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This document contains comprehensive visual analysis results for pollen data across three

regions: Ljubljana, Maribor, and Primorje, along with cross-regional correlation analyses.ﬂ Pripombe dodal [UR1]: Primorje je bilo nekajkrat
pisano z malo - smo popravili po celotnem besedilu
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Ljubljana Analysis Results
This section contains all analysis results for Ljubljana, including global overviews, data
completeness assessments, statistical analyses, and type-specific results.

Global Overview Analysis
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Figure Sla: Global Overview Analysis of Pollen in Ljubljana, Slovenia, highlighting the
seasonal distribution and abundance of various pollen species in the region.
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Figure S1b: Global overview pollen diagram for Ljubljana, Slovenia, illustrating the seasonal
patterns of major tree and grass pollen species in the region.
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Figure Slc: Global overview of pollen records from Ljubljana, Slovenia, highlighting
seasonal patterns and species distribution across the region.



Data Completeness Assessment
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Figure S2a: Annual pollen data completeness assessment for Ljubljana, Slovenia, showing
the percentage of pollen samples collected and analyzed each month over a one-year period.



Data completeness by month and year (%)
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Figure S2b: Monthly pollen data completeness assessment for Ljubljana, Slovenia. The
figure displays the proportion of dataset completeness for individual months of a given
year. The color-bar on the right displays the color mapping of completeness values, where
red indicates complete data (1.0 or 100%), and lighter shades represent incomplete data,
with blue indicating the lowest completeness values (0.4 or 40%). Each cell shows the
completeness proportion for a specific month-year combination, revealing that most
months have complete data (1.0).



Season statistics for Ljubljana, Slovenia
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Figure S3: Pollen season metrics across taxa in Ljubljana, Slovenia. Box plots showing (left)
season start day expressed as day of year using the 2.5% threshold of cumulative annual
pollen count, (middle) season end day using the 97.5% threshold, and (right) season length
in days calculated as the difference between season end and start dates. Each box
represents the interquartile range (IQR) with the median shown as a horizontal line,
whiskers extend to 1.5xIQR, and outliers are shown as individual points. Pollen taxa are
ordered chronologically based on their typical season timing, with early-season taxa

(Corylus, Alnus) on the left and late-season taxa (Artemisia, Ambrosia) on the rightl] Pripombe dodal [UR2]: Nekateri taksoni v besedilu niso
bili napisani posevno. Vse take smo popravili.




Pollen Taxa-Specific Analysis for Ljubljana
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Figure S4a: Example of the pollen season analysis pipeline applied to Alnus spp.
(alder) in Ljubljana. The top row presents the seasonal dynamics and data normalization:
(upper left) daily pollen concentrations showing average values (black line) and 7-day
smoothing (red dashed line); (upper middle) cumulative annual pollen totals; and (upper
right) normalized cumulative sums used for phenological thresholding. The bottom row
illustrates inter-annual trends over the 23-year period (2002-2024) for (lower left) season
start day (2.5% threshold), (lower middle) season end day (97.5% threshold), and (lower
right) the annual pollen integral (APIn). Linear regression lines and coefficients of
determination (R?) highlight a shift toward an earlier and more intense pollen season.
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Figure S4b: Example of the pollen season analysis pipeline applied to Ambrosia sp[.l
(ragweed) in Ljubljana. The top row presents the seasonal dynamics and data
normalization: (upper left) daily pollen concentrations showing average values (black line)
and 7-day smoothing (red dashed line); (upper middle) cumulative annual pollen totals; and
(upper right) normalized cumulative sums used for phenological thresholding. The bottom
row illustrates inter-annual trends over the 23-year period (2002-2024) for (lower left)
season start day (2.5% threshold), (lower middle) season end day (97.5% threshold), and
(lower right) the annual pollen integral (APIn). Linear regression lines and coefficients of
determination (R?) highlight a shift toward an earlier and more intense pollen season.

Pripombe dodal [UR3]: Kjer ni bilo angleskega imena
taksona smo ga dopisali
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Figure S4c: Example of the pollen season analysis pipeline applied to Artemisia spp.
(mugwort) in Ljubljana. The top row presents the seasonal dynamics and data
normalization: (upper left) daily pollen concentrations showing average values (black line)
and 7-day smoothing (red dashed line); (upper middle) cumulative annual pollen totals; and
(upper right) normalized cumulative sums used for phenological thresholding. The bottom
row illustrates inter-annual trends over the 23-year period (2002-2024) for (lower left)
season start day (2.5% threshold), (lower middle) season end day (97.5% threshold), and
(lower right) the annual pollen integral (APIn). Linear regression lines and coefficients of
determination (R?) highlight a shift toward an earlier and more intense pollen season.
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Figure S4d: Example of the pollen season analysis pipeline applied to Betula spp.
(birch) in Ljubljana. The top row presents the seasonal dynamics and data normalization:
(upper left) daily pollen concentrations showing average values (black line) and 7-day
smoothing (red dashed line); (upper middle) cumulative annual pollen totals; and (upper
right) normalized cumulative sums used for phenological thresholding. The bottom row
illustrates inter-annual trends over the 23-year period (2002-2024) for (lower left) season
start day (2.5% threshold), (lower middle) season end day (97.5% threshold), and (lower
right) the annual pollen integral (APIn). Linear regression lines and coefficients of
determination (R?) highlight a shift toward an earlier and more intense pollen season.



g

Day of Year {slarl)
3 A8

]

Daily values and smeolbed dynamics

APIN

Narmialized APIr

—r Lo
s
Zonnn
15000
ab
wnon
a1
J"'T\LL
i o
Snooade i 20 2w am 0w o otie oda 0o Emooum a0 an wme
Start of season (2.5%) End of seasan (97.5%) Annual pollen concentratian
- @ ceason san u . .
1@ P — 6oy = 13400 - ew Irand: y= —0./5% = 16273 Irend: y= TR0 = = 212307,
N w| . e ann0t
@i=0211 LRt nE=n0za
L]
.
.. ? 15| e
e = . T 2000 w000
. .. Z oz e,
'] o 5 -~ - et
. - i - e
It oS B e 10001
. =
¢ .. 8 »
* ] - L —-
. DRSSt
. Col I -
L] > e
* -
* e .
. i) L] * .
20 E) 2015 w20 2005 2000 05 2005 200 E) 2020 2025
e ear

