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Research Center, Beijing 100037, China

Abstract: To explore the spatial and temporal dynamics of negative air ion provision and the influencing factors in the Green Belt Areas of
Beijing, this study used in-situ monitoring records to quantitatively examine the provision capacity of negative air ions during the
vegetation growing seasons. It also analyzed the effects of meteorological factors and vegetation communities. The results showed that:
(1) During the growing season, the concentration of negative air ions generally displayed notable diurnal variations, peaking at around
14:00. In 2022, the total negative air ions provided by local forest plant communities in the Green Belt Areas reached 3.02x10”' ions, with
supply capacity of 0.51x10'® ions/m’. The second Green Belt areas significantly outperformed the first in both supply capacity and scale of
negative air ions, primarily due to differences in forest area proportion and vegetation communities. (2) The concentration of negative air
ions was mainly affected by temperature during the growing season, showing a significant negative correlation, particularly in the second
Green Belt Areas, while the effect of relative humidity was insignificant. (3) Vegetation community factors had a significant impact on
negative air ion concentration. Vegetation coverage, forest stand stage, and community structure were the main influencing factors, all
showing significant positive correlations. The concentration levels of negative air ions varied significantly across different vegetation
community factors, following this order: near-natural forest > artificial forest, mixed forest > pure forest, conifer-broadleaf forest >

broadleaf forest > coniferous forest, and arbor with shrubs and herbage > arbor with shrubs > arbor > arbor with herbage. This study
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revealed that conifer-broadleaf forest with shrubs and herbage provided the highest concentration of negative air ions, while coniferous

forest with herbage provided the lowest. In the future, efforts should focus on strengthening the construction of near-natural forests and

creating mixed, multi-layered, and multifunctional forest communities. In the first Green Belt Area, adjustments in stand types and

community structure are essential, while in the second Green Belt Area, optimization of community type and structure, as well as

improvements in vegetation coverage, should be prioritized.
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AIFFE A Ry A W00 st B PN A 0 X3 P 4 0 R
SRR R IR R T . 2 JECRRAR B8 U5 2% 7 M (BT A
FARFIENDBL/T 659—2018)° v Bk i1 55 T3
BSHCRARMAEBAE A H L, DI IZ A 5T e B
AR FE (H 2 K X 32 S 6 3 I K
AT 5 A7 057 T 2 B b DX BT B ) 10 4TI
DXHY 22 NI AR EE A B (WL IAD 4), — Sk X 3 T 2
Pel 10 4>, 2% 1 DX RBEF 20 Fel 12 A5 B> W sl oid i
PRI TR AR AU 1) 3~7 A W IAE M, 454 W e
Ho WD 10~15 min(BE4340 77 2R 1 40 5%), RG2S
TR U | IR L AR B A sh S W B, TRl
R 2 i N 5 2 N 5 32 A I P i I )
. MR SERE R VR 1R B . 2022 ARSI L IX AE
PEAE R IR W T 128 A i, Hirr, —&kHiIX 59 4

£
\R.H [R5 Eo k|

‘T_EL |
R e -
N

T‘L%I

v WA
o I, R
4

10km g = st X

4 EHEEMRESHEFRENSMLSH
Fig.4 Stations distribution for monitoring air negative

ions in the Green Belt Areas of Beijing

R, B HIIX 69 AR, FRAR T 1890 SR A AL SR
R (28 R B (R0 B F 4R B 0L 4 AR R ) (LY/T
2586—2016)"" Xof 5 b W 00 K50 05 %) S (B 0E A7 Ak L,
A N 7 A7 A I B B3 P P AR ST A (LA Sk LS
Brove B AE

SR T 43 B AR 4 e T OWE R TR 38 X s R
BV B A R R, R ST Sk b, DX AR ARAE P RE T
i HEAR 4 2 R 53 S AlibR | TR ACAHK 2 Fh A, B 2
EiT B /0 i 8 7 N 2 1 O N T vl o N B - B 3
GERCAAT R IR B R SRR 4 R, AL,
P T 23 B 1t DX 3R T 2 el R0 M 2 el A 1% s 30 S TR,
N TMAE R A F AR & BB, %F 1A 2 1L AR AR
G EP &0y /NG R B e 92 (/N T i
AT A SRR B B B, R BT AR AR T L IR
fh AT ) 45 22 b T N TR B B o MR i S 9
A1) BT BB R, 2 A Tl R
], AR B A  JR Bi Be 43S N TR SR A
2 Fh A
1.3 Wik

