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FORECASTING THE ONSET OF AN ALLERGIC
RISK TO POACTAE IN NANCY ANt} STRASBOURG

(FRANCE) WITH DIFFERENT METHODS

E. Cassagne ( î)  Pr.  D. Cai l laud (2) J.-P. Besancenot (3),  M. Thibaudon (3)

Pollen of Poaceae is among the most al lergenic pol len in Europe with pol len of birch. l t  is therefore useful to ela-
borate models to help pollen allergy sufferers. The objective of this study was to construct forecast models that could predict
the f irst day characterized by a certain level of al lergic r isk cal led here the Start ing Date of the Al lergic Risk (SDAR). Models
result from four forecast methods (three summing and one mult iple regression analysis) used in the l i terature. They were
applied on Nancy and Strasbourg from 1988 to 2005 and were tested on 2006. Mean Absolute Error and Actual forecast abili-
ty test are the parameters used to choose best models, assess and compare their accuracy. lt was found, on the whole, that
al l  the models presented a good forecast accuracy which was equivalent. They were alI  rel iable and were used in order to fore-
cast the SDAR in 2006 with contrasting results in forecasting precision.

Poaceae - Forecast method - Meteorological data - Al lergic r isk.

IIUTRODUGTTOIU

Grass  po l len  is  cons idered to  be  one o f  the  most
impor tan t  aeroa l le rgens  in  Europe (1 )  a f fec t ing ,  fo r
example ,  20% o î  po l len-a l le rg ic  peop le  in  Denmark
and B0% of  po l len-a l le rg ic  peop le  in  France or  in  the
Nether lands  (2 ) .  A  mean ca lendar  o f  the  po l len  sea-
son is of ten used for forecast ing of  the Start ing Date
o f  the  A l le rg ic  R isk  l inked to  Poaceae (SDAR) .  Because
of the high var iabi l i ty  of  the SDAR from one year to
the next,  th is calendar is not adapted for an accurate
predict ion.  Many models were produced to forecast
the  SDAR us ing  on ly  tempera tures  l i ke  the  Growing
Degree Days  (GDD) ,  the  Le jo ly -Gabr ie l  and the  O,o
sum methods presented in th is paper.  But,  in the case
of Poaceae, rainfal l  is  a lso a s igni f icant factor in the
pred ic t ion  o f  the  s ta r t ing  da te  o f  po l l ina t ion  (3 )  and
this parameter is general ly associated with tempera-
tu re  in  a  mu l t ip le  regress ion  ana lys is  (4 ) .  Th is  las t
method is chosen too in order to predict  the SDAR in
Nancy  and St rasbourg .  Wi th  regress ion  ana lys is ,  in
add i t ion  o f  tempera ture  and ra in fa l l ,  we can in t rodu-
ce  re la t i ve  humid i ty ,  sunsh ine  dura t ion  and under -
ground temperature.  These three last  meteorological
data were previously used to forecast the start ing
date of  pol l inat ion of  other herbaceous plants l ike rag-
weed (5).

(1 )  C[ r . " t  
" t  

Santé ,  Cent re  d 'Ep idémio log ie  de  Popu la t ion ,  Facu l té
de Médec ine  -  BP 87900 -  21079 D i jon  (France) .
(2 )  Responsab le  sc ien t i f ique  du  pro je t  -  CHU Clermont -Fer rand,
Hóp i ta l  Gabr ie l  Montp ied ,  Serv ice  de  Pneumolog ie ,  rue
Monta lember t ,  F -63003 C lermont -Fer rand (France) .
( 3 )  R N S A  ( R é s e a u  N a t i o n a l  d e  S u r v e i l l a n c e  A é r o b i o l o g i q u e )  -

C h e m i n  d e s  G a r d e s  -  6 9 6 1 0  S a i n t  G e n i s  I ' A r g e n t i è r e .