Figure S4e: Example of the pollen season analysis pipeline applied to Carpinus
spp./Ostrya spp. (hornbeam/hop-hornbeam) in Ljubljana. The top row presents the
seasonal dynamics and data normalization: (upper left) daily pollen concentrations showing
average values (black line) and 7-day smoothing (red dashed line); (upper middle)
cumulative annual pollen totals; and (upper right) normalized cumulative sums used for
phenological thresholding. The bottom row illustrates inter-annual trends over the 23-year
period (2002-2024) for (lower left) season start day (2.5% threshold), (lower middle)
season end day (97.5% threshold), and (lower right) the annual pollen integral (APIn).
Linear regression lines and coefficients of determination (R?) highlight a shift toward an
earlier and more intense pollen season.
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Figure S4f: Example of the pollen season analysis pipeline applied to Castanea sp.
(sweet chestnut) in Ljubljana. The top row presents the seasonal dynamics and data
normalization: (upper left) daily pollen concentrations showing average values (black line)
and 7-day smoothing (red dashed line); (upper middle) cumulative annual pollen totals; and
(upper right) normalized cumulative sums used for phenological thresholding. The bottom
row illustrates inter-annual trends over the 23-year period (2002-2024) for (lower left)
season start day (2.5% threshold), (lower middle) season end day (97.5% threshold), and
(lower right) the annual pollen integral (APIn). Linear regression lines and coefficients of
determination (R?) highlight a shift toward an earlier and more intense pollen season.
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Figure S4g: Example of the pollen season analysis pipeline applied to Corylus sp.
(hazel) in Ljubljana. The top row presents the seasonal dynamics and data normalization:
(upper left) daily pollen concentrations showing average values (black line) and 7-day
smoothing (red dashed line); (upper middle) cumulative annual pollen totals; and (upper
right) normalized cumulative sums used for phenological thresholding. The bottom row
illustrates inter-annual trends over the 23-year period (2002-2024) for (lower left) season
start day (2.5% threshold), (lower middle) season end day (97.5% threshold), and (lower
right) the annual pollen integral (APIn). Linear regression lines and coefficients of
determination (R?) highlight a shift toward an earlier and more intense pollen season.
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Figure S4h: Example of the pollen season analysis pipeline applied to
Cupressaceae/Taxaceae (cypress/yew) in Ljubljana. The top row presents the seasonal
dynamics and data normalization: (upper left) daily pollen concentrations showing average
values (black line) and 7-day smoothing (red dashed line); (upper middle) cumulative
annual pollen totals; and (upper right) normalized cumulative sums used for phenological
thresholding. The bottom row illustrates inter-annual trends over the 23-year period
(2002-2024) for (lower left) season start day (2.5% threshold), (lower middle) season end
day (97.5% threshold), and (lower right) the annual pollen integral (APIn). Linear

regression lines and coefficients of determination (R?) highlight a shift toward an earlier
and more intense pollen season.
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Figure S4i: Example of the pollen season analysis pipeline applied to Fagus sp.
(beech) in Ljubljana. The top row presents the seasonal dynamics and data normalization:
(upper left) daily pollen concentrations showing average values (black line) and 7-day
smoothing (red dashed line); (upper middle) cumulative annual pollen totals; and (upper
right) normalized cumulative sums used for phenological thresholding. The bottom row
illustrates inter-annual trends over the 23-year period (2002-2024) for (lower left) season
start day (2.5% threshold), (lower middle) season end day (97.5% threshold), and (lower
right) the annual pollen integral (APIn). Linear regression lines and coefficients of
determination (R?) highlight a shift toward an earlier and more intense pollen season.
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Figure S4j: Example of the pollen season analysis pipeline applied to Fraxinus spp.
(ash) in Ljubljana. The top row presents the seasonal dynamics and data normalization:
(upper left) daily pollen concentrations showing average values (black line) and 7-day
smoothing (red dashed line); (upper middle) cumulative annual pollen totals; and (upper
right) normalized cumulative sums used for phenological thresholding. The bottom row
illustrates inter-annual trends over the 23-year period (2002-2024) for (lower left) season
start day (2.5% threshold), (lower middle) season end day (97.5% threshold), and (lower
right) the annual pollen integral (APIn). Linear regression lines and coefficients of
determination (R?) highlight a shift toward an earlier and more intense pollen season.
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Figure S4k: Example of the pollen season analysis pipeline applied to Olea sp. (olive)
in Ljubljana. The top row presents the seasonal dynamics and data normalization: (upper
left) daily pollen concentrations showing average values (black line) and 7-day smoothing
(red dashed line); (upper middle) cumulative annual pollen totals; and (upper right)
normalized cumulative sums used for phenological thresholding. The bottom row illustrates
inter-annual trends over the 23-year period (2002-2024) for (lower left) season start day
(2.5% threshold), (lower middle) season end day (97.5% threshold), and (lower right) the
annual pollen integral (APIn). Linear regression lines and coefficients of determination (R?)
highlight a shift toward an earlier and more intense pollen season.
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Figure S41: Example of the pollen season analysis pipeline applied to Pinus spp. (pine)
in Ljubljana. The top row presents the seasonal dynamics and data normalization: (upper
left) daily pollen concentrations showing average values (black line) and 7-day smoothing
(red dashed line); (upper middle) cumulative annual pollen totals; and (upper right)
normalized cumulative sums used for phenological thresholding. The bottom row illustrates
inter-annual trends over the 23-year period (2002-2024) for (lower left) season start day
(2.5% threshold), (lower middle) season end day (97.5% threshold), and (lower right) the
annual pollen integral (APIn). Linear regression lines and coefficients of determination (R?)
highlight a shift toward an earlier and more intense pollen season.
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Figure S4m: Example of the pollen season analysis pipeline applied to Plantago spp.
(plantain) in Ljubljana. The top row presents the seasonal dynamics and data
normalization: (upper left) daily pollen concentrations showing average values (black line)
and 7-day smoothing (red dashed line); (upper middle) cumulative annual pollen totals; and
(upper right) normalized cumulative sums used for phenological thresholding. The bottom
row illustrates inter-annual trends over the 23-year period (2002-2024) for (lower left)
season start day (2.5% threshold), (lower middle) season end day (97.5% threshold), and
(lower right) the annual pollen integral (APIn). Linear regression lines and coefficients of
determination (R?) highlight a shift toward an earlier and more intense pollen season.
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Figure S4n: Example of the pollen season analysis pipeline applied to Platanus spp.
(plane tree) in Ljubljana. The top row presents the seasonal dynamics and data
normalization: (upper left) daily pollen concentrations showing average values (black line)
and 7-day smoothing (red dashed line); (upper middle) cumulative annual pollen totals; and
(upper right) normalized cumulative sums used for phenological thresholding. The bottom
row illustrates inter-annual trends over the 23-year period (2002-2024) for (lower left)
season start day (2.5% threshold), (lower middle) season end day (97.5% threshold), and
(lower right) the annual pollen integral (APIn). Linear regression lines and coefficients of
determination (R?) highlight a shift toward an earlier and more intense pollen season.
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Figure S4o0: Example of the pollen season analysis pipeline applied to Poaceae
(grasses) in Ljubljana. The top row presents the seasonal dynamics and data
normalization: (upper left) daily pollen concentrations showing average values (black line)
and 7-day smoothing (red dashed line); (upper middle) cumulative annual pollen totals; and
(upper right) normalized cumulative sums used for phenological thresholding. The bottom
row illustrates inter-annual trends over the 23-year period (2002-2024) for (lower left)
season start day (2.5% threshold), (lower middle) season end day (97.5% threshold), and
(lower right) the annual pollen integral (APIn). Linear regression lines and coefficients of
determination (R?) highlight a shift toward an earlier and more intense pollen season.
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Figure S4p: Example of the pollen season analysis pipeline applied to Quercus spp.
(oak) in Ljubljana. The top row presents the seasonal dynamics and data normalization:
(upper left) daily pollen concentrations showing average values (black line) and 7-day
smoothing (red dashed line); (upper middle) cumulative annual pollen totals; and (upper
right) normalized cumulative sums used for phenological thresholding. The bottom row
illustrates inter-annual trends over the 23-year period (2002-2024) for (lower left) season
start day (2.5% threshold), (lower middle) season end day (97.5% threshold), and (lower
right) the annual pollen integral (APIn). Linear regression lines and coefficients of
determination (R?) highlight a shift toward an earlier and more intense pollen season.
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Figure S4q: Example of the pollen season analysis pipeline applied to Rumex spp.
(dock) in Ljubljana. The top row presents the seasonal dynamics and data normalization:
(upper left) daily pollen concentrations showing average values (black line) and 7-day
smoothing (red dashed line); (upper middle) cumulative annual pollen totals; and (upper
right) normalized cumulative sums used for phenological thresholding. The bottom row
illustrates inter-annual trends over the 23-year period (2002-2024) for (lower left) season
start day (2.5% threshold), (lower middle) season end day (97.5% threshold), and (lower
right) the annual pollen integral (APIn). Linear regression lines and coefficients of
determination (R?) highlight a shift toward an earlier and more intense pollen season.
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Figure S4r: Example of the pollen season analysis pipeline applied to Urticaceae
(nettle) in Ljubljana. The top row presents the seasonal dynamics and data normalization:
(upper left) daily pollen concentrations showing average values (black line) and 7-day
smoothing (red dashed line); (upper middle) cumulative annual pollen totals; and (upper
right) normalized cumulative sums used for phenological thresholding. The bottom row
illustrates inter-annual trends over the 23-year period (2002-2024) for (lower left) season
start day (2.5% threshold), (lower middle) season end day (97.5% threshold), and (lower
right) the annual pollen integral (APIn). Linear regression lines and coefficients of
determination (R?) highlight a shift toward an earlier and more intense pollen season.



