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Abslract-As a conlribulion lo lhe c1imalological characterization of the lzaña bascline observatory
(Tenenfe. Canary fslands, Spain~ back-trajectones were calculatcd and an air mass c1imalology was
devcloped for a S·year period, On a daily basis, S-day back-trajectones were compulcd for the S5(). and 700
HPa levels from January 1983 lo Deccmbcr 1987. Trajectories were scparalcd into long- and shorl-range
f10ws and c1assified into categones depending on the plllh followcd by Ihe air ma.sses. Flows from lhe North
Allantic Ocean were much more frequenl than f10ws from continental sectors. In addition, scasonal
vanations ofthe sector frequencies were sludied and synoptic meteorolog.ical palterns were associatcd with
each lrajcclory category.

K..y word indl'X: fzaña bascline obscrvalory, trajcctones, lIow climatology, synoptic patlerns.

l. INTROOUCfION

The characlerizalion of differenl air masses arriving al
a baseline station is a great aid in determining atmo
spheric background conditions. The features of tbe air
masses depend on their souree areas as well as their
trajectories. When the air masses move over the ocean,
lheir physical and chemical properlies are ditrerenl
from those of air masses that pass over land. For
e~ample, air masses passing over western Europe on
lhe way lO Izaña observatory often show evidenee of
anthropogenic pollution, whereas marilime air masses
are usually very clean.

A climatology of back-trajectories is useful in ana
lysing Ihe changes oC daily mean concenlralions of
Irace compounds and aerosol parlic1cs sampled at
baseline slations. In this sludy, we eSlablish a climalol·
ogy ofback-trajectories from lzaña observatory (Ten
crife, Canary hlands, Spain). An antecedent oC this
study for Ihe Canary Islands is Ihat ofCoude·Gaussen
el (ll. (198n who computed several Irajectorics to
Fuertevenlura, Canary hlands, using wind analyses at
925 HPa produced by Ihe European Center for
Medium Range Weather Forecas!. Bergamelti el al.
(1989) have compuled back-lrajeclories from Fuerl
evenlura in order lo sludy lhe transport of Sabaran
dusl; Haagenson and Sperry (1989) sludied trajector-

ies in the Norlh Atlanlic Ocean, using the National
Center for Almospheric Research isenlropic model. In
addilion, they investigated the relalionship of back·
trajeclories with wind direclion and synoplic panerns.

2. GEOGRAPHICAL AND METEOROLOGICAL FE...TURES

lzaña baseline observatory belongs to the World
Meteorological Organization's worldwide Back
ground Air Pol1ution Monitoring Network (BAP.
MoN), which measures background levels of various
atmospheric constiluenls. It is the only baseline sla
lion in the Norlh Atlantic region and has becn opcra
lional since 1984. The lzaña baseline slation
(28° 18' N, 16° 29' W) is on a mountain platform at
2367 m aboye sea level on TeneriCe hland, 400 km
wcst of ACrica (Fig. 1). The observatory is on a natural
volcanic plalform (Monlaña de lzaña) in the middle of
the mountainous ridge that runs from the Caldera de
las Cañadas, on lhe base of the volcanic cone of Pico
del Teide (3717 m), toward Ihe northeast side of
TeneriCe island (Fig. 1). Sparse vegelation grows at Ihis
altitude. However, a lush pine-Irte forest exists be·
Iwten 1200 and 20Cl0 m altitude, and laurel roresl
(Iaurisilva) continucs downward. The masl importanl
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Fig. l. Locatjon ofCanary Islands, and of lzana Baseline Stalion on lhe Tenerife
Island.

"green" area close lo lhe observatory is in a valley
northwest of lzaña (Valle de la Orotava).