hy VA R o i X R ARAE 0 0 25 R0 s b 4
XN TTRR, X RAE S CRARGEIR 58 7
{8 VA 4% AR LI ) (DB11/T 659—2018)0 fit 5L 7 |,
P TR B 7 A ) 25 R IR B 2 X A2
A 3RS SN TR AR (600 4~/em’)!! SRR AE ¢
%l DX R A ) T 2 A0 B T I AL 2 T 55 e ™,
A
G,=1314x10°x10"x (Q,-600) xAxH/L (1)
K G, AAEBAE K A P B 05 25 0 4K
i, /a; 0, A A S FWRIE, A /em’s 4 R 7%
AR, ho’s H R SEIAR ACE- B 5 B, m; L 258 S i
B A5, min, BUECN 1 ming 1.314x10° 9= 2504080

% SPSS Statistics 22.0 4% {4 ¢ Pearson FH 5 14



2208 T

= %37

SI BT AR IR b X 25 S B R B SRR L AR
GG WT, UK SHBE R MR B Mo
AU BETR SR . BRI SR SRR TR D IR DG &R
2 #ZR5iTie
21 ZHRMEFHEL RS T

FRAG I 45 A5 1, b b R g A K s R
BT B B Y F AR AR, A SRR S TR
R AR LR AIE, 7 14:00 A2 4735 BIEAE, 2 5 212 [
Ik (WLIEL 5)o XF Hb & B, AN [m) M 334 8 25 A0 B vk
J& HAREIE A 2257, LR IX R IR AT 2 el AN 1
FARMAS [ 28 S0 TR BE 0 H AR TR AR, ¥ 8 ST
S AR T AR () AR AR, 11— i X ) BLAR D 7 7R
R ] 55 e o 1, DX R AR AR A5 ol — 30, RN el IR
FH AL AT

4500

~ B&RmIX O AP A e
O P L R AR T o BAR DG SEAR bR A b

%) N~
w [=3
(=3 (=3
(=] (=]

3000 |

BT R E/(em?®)

2500t

kG
2000

09:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00
%1

B5 tEmEEMRESAEFRKERTHER
Fig.5 Diurnal variations in the concentration of
negative air ions in the Green Belt Areas of Beijing

K H ArcGIS W i1y Kriging 5 [8] i {H 7 2 4745
UL, KA S Bl X 2022 4F BRARAE W) VR 25 LA ES 1
HEggBe Jr 2 18] oA (WLIET 6). 2022 4F 45 B 3 X 2R bk
R 25 U LA R 3.02x107 A4, h45 Tk
T34 0.51x10" A/, 28 B T T2 A 2 858
A fem’, 3788 th R T AR A SURLE I R s b s <
B TR LT 1500 A>/em’, 35 31 [ R B 25 <
Fidfls PH LR DXAR RS RO T IR BE T de i, LR
JEdbTRHL X, AR R X R AR . A 7 AT, AN A
A7 B 25 AR T LR RE T, S IX AU
B R RE RIS R s TSR, X SR
EPRAET I L AR, F A I RBI0 7 AR bR > 5B
ST AR 308 DX 38 T AR PR B AR, 388 T AR T R R
R Y 23 S IR eSS BOR ™Y TR IX
AR UGB T2 R ey, IS IX AR 20 R A A1, —
BB TR RE ) R 2, 2Rt T AR
FREC ) 22 53 i 550 A 5t Ll IX Rk s A B T 4 e )
FR (EAEL AR, RO IX A U B T BEARE T s
BET 45 DM R 371 FH LI AN 1 8] A 45 2R 230 #, e

TG KR BOA R, 2= S it a2 el S ook 3
TG R W | R DA BE AR AL R VR IR TR R
SRAT Wb I T[] 2 1Y [ A 507 348 45 M N0 40 o e
LR L X AR S R G T AL RE ST, AT B 4
TET AL T R e sl i DX A 285 2R Gt s RIS 1 b s ) 22
Sk

ERSH TGRS/
(10'4~/m?)