Maribor Analysis Results
This section contains all analysis results for Maribor, including global overviews, data
completeness assessments, statistical analyses, and type-specific results.

Global Overview Analysis
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Figure S5a: Global Overview of Pollen Record in Maribor, showing the distribution and
abundance of pollen species across different time periods.
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Figure S5b: Global overview pollen diagram for Maribor, Slovenia, illustrating the seasonal
patterns of major tree and grass pollen species in the region.
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Figure S5c: Global overview of pollen records from Maribor, Slovenia, highlighting seasonal
patterns and species distribution across the region.



Data Completeness Assessment
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Figure S6a: Annual pollen data completeness assessment for Maribor, Slovenia, showing the
percentage of pollen samples collected and analyzed each month over a one-year period.
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Figure S6b: Monthly pollen data completeness assessment for Ljubljanau Slovenia. The
figure displays the proportion of dataset completeness for individual months of a given
year. The color-bar on the right displays the color mapping of completeness values, where
red indicates complete data (1.0 or 100%), and lighter shades represent incomplete data,
with blue indicating the lowest completeness values (0.4 or 40%). Each cell shows the
completeness proportion for a specific month-year combination, revealing that most
months have complete data (1.0).
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Season statistics for Maribor, Slovenia
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Figure S7: Pollen season metrics across taxa in Maribor, Slovenia. Box plots showing (left)
season start day expressed as day of year using the 2.5% threshold of cumulative annual
pollen count, (middle) season end day using the 97.5% threshold, and (right) season length
in days calculated as the difference between season end and start dates. Each box
represents the interquartile range (IQR) with the median shown as a horizontal line,
whiskers extend to 1.5xIQR, and outliers are shown as individual points. Pollen taxa are
ordered chronologically based on their typical season timing, with early-season taxa
(Corylus, Alnus) on the left and late-season taxa (Artemisia, Ambrosia) on the right.



Pollen Taxa-Specific Analysis for Maribor
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Figure S8a: Example of the pollen season analysis pipeline applied to Alnus spp.
(alder) in Maribor. The top row presents the seasonal dynamics and data normalization:
(upper left) daily pollen concentrations showing average values (black line) and 7-day
smoothing (red dashed line); (upper middle) cumulative annual pollen totals; and (upper
right) normalized cumulative sums used for phenological thresholding. The bottom row
illustrates inter-annual trends over the 23-year period (2002-2024) for (lower left) season
start day (2.5% threshold), (lower middle) season end day (97.5% threshold), and (lower
right) the annual pollen integral (APIn). Linear regression lines and coefficients of
determination (R?) highlight a shift toward an earlier and more intense pollen season.
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Figure S8b: Example of the pollen season analysis pipeline applied to Ambrosia sp.
(ragweed) in Maribor. The top row presents the seasonal dynamics and data
normalization: (upper left) daily pollen concentrations showing average values (black line)
and 7-day smoothing (red dashed line); (upper middle) cumulative annual pollen totals; and
(upper right) normalized cumulative sums used for phenological thresholding. The bottom
row illustrates inter-annual trends over the 23-year period (2002-2024) for (lower left)
season start day (2.5% threshold), (lower middle) season end day (97.5% threshold), and
(lower right) the annual pollen integral (APIn). Linear regression lines and coefficients of
determination (R?) highlight a shift toward an earlier and more intense pollen season.
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Figure S8c: Example of the pollen season analysis pipeline applied to Artemisia spp.
(mugwort) in Maribor. The top row presents the seasonal dynamics and data
normalization: (upper left) daily pollen concentrations showing average values (black line)
and 7-day smoothing (red dashed line); (upper middle) cumulative annual pollen totals; and
(upper right) normalized cumulative sums used for phenological thresholding. The bottom
row illustrates inter-annual trends over the 23-year period (2002-2024) for (lower left)
season start day (2.5% threshold), (lower middle) season end day (97.5% threshold), and
(lower right) the annual pollen integral (APIn). Linear regression lines and coefficients of
determination (R?) highlight a shift toward an earlier and more intense pollen season.
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Figure S8d: Example of the pollen season analysis pipeline applied to Betula spp.
(birch) in Maribor. The top row presents the seasonal dynamics and data normalization:
(upper left) daily pollen concentrations showing average values (black line) and 7-day
smoothing (red dashed line); (upper middle) cumulative annual pollen totals; and (upper
right) normalized cumulative sums used for phenological thresholding. The bottom row
illustrates inter-annual trends over the 23-year period (2002-2024) for (lower left) season
start day (2.5% threshold), (lower middle) season end day (97.5% threshold), and (lower
right) the annual pollen integral (APIn). Linear regression lines and coefficients of
determination (R?) highlight a shift toward an earlier and more intense pollen season.



Daily values end zmvolhed dynamics

ARl

Hurmaliced APIn

Tish 2000
1500 @
1! .
o
1000
Fal
anan
a0
.
250
o
0ooan @ a2 e 0o I ST T R L A A o csmwp 1 0 2w aon 0
Start of season {2.5%) End of season (97.5%) L2000 Annual pollen concentration
- Y & o3z ctat 148 - @ easunene -
o5 rand: = —[.35% + /96.0 == rur Irend: y = —0.48x+ T11HS == nzrg Iran: y=6H.44%% + — 1334737
12000 -
R2= 0,080 R ENTEER LT Y IFE]
L] - L]
1aon -
=, P ®
= .l ® El R . .
= & .. -
T T s |® R S Y A
H S - ® ] Foug ] ® el e
5 L LBt s L) L 2 ol
5 -9 Sim [ ] -
= — -
5 [} . E . e T
115 ® - ® B w7
L] ® e
1 Y s e
. ®e
- na 2000 - e oy
. .
] L]
125 0=
200 200 20 2020 e 301 e 20 2038 2005 2010 2015 2020
ear Year ar

