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SUMMARY: Spanish Aerobiology Network (REA) includes 22 research groups implied in the biotogical analysis of the air
from.S0 observation sites extended over the lberian Peninsula and Baleares tslands. To offer in-advance information for pol-
len al lergy sufferers, doctors and health authorít ies is one of REA priori t ies. One of our oblectives is the studv of the inf luen-
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and occurrence of pollen in the atmosphere. Nevertheless, to include only wea-

ther parameters is not enough for bui ld accurate forecasts. Field phenology data, vegetation land cover, topography data and
prevÍous aerobiological data should be included in the models. Meteorological condit ions control the start,  duration, intensi-
ty and end of the pollen season, but their effect depends on the different types of vegetation. The biological response of tree
poll ination is highly dif ferentiated from the herbaceous one. Another important pointìs the adaptation oia sivenspecies phe-
nology to dirreieni climatic areas. we showe; iÀ;;lrr;;;;i-;;;";;i;#;;;;;;il';;ffi;i;;;;.";ì;;ffi;";?;
Mediterranean cl imate areas and in the Atlantic cl imate ones of the lberian Peninsula, and the .on..Au*nces on the àevelop-
ment of our forecasting models. Final ly we comment our more recent studies that use geostat ist ic alqori thms as a tool for
including al l  the cited parameters and also space variables as alt i tude, lat i tude and orienàtion to sun.
Key-words: Pollen - Aerobiology - Meteorology - Forecasting - REA.
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I  
n  the  f ie ld  o f  Aerob io logy ,  one o f  the  main  ob jec-

I t i ves  
o f  a  g rea t  number  o f  European research ing

I groups, is to obtain ef fect ive models for  pol len fore-
c a s t i n g  t 1 3 j  a n d  t h i s  i s  a l s o  f o r  t h e  S p a n i s h
Aerob io logy  Network  (REA) .  REA is  the  techn ica l
b r a n c h  o f  t h e  S p a n i s h  A e r o b i o l o g y  A s s o c i a t i o n
(AEA) .  REA compr ises  22  research ing  groups  imp l ied
in  the  b io log ica l  ana lys is  o f  the  a i r ,  the  major i t y  o f
t h e m  b e l o n g i n g  t o  S p a n i s h  U n i v e r s i t i e s .  T h e s e
groups  cont ro l  more  than 50  sampl ing  s i tes  over
Spa in  ( f igure  1) .  The Coord ina tor  Cent re  i s  loca ted  a t
t h e  D e p a r t m e n t  o f  B o t a n y ,  E c o l o g y  a n d  p l a n t
Phys io logy  o f  the  Un ivers i ty  o f  Cordoba.

Aerob io log ica l  s tud ies  a t  the  Un ivers i ty  o f  Cordoba
started in 1982 and from that year,  they have become
a usua l  ac t i v i t y .  In  1992,  some Span ish  Un ivers i t ies
work ing  on  Aerob io logy  dec ided to  jo in  the i r  e f fo r ts
under  the  f rame o f  REA wi th  the  goa l  to  exchange
in fo rmat ion  and to  p romote  na t iona l  and reg iona l
Aerobiology studies and to establ ish a system of
pub l ic  d i f fus ion  o f  a í r  b io log ica l  con ten ts  t131.  Today
REA offers pol len informat ion and forecasts on the

(1 )  f ì p to  Roran ica ,  Eco log ia  y  F i s io log ia  Vege ta l ,  Ed i f .  Ce les t ino
Mut i s  (C4) ,  Campus  de  Rabana les ,  Un ive rs idad  de  Córdoba ,  1407  1 ,
Córdoba  (Spa in )  -  *E -ma i l :  bv lgasoc@uco .es

atmospher ica l  b io log ica l  qua l i t y .  These fo recas ts
have became fundamental  for  the al lergy suf ferers,
doctors,  and heal th author i t ies (2,  7,  12,  15).

METHODS AIUID POPUTATIOIU

Associated REA centres fo l low the same standardized
methodology based on the use of  Hirst  type spore-trap,
the use of  s i l icone f lu id as adhesive for  samples and by
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Figure 1  :  Spanish Aerob io logy Network (REA) moni tor ing
sampl ing s i tes .  The coord inator  cent re  is  located in  Cordoba
(Anda lus ia ,  Sou th  Spa in ) ,
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count ing  four  hor izon ta l  l ines  o f  the  s l ide  under  the
microscope (6 ,  11) .  They  send the i r  da i l y  po l len  da ta
once a week to the coordinator centre which t ransmits
them to the European pol len data bank, EAN/EPl
(European Aeroa l le rgen Network /European Po l len
lnformat ion) located at  Vienna (Austr ia)  (7]r .  Oual i ty
control  is  a pr ior i ty for  the members of  REA (14, 121.