u 1.451
0.838

10 km

E6 JtEMERMBXRMKEMEHZTSABFH
BEENZ=ESTE
Fig.6 Spatial patterns of negative air ions provision
capacity of forest plant communities in the Green Belt

Areas of Beijing

2SN BT UREE SRR A M T

FRABTRESIEHTFLRREY™, 1252
1) 7 2 IR X I B (1) 52, {HL 32 [7] — PR 2% 5 ) (1) AL 1
PR 24 i U s pm XA A K B s R T
W R R R W, B 5 RE R B G
(P<0.01)(IL Il 8 FIZE 1), (H 5 A XIRBE R A B3
P AT D, AR AR R 20 B AR, 2 AR B U
15, T T S A A B A B 35 )R G s
ANFI T2 S0 B U B AR T, TTAH R B A A
KEIFARFERWEE, X S5y E KA
Mo IX ARSI 45180 M — 8, AR IX R,
T g bl IX R S AR B VR B S A B, RO R
B B A Sk T — SR M X, B X8 AR AT [
T SR 25 AR . AR R T s ME T
W5 SG A CEANR, Rof A B3 [
AV A7 A 2 A I K, S B ) R AR
A 25 HA S 4 R 1, E— 523 H A [i] i B 4 B b 1X.

2.2



%10 X B 455 b 3t TiT 2 Ak bR 25 3 X 2= <97 8 1 B 25 R 0 M i PR R 40 A 2209
0.55 5 £ 08 — 038
T COZRA B AR = ERAHF AR _ S DERAHTFHRARS) B ?%ﬁ_%?ﬁ#in% <
$osof — 1S S 06 INIEE
5 = < ~
= B {25 % = i
R 045 I § &
Fr $E 4= 041 104 =
$F 2.0 3 2 =
& .40 e - "
A 15 % wo2f {02 &
" & & r
035 IS pe Py
g e ™ oo P 1 I P P P 1 A R 0

— — - FY o E £ X % X =

SHX ZHHX SRR IX 2R s E RSP ouox m

X S,

ITBX

B7 dtETEEMRRNEDEESSAETHRHEGREANIE

Fig.7 Comparison of negative air ions provision capacity of forest plant communities in the Green Belt Areas of Beijing

50 . 100

; O XTI lo

45t

180
40 | ,‘ o QD@% o 170 «
£35 o0a’ o {60 2
20} 906 %0 150 B
= ° 8o N w2

i ° T
» 9~ o o‘ o 3
20 | 120

15 . . . . . . 10
1500 2000 2500 3000 3500 4000 4500 5000
2B TR (f/em?)

8 IETEBHRESHEFRESSKEFXR
Fig.8 Correlation between concentration of negative air ions

and meteorological factors in the Green Belt Areas of Beijing

FRAETWESIEHF IR
2.3 AR ME T URE S Y A

A 2 B, B b DX AR AR 2 A TN TR B B,
T H AR PRAE X A2, RO A BRI SR, TR 2
R ZR [T AR, TR S5 H B TR O, TR
TRUE R A — Sl XM 07 o5 S (IR T 4%
HIX, FRAMAE P HE 75 FRAE 5 5 B b DX AR AL, 35 3 17
FEMRM A B 5 | 38 RS Y 22 | MOR B Sl ok i el 2
[ 855 o Ml XM 3 2 78 PR A MR bR EE E A A
M, R HA RS AR E R E S, A
W 2 R I A PR IR 2 R — | 5 B A AR A
JiE 1 A (]

L% o 1, IX 25 A VR B SZ AR W A U TR TR T
B, RFERE R TFSE RN EFIRELRES
B . AHPE SR MR B . BRI S I 2 R
A FHANFER R, P 5 RNE AR ER D
FIEA I (WA 9 F13k 2).