Figure S8e: Example of the pollen season analysis pipeline applied to Carpinus
spp./Ostrya spp. (hornbeam/hop-hornbeam) in Maribor. The top row presents the
seasonal dynamics and data normalization: (upper left) daily pollen concentrations showing
average values (black line) and 7-day smoothing (red dashed line); (upper middle)
cumulative annual pollen totals; and (upper right) normalized cumulative sums used for
phenological thresholding. The bottom row illustrates inter-annual trends over the 23-year
period (2002-2024) for (lower left) season start day (2.5% threshold), (lower middle)
season end day (97.5% threshold), and (lower right) the annual pollen integral (APIn).
Linear regression lines and coefficients of determination (R?) highlight a shift toward an
earlier and more intense pollen season.
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Figure S8f: Example of the pollen season analysis pipeline applied to Castanea sp.
(sweet chestnut) in Maribor. The top row presents the seasonal dynamics and data
normalization: (upper left) daily pollen concentrations showing average values (black line)
and 7-day smoothing (red dashed line); (upper middle) cumulative annual pollen totals; and
(upper right) normalized cumulative sums used for phenological thresholding. The bottom
row illustrates inter-annual trends over the 23-year period (2002-2024) for (lower left)
season start day (2.5% threshold), (lower middle) season end day (97.5% threshold), and
(lower right) the annual pollen integral (APIn). Linear regression lines and coefficients of
determination (R?) highlight a shift toward an earlier and more intense pollen season.
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Figure S8g: Example of the pollen season analysis pipeline applied to Corylus sp.
(hazel) in Maribor. The top row presents the seasonal dynamics and data normalization:

(upper left) daily pollen concentrations showing average values (black line) and 7-day

smoothing (red dashed line); (upper middle) cumulative annual pollen totals; and (upper
right) normalized cumulative sums used for phenological thresholding. The bottom row
illustrates inter-annual trends over the 23-year period (2002-2024) for (lower left) season
start day (2.5% threshold), (lower middle) season end day (97.5% threshold), and (lower
right) the annual pollen integral (APIn). Linear regression lines and coefficients of

determination (R?) highlight a shift toward an earlier and more intense pollen season.



Day of Year {slarl)

Daily values and srmoolies dynamics

ARl

Nonmalized APIN

1a a0 ola
Start of season (2.5%)

0

0 s g

0 2

End of season (97.5%)

a0

a0 s 1 w0

Annual pollen concentration

. @ Seacea s - ® Seaimd A
Irara: y = —0L42% — 91598 == Irane: y=—1.14% — 2440.¢ == e Irand: = 44,9 £ — — THARI/3
wu N
PEET 430190 ez nsm . .5
- -~
w . -
302 -
., -~
° -4
2500 . o
[ . [ ]
* . ) . £ L [ %4
. * & oo -
% 8 “%
. & e . .-
e e . R, |
e - . Tl [ . ®
S W " LIPS 1000
e o T 2 .
* L e
s . wa
. . -
1
pren 10 3005 202 2m2 3 2010 05 e 23 2010 3015 3 208
“Year Year ear

Figure S8h: Example of the pollen season analysis pipeline applied to
Cupressaceae/Taxaceae (cypress/yew) in Maribor. The top row presents the seasonal
dynamics and data normalization: (upper left) daily pollen concentrations showing average
values (black line) and 7-day smoothing (red dashed line); (upper middle) cumulative
annual pollen totals; and (upper right) normalized cumulative sums used for phenological
thresholding. The bottom row illustrates inter-annual trends over the 23-year period
(2002-2024) for (lower left) season start day (2.5% threshold), (lower middle) season end
day (97.5% threshold), and (lower right) the annual pollen integral (APIn). Linear
regression lines and coefficients of determination (R*) highlight a shift toward an earlier
and more intense pollen season.
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Figure S8i: Example of the pollen season analysis pipeline applied to Fagus sp.
(beech) in Maribor. The top row presents the seasonal dynamics and data normalization:
(upper left) daily pollen concentrations showing average values (black line) and 7-day
smoothing (red dashed line); (upper middle) cumulative annual pollen totals; and (upper
right) normalized cumulative sums used for phenological thresholding. The bottom row
illustrates inter-annual trends over the 23-year period (2002-2024) for (lower left) season
start day (2.5% threshold), (lower middle) season end day (97.5% threshold), and (lower
right) the annual pollen integral (APIn). Linear regression lines and coefficients of
determination (R?) highlight a shift toward an earlier and more intense pollen season.
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Figure S8j: Example of the pollen season analysis pipeline applied to Fraxinus spp.
(ash) in Maribor. The top row presents the seasonal dynamics and data normalization:
(upper left) daily pollen concentrations showing average values (black line) and 7-day
smoothing (red dashed line); (upper middle) cumulative annual pollen totals; and (upper
right) normalized cumulative sums used for phenological thresholding. The bottom row
illustrates inter-annual trends over the 23-year period (2002-2024) for (lower left) season
start day (2.5% threshold), (lower middle) season end day (97.5% threshold), and (lower
right) the annual pollen integral (APIn). Linear regression lines and coefficients of
determination (R?) highlight a shift toward an earlier and more intense pollen season.
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Figure S8k: Example of the pollen season analysis pipeline applied to Olea sp. (olive)
in Maribor. The top row presents the seasonal dynamics and data normalization: (upper
left) daily pollen concentrations showing average values (black line) and 7-day smoothing
(red dashed line); (upper middle) cumulative annual pollen totals; and (upper right)
normalized cumulative sums used for phenological thresholding. The bottom row illustrates
inter-annual trends over the 23-year period (2002-2024) for (lower left) season start day
(2.5% threshold), (lower middle) season end day (97.5% threshold), and (lower right) the
annual pollen integral (APIn). Linear regression lines and coefficients of determination (R?)
highlight a shift toward an earlier and more intense pollen season.
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Figure S81: Example of the pollen season analysis pipeline applied to Pinus spp. (pine)
in Maribor. The top row presents the seasonal dynamics and data normalization: (upper
left) daily pollen concentrations showing average values (black line) and 7-day smoothing
(red dashed line); (upper middle) cumulative annual pollen totals; and (upper right)
normalized cumulative sums used for phenological thresholding. The bottom row illustrates
inter-annual trends over the 23-year period (2002-2024) for (lower left) season start day
(2.5% threshold), (lower middle) season end day (97.5% threshold), and (lower right) the
annual pollen integral (APIn). Linear regression lines and coefficients of determination (R?)
highlight a shift toward an earlier and more intense pollen season.
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Figure S8m: Example of the pollen season analysis pipeline applied to Plantago spp.
(plantain) in Maribor. The top row presents the seasonal dynamics and data
normalization: (upper left) daily pollen concentrations showing average values (black line)
and 7-day smoothing (red dashed line); (upper middle) cumulative annual pollen totals; and
(upper right) normalized cumulative sums used for phenological thresholding. The bottom
row illustrates inter-annual trends over the 23-year period (2002-2024) for (lower left)
season start day (2.5% threshold), (lower middle) season end day (97.5% threshold), and
(lower right) the annual pollen integral (APIn). Linear regression lines and coefficients of
determination (R?) highlight a shift toward an earlier and more intense pollen season.
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Figure S8n: Example of the pollen season analysis pipeline applied to Platanus spp.
(plane tree) in Maribor. The top row presents the seasonal dynamics and data
normalization: (upper left) daily pollen concentrations showing average values (black line)
and 7-day smoothing (red dashed line); (upper middle) cumulative annual pollen totals; and
(upper right) normalized cumulative sums used for phenological thresholding. The bottom
row illustrates inter-annual trends over the 23-year period (2002-2024) for (lower left)
season start day (2.5% threshold), (lower middle) season end day (97.5% threshold), and
(lower right) the annual pollen integral (APIn). Linear regression lines and coefficients of
determination (R?) highlight a shift toward an earlier and more intense pollen season.
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Figure S80: Example of the pollen season analysis pipeline applied to Poaceae
(grasses) in Maribor. The top row presents the seasonal dynamics and data normalization:

(upper left) daily pollen concentrations showing average values (black line) and 7-day

smoothing (red dashed line); (upper middle) cumulative annual pollen totals; and (upper
right) normalized cumulative sums used for phenological thresholding. The bottom row
illustrates inter-annual trends over the 23-year period (2002-2024) for (lower left) season
start day (2.5% threshold), (lower middle) season end day (97.5% threshold), and (lower

right) the annual pollen integral (APIn). Linear regression lines and coefficients of

determination (R?) highlight a shift toward an earlier and more intense pollen season.
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Figure S8p: Example of the pollen season analysis pipeline applied to Quercus spp.
(oak) in Maribor. The top row presents the seasonal dynamics and data normalization:
(upper left) daily pollen concentrations showing average values (black line) and 7-day
smoothing (red dashed line); (upper middle) cumulative annual pollen totals; and (upper
right) normalized cumulative sums used for phenological thresholding. The bottom row
illustrates inter-annual trends over the 23-year period (2002-2024) for (lower left) season
start day (2.5% threshold), (lower middle) season end day (97.5% threshold), and (lower
right) the annual pollen integral (APIn). Linear regression lines and coefficients of
determination (R?) highlight a shift toward an earlier and more intense pollen season.
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Figure S8q: Example of the pollen season analysis pipeline applied to Rumex spp.
(dock) in Maribor. The top row presents the seasonal dynamics and data normalization:
(upper left) daily pollen concentrations showing average values (black line) and 7-day

smoothing (red dashed line); (upper middle) cumulative annual pollen totals; and (upper
right) normalized cumulative sums used for phenological thresholding. The bottom row
illustrates inter-annual trends over the 23-year period (2002-2024) for (lower left) season
start day (2.5% threshold), (lower middle) season end day (97.5% threshold), and (lower
right) the annual pollen integral (APIn). Linear regression lines and coefficients of

determination (R?) highlight a shift toward an earlier and more intense pollen season.
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Figure S8r: Example of the pollen season analysis pipeline applied to Urticaceae
(nettle) in Maribor. The top row presents the seasonal dynamics and data normalization:
(upper left) daily pollen concentrations showing average values (black line) and 7-day
smoothing (red dashed line); (upper middle) cumulative annual pollen totals; and (upper
right) normalized cumulative sums used for phenological thresholding. The bottom row
illustrates inter-annual trends over the 23-year period (2002-2024) for (lower left) season
start day (2.5% threshold), (lower middle) season end day (97.5% threshold), and (lower
right) the annual pollen integral (APIn). Linear regression lines and coefficients of
determination (R?) highlight a shift toward an earlier and more intense pollen season.
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Primorje Analysis Results
This section contains all analysis results for Primorje, including global overviews, data
completeness assessments, statistical analyses, and type-specific results.

Global Overview Analysis

Oeily pollen coresntistion

J
B L . Lt S ; ; A & R S o
L = & b b R ey e by hu e kg ¥ R v R o R ks
§ I 5 o R g 0 U M
o § [ 8 k: & F + 8 £ & B £ # #

H f ‘ ‘
. P M\,\_Jﬂ\\._)& _Alu‘k._,.{'L\ JL\__JL\PK_NM_’I Lv_}" I«.q_-"h,_rJ LJJ*L_.”J“M’W_J ‘\Jn o
R »

e

Figure S9a: Global Overview of Pollen Record in Primorje, showing the distribution and
abundance of pollen species across different time periods.
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Figure S9b: Global overview pollen diagram for Primorje, Slovenia, illustrating the seasonal
patterns of major tree and grass pollen species in the region.
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Figure S9c: Global overview of pollen records from Primorje, Slovenia, highlighting seasonal
patterns and species distribution across the region.
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Figure S10a: Annual pollen data completeness assessment for Primorje, Slovenia, showing
the percentage of pollen samples collected and analyzed each month over a one-year period.
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Figure S10b: Monthly pollen data completeness assessment for Primorje, Slovenia. The
figure displays the proportion of dataset completeness for individual months of a given
year. The color-bar on the right displays the color mapping of completeness values, where
red indicates complete data (1.0 or 100%), and lighter shades represent incomplete data,
with blue indicating the lowest completeness values (0.4 or 40%). Each cell shows the
completeness proportion for a specific month-year combination, revealing that most
months have complete data (1.0).
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Figure S11: Pollen season metrics across taxa in Primorje, Slovenia. Box plots showing (left)
season start day expressed as day of year using the 2.5% threshold of cumulative annual
pollen count, (middle) season end day using the 97.5% threshold, and (right) season length
in days calculated as the difference between season end and start dates. Each box
represents the interquartile range (IQR) with the median shown as a horizontal line,
whiskers extend to 1.5xIQR, and outliers are shown as individual points. Pollen taxa are
ordered chronologically based on their typical season timing, with early-season taxa
(Corylus, Alnus) on the left and late-season taxa (Artemisia, Ambrosia) on the right.