For the development of  REA forecasts,  meteorologi-
ca l  da ta ,  weather  fo recas t ing  supp l ied  by  the  Span ish
Ins t i tu te  o f  Meteoro logy ,  and f ie ld  pheno log ica l  da ta
f rom some p laces  are  used.  Anemoph i lous  spec ies
pheno logy  is  surveyed dur ing  the  f lower ing  season
and pre-season.

RESULTS AilID GOMMENTS

Meteorology and Aerohiolcgy

In aerobio logica l  s tudies the knowledge of  pol len pro-
duction per anther from the dif ferent species is impor-
tan t  in fo rmat ion .  On the  o ther  hand,  po l len  produc-
t ion  by  the  p lan t  depends on  cumula ted  ra in ,  tempe-
ra tu re  and evapo- t ransp i ra t ion .  Aerob io log ica l  p ro-
cesses  compr ise  emiss ion ,  d ispers ion  and t ranspor t ,
depos i t ion  and re -suspens ion .  Weather  parameters
in f luenc ing  them are  d i f fe ren t  ( f igure  2) .  Po l len  emis-
s ion  is  de termined by  the  p lan t  b io log ica l  cyc le  bu t  i t
i s  a lso  s t rong ly  in f luenced by  tempera ture  and photo-
per iod.  In th is process, the capaci ty of  dehiscence of
the anthers has been proved very important,  and i t  is
w h e r e  e n v i r o n m e n t a l  h u m i d i t y  i n t e r v e n e s .  T h e
mechan ism o f  po l len  gra ins  re lease is  usua l ly  pass i -
ve,  except in some except ional  cases l ike Urt icaceae,
Cannabaceae and Moraceae.

In the t ransport  process intervene two phenomena,
the thermal convect ion,  which faci l i tates vert ical  t rans-
por t ,  and tu rbu lences ,  wh ich  t ranspor t  po l len  gra ins
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Figure 2  :  Main aerob io log ica l  processes and meteoro log ica l
parameters  that  cont ro l  them.

both  ver t i ca l l y  and hor izon ta l l y .  Po l len  gra in  t ranspor t
and d ispers ion  in  the  a tmosphere  are  in f luenced by
pol len s ize and densi ty,  but  a lso by atmospher ic stabi-
l i ty ,  wind veloci ty and precipi tat ions.  Pol len deposi t ion
can be dry or wet due to rainfal l ,  and by sedimentat ion
or  impact ion .  Re-suspens ion  process  tu rns  po l len
gra ins  over  to  the  aerob io log ica l  road.  Th is  p rocess
wou ld  exp la in  the  appearance o f  po l len  in  the  a i r  once
f lowering season is over.

Dai ly forecasts

The f i rst  stage to produce a pol len forecast must be to
s tudy  the  po l len  curve  in  o rder  to  de termine the  evo-
lu t ion  o f  da i l y  po l len  concent ra t ion  compared to  the
pr inc ipa l  weather  parameters .  Tempora l  po l len  d is t r i -
bu t ion  shou ld  be  unders tood as  a  t ime ser ies  w i th  a
marked seasona l  charac ter  ( f igure  3) .  The second
stage is  to  de f ine  the  main  po l len  season.  Se lec t ing
the  bes t  method to  ca lcu la te  the  main  po l len  season
depends on  the  pheno log ica l  behav iour  o f  the  p lan t .
There are some methods to def ine pol len season: per-
centage methods  (9 ,  16 ,  28 ,29 ,30)  and da i l y  o r  cumu-
l a t i v e  m e t h o d s  ( 3 , 8 ,  1 8 , 2 2 , 3 1 ,  3 3 ) .  T h e  u s e  o f  p e r -
centages  or ig ina tes  cer ta ín  p rob lems as  the  lack  o f
in fo rmat ion  a t  the  beg inn ing  o f  the  season and the
var iab i l i t y  in  e l im ina t ion  o f  days  accord ing  to  annua l
po l  len  concent ra t ions .

