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the Flowering to Fruit-Set period (PFs). In order
to verify the thresholds where the daily diffe-
rence between the PEM and their superior
(d,,=d-§) and inferior asymptotes (d,,=0-5)
were significant, a one-sided t-test modality
was used at the 5% level. The Regional
Pollen Index (RPI), used in the forecast
models, was calculated from the sum of the
pollen obtained during the MPP (Fig. 1). The
Inflection Point (IP) separates an interval at
the rate of pollen increase with exponential
type of an interval with decreasing increments
of the pollen emission in the region. The
abscissas IP and (%, + 20 days), define the
days which comprise the PFs (Fig. 1). In this
work the IP_is called the regional mean
derived flowering date.

POST-FLOWERING CONDITIONS

To examine the role of meteorological
conditions during the period ranging from
flowering to fruit-set in the regional
production levels, we rely on a qualitative
variable (Fs), that assumes three categories
(Cunna, 2001): 1 (favourable meteorological
conditions), 0 (unfavourable) and —1 (very
unfavourable) that correspond to the
meteorological conditions in the PFs [IP, (+20
days)] (Fig. 1).

The overall regional effects of disease
(ED) rating used in this study are scaled at
three levels: O for the years when no disease
problem occurs, 0.5 corresponding to severe
but localised diseases and 1 as a catastrophic
year with severe outbreaks generalised in
the region (Cunma, 2001).

To evaluate the overall effect of the post-
flowering conditions on crop size, we used
the data of Wine Yield after Processing
(WYP: L/1000kg), obtained by region, from
production companies that are known to
maintain consistent wine production
techniques during the sampling period.
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AEROPALYNOCLIMATOLOGICAL FORECAST
MODELS (APFM)

Concerning both VVR and Bairrada re-
gions (ri) a regression model was fitted by
stepwise method: (PRD, /WIP =B, +B, RPI_
+f, Fs,+B, ED, +e). As independent varia-
bles in the forecast models, we tested
declared regional wine production (PRD) and
regional wine production corrected by WYP
(PRD/WYP), whereby we can evaluate, for
each region, the influence of the pre- and
post-flowering periods upon the annual crop,

Parameters of each forecast model were
fitted using 8 (VVR: 1992 to 1999) and 9
(Bairrada: 1991 to 1999) years. Models were
tested (external validity) in order to predict
in both regions the 2000 and 2001 vintage.

RESULTS AND DISCUSSION

Table 1 shows the annual and regional
characteristics of the Vitis pollen season and
the meteorological conditions that occurred
during the flowering to fruit-set period
determined by PEM. There was a marked
annual variability in the mean derived
flowering date among and within regions.
For VVR, the mean derived flowering date
was 1 June and ranged from the 1* May to
the 15" June (Tab. 1). The 21* April 1997
derived flowering date in Bairrada was the
earliest recorded in this study. The annual
fluctuations in the duration of the MPP gave
an indication of the overall weather
conditions in those periods (Tab. 1). The
lowest annual variations in duration of the
MPP were recorded in Bairrada (7 days). In
this region the relatively low annual
variations reflected the great homogeneity
of vine varieties that characterise its
plantations, regularity in the mean annual
temperature and the low precipitation values
for this period.
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The VVR was charactenised by a MPP ex-
tended from 14 to 32 days, being the region

ranging form 17 10 25°C and the non-occurrence
of lengthy periods of rain.

The APCFM adjusted for these regions
describes about 96 to 99% of the regional wine
production variations over years (Tab. 2). The
regression diagnostics of the most influential
observations carried out using alternative
estimations Cook’'s distance, DfBeta‘suand
standardised influence of the observation
ith on the predicted value (DfFits), have
enabled us to check the absence of outliers
and therefore the solidity of the model.

The ACP showed great annual and re-
gional variation in the emission patterns.
This way, the effective values of RPI able to be

Early estimate of wine production

taken into account, but without calculating its
recirculation due to wind. On other hand, the
fertilisation process seemed to be sufficiently
complete when the pollen count in the
atmosphere begins to decline (Cuaaia, 2001 and
ForNaCtart et al., 2002).

The analysis of WYP for both regions
exhibited a vaniation coefficient always lower
than 13.1%, indicating a strong annual
stability when compared with regional
production. The comparison of APFM
established by corrected wine production
and non-corrected wine production for the
WYP, indicated that approximately 6% in
Bairrada and 21% in VVR of annual fluctuations
in wine production can be explained by WYP
According 10 our results, RP1 1s the vanable
with larger explanatory capacity for the annual
fluctuations in regional wine production,

Pollen Emission Model Flowering - fruit set period (PFs) | Summy
Region | St
o) | @ | RPL || o | iy | G | 0 | ™

Average | 150.7 236 223 176 | 550 70 42 248 02

VVR | Max. 165.0 320 520 200 |163.3 140 90 479 10

n=10 | Min 120.0 14.0 117 14.0 82 1.0 00 36 <10
C.v (%) 9.7 26.6 63 120 |1053 69.3 68 8 62.7