MATERIALS AIUID METHODS

Climate and pol len monitor ing s i tes

Nancy and Strasbourg are located in the north-eas-
tern part  of  France; they are character ized by a c l ima-
te wi th cont inental  inf luences. Nancy is s i tuated at
2 1 2  m  a b o v e  s e a  l e v e l  ( 4 8 ' 4 1 '  N ,  6 " 1 1 '  E )  a n d
St rasbourg  a t  142 m (48"35 '  N ,  7o45 '  E) .  In  Nancy ,
mean tempera tures  fo r  January  and Ju ly  a re  approx i -
mate ly  1 .2"C and 18oC respec t ive ly ,  mean annua l  ra in -
fa l l  i s  about  759.3  mm and mean annua l  dura t ion  o f
s u n s h i n e  i s  1 6 5 1 . 5  h o u r s  ( 1 9 6 1 - 1 9 9 0  a v e r a g e ) .  A s
regards to Strasbourg mean temperatures are 0.9 'C
f o r  J a n u a r y  a n d  1 9 . 1 ' C  f o r  J u l y ;  m e a n  a n n u a l  r a i n f a l l
and  the  amount  o f  sunsh ine  recorded annua l ly  a re
lower  than Nancy  va lues  (610.5  mm and 1636.9  hours
respect ively) .
The po l len  gra ins  were  sampled  by  Lanzon i -H i rs t - type
(6)  vo lumet r ic  t raps  p laced on  the  roo f  o f  the  Facu l t ies
o f  Med ic ine  o f  Nancy  and St rasbourg ,  18  and 50  m
above ground level  respectívely.  They were cal ibrated
to  hand le  a  f low o f  10  l i t res  o f  a i r  a  minu te ,  wh ich
rough ly  cor responds to  human brea th ing ,  and a  bu i l t -
in  vane ensured tha t  they  were  permanent ly  o r ien ted
in  the  d i rec t ion  o f  the  w ind .  Po l len  gra ins  sucked in to
the  t rap  impacted  on  a  cy l indr ica l  d rum covered by  a
p las t ic  f i lm coated  w i th  a  un i fo rm layer  o f  s i l i cone
solut ion and rotated by 7-day clockwork at  a speed of
2  mmlh  (7 ,  8 ) .  The methodo logy  employed is  com-
mon for th is type of  sampl ing.  Every week, the str ip
was removed and cut into seven equal  segments cor-
responding to the 7 days of  the week. Each segment
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was mounted between sl ide and coverglass.  Then i t
was  examined by  l igh t  mic roscopy  and po l lens  were
counted  on  2  o r  3  equa l -d is tanced hor izon ta l  l ines .
The resul ts were expressed as the number of  poi len
gra ins  per  cub ic  met re  o f  a i r .

Grass pol len data

Grass pollen data were supplied by the French aerobio-
logical network (RNSA) which managed 59 pollen traps
in 2006. This study used two historical databases of 19
years for Nancy and Strasbourg; the dataset ranged from
1988 to 2005.
Various thresholds were found in l iterature in order to
define the starting date of pollen season. For example
Laaidi (4) used a relative threshord those origin is graphi-
cal (9). lt corresponds to the day when the daily pollen
concentration first reaches 1o/o of the annual sum, the
accumulated concentration up to this day being at least
5% of the same annual  sum. This procedure el iminates
the long tails of very low values at the start of the season,
which may not accord with local phenology (4). But these
relative thresholds, inevitably, correspond to different
counts according to the inter-annual variabil ity of pollen
amounts. This method is, therefore, not very suitable for
a forecast intended for allergy sufferers. Furthermore
missing values were found in the Nancy and strasbourg
datasets during the grass pollen season, so total grass
pollen amounts could not be known for some years. In
England, a Threshold 30 method was used (10) which is
defined as the first day when the pollen count is greater
than or equal to 30 grains/m3. This method is baseo on
the results of several clinical studies that indicate that this
is the average concentration at whích hay fever patíents
are l ikely to experience symptoms (11, 12).
In France, the RNSA has developed a risk index for each
al lergenic pol len (13, 14).  This index ranges from 0 (no
rísk) to 5 (very high level of risk). For Nancy and
strasbourg, we chose the first day when the daily avera-
ge Poaceae pollen count reached 10 grains/m3 followed
by a four-day per iod which reached, at  least ,  40
grains/m3. Moreover, three days of the total five-day per_
iod had to reach the daily average threshold. Ten
grains/m3 correspond to level 3 in the risk index applied
to Poaceae (medium risk) and the following conditions
have the advantage of eliminating isolated days when
the dai ly average grass pol len count reached the
medium r isk  leve l .

Meteorological  data

Meteorological  data were suppl ied by Météo France.
The fol lowing var iables,  f rom the si tes of  Nancy_Essey
and Strasbourg-Entzheim, were used for th is study:

.  m in imum,  max imum and mean da i l y  tempera tures .

.  da i l y  ra in fa l l .

.  da i l y  sunsh ine  dura t ion  ( in  minu tes) .

