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Abstract; Urban allergenic pollen is one of the emerging and increasingly severe urban ecological problems associated with
the process of urban ecological construction. To address this issue, it is important to identify the locations and flowering
periods of highly allergenic plants and assess the potential exposure risk of their pollen to urban residents. This can help
individuals with pollen allergies plan their schedules and outdoor activities more effectively. The study focuses on the highly
urbanized area within the fifth ring road of Beijing and uses the densely distributed, high-pollen-producing pine and cypress
trees as a typical case, mainly introduced through human planting. By exploring their spatial distribution and pollen release
timing, we aim to reveal the spatiotemporal patterns of allergic risks and highlight the relationship between urban spatial
patterns and the planting of allergenic vegetation. In addition, the study investigates the response and adaptation strategies
of allergenic plants to urban environmental changes, highlighting their resilience and survival intelligence in urban
environments. The results show that; 1) There are significant differences in the distribution of allergenic vegetation in cities
based on urban development and different functional areas. In areas with higher urbanization levels, the planting of pine and
cypress trees is relatively scarce. Residential areas, educational and cultural zones, historical and cultural heritage
protection areas such as Sijiqing subdistrict, Haidian subdistrict and Tiantan subdistrict have high densities of pine and
cypress trees, while agricultural and industrial zones such as Laozhuangzi subdistrict and Huangcun subdistrict have low
densities of these trees. 2) The differences in flowering periods of urban allergenic plants demonstrate the diversity of plant
responses and adaptations to the urban environment. Plants may begin to bloom early in 2019—2022, strategies that aid
allergenic plants in survival and reproduction in urban environment. 3) Potential exposure risk of allergenic pollen change as
plants adapt to the urban environment. Most streets in urban areas are classified as low-risk (93 subdistricts) , followed by
medium-low-risk areas ( 15 subdistricts ), medium-high-risk areas (5 subdistricts), and a few high-risk areas (4
subdistricts) and moderate-risk areas (1 subdistrict). By analyzing the spatial distribution patterns and phenological
characteristics of typical allergenic plants can couple urban green space exposure with public health, this study provides
scientific evidence for optimizing urban greening construction and alleviating allergic pollen-related issues, and empirical

references for future urban green space planning and construction.

Key Words: urban area; allergenic pollen; pine and cypress; spatial and temporal distribution characteristics; potential

exposure risk
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Fig.1 Study area location diagram ( Map source: Google Online Maps, March 28, 2024)
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Table 1 Information on sampling sites within the fifth ring road of Beijing

S 35 5 2 (E) LEE(N) 4R/ m THERRI B F
Observatory sites Longitude Latitude Altitude Start of Flowering
71 Site 1 116.428611° 40.004167° 32 70
JAE 2 Site 2 116.385000° 40.014722° 39 65
A 3 Site 3 116.337778° 40.007778° 51 63
Hf 4 Site 4 116.390278° 39.924167° 53 61
LS Site 5 116.345833° 39.915278° 47 63
Hf 6 Site 6 116.428611° 39.872778° 34 69
JAE T Site 7 116.344167° 39.815278° 47 61
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Table 2 Evaluation of precision of pine and cypress confusion matrix in beijing urban area

/A JERH/ A JHPREBE/ % AT BT/ Y
Pine and cypress Non pine and cypress trees User Accuracy Producer’s accuracy
el 820 54 93.2 78.0
I Vg 231 1050 81.9 95.1
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Table 3 Observation data from seven phenological observation stations

AEES i 1 Ui L2 Ui 3 i i1 4 iR 5 Ui 6 BT
Data type Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7
SR In-situ data/ H T 70 65 63 61 63 69 61
18 8% T BN Tnversion data/ H P 54 59 53 64 69 70 54

1.5 e g W AT ) ik
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Table 4 Quantitative table of vegetation density level
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Table 5 Potential exposure risk level classification

AR IS R 1 i) B 2 i B 3 fif ] B 4
Density level Time period 1 Time period 2 Time period 3 Time period 4
K% B Low density AR ] 1 (- il 2 (-t ] 3 e
A JE Medium-low density R ER-AsE] 1 H -] 2 -] 3 G ] 4
Hh 4% B Medium density A i) 1 F&E-IE] 2 45t 1] 3 &S} ] 4
1% B Medium-high density rh s (] 1 Hprs ] 2 -] 3 g 4
=% ¥ High density BBt 1 25 ] 2 25 3 T 4
2 HRE5SH

2.1 Y FAZERLAY 2 Rl Af AR
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Fig.4 Spatial distribution map of pine and cypress vegetation in the urban area of Beijing; Distribution area map of pine and cypress
vegetation at the scale of the Fifth Ring Road and streets in Beijing; Distribution ratio map of pine and cypress vegetation at the scale of the

Fifth Ring Road and streets in Beijing
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Table 6 The proportion of pine and cypress areas in Beijing's ring road

AN ZHE=H S ZER AN PUPAZ LA R
IX 35 Mt
. Within the Second to Third Third to Fourth  The Fourth Ring to Total
region
8 Second Ring Ring Road Ring Roads the Fifth Ring o
N 1
FATIELA , 4.1 2.8 2.9 12.1 21.9
Pine and cypress area/km
A A b
18.7 12.8 13.3 55.2 100.0
Area proportion/ %
K S R oAl
PAHA SERBHEIBALS 6.6 2.9 2.1 3.3 14.9

Ratio of pine and cypress to ring road area/%

IR 3 A7 BUE B0 SEAR B0, 5 T8 19 20 AT 45 R AERS BLIE S 1T O BMEOR il e ARZE & . 1T HL
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Table 7 Peak flowering period and length of flowering period in each ring road from 2019 to 2022

