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Fig. 8 Summary of L-curve diagnostics for the whole reanalysis. X-axis: RMSE for assimilated stations of the
optimal 4D-VAR iteration normalised with that of the 0™ iteration (unconstrained run), y-axis: RMSE for
evaluation stations at the optimal iteration normalised with that of the 0™ iteration. On both axes, 1.0 means
no improvement due to the data assimilation. Points above the 1:1 line show the years where improvement was
higher for assimilated stations than for evaluation ones: large displacement shows an over t. Two side dashed
lines show the slope of 0.5 and 2 with an o set of —0.1 and 0.1, respectively. e size of the dots is the smallest
for 1980 and gradually grows towards 2022. Legend also shows mean RMSE improvement (a fraction of RMSE
le a erDA).
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Fig. 9 Histograms of correlation coe cient between the observed and predicted/assimilated inter-annual
SPIn variations.  ree cases are considered: unconstrained reference run, raw output of the DA run, and
bias-corrected nal run. All years and all stations with >3 years of valid observations are included.

unconstrained run (cyan-coloured bars) shows certain skill in reproducing the inter-annual SPIn variation, (ii)
assimilated time series demonstrate much higher correlation with the observed SPIn variability, (iii) some sta-
tions remain poorly reproduced in all runs. e rst observation re ects the e ect of the transport conditions
during the season on the SPIn, which appeared to be signi cant, in line with the earlier hindcast computations®.
esecondonecon rmse ciency of the selected DA procedure. e third one shows the areas of improvement:
the most-probable reason for persistently poor representation of some stations is a de ciency of regional/local
sources, which lead to representativeness issues for the corresponding stations.
e assimilated SPIn elds also exhibit excellent frequency distributions. e plots in Fig. 10 show practically
perfect quantiles for all species.

EfFciency of the post-DA bias reduction.  Asshown in the Methods section, assimilation of the imper-
fectly correlating data leads to a negative bias in the results. s bias has been corrected by the post-DA recali-
bration of the emission maps following the procedure of Prank et al.5® (Fig. 1). Itse ciency was veri ed by
computing the ratio of the observed and predicted SPIns over the whole period of 43 years at each station:
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Fig. 10 Quantile plots for assimilated SPIn. e plot is obtained by an independent sorting of the observations
and the corresponding model predictions, thus disregarding their temporal co-location and only accounting for
the relation between the distribution functions of the observed and predicted concentrations.
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e summation in Eq. (10) is performed over all valid observed daily data of the station, and the correspond-
ing model predictions. Full co-location, in both space and time, ensured consistency and comparability of the
multi-annual SPIns.

Figure 11 shows that the model predictions for all species are in-average unbiased: except for a few outliers,
the vast majority of the stations report a ratio of modelled and observed SPIn close to unity.  isis in agreement
with the quantile plots of Fig. 10.

It

Temporal correlation of daily concentrations. e assimilation of the target variable of the reanalysis,
SPIn, has a limited and non-equivocal e ect on the day-to-day variations of concentrations within the season.
Indeed, changing the regional pollen emission intensity alters the long-range transport patterns, thus a ecting
both source and receptor locations. As SILAM has been calibrated to an inter-annually constant release rate, this
reanalysis opens new possibilities for model improvement. However, in the current study the impact of improved
SPIn to intra-seasonal model performance was negligible (Fig. 12). e nal elds, with the assimilated SPIn and
the corrected bias, show similar skills as the initial run, thus con rming that the short-term features of the season
remain essentially unconstrained.