The meteorologieal features of the Canary Islands
are dominated by lhe slrengtb and position of the
subtropieal antieyelone, which is normally situaled
over the Azores Islands lo lhe norlhwest of the station.
A subsidence inversion layer is usuaUy present below
2000 m aboye sea level, resulting in two distinet air
masses. The lower air mass is eooler and more moist,
while the upper one is warmer and drier. This oceurs
about 90% of the lime in summer and 70% of Ihe time
in winter. Ihe inversion layer prevents the arrival at
the observatory of polluted air masses from the 10wer
layer beeause lhe height of the inversion top is norm
aUy below the station allitude (Hernández el al., 1988).

Ihe northeastward movement of tbe ant.ieyclone,
sometimes as far as western Europe, gives rise lo tbe
arrival of polar air masses to lhe Canary Islands.
Ihese ajr masses pass over the European eontioent
and Ior northwestern Mrica en route lo Izana. Wben
lhis siluation oceurs in winter, Ihe weather al lzaña
station is dry, sunny and chilly. During summer, some
short-duratioo therma] low-pressure systems appear
over tbe Sahara Deser!. Ihis cireumstanee added to
lhe movement of the so-called Inlertropieal Conver
gence Zone oorlhwards, causes the arrivaJ of hot and
dry ariflows,loaded with dUS1, at 1zaña (Dubjef, 1979).
Somelimes, lhe infiuence of a low-pressure system
produces airflows of maritime polar or subtropical
origin, depending on the slrength and relalive position
of the eyclone. Heavy rain and decreased atmospheric
stability usually result.

The climate statistics ofIzaña can be summarized as
foJlows.

(a) Temperature. The annual mean temperatu.re is
9.4°C (about 4° in winter and 16° in summer). The

daily mean varialions range from 6° iD winter to 8°
io summer.

(b) Precipitation. Ihe mean preeipitation is 481 mm
per year, and tbere are about 40 precipitation days
per year. During winter, snow is lhe dominant
form of precipitation, but jt occurs ooly 10 days
per year 00 average.

(e) Moisture. The inversion layer, whieh is usually
below the altilude of lhe station, keeps the relative
humidily low. Ihe average relative humidity for
the year is 43%.

(d) Pressure. In stationary condilions, the daily atmo
spherie pressure fiuetuation is aboul 2 HPa. On
average, the frequeney of eyclones passing Izaña is
about one per week, varying with the seasons of
the year. Ihe station average pressure is 770 HPa.

(e) Wind. Al the Izaña baseline observatory, the mosl
frequeot wind direction is northwest. In the day
time the air above lhe observatory is generally
heated more lhan tbe air aboye the inversion layer
which more frequently is below tbe stal.ion level
over lhe fores!. Il gives rise to a weak upslope wind.
Ihe mean wind speed is 8 m s- l. Tbe maximum
recorded gust exceeded 50 m s- l. Ibe wiod is
rarely calmo

3. CLASSIFlCATION OF IZAÑA BACK·TRAJECTORlES

The compuler model that produeed lhe almo
spheric trajectories for this sludy was developed by
Harris (1982). The primary input ror tbe lrajeclory
program consists of gridded wind components at
mandatory pressur-e levels, produced at the National
Meteorologieal Center (NMC), Suitlaod, MD, U.S.A.,
by a global atmospheric cireuJation model. The res
olutioo of the NMC dala grids used io lhis study is
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2.50 of latitude and longitude. Metcmological obser
vations from around the globe constrain tbe almo
spberic model tbat produced the gridded dala ror
0000 Z and 1200 Z each day. Covcrage of meteoro
logical observations is naturally sparse over the poles
and oceans compared with well-populated laod areas,
but aircrart reports and salellite data supplement for
areas where tbe regular rawinsonde observations are
not possíble.