FFAEUEAEIY]/ DOY IR/ d
AEA Peak flowering period Length of the flowering period
Year — 3R “H®E =HE (U7 — 3R “H®E =HE [UpZ
- =3 PUER FIF - =¥ Py A ENEZ

2019 94 107 94 86 43 49 54 83
2020 90 91 90 74 46 44 53 54
2021 88 77 76 74 46 41 50 75
2022 65 64 63 61 31 30 27 42

NI RUBE 9 25 [E)A% Jr) R, Wy RAZEAE A I T ARG (0 3 B0t 8 10 22 () S ok i A I B 23 () o
AR — 25, BAROR U . OFFAEIE(E I . AU FLER M X AE K B B 25 8] 43 A A S B . AT O 1) M
IE AT ARG 20 VG m 2 T B AARAE RS R 17 BsF () S 8 e A AT T8, A0 SR S B S PR (A AT A
FEACWEAEIATE 3 H ] (60—72DOY) , J5{a#E T AN S i 2 Th e 3 A A (72—84DOY) , T ¢
P A BHT TS R R A A AR I T 2 H . IHTIE RUE LA Ao (%) T AR 06 (1
AT LA RS AOAR Y I AR 101 6 25 ) () 7E 8 A0 4R T, 2019 ,2020 4F K 7315 18 I A AR S A8 ) T B
WIErR7E 3 A AT 4 H _BAD, I 2021 4R CER /8 A FZSAR Y AR I 46 P 7 3 H v T A), 2022 4
WigEdre 3 A bA),

QALY  Jb s T IX AR A 2SR A AL S iR, VAR ZS T) 40 A 22 S8 K, bt TR B IX AE
W AR S P R AR AR AR R R IR R R B 28 18] 0 A R AE 0N — B, AR B AR K B 2 AR I E A T
18—31d Z[A], fi s (8 5 I E X BT I8, S A 20 T BH X R4 IX B, 2019 4FFn MM AL
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Fig.5 Distribution of peak flowering period and length of flowering period of Pinus sylvestris in Beijing, 2019—2022

2.3 WM as R

A ZE 18 3 45 5 I X P R Bk 4 2 1) A3 A SRR AE T M T A6 W1 300 K A6 304 B8 PN 6 301 43 A R A
FERTTE ROEE 43 AT T AR SO W A B B S PEAL 20T, RIS &5 & AL TG st 25 R | AR AR T] A 46 401
BB IEAT T KU S50 R 4y, Hie B AR S OB A o0k 5 AN KU S AR P AIK rb s L, R Bl At BT A
B MAIZSA B BCRRS H P, ASBFGEARE 4 AR SRS B, K b SR IX I 118 AN E R 430 T 4 A e KU
XI5 A H RO DXk 1 A o 2 XU DX 15 AN R ARCRURRS: X35 A B 93 ARG IX 3, H v A B R
EHPES S G

Pl 6 v b BUEUXURS = BRI & A SO st 1] B B £ B P B iR (%) AR BUXUR o (M%) L, IR
] 3 (e A Qe 3 AR TR 8 A BB ) IS RIS AR B DR, o AU (1 X I B ) R & ke 1AM | ik
BVR T TE RN R A A T 300 5 v R RS XSSO R T8 & T R I R B A | R AT IE B UE £ X
Iz X 35y 5 AT 5 At 77 08 2 Sy i AR AR XU DX s, v v XU AR v XU DX 3 = 2 4 A ZE B9 IX ) 22 1
r R DX, BV UGE DX A A R T L PG AR AR X 3 B DX ) G i 0 5 AR R DU DXl 0 4 v A3 A FE A SR IX A T X
3, BV BH X R4 IX, 2019—2022 AF b5 1 35 b DX IR 1 1] 43 kg T 44 068 1 3001 0 1 0RO A6 3004 i v
FESUHRR: . P 6 Kb am TR P AT T8 A RS A 6 065 (A 00 R e SCREXURS: (8 43 A R AIE | AR A 38V
5 T TE TS A S5 IS T 20 M B T () R A iy ARSI B A BRI A 53 %o 38 i e RS 1) 1 35 T o T [ 6 3 A0 4 T
L VG M X S B A2 AR R B 7™ B, &1 6 A b A Y AT R A2 5 B4 A6 300K Vs A SRS A 43 A
FRIE, WS 3AR T | 45 158 W 7R SO B) K 8 W Ra o , 25 S0/ N s (BAEAS Sl DX 2 B AR AR R I 4
2 IV ALl X S 5 I T A X AT W A 2 4 A B I S B o % 3k Tl e R
F14) e 3V R B AR AR R A, 1 PG 3 e DX ) i B A2 ) f 3 PR S R, JHevde ) RS s ) XSy DO 5 & o T s R
FEHY X I8,

http ; //www.ecologica.cn



24 4 HRTE A AE U SR SRR ) s 8] 3 A M SRy S A 11075

TFAEIEAE I

B

FARAER SO X XU S5 5%

>90d - .
62—89d D

34—61d

0-33d [ .
g g % E £
T= F

Bl 6 2019—2022 £ALETTRIE 5 BRI T B (5 ST LI 0 AL BE R 4 )
Fig.6 Risk assessment map of potential exposure under the administrative streets of Beijing for the years 2019—2022 ( based on the peak

flowering period and length of the flowering period, respectively)
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Fig.7 Trends in peak flowering period and length of flowering period of pine and cypress vegetation in the five rings of Beijing,

2019—2022
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