I 5 7 55 R, A [ DX b T R A 4 7
2 AR, A TR S T R R
IEAHDE (P<0.01), 7F &b X — 3% R P H o0 v A9 1B A
K, TP Ry g b DX EL A O g 4 bR T A A

F1 AETERHMRESGEFRESREEM
TEXE E R X RE
Table 1 Correlation coefficients of concentration of negative air

ions and temperature and relative humidity in the Green Belt

Areas of Beijing
Hi X 24 FROBTWE  RE AR
2SR TR 1 0260 —0.004
S R -0.260"" 1 0.221™
AR B —0.004 0221 1
2SR TR 1 —0.083*  —0.058
— LUK YR -0.083" 1 0.519™
ARG —0.058 0.519™
RN TR 1 0517 0.013
TER X R -0.517"" 1 ~0.074
AR 0.013 -0.074 1

e #*RIRTE P<0.01 |35 *R/RTE P<0.05 L. TR,

R 7 R, 9 PO g W) s AR A S TR
g, LA AR g Y A B T A R
o = D s A VR B

MRS B BEA TR, AN ) L X 3 R BN T [ SR bhas
S T TN T ARARRE, RIIBEE PR &
BB TR, BEIE S5 T2 24, S R T4
AE 1R Wk ™, 5k 5 2 Bk R AR Y A5 Y DR AR I
B Zs S B T E 45 B 0 B B s TN AR 451 A
o AN IXIGE [ 2 MRS N TR 2E S ERTR], %A
P2 L — 2R X S ER B i X > 4R X A RRAE . ARy
BB 5 s R B TR R B IE A G (P<0.01), HL—
ZRHLIX A MAH G fe e, FEH T g X B
TR AT [ SRR W ST AT

AR ZETUA TS, ok o L XD — 2 [X A TR S AR
A T A AR, kb X SRR S AR
2552 R B B, T — S b DX U Ay 4l bR TR AS AR A
Gy A5 A S 00 B TR R IE R S AR e, IR AC



2210 WO B % M R $37H

= 100 4000
;{% [ bkt m AR b i) [ A 7 '"g 1 B EE A TH
§80 £ 35001
= B
g60 ﬁmm
= =
& 40t & 2500 -
=1 r
2 b
£ 20 2000
Zkba X #ﬁ%ﬂﬂl: TaMX SKE i X #ﬁiﬂllﬁ TGk IX
3500 4000
:E) COmribk W EEEAR [ 4 RTR Ak "g [OFE CARE ERFEE EFRA
< 3000 L &£ 3500
= ]
B & 3000
® i
#2500 | "
& & 2500
e
5 000 ! 5 000 !

Sl X ﬁﬂﬁl: TSI ZkFRH X %?éitﬂl: X

E9 IEmEBHMRESAEFRESHEVEEEEFXR
Fig.9 Correlation between concentration of negative air ions and vegetation community factors in different areas in

the Green Belt Areas of Beijing
R2 AEETEBHRESABEFRESEMEEEFHEXRY

Table 2 Correlation coefficients of concentration of negative air ions and vegetation community factors in the Green Belt Areas of Beijing

HuIX P RO TR W 6 MATB B Mgy 2R BETE M S AR
ERMETUSE 1 0.239™" 0.394™ 0.022 0.021 0.248""
MWl 55 1 0.239™ 1 0.267"" ~0.033 ~0.058 0.227"
SR MATB B 0.394™ 0.267" 1 0.225" 0.266" 0.594"
Ry 0.022 ~0.033 0.225" 1 0.416" 0.328"
BT 0.021 ~0.058 0.266" 0.416" 1 0.188"
BETE LS 0.248™" 0.227 0.594"" 0.328" 0.188" 1
T : 0.191* 0.282" 0.019 0.059 0.126"
PR 7 B 0.191" 1 0.046 -0.105 -0.189 0.002
P ML 0.282" 0.046 1 0.178 0.324" 0.252"
Vel 0.119 -0.105 0.178 1 0.266" 0.306"
TETE I 0.059 ~0.189 0.324" 0.266" 1 0.072"
PEELE 0.126" 0.002 0.252" 0.306" 0.072" 1
S B T 1 0.263" 0.454™ 0.079 -0.012 0.365™
MWl 55 1 0.263" 1 0.366"" 0.052 0.060 0.454™
R MATB B 0.454" 0.366™ 1 0.298" 0.271" 0.816™
Ry 0.079 0.052 0.298" 1 0.534™ 0.342"
BT -0.012 0.060 0.271" 0.534" 1 0.274"
RV S5 0.365"" 0.454™" 0.816"" 0.342"" 0.274" 1
N Y N W AL DA L A VR EE 25 S Wi, 2% b DR — 2 1l [X 15 R R

MR REDRE, SRR RS R ZEE ARSI > TR T o, T — St DX U SR B A 7
G W) 2 AR B U R, SRR R — 2 X R BT R ST ST oR o AR XS A P RIS 44 5
LN R TR S MRS i AR>S bR, (. A R AR TR R B R IE AR (P ¥/ T 0.0,
o W RS TR S AR>S E AR, SO Mg AT XL Skt X R T R A R AR OGP . A DGR AR 3
R T SR b T S e — 2L W1, AEL R s 2 A A2 Z R M 0 28 R0 B 1 ok

MAEE LR, AR A A 2R =S .