A 5·day lrajectory consisls or 40 individually como
puted J-b trajeclory segmenls placed end to end. To
compute each segment, tbe Irajectory program inter
polales in lime between two NMC grids (0000 Z and
1200 Z) to lbe midpoiot ofthe J·b period in question.
The winds at the previous trajectory segment endpoint
are calculaled from Ihe winds at lbe four grid poinls
surrounding lhe endpoint. A first-guess Irajeetory
segmenl is compuled, assuming Ihal Ihis wind is
conslant for Ihe 3-b duralion. Al Ibe midpoint of the
first-guess segment tbe winds are again calculaled by
bilinear interpolation. These lauer winds are Ihen used
lO compute the final trajectory segmenl because they
are assumed lo be more representalive ofwinds for lhe
3-b segment. This iterative approximation lechnique is
calJed the modified Euler melhod (Stark, 1970).

The trajectories produced by this model are best
used as an indication of tbe general airflow paUern.
Errors that may be introduced by interpolalion, poor
data coverage Or tbe model's approximation of the
real atmosphere could be compounded as trajeclory
segmenls are added further back from the deslinalion.
Thus, lhe apparent origin of a 5-day back-trajectory
should be considered an approximalion, and, as indi
cator of source regions, should be supported by olher
atmospheric data or, as is done bere, used in a
climatological sense.

Despite their limilalions, atmospberic Irajectories
have becn frequently employed in sludies of long
ran~e transport of gases and aerosols. Using back
trajectories, Herbert el al. (1982) found evidence that
Asian deserts are the source or crustal material arriv
iog at Mauna Loa Observatory, Hawaii. Halter and
Harris (1983) investigated causes for COl variability
al Barrow, Alaska, usíng Irajectories and other ana
Iysis methods. A study in Harris aod Bodhaine (1983)
found that pollulion episodes al Whileface Mountain
Observatory, NY. were often associated witb trajec
lories arriving from Ihe weSI after passing over the
Oreal Lakes induslrial region, and clean air condi
lions at tbe observalory were associated wilh trajee
tories over Ihe Atlanlic. A 7-year back-trajectory
climatology by Miller and Harris (1985) characterize<i
airflow to the island of Dermuda and found a strong
positive correlalion between highly acidic rainfal1 and
Ibe trajectories from the North American continent.

Five-day back trajectories were computed for lzaña
on the 850- and 700-HPa pressure surfaces. They were
displayed on a map with symbols along each Irack to
idenlify the level and tbe number of days back (Fig. 2).
We used these mandalory pressure levels because Ihe
altitude of the lzaña slation (2367 m) falls between
tbem. The period of sludy was from January 1983 to
December 1987. Over 7000 individual backward tra
jeclories were computed.

To establish a climatology of trajectories, the diree
Iions oflhe Irajeclories were c1assified according to the
meteorological features of the Canary Island region
and to the geograpbic locations of pol/utant source
areas. A 2000·km radius circle was drawn with its
center at lzaña observatory in order lO distinguish
between long- and short-range Iransports. Traject
ories coming from beyond 2000 km represent the
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Fig.2. An example ofback-lrajeclories from tbe lzaña station. TIte numbers on
tbe tracks indicate lhe number of back day.
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fig. 3. The c1assificalion syslern used for lhe period of study and sorne exarnples
of curved, marine local and continental local lrajeclories. The circle has a radius

of 2000 km.

strongest flow and have a mtnlmum average wind
speed of 5 m s - I aJong the 5-day trajectory. The
classification criterion is shown in Fig. 3 and is
described as follows:

• Seclor one (27°_10°) Air masses from North
Atlantic excluding Europe.

• Seclor Iwo (10°-60°) Air masses (potentially pol
luted) arriving from Europe.

• Sector three (60°-150°) Saharan air masses some
times carrying high dust concenlralions (Carlsson and
Prospero, 1972; Prospero el al., 1979; SchUIZ, 1979).

• Seclor four (150°-270°) Air masses arriving from
the equatorial Allantic Ocean. These air masses, as
well as Ihose in seclor 1, usually reflect background
measurements at the Izaña observatory. Nevertheless,
the equatorial oceanic air masses have very different
background levels of greellhouse gases due to the
latiludinal gradienls of lhese species.

