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The trends in Cupressaceae pollen concentration with various warming scenarios

in northern Beijing, China
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Abstract: Cupressaceae pollen is a significant allergen responsible for the onset of allergic diseases. Predicting changes in
its concentration under global warming can provide essential insights for the scientific prevention and treatment of hay fever.
This study focuses on daily Cupressaceae pollen concentration data from northern Beijing over four years (2018—2021) and
synthesizes multi-source predictors comprising thermal indices ( GDD ), extreme temperature events, and vegetation
phenology indicators, to develop a Random Forest model for predicting pollen concentration trends under different warming
scenarios. The key findings are as follows; (1) The Random Forest model effectively predicts Cupressaceae pollen
concentration, achieving an R* of 0.79 and a root mean square error (RMSE) of 0.73, indicating a strong fit between
observed and predicted values. (2) The pollen concentration of Cupressaceae plants is strongly influenced by long-term

temperature effects, particularly growing degree days ( GDD ), and extreme temperature events. Among the various
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environmental factors, the most influential variables for predicting daily pollen concentration are thermal accumulation
metrics (GDD>10°C-d) across 40—80 day windows ( GDD_40_10, GDD_60_10, GDD_80_10), as well as the daily
maximum temperature ( Tmax). (3) Temperature rise scenarios of 0.5°C, 1.0°C, 1.5C, and 2.6°C reveal a nonlinear
response in Cupressaceae pollen concentration. Specifically, Cupressaceae concentration initially increases, then decreases,
and increases again as the temperature rises. This nonlinear trend is likely influenced by the interplay between plant
physiological mechanisms, adaptive responses to environmental changes, and temperature-induced shifts in flowering
phenology. This study explores the impact of various environmental variables on Cupressaceae pollen concentration in
northern Beijing using a Random Forest model to predict changes under different warming scenarios. It highlights the
significant role of growing degree days (GDD) and identifies a nonlinear trend in pollen concentrations with future warming.
These findings provide valuable insights for the prevention, diagnosis, and treatment of pollen-related allergies and offer

crucial guidance for optimizing urban green space planning.
Key Words: Cupressaceae pollen; accumulated temperature ; random forest model; warming; northern Beijing
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Table 1 Input feature variables for the Random Forest model

RS A EX4 FEEAE G HAfif FRAEAS & B AR Likina
Features Unit Features Unit Features Unit Features Unit
Wind m/s GDD_80_5 C-d NO, wg/m? Chill_80_10 C-d
Dir ° GDD_80_10 C-d Day - Pre_10 mm
Pressure hPa Chill_20_0 C-d GDD_20_0 C-d Pre_20 mm
Tem C Chill_20_5 C-d GDD_20_5 C-d Pre_30 mm
Humidity % Chill_20_10 C-d GDD_20_10 C-d Pre_40 mm
Precipitation mm Chill_40_0 C-d GDD_40_0 C-d Pre_50 mm
Tmax C Chill_40_5 C-d GDD_40_5 C-d Pre_60 mm
PM, 5 pe/m’ Chill_40_10  °C-d GDD_40_10 C-d DL h
PM,, peg/m’ Chill_60_0 C-d GDD_60_0 C-d LAT -
AQI - Chill_60_5 C-d GDD_60_5 C-d FPAR -

0, pg/m? Chill_60_10 C-d GDD_60_10 C-d NDVI -
S0, pe/m’ Chill_80_0 C-d GDD_80_0 C-d EVI -
CO pg/m? Chill_80_5 C-d