4510 1

XN GEHAT - AL 5T 2R AL B 8 M X

R E T HEARE 1 S K R A 2211

2% 2 ] UL, S[R3 B B R 5 T 28 A< A S
TR 25 S W B R PR 3R, — S Ml DX oA e 7 R
B T REVE S5, A i DX I Bl DX 0] Sy 7 5 225 A 5
M) e A 7 6 B gk Bl L DX 7 v R A 1 A R TR
MRS S B LA RE T e, AT G5 R BB AR
RN B IS AR I BRI YRR 45
SRR RN E TR N EY, RBANE)E>
RUZ>BZ AR 27 1, R Tk i X 25 <
B FALLGRE 7, AR E SR F AR RS A, M
RS, HZ . 5. ZUReRMBER, Hh—SHh X
Jof B SR TR SRR V% 25 A R, kb IX
KTEREE ST FNREE S5 M LA DA S A 978 55 B 3R T
3 g

a) U T 4R R b X A B 2E K s R P
FLUA B G H AR ARRAE, SRR S SR RS T PR 1 A8 1k
FRAE, 76 14:00 24 i B IEAH, 2 J5 8 T 218 FEA%.
2022 AL PR L IX BRAMAE Y HE TR = SN ol
3.02x107 4, LA BE S0 0.51x10" 4~ /m’, 53 3 6
FHRPEYIE A 2 858 N/em’, 1A 3 [E BRig B as S bnifk .
PO LR DXCRRAR S S 00 B8 R 25 B8 ) A s, 7R R A DX
Bl gk X s St g it gn e s At g I g
T —& L IX; V0 IX DRk s S s Pt S e i,
IS IX AR 25 i B A1, A S LR S5 B O SRk, R % IX AL
B s, EE SRR E ARG, AP REE N 2
AKX,

b) Jb 5T LR B M X R B A K T s S PR
FEAZR T, R W R OC, 5
AN GBS G, gl XX B e 1 B R . SR
X AR T N TAARFNRASH, #7258 322250 @ it
M, RS EE TR R E . 2R PR A2
YIRET K52 e bl 2, AT R 55 R L MR B B BER
G5t EES A, IR S RN R R
IEAH G, o, bR B B A B R sE e R 2R, HORCA
K5 . I E LSS R B B TR AS bR R s 1k 4
RE 185, M B4 AR A T AR 25 e e 1%

c) b3 T S B kb DX [RI AR P BV PR 1 110 25 <A
BB 25 S UL MR B b, R [RHb X 3 R B
I RS N TARBRAE ; MRA3ZERY |, 2 b X
TS M IX B R R TR A MRS Ali bR, — S kb Xy Al bR
TR BETE A I, 2 B b XRD— SR L IX 5 R Ry
Bt VA T S MR ] I RS b, 53k b, DX Ay o I AR>S
W) TR S MRt I b 7 245 4 L, 4t o b DX R — 5 b
X R R i TSI ESTRARSTR AL, T — SR H X hy
FRHESTRUHEFESTR RESTROR o AR EE g i 3 H 2R

MEE, R, B)R . il ZIRERAMEEE,
H, — g M DX R A AT PR 0 IS TR R v A R 2K
T DX R OCTE R VR S AR 78 A A DAL LA S A
PO ST

S % ik (References):

[ 1] KOSENKO E A, KAMINSKY Y G,STAVROVSKAYA I G,et al.
The stimulatory effect of negative air ions and hydrogen peroxide
on the activity of superoxide dismutase[J].FEBS Letters,1997,
410(2/3):309-312.

BARAE SRAE R BT AR BT IR A T B4 s R T
J¢ 1) A 257:2%35,1998,17(6):56-60.