• Curved trajectories (CT, hereafler). Air masses
beginning in sectors 1 and 2, but then-describing a curve
and arriving Izaña via olher different seclors. They are
influenced first by the westerlies and then by the
easterlies.

• Marine local trajectories (MLT, hereafter).
Trajectories being within a 2000-km radius circle and
air masses flowing mainly over Ihe ocean.

• Continental local trajectories (CLT, hereafter).
Trajectories being within a lOOO-km radius circle and
being localed mainly over the African continent. Air
masses with these trajectories can transport airborne
crystal parlicles from the coastal region oC the Sahara
Desert.

However, the emphasis in this paper is on Ihe
categories of trajectories reflecting long-range trans
port. This classification scheme avoids a source of

error that would resull if the wind speed were nol
taken into account and trajectories were calegorized
merely by direction.

• No reported (NR, hereafter). Trajectories that
were not calculated because of missing data.

4. 5-YEAR CUMATOLOGY or BACK-TRAJECTORIES

In Figs 4a and 4b, hislograms of al! 850- and 700
HPa ooZסס trajectories to Izaña are represented for
the period of study (1983-1987). For the 850-HPa
level, sector I has Ihe highesl Crequency of occurrence
(36.6%), more than twice the frequency of Ihe nexl
sector (18.2% in sector 2). Likewise for 7oo-HPa
trajectories, sector 1 dominates. Air masses arriving
from sector I (North Atlantic) are generally clean and
moist. The rrequency oC occurrence of uajectories
from Europe (sector 2) drops from 18.2% at 850 HPa.
Trajectories arrive from Africa (sector 3) with roughly
the same frequency of oecurrence (12%) for both
levels. Thus, for the 850-HPa leve!, the European
trajectories are more frequent Ihan the African ones,
whereas ror Ihe 70ü-HPa level, the opposile oecurs. A
higher percentage of trajectories in sector 4 at Ihe 700
HPa level Ihan al Ihe 850-HPa level is observed. A
significant number of local Irajectories (CLT and
MLT) were noled for both leveis (about 18%). Marine
loca! Irajeclories are clearly more Crequent than con
tinental local trajectories. Finally the number of curo
ved trajectories represents percentages oC about 11 %
atlhe 850-HPa level and 8% at the 7oo-HPa leve!. [n
general, curved trajectories are associated with oon
polluted air coming from the North Atlantic Ocean.
However, in rare cases, these air masses could trave!
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Fig.4. Percenlage of all (a) 850-HPa and (b) 7OQ-HPa back-lrajeclories of each category.

over sorne continental areas like the southwestero
Iberian Peninsula or western Africa over 1 or 2 days.
Percentages of curved trajectories travelling over
sorne continental areas were lower even than those of
the CLT category. The distribution of percentages of
all 850-HPa trajectories differs from Ihat of Ihe 700
HPa level mainJy because of the altilude of Irade-wind
inversion over the Canary lslands area. This altitude
oscillates around Ihe 850-HPa surface (Huelz de
Lemps, 1969; Neiburger el al., 1961). It means Ihat in
sorne cases Ihe inversion is siled belween the 700 and
850 HPa surface.

The major fealures observed in the lotal 5-year
study for each individual year are shown by analysing
the percenlages of a given category plolled for each
individual year in Figs 5 and 6. Despite the relalively
low year-to-year variability. the differences between
1983 and 1986 must be pointed out. During 1983,
trajectories from sector l predominated c1early at the
850- and 700·HPa levels, whereas the percentages
were less than that for all 5 years. Alternalive1y, for
1986, the number of cases of trajeclories at Ihe 850
HPa level coming from sector 1 is the minimum.
However, the percentage of Ihe cr category is max
¡mum as a result of a higher intensily Azores anticyc
IODe. These fealures are similar, but not so much as at
the 700-HPa level for 1986. As during 1986, percenl
ages of sector 1 were low in 1985 bul high percentages
of curved Irajectories were observed. However, per
centages of local trajectories (especially CLT trajeCl
ories at 700-HPa level) and Irajectories from sector 3
increased significanlly from the mean values. Air
masses coming from the North Atlantic area, i.e. ait
masses following trajectories sorted as sector 1 or CT,
predominated during 1987 al the 850-HPa leve!. Tra
jectories of sector 4 at both levels also scored the
highest percentages during 1987 for the whole