.  minimum, maxímum and mean dai ly relat ive humidi ty.
In  add i t ion  to  these c lass ica l  meteoro log ica l  parame-
ters,  the number of  days with rainfal l  (above or equal
0 .1 ,  1  and 5  mm respec t ive ly ) ,  the  number  o f  days
where  min ímum,  max imum and mean tempera tures
were  lower  than 0 'C and the  tempera ture  10  cm and
20 cm under  g round were  inc luded.
In l i terature the use of  10-day per iods or decade-of-
days is a standard method employed in meteorologi-
ca l  and aerob io log ica l  works  (15 ,  16 ,  17 ,  19 ,  19 ,  20)
bu t  many o f  these per iods  are  over lapp ing  two
months;  the reading is,  consequent ly,  not  very pract i -
cal .  To a straightforward reading we chose fortnight ly
per iods ,  based on  month ly  d iv is ion ,  wh ich  are  the  fo l -
low ings :  1  to  15  January  (symbol ized  by  01a) ,  16  to  31
J a n u a r y  ( 0 1 b ) ,  1  t o  1 4  F e b r u a r y  @ 2 a l , 1 4 t o  2 g  o r  2 g
February (02b1, 1 to 1S March (03a),  16-31 March
(03b) ,  1  to  15  Apr i l  (04a)  and 16-30 Apr i t  (04b) .
Varíables were taken from 1 January because this is
the onset date used in papers about grass pol len fore-
cas t  (10 ,21) .  The ear l ies t  SDAR occur red  a t  the  beg in-
níng of  May, therefore meteorological  parameters
recorded af ter  the 30 Apr i l  were excluded.
Because of  the di f ferent lengths of  these per iods,  al l
the factors were converted in for tn ight ly and monthly
averages .  Because o f  the  var iab le  length  o f  the
second fortnight of  February,  the number of  ra infal l
days and negat ive temperatures days were taken over
from the frequency of  these days dur ing the under
cons idera t ion  per iod .

Forecasting methods

Three temperature accumulat ion methods are pre-
sented in th is part :
È Growing Degree Days (GDD) method was develo-
ped,  o r ig ina l l y ,  fo r  the  ca lcu la t ion  o f  heat  un i ts  in  pes t
management (221. Degree-days are calculated by a
s i n g l e  t r i a n g l e  a n d  a  s i n g l e  s i n e  m e t h o d .  M i n i m u m
and max imum tempera tures  are  accumula ted  depen-
d ing  on  an  upper  and a  lower  th resho ld .  Many com-
binat ions are therefore possible according to the posi-
t ion  o f  min ima and max ima in  re la t ion  to  va lues  o f
the two thresholds.  Many papers used the tr iangle
method, or the s ine one, in order to predict  the star-
t ing date of  pol len season of  d i f ferent specíes l ike
ol ive t ree (23) and oak (24, 2Sl.  But authors only used
the lower threshold,  according to a paper of  Snyder ef
a/ . ,  because: " i t  was assumed that development is
neg l ig ib le  when the  tempera ture  is  be low the  lower
th resho ld  and tha t  there  is  no  fu r ther  inc rease in
developmental  rate when air  temperature is above an
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upper threshold temperature" (26).  GDD are calcula-
ted  as  fo l low ing :
. G D D = 0 w h e n x > T x .
. w h e n T n < x < T x .
. w h e n x c T n .
.  Tn, Tx,  Tm = minimum, maximum, mean temperature;