ZHONG L S,WU C CXIAO D N.Aeroanion researches in
evaluation of forest recreation resources[J].Chinese Journal of
Ecology,1998,17(6):56-60.

W4, A B RS ST A R A SRR X A R e+
WREM AR R GG HF ISR A 25541,2006,
17(11):2158-2162.

WEI C L,WANG J T,JJANG Y L.et al.Air negative charge ion
concentration and its relationships with meteorological factors in
different ecological functional zones of Hefei City[J].Chinese
Journal of Applied Ecology,2006,17(11):2158-2162.

JIANG S Y,MA A LLRAMACHANDRAN S.Negative air ions
and their effects on human health and air quality improvement[J].
International Journal of Molecular Sciences,2018,19(10):2966.
HAO P W,SHI C Q,ZHAO Y N,et al.Temporal variation
characteristics of negative air ion concentration and air quality
evaluation in Songshan National Nature Reserve,Beijing[J].
Journal of Resources and Ecology,2023,14(6):1156-1163.

H AR, (7O R, T 3,55 T b 5 R AR AR AL AR DG HEBIT 5
PR TSR G MRS MG TR M (] 2R354 ,2021,
41(12):5045-5053.

XIAO H B,HE X Y,WANG Y,et al.Research progress on the
correlation between urban green space and residents” physical and
mental well-being from a perspective of matching ecosystem
services supply and demand[J].Acta Ecologica Sinica,2021,
41(12):5045-5053.

IS R, S SR AL R DO R AR A 28 SR B VR B
HRMN AT (1] AR ASFREA41,2015,24(5):818-824.

FENG P F,YU X W,ZHANG X.Variations in negative air ion
concentrations associated with different vegetation types and
influencing factors in Beijing[J].Ecology and Environmental
Sciences,2015,24(5):818-824.

LI A B,LI Q L,ZHOU B Z,et al.Temporal dynamics of negative
air ion concentration and its relationship with environmental
factors:results from long-term on-site monitoring[J].Science of
the Total Environment,2022,832:155057.

REF IR AT FE I3, 55 AN ] 3 s TR 30 T AR bR s S s e e
FHGEM PR RBIFE (1] AR R 2241,2023,45(11):66-77.
ZHU S X,HE Q,SU Y,et al.Negative air ion concentration and its

influencing factors of urban forest in different geographical spaces


https://doi.org/10.3321/j.issn:1000-4890.1998.06.011
https://doi.org/10.3321/j.issn:1000-4890.1998.06.011
https://doi.org/10.3321/j.issn:1000-4890.1998.06.011
https://doi.org/10.3321/j.issn:1001-9332.2006.11.032
https://doi.org/10.3321/j.issn:1001-9332.2006.11.032
https://doi.org/10.3321/j.issn:1001-9332.2006.11.032
https://doi.org/10.3390/ijms19102966
https://doi.org/10.1016/j.scitotenv.2022.155057
https://doi.org/10.1016/j.scitotenv.2022.155057
https://doi.org/10.12171/j.1000-1522.20220246

2212 wos oMo i % 537 %
[J].Journal of Beijing Forestry University,2023,45(11):66-77. variations of negative oxygen ion concentration and its influencing
[10]  BRMESE B PSS, 1A, 55 AU o Hh X a8 S B YR R 25 28 4k factors in Jiulian Mountain national forest park[J].Journal of

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

FERERIRITSE (V] AL atfolk Rsr2741,2005,27(3):35-39.

SHAO H R,HE Q T,YAN H P,et al.Spatio-temporal changes of
negative air ion concentrations in Beijing[J].Journal of Beijing
Forestry University,2005,27(3):35-39.
WA, S 5T RIE A8 R I DI 2 el S0 Jo S5 R e
LERRIRISCHE [J] AR 40,2010,29(11):2229-2234.

HU H Y,XIAO L C,ZHANG W Q.et al.Correlations between
landscape pattern and plant community structure in Xiamen urban
parks[J].Chinese Journal of Ecology,2010,29(11):2229-2234,
MIAO S,ZHANG X Y,HAN Y Jeet al.Random forest algorithm
for the relationship between negative air ions and environmental
factors in an urban park [J]. Atmosphere,2018,9(12):463.

LI A B,LI Q L,YANG Y H,et al.Stand structure and environment
jointly determine negative air ion concentrations in forests:
Evidence from concurrent on-site monitoring in four typical
subtropical forests during the growing season[J].Environmental
and Experimental Botany,2024,220:105684.