Wind ; X Wind speed; Dir; X1 Wind direction; Pressure; K’ JE Atmospheric pressure; Tem: H Y B Temperature ; Humidity ; 8 X3 78 B
Relative humidity; Pre: H[#7K1E Precipitation ; Tmax ; H 55 i Maximum temperature ; PM, 5 : AUR 4 2.5-micrometer particulate matter; PM,q ; A
W AURIY) Tnhalable particles; AQL: 25 S B HE 4L Air Quality index; 0, : 54 Ozone; S0, : “E LT Sulfur dioxide; CO;—% fbBk Carbon monoxide;
NO, : &AL Nitrogen dioxide; Day: H ¥4 Number ofdDays; GDD_20_0 . BE#IEKS 24 H RTIELE 20 d P HSFHSR 5 T 2R E 0°C iy 2Rz Al
Growing degree days over 20 days with a base temperature of 0 °C ; Chill_20_0. BEIAEHKY 24 H Fii 442 20 d N H SRR T 3L vETRLE 0°C iy B A
Chill accumulation over 20 days with a base temperature of 0 °C ;Pre_10 . BLIFERY 2 H ATIELE 10 d M FE/K B 21T 10 day cumulative precipitation;
DL: 1R Daylight hours; LAT; - 18 B4 50 Leaf area index; FPAR : # #% 47 206 A 48 5 W Wi HL 5] Fraction of absorbed photosynthetically active
radiation ; NDVI; J9—{LAE B 45 80 Normalized difference vegetation index; EVI; H458 A #4550 Enhanced vegetation index
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Fig.2 Trends in Cupressaceae pollen concentration from March to October (2018—2021)
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SEMARMER MR (1R 22) JF e T 3 1 24 H @i {H (2520 A2/1000 mm?) HEAE 3 H 28 H, 258 T 4
9 H AR 2 H W EHE A 618 /1000 mm*, 2019 4EMARHER ZIFET 3 A 15 B, s {E (3150 K/
1000 mm®) HPAE 3 H 16 H 4558 T 4 A 18 H , #E¥ 4N 457 Ki/1000 mm®, 2020 SEHIBHEHN 2146 T
3 A 17 H, fm{E (22592 Ki/1000 mm?) HEAE 3 H 21 H, 25K T 5 A 11 H, 8 ZH1{E N 969 %i/1000
mm?®, 2021 FEMBER FIF G T 3 A 17 B, B = {E (8238 Ki/1000 mm®) HPLAE3 H 23 H, 45 T4 H 12 H,
TEMZEIE N 861 KL/1000 mm®, SMASKE  WIBHEM R B e s (B BAZE 3 A v a1, BB S AR R, 1E R ik
JEE VA (1 ) 25 T AL

R 2 2018—2021 FEHRIEM T

Table 2 Characteristics of the Cupressaceae pollen season from 2018 to 2021

GRO TR R W {7 1) TR B ORL/1000mm* ) SFHIE (K/1000 mm?)
Year Start date Peak date End date Highest value Average

2018 3H24H 3H28H 4739H 2520 618

2019 3A15H 3H16H 4H18H 3150 457

2020 3A17TH 3H21H 5H11H 22592 969

2021 3H17H 3H23H 47 12H 8238 861

2.2 FELARMARIRLILE

AT BENLAR MR RS ARHE E BRI R 4y, o T SR BB A MR M, T 3h SRS B & 15
FRAEMSHACE . K 3 BRBEHLAR M e 28U 5 02  BEDLARARI 1Y S AR E B 43, RSB0 H
279, [ ok 0 2 BH S AN T ALK ¥ FE 22 Il A AEAR IR B AR OGP (R = 0.79 ), ELELSIEABL AN T B0 =2 [11) 9 ~F- 229 fivi 22
BU/N(RMSE=0.73) BRI S HOREAS . TER 3 Pk B AEAE I ) S L3 PRl PA) 000 (0 Fot ) i 5 T
— 3, T ey Y0 L A 22 3 B0 S T (LA T O L P 195 20, 3K R BB bl T RARLAE A v B2 B A T 1 38 4 ik
Jei | S BRI R AR 5 ELAL PR H 30, A RS 2R 0F g (L TOUIM 77— 0 22 , 7 o (LA e JEE Tl o, 500 465 2
A W B AR A AR A i JBE B )
0.7912 +
0.7910 -
0.7908 -
0.7906 -
0.7904 -
0.7902 +

0.7900 -

07898 1 1 1 1 1 1 1 1
270.0 272.5 275.0 2717.5 280.0 282.5 285.0 287.5

W% B Number of trees/4™

WA
Goodness of Fit

0.7900 t
0.7850
0.7800 |-
0.7750
0.7700
0.7650 |-
0.7600
0.7550 ‘ . . . ol

8L R?=0.79
RMSE = 0.73

e
Goodness of Fit
oA
Predicted Values

0 10 20 30 40 50 0 2 4 6 8
T RAFAEEL Max features/4> WL{E Observed values
3 FBENHHERMNOHE SRSERSUESREXRRENERTNES W NEE S E
Fig.3 Relationship between the number of trees, max features, and model fit in Random Forest. The optimal model predictions vs.