1983-1987 periodo Percentages of each category dur
ing 1984 are c10sesl to the mean values for both leveis.

Percentages of trajeetories of a given type are
plotted for each month over the 5-year period in Figs 7
and 8. For sector 1, a maximum in May and a
minimum in September appear at both levels, being
more pronouDced at the 700-HPa leve!. For seetor 2,
the maximum occurs in June for both levels, whereas
the minimum is in April at the 850-HPa level and in
July at the upper leve!. Percentages of sector 3 peak at
700 HPa in July, but the percenlages are low in
summer at the 850-HPa leve!. Furthermore, percent
ages of sector 3 on a monlhly basis al the 850-HPa
level show a gradual decreasing from a weak max
¡mum in January lo a weak minimum in May. These
results for sectors 2 and 3 agree with the observations
of Saharan air ftowing over the Canary Islands. The
Saharan air is more frequeDt in summer, and its effects
are noted primarily al the 700-HPa level and less at
lower levels. This is because the lower air is cool and
moist, as a result of the trade winds (Neiburger el al.,
1961; Pierotti el al., 1978), and the hot continental
airflows aboye the trade-wind air. Moreover, the
temperalure of the neighbouring sea is relative1y low
because of the cold Canary Jslands Stream, which does
not allow warming of the air Iying on the ocean
(Schutz el al., 1970; Schutz, 1979). This phenomenon
also explains Ihe observed veering of wind direction
with elevation as a result of thermal wind action. This
occurs mainly iD surnmer because a very strong east
ward temperature gradient exists between the ocean
and the African air masses during this season. There
fore thermal wind would be nonhward. So, trajeet
ories belonging to sector 2 could appear in sector 3 at
the 700-HPa leve!. The 700-HPa secondary maximum
observed in sector 3 iD winter agrees with the 850-HPa
pattero and may be partly a result ofthe ob/¡erved cool
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airflows off Ihe Algerian plateau and the Atlas Moun
laíns, whích occur more frequently at tbis tíme ofyear.
The maximum frequencies for sector 4 are ín February
and November, dropping lo almost zero ín summer.

Marine local Irajectories are more frequent in
Ihe beginníng of the spring (16%) and in the autumn
(24%). Conlinental local trajectories are negligible
except ín August and September at the 7()()-HPa leve!.
Curved Irajeclories bave Ihe highest frequency ín
wínter for both leveis because of Ihe persistence of the
Azores anticyc10ne at Ihís lime of Ihe year.

s. SY OPTIC METEOROLOGtCAL PATIERNS

An analysis of bolh 850- and 7()()-HPa synoptíc
weather maps corresponding to Ihe months with

maximum frequencies for each trajectory c1assification
has beeo carried oul to ascerlain the cause of these
common palhways by determining the synoptic pat
terns responsible for them. The choice of Ihese pat
teros was made by sludyíng the rrequency and per
sislence ofthe synoplic sítualíon. So, Iwo meleorologi.
cal synoplic patleros were found as causes of Irajector
íes from sector 1. One ofthem is charaClerízed by a low
pressure system situated over or west of Great Brílain
(Fig. 9a). The olber patlero consists of a semi-slalion
ary low-pressure system isolated from the weslerly
general circulalion and sítuated west of the Iberian
Península (Fig. 9b). It was observed Ihal similar
meteorological patlerns appear ín botb the 7()()- and
850-HPa leveis for trajectoríes comíng from seclor 1
For sector 2, the most imporlanl feature of the synop
tic patlero is a strong anticyclone spread from the