Average | 1408 14.0 95 18.6 189 71 34 318 00

Bairrada| Max. 155.0 17.0 224 231 510 180 60 86.8 10

n=11 | Min 1120 10.0 16 164 00 1.0 10 38 <10
C.v (%) 9.4 20.8 63 103 1044 87.7 54.1 934

TABLE 1. Descriptive statistics of regional characteristics of Vitis pollen season lnd meteorological
data during the flowering to fruit-set period (PFs). Ipx: derived flowering dlto.MPPF. durtuon of “g::
pollen period, estimated by pollen emission model (PEM). RPI: regional pollen index; Fs: Mﬁoam sty
the meteorological conditions during the flowering to fruit-set period; Daily average unp;r: o m..
precipitation (R), number of rainy days (nR and nconsR for the consecutive rainy days),

percent of days with rain in the PFs period (nR%).
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together with WYP, explain approximately 88
to 93% of the annual variability in wine

production (Tab. 2).

Comparing the influence of pre- and
post flowering factors, our work revealed a
very low influence of this last on wine
production. These results contradict Vossex
& Ruks (1995), BessevLar er al. (1997) and
other authors of the European pollen-traps
network (Cuniia er al., 2000). It has been
suggested that the small adaptability of wine
forecast models, based only in APC, in
southern Europe vineyards, is related with a
water supply problem that can modify the
early crop potential acquired at flowering.

For both regions, 21 annual data records
were taken. The comparison of declared
productions and adjusted to APCFM produc-
tions showed that 72% of cases had differences
ofbelow 5% and that in only 4 situations were
the differences higher than 10%, with no
difference higher than 17% found (average
spread deviation of 4% in RVV and 5% in

Bairrada). This larger deviation is observed in
Bairrada 1993 (Fig. 2) and it was caused by the
occurrence of continuous periods of rain that
continued abnormally during vintage, thereby
precluding them (CEMAGREF and CNRS,
1993).

The R? prediction ( R, =(1-(PRESS. Syy
)): PRESS: Prediction Errors Sum of Squares)
indicated that the models would be about 96 to
97% accurate in predicting wine volume
production, which is strong evidence that the
APCFM satisfactorily predicts the regional
wine volume (Tab. 2). When these models were
used in 2000 and 2001 (external data) the
obtained forecast only deviated 1 to 10% in
RVV and -1 to 9% in Bairrada from the actual
reported production. (Fig. 2a and 2b).

In both regions, the observations used
in the models were representative of the
absolute maximum and minimum of the
historical data of wine production, which
allows the formulation of forecasts with a
wide validation interval.

Region | S Model ¥y Models parameters
Yacisbies | o7 P | R S5 B SEs | Sig(P) | DiBeta | viF
(Constant) -1.78038 | 52875 | 0028 096
VVR |La®iP) | 0899*+ | o082 2343 | 6904 | 9370 | 0002| o085 2710
n=8  |gp 0971+ | 0.960 1365 | 5398 | 9880 [ 0005| 098 | 2630
Fs. 0.991%*% | 0985 | 0971 | 834 | 1207 3938 | 0037] 097 | 1223
(Constant) 3986 | 8365 | 0003 | 036
Buirrada || \wip) | 0935+ | 0926 479 | 1960 | 1880 | 0000 043 | 1426
n=9 s o » ! ! o) 'y
Fs. 0973**+ | 0963 10959 | 337| 07| 1422| 0029 o068 | 1426

TABLE 2. Aeropalynoclimatological Forecast Models

(APFCM), selected variables by stepwise method,

diagnostics, measures of model adequacy, estimates of coefficients for each region, their standard

errors (SEp) and significant value of the t-statisti (Sig P).

for detecting influential observations

on regression coefficients (DfBeta'sj,i). R? = (1-(PRESS - Syy ")), PRESS: Prediction Errors Sum of
Squares; RPI - Regional Pollen Index; WYIS"’—Wine Yield after Processing; Fs —meteorological conditions
during the flowering - fruit set period; ED - Effects of Diseases in grapes; DfBeta's ,— annual maximum
value of the standardised difference in coefficients values for each variable; VIF - Variance inflation

factors.
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CONCLUSION

The airborne pollen concentration,
sampled by Cour traps, is a valuable instru-
ment for vintage forecasts, because of it
simultaneously integrates several factors that
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influence the crop production process. Some
of these factors are the extent of pre-flowening
conditions, the strength of the plants
influenced by conditions i previous years,
the casy sampling of the biological production

components, the effects of diseases on

%0, 3)Bairrada

3000, b)Vinhos Verdes (VVR)

e procucson
| adumes production

ted to the APCFM. Relative
FIGURE 2. Annual comparison between real production data and‘dam adjus
prediction error and prediction interval (a = 95%) for the (2a) Bairrada and (2b) VVR are inset in each

chart. WYP wine yield after processing.
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