x  =  th resho ld  tempera ture .
>  Le jo ly -Gabr ie l  method [9 ]  i s  a  s imp ler  vers ion  o f
GDD method.  Or ig ina l l y ,  mean tempera tures  are
accumula ted  above a  cer ta in  th resho ld ,  bu t  the  use  o f
maximum temperature appeared to be more ef f ic ient
to  p red ic t  the  beg inn ing  o f  the  po l len  season l inked to
the  appearance o f  an  a l le rg ic  r i sk .  Th is  method is ,
above a l l ,  used in  French pub l ica t ions  (4 ,  27 ,28 Ì ' .The
formula  is  the  nex t  one:
.  when Tx > x.
. Tx = maximum temperatur€, X = threshold temperature.
È Olo is,  or ig inal ly,  a not ion which corresponds to a
constant for  g iven vegetal  specie.  Analogical ly wi th
Van't Hoff 's law in chemical kinetic, O10 (t) is identif ied to
the existing l ink between the growth speed for T tempe-
rature and those would be observed for the temperatu-
re T+10'C. O,,o sum method, which results from it,
a l lows the growth and development of  a plant to be
adjusted to an exponent ia l  temperature law [4] .  l t  cor-
responds, there, to the "Warm Effect" (WE) method
(29),  gsnsral ly used in French art ic les notably for  the
Poaceae forecast (4, 30), which formula is the next one:
. WE = Q,,Orn/to + Oror*/tO
.  Tn ,  Tx  =  min imum,  max imum tempera ture .
Cont ra ry  to  GDD and Le jo ly -Gabr ie l  methods ,  where
tempera tures  are  summed above a  cer ta in  th resho ld ,
the  O. ,o  sum method g ives  us  the  ab i l i t y  o f  us ing  a l l
the temperatures of  the per iod preceding SDAR.
In order to forecast the SDAR from many meteorolo-
g ica l  da ta  l i ke  tempera ture ,  ra in fa l l  o r  re la t i ve  humid i -
ty ,  l inear  mu l t ip le  regress ion  ana lys is  i s  the  most
appropr iate method (4,  5) .  A forward stepwise mul-
t ip le  regress ion  was app l ied  on  a l l  the  meteoro log ica l
data of  each fortnight ly per iod;  the most non-col inear
signi f icant correlated var iables wi th SDAR, at  a p level
of  0.05, were establ ished. The operat ion was therefo-
re repeated eight t imes (once for each fortnight ly per-
iod  f rom the  1" 'January  to  the  30 'n  Apr i l ) .
Var iables selected by each forward stepwise regres-
s ion  were  inc luded in  a  s tandard  l inear  mu l t ip le
regression as the next example:
'  SDAR = olX1 + a2x2 + . . .  + b.

STAIUIDARIDS OF GHOIGE
OF BEST IUIOIDELS

GDD and Le jo ly -Gabr ie l  methods  cons is ts  o f  cumula-
t i ve ly  summing the  da i l y  average va lues ,  pecu l ia r  to
each method, f rom a stat ist ical ly determined date,

above a  thermal  th resho ld  and un t i l  the  SDAR pre-
viously calculated. Several  dates were tested in order
to determine the best one for start ing the sum calcu-
la t ion .  These da tes  ranged f rom 1  January  to  30  Apr i l ,
in steps of  one day. Di f ferent thermal thresholds,
above which the dai ly temperature is ef fect ive,  were
also tested, f rom 0 to 20'C, in steps of  0.5"C. The
same process was appl ied for  the O,,6 sum method
but,  instead of  thermal thresholds,  d i f ferent Oro coef-
f ic ients were tested from 1 to 12, in steps of  0.1.
The best start ing date and the more appropr iate thre-
sho ld  were  those tha t  min imized the  Mean Abso lu te
Er ror  (MAE)  wh ich  is  a  good ind ica tor  o f  mean er ro rs
o f  p red ic t ion .  The MAE is  ca lcu la ted  as :
. \ , 1 . , \ t  = ' F . - i

.  N  =  Number  o f  observa t ionsx  =  es t imated va lue ;
i ,= predicted value.

In the case of  several  date/ threshold combinat ions
wi th  the  same MAE va lue ,  those tha t  min imized the
Root  Mean Square  Er ror  (RMSE)  were  chosen.
A s  r e g a r d s  l i n e a r  m u l t i p l e  r e g r e s s i o n  a n a l y s i s ,
var iables selected by each forward stepwise regres-
s ion  were  inc luded in  a  s tandard  l inear  mu l t io le
regression. They were resul ted f rom di f ferent per iods
and there fore  they  were  phys ica l l y  independent
because maximum temperatures of  the second fort-
n igh t  o f  Apr i l ,  fo r  example ,  cou ld  no t  be  pred ic ted
accordíng to mean relat ive humidi ty of  the f i rst  for t -
n ight of  February.  But,  in most cases, a stat ist ical
mult i -col inear i ty,  which af fects the qual i ty of  models,
exists between these var iables.  In order to compensa-
te for  th is,  the use of  an Actual  forecast abi l i ty  test  (Af

test)  is  appropr iate.  This test  is  stemmed from the
coeff ic ient  of  determinat ion (RQ) which takes into
account  the  number  o f  var iab les  used and the  num-
ber  o f  ava i lab le  observa t ions .  Smal le r  the  gap be t -
ween Af value and R'  is ,  bet ter  the model is.
The Af test  is  calculated as:
.  Af  = É-2t(M/N) +(1-r ' ' t l l (1 -M+N).
.  R2 = coeff ic ient  of  determinat ion;  M = number of

var iables in the equat ion;  N = Í ìurnber of  observat ions
There fore ,  on ly  the  var iab les  w i thout  mu l t i -co l inear i -
ty were kept in the equat ions of  regression. These
var iables were, of  course, s igni f icant ly correlated with
SDAR at a p level  of  0.05.