Pollen Taxa-Specific Analysis for Primorje
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Figure S12a: Example of the pollen season analysis pipeline applied to Alnus spp.
(alder) in Primorje. The top row presents the seasonal dynamics and data normalization:
(upper left) daily pollen concentrations showing average values (black line) and 7-day
smoothing (red dashed line); (upper middle) cumulative annual pollen totals; and (upper
right) normalized cumulative sums used for phenological thresholding. The bottom row
illustrates inter-annual trends over the 23-year period (2002-2024) for (lower left) season
start day (2.5% threshold), (lower middle) season end day (97.5% threshold), and (lower
right) the annual pollen integral (APIn). Linear regression lines and coefficients of
determination (R?) highlight a shift toward an earlier and more intense pollen season.
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Figure S12b: Example of the pollen season analysis pipeline applied to Ambrosia sp.
(ragweed) in Primorje. The top row presents the seasonal dynamics and data
normalization: (upper left) daily pollen concentrations showing average values (black line)
and 7-day smoothing (red dashed line); (upper middle) cumulative annual pollen totals; and
(upper right) normalized cumulative sums used for phenological thresholding. The bottom
row illustrates inter-annual trends over the 23-year period (2002-2024) for (lower left)
season start day (2.5% threshold), (lower middle) season end day (97.5% threshold), and
(lower right) the annual pollen integral (APIn). Linear regression lines and coefficients of
determination (R?) highlight a shift toward an earlier and more intense pollen season.
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Figure S12c: Example of the pollen season analysis pipeline applied to Artemisia spp.
(mugwort) in Primorje. The top row presents the seasonal dynamics and data
normalization: (upper left) daily pollen concentrations showing average values (black line)
and 7-day smoothing (red dashed line); (upper middle) cumulative annual pollen totals; and
(upper right) normalized cumulative sums used for phenological thresholding. The bottom
row illustrates inter-annual trends over the 23-year period (2002-2024) for (lower left)
season start day (2.5% threshold), (lower middle) season end day (97.5% threshold), and
(lower right) the annual pollen integral (APIn). Linear regression lines and coefficients of
determination (R?) highlight a shift toward an earlier and more intense pollen season.
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Figure S12d: Example of the pollen season analysis pipeline applied to Betula spp.
(birch) in Primorje. The top row presents the seasonal dynamics and data normalization:
(upper left) daily pollen concentrations showing average values (black line) and 7-day
smoothing (red dashed line); (upper middle) cumulative annual pollen totals; and (upper
right) normalized cumulative sums used for phenological thresholding. The bottom row
illustrates inter-annual trends over the 23-year period (2002-2024) for (lower left) season
start day (2.5% threshold), (lower middle) season end day (97.5% threshold), and (lower
right) the annual pollen integral (APIn). Linear regression lines and coefficients of
determination (R?) highlight a shift toward an earlier and more intense pollen season.
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Figure S12e: Example of the pollen season analysis pipeline applied to Carpinus
spp./Ostrya spp. (hornbeam/hop-hornbeam) in Primorje. The top row presents the
seasonal dynamics and data normalization: (upper left) daily pollen concentrations showing
average values (black line) and 7-day smoothing (red dashed line); (upper middle)
cumulative annual pollen totals; and (upper right) normalized cumulative sums used for
phenological thresholding. The bottom row illustrates inter-annual trends over the 23-year
period (2002-2024) for (lower left) season start day (2.5% threshold), (lower middle)
season end day (97.5% threshold), and (lower right) the annual pollen integral (APIn).
Linear regression lines and coefficients of determination (R?) highlight a shift toward an
earlier and more intense pollen season.
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Figure S12f: Example of the pollen season analysis pipeline applied to Castanea sp.
(sweet chestnut) in Primorje. The top row presents the seasonal dynamics and data
normalization: (upper left) daily pollen concentrations showing average values (black line)
and 7-day smoothing (red dashed line); (upper middle) cumulative annual pollen totals; and
(upper right) normalized cumulative sums used for phenological thresholding. The bottom
row illustrates inter-annual trends over the 23-year period (2002-2024) for (lower left)
season start day (2.5% threshold), (lower middle) season end day (97.5% threshold), and
(lower right) the annual pollen integral (APIn). Linear regression lines and coefficients of
determination (R?) highlight a shift toward an earlier and more intense pollen season.
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Figure S12g: Example of the pollen season analysis pipeline applied to Corylus sp.
(hazel) in Primorje. The top row presents the seasonal dynamics and data normalization:
(upper left) daily pollen concentrations showing average values (black line) and 7-day
smoothing (red dashed line); (upper middle) cumulative annual pollen totals; and (upper
right) normalized cumulative sums used for phenological thresholding. The bottom row
illustrates inter-annual trends over the 23-year period (2002-2024) for (lower left) season
start day (2.5% threshold), (lower middle) season end day (97.5% threshold), and (lower
right) the annual pollen integral (APIn). Linear regression lines and coefficients of
determination (R?) highlight a shift toward an earlier and more intense pollen season.
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Figure S12h: Example of the pollen season analysis pipeline applied to
Cupressaceae/Taxaceae (cypress/yew) in Primorje. The top row presents the seasonal
dynamics and data normalization: (upper left) daily pollen concentrations showing average
values (black line) and 7-day smoothing (red dashed line); (upper middle) cumulative
annual pollen totals; and (upper right) normalized cumulative sums used for phenological
thresholding. The bottom row illustrates inter-annual trends over the 23-year period
(2002-2024) for (lower left) season start day (2.5% threshold), (lower middle) season end
day (97.5% threshold), and (lower right) the annual pollen integral (APIn). Linear
regression lines and coefficients of determination (R?) highlight a shift toward an earlier
and more intense pollen season.
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Figure S12i: Example of the pollen season analysis pipeline applied to Fagus sp.
(beech) in Primorje. The top row presents the seasonal dynamics and data normalization:
(upper left) daily pollen concentrations showing average values (black line) and 7-day
smoothing (red dashed line); (upper middle) cumulative annual pollen totals; and (upper
right) normalized cumulative sums used for phenological thresholding. The bottom row
illustrates inter-annual trends over the 23-year period (2002-2024) for (lower left) season
start day (2.5% threshold), (lower middle) season end day (97.5% threshold), and (lower
right) the annual pollen integral (APIn). Linear regression lines and coefficients of
determination (R?) highlight a shift toward an earlier and more intense pollen season.
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Figure S12j: Example of the pollen season analysis pipeline applied to Fraxinus spp.
(ash) in Primorje. The top row presents the seasonal dynamics and data normalization:
(upper left) daily pollen concentrations showing average values (black line) and 7-day
smoothing (red dashed line); (upper middle) cumulative annual pollen totals; and (upper
right) normalized cumulative sums used for phenological thresholding. The bottom row
illustrates inter-annual trends over the 23-year period (2002-2024) for (lower left) season
start day (2.5% threshold), (lower middle) season end day (97.5% threshold), and (lower
right) the annual pollen integral (APIn). Linear regression lines and coefficients of
determination (R?) highlight a shift toward an earlier and more intense pollen season.
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Figure S12k: Example of the pollen season analysis pipeline applied to Olea sp. (olive)
in Primorje. The top row presents the seasonal dynamics and data normalization: (upper
left) daily pollen concentrations showing average values (black line) and 7-day smoothing
(red dashed line); (upper middle) cumulative annual pollen totals; and (upper right)
normalized cumulative sums used for phenological thresholding. The bottom row illustrates
inter-annual trends over the 23-year period (2002-2024) for (lower left) season start day
(2.5% threshold), (lower middle) season end day (97.5% threshold), and (lower right) the
annual pollen integral (APIn). Linear regression lines and coefficients of determination (R?)
highlight a shift toward an earlier and more intense pollen season.
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Figure S121: Example of the pollen season analysis pipeline applied to Pinus spp.
(pine) in Primorje. The top row presents the seasonal dynamics and data normalization:
(upper left) daily pollen concentrations showing average values (black line) and 7-day
smoothing (red dashed line); (upper middle) cumulative annual pollen totals; and (upper
right) normalized cumulative sums used for phenological thresholding. The bottom row
illustrates inter-annual trends over the 23-year period (2002-2024) for (lower left) season
start day (2.5% threshold), (lower middle) season end day (97.5% threshold), and (lower
right) the annual pollen integral (APIn). Linear regression lines and coefficients of
determination (R?) highlight a shift toward an earlier and more intense pollen season.
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Figure S12m: Example of the pollen season analysis pipeline applied to Plantago spp.
(plantain) in Primorje. The top row presents the seasonal dynamics and data
normalization: (upper left) daily pollen concentrations showing average values (black line)
and 7-day smoothing (red dashed line); (upper middle) cumulative annual pollen totals; and
(upper right) normalized cumulative sums used for phenological thresholding. The bottom
row illustrates inter-annual trends over the 23-year period (2002-2024) for (lower left)
season start day (2.5% threshold), (lower middle) season end day (97.5% threshold), and
(lower right) the annual pollen integral (APIn). Linear regression lines and coefficients of
determination (R?) highlight a shift toward an earlier and more intense pollen season.