WANG H,WANG B,NIU X,et al.Study on the change of negative
air ion concentration and its influencing factors at different spatio-
temporal scales[J].Global Ecology and Conservation,2020,23:
¢01008.

SRR, AU O AIREE T R B T AN []L AR
Mol BHE,2004,34(2):32-34.

ZONG M J,WANG R Q,ZHAO K.Aero-anion and human health
[J].Journal of Shandong Forestry Science and Technology,2004,
34(2):32-34.

R I R R ORI B8R A5 PRI L (e S5 U - (M btk
2Tk i, 2006.

AR PH RS e 20 08, A5 3T AR A IR S s R
T3 (B 3 A ) OC 2R LA DU S B L B A Bl S 5] (7). r e el A,
2021,37(5):109-114.

ZHU C Y,CHEN Y R,GUO H J,et al.Relationship between spatial
and temporal distribution of plant communities and negative air
ions in urban forest park:a case study of Ma’anshan forest park[J].
Chinese Landscape Architecture,2021,37(5):109-114.

JAMEAN E S,ABAS A.Valuation of visitor perception of urban
forest ecosystem services in Kuala Lumpur[J].Land,2023,12(3):
572.

WILLIS K J,PETROKOFSKY G.The natural capital of city trees
[J].Science,2017,356(6336):374-376.

2T T I IR A L SO R ZE B AR AR PM, s 5 O, Y
KIEEGHT (1] FREERLET5Y,2024,37(3):536-544.

LI S N,YU D,SHI C,et al.Correlation analysis of PM,; and O; in
different types of urban forests in Beijing[J].Research of
Environmental Sciences,2024,37(3):536-544.
IRV, RS U L SRR ] 6 R R T v
I 28 AR A BN RAITTE (1) P LA B4 412,2020,35(5) :233-
239.

PENG L Y,XU F Y,WANG L F,et al.Temporal and spatial

[22]

[26]

(30]

[31]

Northwest Forestry University,2020,35(5):233-239.

BAI B X,CHEN D H,XU T T.Analysis on the change of air anion
concentration in different vegetation areas in central and northern
Henan[J].Journal of Ecological Environment,2014,25:1629-1637.
AR RHE U PAR L AR A X S AR RS (1],
Mol BH5,2001,37(5):75-81.

WU C C,ZHENG Q M,ZHONG L S.A study of the aero-anion
concentration in forest recreation area[J].Scientia Silvae Sinicae,
2001,37(5):75-81.

WANG Y FNI Z B,WU D,et al.Factors influencing the
concentration of negative air ions during the year in forests and
urban green spaces of the Dapeng Peninsula in Shenzhen,China[J].
Journal of Forestry Research,2020,31(6):2537-2547.

PINIC 3 3 B AL T 2 el AN TR AR A v 9 2 R R 1 e
Ja B AR (1] AR ARG K24 (B R R R),2021(2):
151-159.

SUN W,HAN Y JYIN S.Variation patterns and influencing
factors of air anions in different plant communities of an urban park
[J].Journal of East China Normal University (Natural Science),
2021(2):151-159.

NIU X,LI Y,LI M N,et al.Understanding vegetation structures in
green spaces to regulate atmospheric particulate matter and
negative air ions[J].Atmospheric Pollution Research,2022,13(9):
101534.

ERRA R R s SR TR TS (7] AP
2441%,2013,22(4):705-711.

WANG W,YU Z.Research progress on negative air ions in urban
environment in China[J].Ecology and Environmental Sciences,
2013,22(4):705-711.

SHI G Y,ZHOU Y,SANG Y Q.et al.Modeling the response of
negative air ions to environmental factors using multiple linear
regression and random forest[J].Ecological Informatics,2021,66:
101464.

o0 A, 50 2 P T SO T 2 R PR RS A TP A e A
SBGERSIHT (1] BRBERL£15E,2023,36(9):1813-1823.

GAO Y,GUO C S,XU J.Research focus and trend analysis of
health benefit evaluation based on bibliometrics[J].Research of
Environmental Sciences,2023,36(9):1813-1823.
FE A A R GNSS T 16 R AL R O X g s Tl A BLAR
L ARAEBEse (D] ALstAbststol R2%,2020.