RESUTTS

SDAR for each town and each year are presented in
Tab le  1  in  number  o f  days  f rom l "  January .  In  Nancy
the  average SDAR is  approx imate ly  on  10 'n  May (day

130 f rom l "  January)  fo r  a  no- leap year  (9 'n  May the-
refore for  a leap year) .  The standard deviat ion reaches
5.96 days. The ear l iest  SDAR occurred on 2no May in
1999 and 2003 and the  la tes t  in  1991 (23 'o  May) .
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The average SDAR occurs 3 days later in Strasbourg
i 'e '  the 13'h May for a no-bissext i re year which corres-
ponds to  the  133,d  day  f rom 1 . .January .  The s tandard
deviat ion reaches 5.20 days. The earr iest  sDAR took
place on 4,h May in 2003 and the latest  in 1996 on the
142 'd  day  o f  the  year  (21" ,  May) .
According to the r4l test  of  shapiro-wirks,  which eva-
luates the normari ty of  a distr ibut ion,  the ser ies of
SDAR of Nancy and Strasbourg presented a Gaussian
d is t r ibu t ion  w i th  p  varues  o f  0 .1454 and 0 .6611 res-
pect ively.  so,  in th is case, the comparison between
the two ser ies courd be done with the f  test  of
student,  and l inear correrat ion between data of  Nancy
and strasbourg courd be rear ized. The p varue of  the t
test  were 0 '162 and the coeff ic ient  of  correrat íon rea-
ched a  va lue  o f  0 .7g  (p<0.001) .  So SDAR o f  Nancy  and
Strasbourg were stat ist ical ly s imi lar ,  despi te a gap of
2.7 days between both averages, and fol lowed the
same t rend dur ing  the  lggg_2005 per iod .
Fol lowing the determinat ion of  the start ing Date of
the Al lergic Risk for  each stat ion,  the next resurts pre-
sented were resurted from moders estabr ished from
1988 to 2005'  The year 2006 was der iberatery removed
of the development of  models in order to test  the
accuracy of  the di f ferent models in a forecast ing
context.
The best combinat ions between date and threshord in
order  to  min imize  the  mean absoru te  e r ro r  fo r  the
three  cumula t ive  methods  are  g iven in  Tab le  2 .
we can not ice that  the start ing dates are rate and ar l
occur dur ing the second part  of  Apr i l  except for  GDD
method in strasbourg.  The rat ter  we start  the sum-
ming, the better are the forecasts.  Threshords are
var ious but they are almost ident ical  for  the Lejoly_
Gabr ie l  method.
Mean Abso lu te  Er ror  (MAE)  and Root  Mean Square
Error (RMSE) associated to the date/ threshold emer_
ging from Table 2 are presented in Table.
Al l  the models present a good accuracy wi th a mean
absolute error rower than 2.5 days. we can not ice,
here ,  tha t  Le jo ly -Gabr ie l  i s  the  bes t  cumula t ive
method to predict  the SDAR in Nancy and O,,o method
is the most accurate for  Strasbourg.  But,  overal l ,  the
resu l ts  a re  equ iva lenu a l l  the  methods  are  va l id  even
they were elaborated according to di f ferent processes
and hypothesis.
A s  r e g a r d s  l i n e a r  m u l t i p l e  r e g r e s s i o n  a n a l y s i s ,
var iables s igni f icant ly correlated with SDAR at a p
level  of  0.05 are col lected on Table 4.
The main character ist ic of  th is tabre is the impor-tant
rule played by the var iabres of  the second fortnight of
January in Nancy and Strasbourg.  Temperature and
rainfal l  are s igni f icantry and negat ivery correrated with
SDAR. Ear ly SDAR seems to be l inked to mí ld tempera_
tures  and ra iny  weather  dur ing  th is  per iod .
Temperature is the most recurrent var iabre and has the
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same inf luence for al l  the per iods where i t  appears:
.  negat ive correlat ions wi th thermal values.
'pos i t i ve  cor re ra t ions  w i th  number  o f  days  where

tempera ture  (min imum,  max imum or  mean)  a re
lower  than 0 .C.