!O N '-------_-----'-----_-------=--,-'-----"_-------L-__~(_=__b-----'---J
60 I,J 40 I,J 20 V o 20 [

Fig. 9(a, b}.
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Fig. 9. Typical synoptie paltems for trajectories surface from (a) sector 1, pallern
J; (b) sector 1, paltem 2; (e) sector 2; (d) sector 3; (e)seclor 4; (l) curved trajectories;

(g) local trajeetories.

Azores IsJands to Greal Britain and a low pressure
syslem over Ihe western Mediterranean Sea. A nor
theaslerly 80w belween botb pressure syslems is es
lablished, bringing air masses from Europe lo tbe
Canary Islands (Fig. 9c). During the surnmer season,
this sítuation is enhanced by a therma! low pressure
system over the Sahara Desert and Iberian Peninsula.
The most rrequent synoptic patlero of sector 3 is a
persistent high pressure system over Spain giving rise
to easterly f10ws over the region (Fig. 9d). In summer,
this meteorological panero at 700 HPa is generally
associated with a thermallow pressure system over the

Iberian Peninsula and Sabara Desert al and below the
8SD-HPa level causing trajeclories from sector 2 at the
latter level (Figs lOa and IOb). It agrees wilh lhe
percentages of sector 2 and ] at botb levels during
summer (see Figs 7 and 8). A high-pressure system
over tbe Sahara Desert can explain mosl of the
trajectories coming rrom sector 4 (Fig. ge). Curved
trajectories are associated witb a strong subtropical
anticyclone sited over Ihe Azores lslands (Fig. 9f).
Non-significant differences have becn found between
synoptic patteros for MLT and CLT categories. Local
trajcctories are produced primarily when the Azores
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anticyclone is siled over the Canary Islands (Fig. 9g).
It causes low pressure gradients and henee, weak
ftows.

Since the re1alive position of pressure systems musl
be the same at 850 and 700 HPa lo cause Ihe same
calegory of back-Irajcclories, only 850-HPa charts
have beeo drawn.

6. SUMMARY ANO CONCLUSIONS

For the first lime a comprehensive sludy of synoplic
condilions affecting Ihe lzaña baseline station has

been performed usíng back-Irajeclories lo characler
ize Ihe air masses arriving al the observalory. The
trajeclory model has been shown lo be very suilable in
describing Ihe ftow c1imalology of lzaña.

Seven calegories were established lo c1assify Ihe
trajcclories. Five-day Irajcclory starting outside a
2000-km radius circle defined long-range transporto
The North Atlanlic Oecan sector was Ihe most fre
quenl origin ofair masses. confirrning Ihe suilabiJily of
the observalory lO measure clean background condi
lions and lo represenl the North Atlanlic area in Ihe
BAPMoN nelwork. The Irade-wind inversion further

AEIAI26:6-J
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isolates the lzaña observatory from local pollution
and lowcrs the probability of arrival of polluted
European air masses al ¡he stinion. A high year·lo
year persistence of sector frequency dislribulion was
observe<!. Sector I trajcetory percentages are max
¡mum in May and mínimum in September. Percenl
ages fOf sector 3 at 700 HPa and fOT sector 2 al
850 HPa peak in summer. Tbis can be explained by
both thermaJ-wind and trade-wind invcesion effecls.

The synoptic meteorological paltcrns Ihal explain
¡he observed tfajeclories were determined. Thesc: pal
lerns confiem the '1ecy importan! ¡nfluence of Ihe
strenglh and posillon of ¡he subtropoical high pres
5Ufe system nonnal1y siluated over the Azores Islands.
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Boulder, CO, for lheir full support and spccially lO
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