Af te r  a  f i rs t  approach to  po l len  da ta ,  an  ana lys is  o f
cor re la t ion  can ind ica te  the  leve l  o f  assoc ia t ion  be t -
ween the  weather  var iab les  and the  po l len  concent ra -
t ions  in  the  a i r ,  and a lso  i f  the  cor re la t ion  is  pos i t i ve  o r
negat ive .  Prev ious ly ,  i t  i s  impor tan t  to  tes t  i f  the  da ta
are  normal  o r  no t  to  app ly  the  paramet r ic  o r  no t -para-
met r ic  s ta t i s t i cs .  In  Aerob io logy ,  normal  da ta  d is t r ibu-
t ion  is  by  fa r  an  idea l  mode l .  However ,  in  most  cases ,
aerob io log ica l  da ta  do  no t  ad jus t  themse lves  to  a  nor -
m a l  d i s t r i b u t i o n  p a t t e r n ,  s i n c e  a i r b o r n e  p a r t i c l e

conten t  i s  mod i f ied  cons tan t ly  by  ra in ,  w ind ,  and the

Figure 3  :  Example o f  da i ly  po l len,  temperature and ra in fa l l
curve.  Ver t ica l  ar rows ind icate  the s tar t  and end of  the po l len
season.  Hor izonta l  ar rows ind icate  Pre-Peak and Post -Peak
per iods of  the po l len season.
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effect  of  local  topography. For dai ly forecasts,  a sepa-
rate evaluat ion of  the Pre-Peak and post-peak curves
should be study ( f igure,  3) .  Probably,  there are di f fe-
rent weather parameters that  control  them, i .e.  ín the
Medi te r ranean reg ion ,  dur ing  the  spr ing ;  s ta t i s t i ca l
cor re la t ion  ana lys is  fo r  the  who le  season can ind ica te
a negat ive relat ionship wi th temperature.  This resul t
i s  due to  the  own pheno logy  o f  p lan t  tha t  f in ish  the i r
f lower ing  season when tempera ture  is  h igher  (25 ,37) .

To obtain forecast ing models,  the analysis of  regres-
sion is one of  the most used stat ist ic methods.
Weather  var iab les  are  usua l ly  used as  independent
var iab les  to  exp la in  da i l y  po l len  var ia t ions .  A l though
there is a certain autocorrelat ion,  the use of  pol len
data of  previous days can improve the predict ions
(17 ,25 ,37) .  In  any  case,  i t  must  be  no t iced  tha t  ex te r -
na l  va l ida t ion  on  years  no t  inc luded in  the  mode l  i s
essent ia l  to  conf i rm the i r  accuracy  (25) .

For di f ferent taxa and years,  forecast equat ions can
change accord ing  to  b ioc l imat ic  cond i t ions ,  fo r  th is
reason, before performing the regression analysis
severa l  years  can be  grouped accord ing  to  s imi la r
weather  cond i t ions  and po l l ina t ion  in tens i ty .  In  f igure
4, an example of  c lassi f icat ion is showed. l t  was done
by using the K-average cluster analyzes for poaceae
pol len,  regards to weather and pol len data î rom 22
years of  the c i ty of  Cordoba (Spain).  The resul ts gave

three types of  curves with s imi lar  character ist ics and
consequent ly  th ree  types  o f  regress ion  equat ions
were  app l ied  (32) .

C u r r e n t l y ,  N e u r a l  N e t w o r k s  m o d e l s  a r e  b e i n g
employed in  da i l y  po l len  fo recas t ing  (33) .  F igure  5
shows the  d iagram o f  a  s imp le  Neura l  Network
m o d e l .  I n p u t  L a y e r  c o r r e s p o n d s  t o  i n d e p e n d e n t
var íab les .  H idden Layer  inc ludes  var ious  func t ions
l i ke  l inear  o r  s igmoid  regress ion ,  tempora l  ser ies ,  e tc
Last ly,  in the Output Layer represents the predicted
dependent  var iab le .  The advantage is  the  poss ib le
mul t ip le  re la t ionsh ips  be tween the  var ious  s ta t i s t i ca l
funct ions and the varíous levels of  work.  However.  the
mode ls  requ i re  computer  p rogramming o f  d i f fe ren t
software for each taxon in each si te.  Software must
be  t ra in ing  once they  are  f in ished.

In  the  lber ian  Pen insu la ,  weather  parameters  tha t
exer t  an  ín f luence on  da i l y  a i rborne  po l len  change fo r
each taxon and especial ly wi th regard to t rees and
shrubs ,  herbs  and grasses .  Parameters  a lso  depend
on the  c l imat ic  zone.  Tab le  1  p resents  a  summary  o f
the most important parameters for  poaceae and
Ouercus  da i l y  po l len  concent ra t ions  in  th ree  c l imat ic
zones  in  Spa in .  There  are  remarkab le  d i f fe rences :  i .e .
w ind  is  impor tan t  on  the  coas t  a rea  wh i le  humid i ty
negat ive ly  in f luence po l len  concent ra t ions  in  the  wet
c l imate  area  o f  Nor th  Spa in  (10 ,22 ,25 ] t .
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Figure 4 : Year classification of 22 years of poaceae polren
records in cordoba (spain), by using k-average cluster analysis.