Two equat ions,  where the gap between R2 and Af test
values are minimized, are resurted from these correla-
t ions :
' sDARrvnNCy = 1.059*T0_0îb - 1.30g*Tn_04b + 131.622
R2 = 0.7724 (p < 0.001 )  Af  = 0.7326 MAE = 2.2g RMSE
= 2 .77
'  SDARsTRASB.,RG = 0.7gg*T0_01b + 1.120*T0 03a +
127.790
R'z  =  0 .5794 (p  =  0 .0015)  A f  =  0 .5168 MAE = Z .g2  RMSE
= 3 .30
T0 = number of  days where mean temperature is
lower  than 0"C;  Tn  =  min imum tempera ture ;01b =  16_
31 January ,  03a =  01-15 March ;  04b =  16_30 Apr i l
Mean Absolute Error associated to these equat ions is
a l i t t le upper than MAE of models resurted from
cumulat ive methods. However,  the accuracy is good
especial ly for  Nancy. we can not ice that  the use of  the
Actual  forecast abi l i ty  test  conducts to equat ions wi th
only two predict ive var iabres which are not af fected
by mult i -col inear i ty.

2OOO forecasts

In 2006, the Start ing Date of  the Al lergic Risk (SDAR)
occurred on the 12th of  May in strasbourg and on the
15th of  May in Nancy. The di f ferent moders presented
before are used to predict  the SDAR for th is year.
Resul ts are presented in Table 5.

The sDAR forecasted ín Nancy arways occurs before
the observed SDAR with a qui te large gap, upper than
one week,  fo r  mode ls  resu l t ing  f rom cumula t ive
methods'  Resul ts are contrast ing ín strasbourg wi th
very accurate forecasts using models of  Lejoly_
Gabr ie l  and 010 method,  wh i le  the  SDAR pred ic ted
by the two others occur later than the real  one. In
order to in i t iate a prevent ive t reatment against  pol len
al lergy,  too ear l ier  forecasts (however wi thout large
gaps)  a re  less  pre jud ic ia l  than too  la te r  ones .

IDISGUSSION AIUD CONGTUSTOIU
Dif ferent methods were presented in th is paper and
their  main character ist íc was their  equivarent forecast
abi l i ty  wi th a sími lar  accuracy demonstrated by the
use of  the Mean Absolute Error.  Recent ly,  a study of
Laaidi  was done upon the forecast of  poaceae for four
Burgund ian  s ta t íons  (4 )  dur ing  the  per iods  1996_1g9g
(Montbard ,  D i jon  and Màcon)  and 1gg5_1g9g (Cha lon_



year NANCY STRASBOURG
1 988
1 989
1 990
1 991
1992
1 993
1 994
1 995
1 996
1 997
1 998
1 999
2000
2001
2002
2003
2004
2005

128
134
1 3 3
143
134
125
129
125
142
1 3 1
129
122
123
128
1 2 7
122
132
1 3 0

127
t ó z

1 3 3
141
l ? 6

1 3 5
128
t z l

142
l ? q

1 3 0
1 3 0
126
42,4

133
124
1 ? A

140
averaoe 129 ,83 132.5

o
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Table 1: Start ing Dates of the Al lergic
Risk in  Nancy and St rasbourg (number
o f  days  f r om 1s t  Janua ry ) :  annua l
va lues,  average and s tandard dev ia t ion.

Table 2: Start ing dates of summing temperatures, thresholds and sums to reach
in order to forecast the Start ing Date of the Al lergic Risk of the most accurate
models  for  each cumulat ive method and each s ta t ion (1983-2005) .
GDD = Growing Degree Days method.  Le jo ly-Gabr ie l  and e10 are the name of
the other  ones.

Table  3 :  Mean Absolu te  Error  (MAE) and Root  Mean Square Error  (RMSE),  in
days,  cor responding to  date/ threshold  combinat ions o f  each cumulat ive
method presented in Table 2 (1988-2005).