Areas constrained by the observations. Due to varying number of stations (Fig. 3), area constrained
by the data is di erent each year. Secondly, the PID network did not participate in the reanalysis, potentially
reducing the reliability of the results in northern Germany. However, even the comparatively sparse network was
e ciently used by the assimilation procedure constraining the emission not only in the vicinity of the stations, but
also in the regions covered by footprints of the available stations (Fig. 13 upper row). For instance, even in 1980
when no German networks were operational, pollen release in north-western part of the country was constrained
by the data from Belgian stations, whereas its southern part was visible for Austrian sites. Nevertheless, one has
to be careful in interpretation of the obtained results during this decade because the well-observed regions in
Europe were isolated from each other, and the current assimilation procedure provided only limited information
about their pollen levels. With a gradual growth of the network, the coverage improved, so thata er ~1990 most
of Europe was covered by the station footprints and constrained in the reanalysis (Fig. 13 lower row).
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Fig. 12 Histograms of temporal correlation coe cient between observed and predicted 2-daily-mean pollen
concentrations, 1980-2022. e coe cient is computed for each station and for each year.
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Fig. 13 Areas observed by the active stations in 1980 (upper row, 1985 for olives) and 2022 (lower row),
[relative]. e presented variable is the sum of footprints of all active stations throughout the growth and
owering season 1 January—31 July.

In view of the limited network coverage in some periods and regions, existing model evaluation exercises
can be used to estimate uncertainty of the unconstrained model simulations. In particular, birch model was
evaluated in a series of studies®”3%426782-8 showing robust performance. An important addition to these studies
is a recent model evaluation report of Copernicus Atmospheric Monitoring Service (CAMS)®, which evaluated
11 European models, all equipped with the SILAM pollen emission module, against the EAN pollen monitoring
data provided to CAMS for model evaluation purposes. e reportcon rms the small bias and very high corre-
lation of the SILAM unconstrained forecasts for birch and olive in 2022 (Fig. 14).

Usage Notes

e reanalysis output includes, apart from the near-surface pollen concentrations, the 3-D elds of hourly pol-
len concentrations, thus allowing for nested high-resolution computations over any part of Europe.  erefore,
high-resolution model-based assessments can use the re-analysis as a boundary condition.

Long-term re-analysis is a convenient source for various trend estimates. However, acommon problem (fre-
quently under-estimated) is that the trend of availability of the observations can signi cantly a ect the analysis.
For pollen reanalysis, the number of monitoring stations varies greatly depending on the speci c¢ year (Fig. 3).

erefore, SILAM computations over several regions in 1980s and, to a less extent, 1990s are practically uncon-
strained. To facilitate the interpretation of the reanalysis and its application to long-term studies, it is accompa-
nied with annual footprints of the available monitoring stations (Fig. 13). As shown by So ev et al.¥”, footprints
of monitoring stations provide valuable information on the network delity. lllustrating the phenomenon, the
maps of Fig. 13 show the areas constrained by the data assimilation in 1980 and 2022. A full set of years is pro-
vided as a part of the reanalysis dataset. Areas not covered by the footprints cannot be constrained by the current
DA technology with the available monitoring network during the particular year. Consequently, the pollen
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Fig. 14 Bias (le column, panels a,c) and correlation coe cient (right column, panels b,d) of the SILAM
birch (upper row, panels a,b) and olive (lower row, panels c, d) forecasts in 2022, as evaluated by Copernicus
Atmospheric Monitoring Service®. Adopted from CAMS283-2023 report, available for unrestricted use from
the CAMS Web portal®,

release over these areas is equal to its regional long-term mean. Unconstrained areas should be considered with
care and excluded, for instance, from a season severity trend analysis.

e reanalysis followed the protocol suggested by the VS12 and S19 studies, which also pointed out the
possibility of operational forecasting with assimilation of real-time pollen measurements. To date, the scarcity
of such observations in Europe is limiting its implementation at the continental scale, but regional applications
can be already feasible.

While making use of the reanalysis, one should keep in mind that the main attention was paid to the overall
severity of the pollen season, i.e., the SPIn. e reanalysis did not aim to resolve day-to-day concentrations,
which remained the essentially unconstrained SILAM model predictions, with their strengths and weaknesses
(Fig. 12).  erefore, usage of the reanalysis for tasks sensitive to daily or hourly values (e.g., clinical trials) can
be recommended only in combination with the actual pollen monitoring data. Details of the monitoring data
requesting procedure can be obtained from https://www.ean-net.org/, (visited 7 Dec 2023).

code availability

e reanalysis has been performed with the latest operational release of the SILAM model v.5.9.1, which is freely
available from https://github.com/fmidev/silam-model. e version actually used for the reanalysis is released by
Kouznetsov & Tyuryakove,
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