Figure $12

Daily walues 2nd smaolhed dynanics 70 Hormeliced AP
— a3 — o
= 1000 f
|
P |
—_ o
= "T
w B 06
il
a0 o4
201 0z
] o
0 mooan w0 2 w0 e Booan o A0 0 A aw 6 s owWo % ape %0 wmn w0
Start of season (2.5%]) End of seasen (97.5%) Annual pollen concentratian
. & feasnsia °
1y~ = L4052 == e 140 | rend: y= —0.a0x 8209 1000 - rend: = =3.43x + 34146,
e
7 = (gaa1 » 22 2y 0m 2 =
.
Y . ® ann
T e 11 g
5 ~ 2
= .o ° 5 -
= - PE-S e . * .
H ~ - £ s ~~
e . [ L e ; L
- ~ 5 - s
- . 5 s -~
R -~ s o et . * -
3 . T3 . e 8. - - o0 P
" ° ® . %y e,
e e L] Sy
o 200 =
100 @ s ® vl wnzvien
- T . o —= e
2005 T 2015 1 2025 2005 018 2015 2020 2025 2105 2010 015 2070 2025
ear Year ear

n: Example of the pollen season analysis pipeline applied to Platanus spp. (plane
tree) in Primorje. The top row presents the seasonal dynamics and data normalization:
(upper left) daily pollen concentrations showing average values (black line) and 7-day
smoothing (red dashed line); (upper middle) cumulative annual pollen totals; and (upper
right) normalized cumulative sums used for phenological thresholding. The bottom row
illustrates inter-annual trends over the 23-year period (2002-2024) for (lower left) season
start day (2.5% threshold), (lower middle) season end day (97.5% threshold), and (lower
right) the annual pollen integral (APIn). Linear regression lines and coefficients of
determination (R?) highlight a shift toward an earlier and more intense pollen season.
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Figure S120: Example of the pollen season analysis pipeline applied to Poaceae
(grasses) in Primorje. The top row presents the seasonal dynamics and data
normalization: (upper left) daily pollen concentrations showing average values (black line)
and 7-day smoothing (red dashed line); (upper middle) cumulative annual pollen totals; and
(upper right) normalized cumulative sums used for phenological thresholding. The bottom
row illustrates inter-annual trends over the 23-year period (2002-2024) for (lower left)
season start day (2.5% threshold), (lower middle) season end day (97.5% threshold), and
(lower right) the annual pollen integral (APIn). Linear regression lines and coefficients of
determination (R?) highlight a shift toward an earlier and more intense pollen season.
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Figure S12p: Example of the pollen season analysis pipeline applied to Quercus spp.
(oak) in Primorje. The top row presents the seasonal dynamics and data normalization:
(upper left) daily pollen concentrations showing average values (black line) and 7-day
smoothing (red dashed line); (upper middle) cumulative annual pollen totals; and (upper
right) normalized cumulative sums used for phenological thresholding. The bottom row
illustrates inter-annual trends over the 23-year period (2002-2024) for (lower left) season
start day (2.5% threshold), (lower middle) season end day (97.5% threshold), and (lower
right) the annual pollen integral (APIn). Linear regression lines and coefficients of
determination (R?) highlight a shift toward an earlier and more intense pollen season.
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Figure S12q: Example of the pollen season analysis pipeline applied to Rumex spp.
(dock) in Primorje. The top row presents the seasonal dynamics and data normalization:
(upper left) daily pollen concentrations showing average values (black line) and 7-day
smoothing (red dashed line); (upper middle) cumulative annual pollen totals; and (upper
right) normalized cumulative sums used for phenological thresholding. The bottom row
illustrates inter-annual trends over the 23-year period (2002-2024) for (lower left) season
start day (2.5% threshold), (lower middle) season end day (97.5% threshold), and (lower
right) the annual pollen integral (APIn). Linear regression lines and coefficients of
determination (R?) highlight a shift toward an earlier and more intense pollen season.
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Figure S12r: Example of the pollen season analysis pipeline applied to Urticaceae
(nettle) in Primorje. The top row presents the seasonal dynamics and data normalization:
(upper left) daily pollen concentrations showing average values (black line) and 7-day
smoothing (red dashed line); (upper middle) cumulative annual pollen totals; and (upper
right) normalized cumulative sums used for phenological thresholding. The bottom row
illustrates inter-annual trends over the 23-year period (2002-2024) for (lower left) season
start day (2.5% threshold), (lower middle) season end day (97.5% threshold), and (lower
right) the annual pollen integral (APIn). Linear regression lines and coefficients of
determination (R?) highlight a shift toward an earlier and more intense pollen season.



Cross-Regional Correlation Analysis

This section contains correlation analyses between different regions, showing relationships
in pollen patterns across Ljubljana, Maribor, and Primorje.

Regional Correlation Results

Time series of pollen concentration for Alnus spp Correlation maltrix (upper triangle) for Alnus spp
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Figure S13a: Regional comparison of Alnus spp. (alder) pollen dynamics in Slovenia.
(Left) Time series of daily pollen concentrations at three monitoring sites (Ljubljana,
Maribor, Primorje) spanning 2002-2024. (Right) Correlation matrix showing inter-site
relationships, with moderate to strong positive correlations indicating partially
synchronized pollen seasons across locations, while regional differences in peak timing and
intensity reflect local environmental conditions.
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Time series of pollen concentration far Ambrosia sp. Correlation matrix (upper triangle] for Ambrasia sp
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Figure S13b: Regional comparison of Ambrosia sp. (ragweed) pollen dynamics in
Slovenia. (Left) Time series of daily pollen concentrations at three monitoring sites
(Ljubljana, Maribor, Primorje) spanning 2002-2024. (Right) Correlation matrix showing
inter-site relationships, with moderate to strong positive correlations indicating partially
synchronized pollen seasons across locations, while regional differences in peak timing and
intensity reflect local environmental conditions.

Tirne series of pollen concentration far Artemisia spp, Correlation matrix {ugper triangle} for Artemisia spp.
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Figure S13c: Regional comparison of Artemisia spp. (mugwort) pollen dynamics in
Slovenia. (Left) Time series of daily pollen concentrations at three monitoring sites
(Ljubljana, Maribor, Primorje) spanning 2002-2024. (Right) Correlation matrix showing
inter-site relationships, with moderate to strong positive correlations indicating partially
synchronized pollen seasons across locations, while regional differences in peak timing and
intensity reflect local environmental conditions.



Time series af pollen concentration lor Betula spp. Correlation matrix {upper triangle} for Betula spp
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Figure S13d: Regional comparison of Betula spp. (birch) pollen dynamics in Slovenia.
(Left) Time series of daily pollen concentrations at three monitoring sites (Ljubljana,
Maribor, Primorje) spanning 2002-2024. (Right) Correlation matrix showing inter-site
relationships, with moderate to strong positive correlations indicating partially
synchronized pollen seasons across locations, while regional differences in peak timing and
intensity reflect local environmental conditions.