1
t

Table 4: Signif icant correlat ions between fortnightly meteorological variables and the
Start ing Date of the Al lergic Risk at the 0.05 level.

method date threshold sum

NANCY
GDD 21 Aortl 7"C 107 .86 'D

Leiolv-Gabriel 24 April 16 .5 'C 195 .74"C
Q t o 21 April 5 .7 646.86 units

STRASBOURG
GDD 'l 8 February 0'c 81  5 .1  4 'D

Leiofy-Gabriel 29 April 17"C 215.42'C
Q r o 30 April 4 . 1 315.78 uni ts

method MAE RMSE

NANCY
GDD 1 . 6 5 2 . 1 9

Lejoly-Gabriel 1 . 4 7 2.74
Q r o 1 . 8 2 2.74

STRASBOURG
GDD 2.24 3.43

Lejoly-Gabriel 2.40 2.67
Q r o 1 . 7 6 2.29

station var iable per iod siqni f icance

NANCY

rainfall
rainfal ldays > 0 mm

rainfal ldays > 0.9 mm
rainfal ldays > 4.9 mm
minimum temperature
maximum temperature

mean temperature
number of days where minimum

temperature < 0'C
number of days where maximum

temperature < 0'C
number of days where mean

temperature < 0"C
ground temperature ( -10 cm)
ground temperature ( -20 cm)

minimum relative humiditv

16-31 January

-0.4715
-0.5299
-0.4733
-0.5357
-0.6466
-0.7063
-0,6874

0.6998

0.6526

0.7727

-0.5765
-0.s413
0.4864

number of days where maximum
temperature < 0'C

number of days where mean
temperature < 0'C

ground temperature ( -10 cm)
ground temperature ( -20 cm)

01-14 February

0 .5114

0.4731

4.479
0.4973

minimum temoerature 16-30 Apri l -0.5772

STRASBOURG

rainfal ldays > 0 mm
rainfal ldays > 0.9 mm
maximum temperature

mean temperature
number of days where minimum

temperature < 0"C
number of days where maximum

temperature < 0"C
number of days where mean

temperature < 0"C

16-31 January

-0.4833
-0.5531
-0.5025
-0.4905

0.6166

0.5457

0.6443

number of days where maximum
temperature < 0"C

15-28 (29) February 0.5172

minimum temperature
number of days where mean

temperature < 0"C
01-15 March

-0.4743

0.5475
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sur-Saóne) where forward stepwise regression analy_sis '  Lejory-Gabrier and o10 methods were used. Asregards models which resul ts f rom Lejoty_éOrietmethod, Mean Absolute Error vafues ranges from0.33 day (Montbard and Màcon) to 3 days (Di jon).  Asfor 010 method, models give the exactfy start ing dateof Poaceae season for three si tes except for  Chàlon_sur-Saóne where MAE is equal  to 3 days. The compa_rison between these data and Nancy and StrasOorrnis ímpossibre because of  the di f ferences in ser iesfengths and geographical  locat ion.  However,  for  thefour s i tes taken as a whole,  MAE l inked to each cumu_lat ive method is globaf ly s imifar and shows their  equi_valent abi l i ty  in forecast ing the SDAR; a fact  which isconf i rmed in tha n a lys is *u, '"",.,ffi 
'J,ffi 

; [1'H "1J;,rJ;.r::Tdata and the four per iods were grouped together in afictive 13-year dataset because of tr," smat size of thesamples in each si te (4).  MAE of the equat ion resul_t ing f rom this dataset is 4.S4 days. These qui te badresul ts might come from the process used and putforward that modet accuracies'are better when theyare elaborated from dataset of one site.
The parater estabr ished between our resufts and thestudy upon Burgundian sí tes al lows ver i fy ing that di f_ferent types of forecast methoJ, 

"un 
be used withsimi lar  resul ts.  Muft ipfe regression is as rer iabre asthe  more  c lass ica l  . r , .n r ] r t iu "  methods  bu t  i t sapproach is di f ferent wi th using other meteorologicaldata than air  temperature.

The main object ive of  th is paper was to constructforecast moders from different methods and severalmeteorological  var iables.  Using underground tempe_rature,  number of  days of  ra in ia i l  or  numbe, oi  ory,where air  temperature is betow 0"C is an uncommonapproach. The use of  winter averages of  the NAO(Northern At lant ic Osci l lat ion),  not  tested here,  seemsas we'  to be usefur in the forecast of  poten counts(10, 12).  This is probabfy a room for fur ther invest iga_tion in the SDAR forecast.
The. abi l i ty  to predict  the f i rst  day when occurs amedium-level  a l lergic r isk for  poaceae up to onemonth and hal f  before the 'DAR wit  be of  assistanceto the medical  profession, including al lergir i ,  Junn ing  t rea tment  and phys ic ians  scheduf ing  c l in ica lt r ia ls.  Such informat ion wi l l  atso be usefuf  for  phar_