observed values scatter plot
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HE T 40,6080 d 15T 0°C HAV-XEE 2 #1( GDD_40 CTT;?O% %
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d & F 10°C H F 3 B 2 F1 (Chill _60 _ 10, Chill Wi H
accumulation over 60 Days with a Base Temperature of 10 § C?ﬁffgg%g i
C) LLKHT 40 d £ 0°C H P HEZ A (Chill 400, % tumidiy [
Chill accumulation over 40 Days with a Base Temperature ﬁ L%CI) 0
of 0 C) B AN TR MM, T 20 4 (EF 0T o203
H SEH93EE Z F1( Chill_20_0, Chill accumulation over 20 ChillFlgoA% N
Days with a Base Temperature of 0 °C ) 7ERLAY o (1 /E H ChiHNE)Vé %
WS RBURS A ARERD T RITEME oo
A i, HRK A Tem \Wind | Humidity , Pressure , Dir AL H preB;i(r) %
R 7K &t (4 Pre 30 Pre_40,30 - Day and 40 — Day "o 1
Cumulative Precipitation) AN Pre, %5—J7 1, 2575 5% Pgléllzlg %
PR ARG IS BT B O, 4224 3¢ P |
YH €O N0, SO, .PM,; PM,, AQL. IE4}, DL XF Tl oo
B RV BE BB B B K P AL T rh A K- T i S bvid
ﬁﬂ/ﬂjﬂ%‘fﬁﬁ‘l’ii@ﬁﬁ% o Chill 200 0 0.05 0.10 0.15 0.20 0.25
HH AR S 94 AEDRT E B I AN BB 5 4 e B T XS EZEE Importances
At M AR FE 1) 5 2R, ASBIFGE 34 1 FH 38 - it ] T R 4 BENLR RS T B E T

A BHEAIL A5 AR 70 e T 2 ) R A e A 22 1 43 3] 55 BE AL Fig.4  Ranking of feature importance in the Random Forest model
RRMRAE TR T 285 5 009 100 B ke 1oz 22 Sfe ik — A WA Ay i i
At SRR AR R ] &R L 424% GDD_40_10  Tmax Chill_60_10,Tem ,Wind .0, DL LAI L) Pre_40( WLIK 5) .
M5 AT LLE H Bfi%E GDD_40_10 B3N AARHER VR B2 52 T B a3 JUHUETE 100°C-d 2247 A 200°C d A2
HAUE TR 7Em T 250°C d ZJR B TP RHER TR FEBE Tmax B934 IS EIHEH 78 18—2CAEHZ
)G B BT, AR T 22°C Z 5 #a T F44 ; Chill_60_10 Tem Wind .0,k DL S5 AR E K e BE 19 56 258 0 F
G, Bl 3K SEAREE AR fE (1 AR 0 ARHAE A TR BE AR AN AR | AU BT 3k A i P AR R AR K TR B DT R AL 55 5 Pre_40
1E 40 mm ZiA5  MARHER R BE 52 T B Z I TP 22
2.4 TR BT AR R B TR 25 R

6 s T LL2018—2021 4 50 Fh4FAEAS B R 3ml | Tem T+ 0.5.1.0.,1.5 .2.6°C B}, Tmax D) J& 4% B AR
R AEAHRLE A S AR B B A AL . 25 R R (W3R 3) | TR RUERYAE R 2=t RIS N, THIR 0.5°C )=,
2018 2020 2021 AEFIRFAERY U E 43 AR 4.02% 1.01% 4.93% ,2019 AEFARMEM Y E THES 2.13% ; FHR 1°C
J5,2018 % 2021 AEAARFAER He BE 43 T FEAK 5.82% 5.84% 8.15% . 7.52% ; FHE 1.5°C 75,2018 Z 2021 4EHAFR}

http ; //www.ecologica.cn



8 xR 45 %

15 GDD 40 10 Tmax L Chill 60_10
1.0 -
—/—J—— —_—_—
0.5 L
(:\ 1 1 1l 1 | T T | 11 1l L1
E 0 20 30 -500 -250 0
(=3
(=3
g 1.5 F Tem - Wind - 05
mE
§§ 10 F - -
g o
£ I
5
S o5t L L
o L1 1 1 | T | | [ O | 1 1 | Y I I N O S | 1
(5]
5 10 20 1 2 3 50 100
3
~ 15 | DL o LAI o Pre 40
1.0 | o -
- N
0.5 - r
1 1 1 1 1 T L1 N 1 1 L1l 1 IINITNN] 1 Ll 1 1
12 14 1 2 0 200 400

B 5 MNKRHEESTEEESENREDRI RIS

Fig.5 Partial dependence analysis of feature variables and Cupressaceae pollen concentration in the Random Forest model
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Table 3 Trends in Cupressaceae pollen concentration from 2018 to 2021 under different temperature scenarios: annual and pollen season
changes with 0.5°C, 1.0°C, 1.5°C, and 2.6°C increases

40} Year 0.5C 1.0°C 1.5C 2.6C

2018 17.48% 32.92% 9.38% 17.36%
2018—74EH3 4% Pollen season -4.02% -5.82% -3.23% -11.37%
2019 5.98% 16.15% 6.41% 15.21%
2019—4£43Z= Pollen season 2.13% -5.84% -2.83% -4.46%
2020 -3.56% -1.78% 5.02% 17.74%
2020—4EH3ZE Pollen season -1.01% -8.15% -6.24% -15.96%
2021 0.57% 0.61% -1.10% 13.08%
2021—4EH3 2 Pollen season -4.93% -7.52% -7.54% -21.12%
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