POACEAE OUERCUS

Mediterranean Mediterranean j Atlantic Climate l
Inland Climate Coast ; {Eurosiberian I

:Bioclimatic Region

Mediterranean
Coast

i Atlantic Climate
; {Euro"iberian
ÍBioclimatic Region)

Humidity (+) lWind Speed & Direction j  Humidity (-)

iMean T'  (+) Mean T" (+) j  Max T. (+)
i  i  Mean T ' (+ )I  j  tv t t rc i l t  I  l+ ,

il1"*gg
Table 1: Meteorological parameters inf luencing f lowering intensity of Poaceae and Ouercus in three dif ferent
c l imat ic  areas of  Spain .
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Figure 5  :  S imple d iagram of  a  Neura l  Network.
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Seasonal forecasts

Trad i t iona l l y ,  seasona l  fo recas ts  fo r  t rees  are  based
on the  assumpt ions  tha t  the  da te  o f  f lower ing  o f

each spec ies  is  de termined by  i t s  genet ics  bu t  a lso
by  adapta t ion  to  loca l  c l imate  cond i t ions .  A f te r
h a v i n g  s p e n t  a  c h i l l i n g  p e r i o d  d u r i n g  w i n t e r ,  t r e e s
accumula te  a  g iven quant i t y  o f  "use fu l  tempera tu-
re"  fo r  the i r  deve lopment  over  a  de termined th re-
s h o l d .  T h i s  " u s e f u l  t e m p e r a t u r e "  i s  k n o w n  a s

G r o w i n g  D e g r e e  D a y s ,  G D D e .  T h e r e  a r e  m a n y
methods  to  ca lcu la te  them (24) .  One o f  the  most
accura te  i s  tha t  where  the  da i l y  tempera ture  curve
seems to  a  s ine  wave (34) .  GDDn quant i t y  and tem-
pera ture  th resho ld  vary  accord ing  to  spec ies  and
c l imate  and they  must  be  ca lcu la ted  fo r  the  d i f fe ren t
taxa  and b ioc l imat ic  zones  (21 ,  351.  For  herbaceous
p lan ts ,  a l though the  f lower ing  s ta r t  a lso  depends on
tempera ture ,  in  Med i te r ranean c l imates  there  is

another  fac to r  to  be  taken in to  account :  the  ra in fa l l
(32 ,  33) .  Be ing  g iven tha t  tempera ture  cont ro ls  the
f lo ra l  season s ta r t ,  the  g loba l  tempera ture  warming
detec ted  in  las t  years  has  caused an  advance o f  f lo -
wer ing  in  many European spec ies .  l t  has  been espe-
c i a l l y  s t r o n g  i n  S p a i n ,  a n d  e s p e c i a l l y  f o r  t r e e s  ( f i g u -

re  6 )  (18 ,  19 ,  23 ,  25 l ' .  By  us ing  C l imate  Change
mode ls ,  some works  have s tud ied  the  fu tu re  e f fec t

on  po l len  seasons in  Spa in  (4 ,  19 ,  23 ,  251.  The

advance w i l l  be  grea ter  fo r  ear ly  spr ing  t rees  and
m i n i m u m  f o r  h e r b a c e o u s  s p e c i e s ,  d u e  t o  a  m o r e
i m p o r t a n t  r i s e  i n  t h e  w i n t e r  t e m p e r a t u r e s  ( 1 9 ) .

Phenology

The use o f  meteoro log ica l  parameters  to  deve lop
forecast ing models is a very useful  tool ,  but  i t  is  not

enough to  o f fe r  p rec ise  in fo rmat ion .  Weather  cond i -
t ions  cont ro l  the  s ta r t ,  the  dura t ion ,  in tens i ty  and the
pol len season end, but the ef fect  depends on di f fe-

ren t  vegeta t ion  and the i r  loca t ion .  In  base to  a
methodological  point  of  v iew, a forecast ing system
must  inc lude meteoro log ica l  parameters ,  aerob io lo -
g ica l  da ta ,  bu t  a lso  f ie ld  f lo ra l  pheno logy  and vege-

ta t ion  land cover  da ta .  In -s i tu  pheno logy  can he lp  us

to  exp la in  cer ta in  second peaks  occur r ing  ou t  o f  the
main  season wh ich  somet imes cor respond to  second

autumn f lower ings .  l t  i s  a lso  very  use fu l  when seve-

ra l  spec ies  or  genus  are  inc luded in to  a  po l len  type .
We can determine the correspondence between each
peak o f  the  curve  and the  f lower ing  o f  the  var ious

spec ies  (26) .  Le ,  thanks  to  f ie ld  pheno logy  da ta  i t  has
been demonstrated that di f ferent peaks of  the pol len

curve  o f  o l i ve- t ree  in  Cordoba,  cor respond a t  popu la-

t i o n s  l o c a t e d  a t  d i f f e r e n t  a l t i t u d e  t h r o u g h  t h e
Guada lqu iv i r  R iver  va l ley  (37) .

