕4225+0
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Figure 9. Transect for three sites at similar latitude (red dots). Manzanillo (left), Tlamacas (middle), Veracruz (right).

Figure 8. Monthly average UVB for three sites located at similar latitude and different altitude.
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of UVB seems to disappear. The latter occurs 
because solar declination is positive and the rays 
reach the surface in a nearly vertical direction at 
this time of the year, reducing the optical mass 
of atmosphere crossed by radiation. The highest 
values for UVB radiation   are found in the highest 
rctvu"qh"vjg"oclqt"vqrqitcrjkecn"hgcvwtgu"qh"vjg"
country (Ekpvwt„p"Xqneƒpkeq"Vtcpuxgtucn."Ukgttc"
Ocftg" Qeekfgpvcn." Ukgttc" Ocftg" fgn" Uwt. and 
even in the Sierra de Baja California).

The previously mentioned behavior may be 
considered as “expected”, due primarily to that 
fwtkpi"vjg"ykpvgt"oqpvju."vjg"UwpÓu"tc{u"tgcej"
the surface with such an inclination that higher 
xcnwgu"""ygtg"enqug"vq"Gewcfqt"cpf"uocnngt"xcnwgu"""
are oriented toward the North Pole. There is 
also a small deformity in latitudinal distribution 
due to the Ekpvwt„p" Xqneƒpkeq" Vtcpuxgtucn and 
the Ukgttc"Ocftg"Qeekfgpvcn."oclqt"vqrqitcrjke"
features of the country, and this deformity 
responds to the presence of higher values   than 
those found for the remainder of the national 
territory. It is necessary to recall that solar 
radiation undergoes extinction processes such 
cu" cduqtrvkqp." tgÞgevkqp." cpf" uecvvgtkpi." cpf"
gzvkpevkqp"itqyu"yjkng"vjg"qrvkecn"rcvj"kpetgcugu="
thus, higher values   are always found at higher 
altitudes.

Vjku" gzvkpevkqp" rtqeguu" ecp" dg" kfgpvkÝgf"
in the “summer” months, when the angle of 
incidence for solar radiation is close to the vertical 
direction over the surface of Mexico. Therefore, 
distribution of UVB values   has greater intensity 
in the higher parts of Mexico, while the latitudinal 
distribution that characterizes the winter months 
is completely lost.

It is noteworthy that these maps were 
obtained with observations at 12:00 hrs TST, 
which means that they were carried out when 
the sun is at its highest position. In other words, 
the data correspond to the maximum intensity of 
radiation that can reach the surface on a given 
fc{="vjgtghqtg."vjg"gzrgevgf"oczkowo"tcfkcvkqp"
is depicted in the maps.

Conclusions

The use of satellites for the evaluation of natural 
tguqwtegu"qt"gpxktqpogpvcn"oqpkvqtkpi."urgekÝecnn{"
in the case of UVB, are of vital importance as 
they provide an affordable option as opposed to a 
pgvyqtm"qh"ugpuqtu"vjcv"ctg"uwhÝekgpvn{"fgpug"vq"
carry out monitoring on this scale.

While the behavior of UVB radiation can be 
known through models that describe radiation 
transfer through the atmosphere, it had never 
been possible to carry out such a description 

for the whole country, due in part to the lack 
of detailed information on the local composition 
of the atmosphere. This work represents, to our 
mpqyngfig." vjg" Ýtuv" cuuguuogpv" qh" vjg" urcvkcn"
and temporal distribution of solar UVB radiation 
for Mexico.

Satellite measurements of UVB obtained 
cv" vjg" tghgtgpeg" rqkpv" cv" vjg" QTU" kp" Ogzkeq"
City showed good correlation with surface 
measurements, which ensures the reliability of 
the satellite data at that point. Moreover, spatial 
and temporal distribution throughout the year 
is consistent with the behavior that one might 
expect from the geographical variation of altitu-
de and latitude of the studied area. Therefore, 
the use of satellite sensors appears to be suitable 
for the country. This may help to identify areas 
with the highest values   of UVB radiation, either 
for application in health policy and prevention of 
UVB overexposure, or for applications in rene-
wable energy using this type of radiation. It 
would be desirable to have more ground stations 
for comparison for more rigorous assessment of 
the validity of the method.
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