Time series of pallen concentration for Carpinus spp. Correlation matrix (upper triangle) for Carpinus spp
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Figure S13e: Regional comparison of Carpinus spp./Ostrya spp. (hornbeam/hop-
hornbeam) pollen dynamics in Slovenia. (Left) Time series of daily pollen concentrations
at three monitoring sites (Ljubljana, Maribor, Primorje) spanning 2002-2024. (Right)
Correlation matrix showing inter-site relationships, with moderate to strong positive
correlations indicating partially synchronized pollen seasons across locations, while
regional differences in peak timing and intensity reflect local environmental conditions.



Time series of pallen cancentration for Castanea sp. Carrelation matrix (upper triangle] for Castanea sp
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Figure S13f: Regional comparison of Castanea sp. (sweet chestnut) pollen dynamics in
Slovenia. (Left) Time series of daily pollen concentrations at three monitoring sites
(Ljubljana, Maribor, Primorje) spanning 2002-2024. (Right) Correlation matrix showing
inter-site relationships, with moderate to strong positive correlations indicating partially
synchronized pollen seasons across locations, while regional differences in peak timing and
intensity reflect local environmental conditions.

Time series of pollen cancentration for Corylus sp. Correlation malrix (upper triangle) far Corylus sp.
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Figure S13g: Regional comparison of Corylus sp. (hazel) pollen dynamics in Slovenia.
(Left) Time series of daily pollen concentrations at three monitoring sites (Ljubljana,
Maribor, Primorje) spanning 2002-2024. (Right) Correlation matrix showing inter-site
relationships, with moderate to strong positive correlations indicating partially
synchronized pollen seasons across locations, while regional differences in peak timing and
intensity reflect local environmental conditions.



Time series of pallen cancentration for Cupressaceae
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Figure S13h: Regional comparison of Cupressaceae/Taxaceae (cypress/yew) pollen
dynamics in Slovenia. (Left) Time series of daily pollen concentrations at three monitoring
sites (Ljubljana, Maribor, Primorje) spanning 2002-2024. (Right) Correlation matrix
showing inter-site relationships, with moderate to strong positive correlations indicating
partially synchronized pollen seasons across locations, while regional differences in peak
timing and intensity reflect local environmental conditions.

Time series of pallen concentration for Fagus sp. Carrelation matrix (upper triangle) for Fagus sp.
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Figure S13i: Regional comparison of Fagus sp. (beech) pollen dynamics in Slovenia.
(Left) Time series of daily pollen concentrations at three monitoring sites (Ljubljana,
Maribor, Primorje) spanning 2002-2024. (Right) Correlation matrix showing inter-site
relationships, with moderate to strong positive correlations indicating partially
synchronized pollen seasons across locations, while regional differences in peak timing and
intensity reflect local environmental conditions.
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Time series of pollen concentration for Fraxinus spp. Correlation matrix {upper triangle) for Fraxinus spp.
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Figure S13j: Regional comparison of Fraxinus spp. (ash) pollen dynamics in Slovenia.
(Left) Time series of daily pollen concentrations at three monitoring sites (Ljubljana,
Maribor, Primorje) spanning 2002-2024. (Right) Correlation matrix showing inter-site
relationships, with moderate to strong positive correlations indicating partially
synchronized pollen seasons across locations, while regional differences in peak timing and
intensity reflect local environmental conditions.

Time series of pallen cancentration for Olea sp. Correlation matrix upper triangle) for Olea sp.
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Figure S13k: Regional comparison of Olea sp. (olive) pollen dynamics in Slovenia.
(Left) Time series of daily pollen concentrations at three monitoring sites (Ljubljana,
Maribor, Primorje) spanning 2002-2024. (Right) Correlation matrix showing inter-site
relationships, with moderate to strong positive correlations indicating partially
synchronized pollen seasons across locations, while regional differences in peak timing and
intensity reflect local environmental conditions.




Time series of pallen concentration for Finus spp. Correlation malrix (upper triangle) far Pinus spp.
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Figure S131: Regional comparison of Pinus spp. (pine) pollen dynamics in Slovenia.
(Left) Time series of daily pollen concentrations at three monitoring sites (Ljubljana,
Maribor, Primorje) spanning 2002-2024. (Right) Correlation matrix showing inter-site
relationships, with moderate to strong positive correlations indicating partially
synchronized pollen seasons across locations, while regional differences in peak timing and
intensity reflect local environmental conditions.

Time series of pollen concentration far Plantaga spp. Correlaticn matrix {upper triangle) for Plantago spp
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Figure S13m: Regional comparison of Plantago spp. (plantain) pollen dynamics in
Slovenia. (Left) Time series of daily pollen concentrations at three monitoring sites
(Ljubljana, Maribor, Primorje) spanning 2002-2024. (Right) Correlation matrix showing
inter-site relationships, with moderate to strong positive correlations indicating partially
synchronized pollen seasons across locations, while regional differences in peak timing and
intensity reflect local environmental conditions.



Time series of pollen concentration for Flatanus spp. Correlation matrix (upper triangle) for Flatanus spp.
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Figure S13n: Regional comparison of Platanus spp. (plane tree) pollen dynamics in
Slovenia. (Left) Time series of daily pollen concentrations at three monitoring sites
(Ljubljana, Maribor, Primorje) spanning 2002-2024. (Right) Correlation matrix showing
inter-site relationships, with moderate to strong positive correlations indicating partially
synchronized pollen seasons across locations, while regional differences in peak timing and
intensity reflect local environmental conditions.

Time series of pollen concentration for Poaceae Correlation matrix upper triangle} for Poaceae
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Figure S130: Regional comparison of Poaceae (grasses) pollen dynamics in Slovenia.
(Left) Time series of daily pollen concentrations at three monitoring sites (Ljubljana,
Maribor, Primorje) spanning 2002-2024. (Right) Correlation matrix showing inter-site
relationships, with moderate to strong positive correlations indicating partially
synchronized pollen seasons across locations, while regional differences in peak timing and
intensity reflect local environmental conditions.



Time series of pollen concentration far Quercus spa. Carrelation marix (upper triangle) far Quercus spp.
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Figure S13p: Regional comparison of Quercus spp. (oak) pollen dynamics in Slovenia.
(Left) Time series of daily pollen concentrations at three monitoring sites (Ljubljana,
Maribor, Primorje) spanning 2002-2024. (Right) Correlation matrix showing inter-site
relationships, with moderate to strong positive correlations indicating partially
synchronized pollen seasons across locations, while regional differences in peak timing and
intensity reflect local environmental conditions.

Time series of pallen concentration for Rumes spp. Correlation matrix {upper triangle} for Aumes spp.
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Figure S13q: Regional comparison of Rumex spp. (dock) pollen dynamics in Slovenia.
(Left) Time series of daily pollen concentrations at three monitoring sites (Ljubljana,
Maribor, Primorje) spanning 2002-2024. (Right) Correlation matrix showing inter-site
relationships, with moderate to strong positive correlations indicating partially
synchronized pollen seasons across locations, while regional differences in peak timing and
intensity reflect local environmental conditions.



Time series of pollen concentration far Urticaceae Correlation matrix {upper triangle} for Urticaceae:
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Figure S13r: Regional comparison of Urticaceae (nettle) pollen dynamics in Slovenia.
(Left) Time series of daily pollen concentrations at three monitoring sites (Ljubljana,
Maribor, Primorje) spanning 2002-2024. (Right) Correlation matrix showing inter-site
relationships, with moderate to strong positive correlations indicating partially
synchronized pollen seasons across locations, while regional differences in peak timing and
intensity reflect local environmental conditions.
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