Grs

Geographical Information Systems (GlS) gives us infor-

mation about the vegetation land cover; this information

indicates where the species are and their  abundance'
These data are essential for the pollen map develop-

ment.  Within the GlS, i t  is  a lso possible to combine phe-

nological information with the information of land cover'

f igure 7 shows an example of  the phenology map of

olive-tree flowering in the province of Cordoba (Spain).

Different colours indicate different alt itude olive popula-

tions that f lower at different t ime. This information

makes possible to help us to determine the exact

moment when peaks of the pollen curve wil l take place.

I

Figure 6 : Season start variat ions of Olea pol len at dif ferent
s i tes  o f  Spain  (Galén et  a | . ,2005) .

Figure 7 : GIS map representing dif ferent phenology ol ive
popula t ions f lower ing at  d i f ferent  t ime due to  a l t i tude in  the
prov ince of  Cordoba (Spain) .
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Geostatistics

Most recent studies on aerobiology forecasts use
geosta t is t i c  a lgor i thms as  a  too l  wh ich  inc ludes  a l l  the
already quoted var iables:  meteorology, pol len data
preced ing ,  pheno logy ,  and a lso  space var iab les  such
as  a l t i tude ,  la t i tude  and sun or ien ta t ion  w i th in  GIS (1 ,
20).  Geostat ist ics consist  of  the study of  phenomena
correlated in space or t ime, by means of  a stat ist ical
too l :  the  theory  o f  the  reg iona l i zed  var iab les .  The
pr incipal  stages of  the geostat ist ic analysis appl ied to
the pol len data are:  an analysis of  descr ipt ive stat is-
t i cs ,  the  ca lcu la t ion  o f  the  "var iogram"  wh ich  w i l l
determine the mathematical  funct ion adjust ing i tsel f
best  wi th the data,  the interpolat ion of  data in un-
sampled  s i tes  and the  au tomat ic  c rea t ion  o f  po l len
maps ( f igure  8) .  The deve lopment  o f  th is  too l  wh ich
combines  the  max imum of  p red ic t i ve  var iab les  w i l l
be of  a great interest  for  the homogenisat ion and
improvement of  forecasts and to bui ld automat ic pol-
len maps. External  val idat ion wi l l  be essent ia l  to
prove the rel iabi l i ty  on extended zones.

Figure 8 :  Ol ive concentrat ion pol len map of  Andalusia
Region in a given date of  spr ing by using geostat ist ic inter-
po la t ion  ana lyses .

To inc lude on ly  weather  parameters  i s  no t  enough to
o f fe r  accura te  a i rborne  po l len  fo recas ts .  F ie ld  pheno-
logy data,  vegetat ion land cover,  topography data and
prev ious  aerob io log ica l  da ta  must  be  inc luded in  p re-
v is ion  mode ls .  In -s i tu  pheno logy  da ta  can he lp  us  to
exp la in  cer ta in  second peaks  occur r ing  ou t  o f  the
main  season and they  are  a lso  very  use fu l  when seve-
ra l  spec ies  or  genus  are  inc luded in to  a  po l len  type .

Se lec t ing  the  bes t  method to  ca lcu la te  the  main  po l -
len  season depends on  the  pheno log ica l  behav iour  o f
the  p lan t .  For  da i l y  fo recas ts ,  a  separa te  eva lua t ion  o f
the Pre-Peak and Post-Peak curves should be study.

Temperature controls the f loral  season start ,  especial-
l y  in  t rees ,  the  g loba l  tempera ture  warming de tec ted
in  las t  years  has  caused an  advance o f  f lower ing  in
many European spec ies .

By the combined use of  GIS and Geostat is t ics ,  i t  i s
a l so  poss ib l e  t o  i nc l ude  pheno log i ca l  i n fo rma t i on ,
in format ion of  vegetat ion land cover ,  topography
da ta ,  and  ae rob io l og i ca l  and  me teo ro log i ca l  da ta  t o
ob ta in  i n te rpo la t i on  po l l en  maps  o f  ex tended  a reas
from a restr icted data set.
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