N A N N V
GDD method

Lejoly-Gabriet method
Q1s method

linear multiple regression

7 May (- 8)
6 M a y G 9 )
6 May (- s)
11 May (- 4)

Ù I f\AI'È'gUFIG_-
19 May 1+ t'1
12Mav e)
11 May (- l )

20 May (+ 6y
Tabre 5: predicted start ing Date of the Atergic Risk in zooo'-and gap' in days' between predicted and observed varue foreach cumurative method piur"niuo-i , i r"ot" 2 andthe r inearmul t ip le  regress ion.
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maceut ical  companies and the heal th care industrythat market and stock hay fever t reatments t191.Acknowledgements; This work was done as part of adoctoral  thesis supported by ADEME and RNSA. Theauthor thanks Météo France and RNSA, who suppl iedthe meteorological  and pol len data respect ively.
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DINING OUT POSES HIDDEN DANGERS FOR FOOD-ALLERGIC PATRONS

ARLINGTON HEIGHTS, lL -  A survey of  restaurant and food establ ishment personnel  reveals
that for  food-al lergic consumers,  d in ing out may be a greater r isk than they real ize.  The f i rst-of-
its-kind study was published this month in Annals of AIlergy, Asthma & lmmunology, the scien-
t i f ic  journal  of  the American Col lege of  Al lergy,  Asthma and lmmunology (ACAAI).
Ryan Ahuja and Scott  H. Sicherer,  M.D.,  of  The El l iot  and Roslyn Jaffe Food Al lergy Inst i tute,
Mount Sinai  School  of  Medicine, New York,  N.Y.,  found that food-al lergy t ra in ing was reported-
ly conducted in only 42 percent of  personnel  at  100 restaurants and food establ ishments.
Whi le approximately 90 percent of  managers,  servers and chefs reported varying degrees of
"comfort"  wi th providing a safe meal,  numerous misconcept ions were disclosed. For example,
restaurant personnel  reported that consuming a smal l  amount of  a l lergen is safe (24 percent) ;
f ryer heat destroys al lergens (35 percent) ;  and, removal  of  an al lergen from a f in ished meal was
safe (25 percent) .
Food al lergy registr ies indicate that  react ions in restaurants accounted for up to 25 percent of
accidental  exposures in persons with peanut and tree nut al lergies,  and 15 of  32 percent of  fatal
react ions to foods began from food obtained in a restaurant or food establ ishment.
Dr.  Sicherer emphasizes that the discrepancy between high comfort  in preparat ion of  a safe
meal and def ic i ts in knowledge about food al lergy found in th is study carr ies important lessons
for restaurants and consumers.
"Food preparers should fami l iar ize themselves with issues relevant to food al lergy,  including
cross-contact  of  a l lergens with safe foods,"  he said.  "The food-al lergic diner must c lear ly dis-
c lose  the i r  a l le rg ies ,  ensure  there  is  a  c lear  l ine  o f  communica t ion  w i th  the  peop le  mak ing  the
food, and remind the staf f  about problems with cross contact ."
He also recommends carry ing emergency medicat ions,  avoiding dishes or restaurant s i tuat ions
that are l ikely to be problemat ic (such as buffets and sauces) and suggests al lergic diners have
a wri t ten "Chef Card" l is t ing their  a l lergies which can be handed to the restaurant staf f  for  star-
t ing a conversat ion to better ensure a safe meal.

Pat ient  in format ion on a l lerg ic  d iseases inc lud ing food a l lergy is  ava i lab le  by ca l l ing the ACAAI  to l l  f ree
number at (800) 842-7777 or visi t ing i ts Web site at www.acaai.org <http: l lwww.acaai.orgl>. For food al ler-
gy patient information or support,  cal l  the Food Allergy and Anaphylaxis Network (FAAN) at (800) 929-4040
or visit on I i ne at www.fooda I lergy.org <http:i/www.fooda I le rgy.org/>.
The Amer ican Col lege of  A l lergy,  Asthma and lmmunology (ACAAI)  is  a  profess ional  medica l  organizat ion
headquar tered in  Ar l ington Heights ,  l l l . ,  that  promotes exce l lence in  the pract ice o f  the subspec ia l ty  o f  a l le r -
gy and immunology.  The Col lege,  compr is ing more than 5,000 a l lerg is ts- immunolog is ts  and re la ted heal -
th care professionals, fosters a culture of col laboration and congenial i ty in which i ts members work toge-
ther and with others toward the common goals of patient care, education, advocacy and research.
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