S PMI R A AU T RIS R X 25 S 4 B K
MBS L] FR5ER A 5 H0R,2014,37(6):97-102.

YUAN X Y,SUN Y X,TIAN Y,et al. Experimental research of air
negative oxygen ion and their affecting factors in different
ecological functional areas of Beijing[J].Environmental Science
& Technology (China),2014,37(6):97-102.

TS 2 A A s T 2 ) St 570 4088 25502 4% 0 SRR AIE
WE5E L] FE #,2015,31(6):100-104.

PAN J B,LI S H.Study on the spatial pattern of negative aeroion


https://doi.org/10.12171/j.1000-1522.20220246
https://doi.org/10.3321/j.issn:1000-1522.2005.03.007
https://doi.org/10.3321/j.issn:1000-1522.2005.03.007
https://doi.org/10.3321/j.issn:1000-1522.2005.03.007
https://doi.org/10.3390/atmos9120463
https://doi.org/10.1016/j.envexpbot.2024.105684
https://doi.org/10.1016/j.envexpbot.2024.105684
https://doi.org/10.1016/j.gecco.2020.e01008
https://doi.org/10.3969/j.issn.1002-2724.2004.02.012
https://doi.org/10.3969/j.issn.1002-2724.2004.02.012
https://doi.org/10.3969/j.issn.1002-2724.2004.02.012
https://doi.org/10.3390/land12030572
https://doi.org/10.1126/science.aam9724
https://doi.org/10.3969/j.issn.1001-7461.2020.05.36
https://doi.org/10.3969/j.issn.1001-7461.2020.05.36
https://doi.org/10.3969/j.issn.1001-7461.2020.05.36
https://doi.org/10.3321/j.issn:1001-7488.2001.05.013
https://doi.org/10.3321/j.issn:1001-7488.2001.05.013
https://doi.org/10.1007/s11676-019-01047-z
https://doi.org/10.1016/j.apr.2022.101534
https://doi.org/10.3969/j.issn.1674-5906.2013.04.025
https://doi.org/10.3969/j.issn.1674-5906.2013.04.025
https://doi.org/10.3969/j.issn.1674-5906.2013.04.025
https://doi.org/10.1016/j.ecoinf.2021.101464
https://doi.org/10.3969/j.issn.1000-6664.2015.06.025

4510 1

NGS5 - A 50Ty 2 Al B 8 IX 2 00 8 1AL 4 B ) SR i X 3 0 A

2213

[33]

[34]

[35]

[36]

[37]

[38]

[39]

benefits on Beijing Parks[J].Chinese Landscape Architecture,
2015,31(6):100-104.

22T 2RI A A AL L AR A e TP s KA T
WEHSARN T RIMRYEDIE (0] A3 524 4,2021,30(3):
541-547.

LI S N,LI ALU S W.et al.Correlation between air anion
concentration and meteorological factors in Beijing Xishan
national forest park [J].Ecology and Environmental Sciences,2021,
30(3):541-547.

IR, 2 21 X B, A I Il i A s A 0 e P XL Y
WARE [J].A: 25244 75,2023,42(6):1365-1372.

SHI C,LU S W,ZHAO N,et al.Responses of negative air ion
concentration to temperature in urban forests of Beijing[J].
Chinese Journal of Ecology,2023,42(6):1365-1372.

T 2R AL T S A b X P A SR R £ (1] % 2
%,2020(18):54-57.

LU e bR f Joy ZRARGE IR BT M (L EAL SR ME :DB11/T
659—2018[S] bRt Ab LT Bt HAR 1 )5),2018.

FE Ml 5. 28 B () & TR B LB AR HLE: LY /T 2586—
2016 [S] AbAT: AR ikt 2016.
T, o SRR SRR, A SR T T Bt A AR R e A U B TR
SR () FRERLABT5E,2019,32(12):2015-2021.

YANG C Y MA W S,ZHANG L B,et al.Service capacity of
negative air ions in the terrestrial ecosystem of Xiamen City [J].
Research of Environmental Sciences,2019,32(12):2015-2021.
LUO L H,SUN W,HAN Y J.et al.Importance evaluation based on

random forest algorithms:insights into the relationship between

negative air ions variability and environmental factors in urban
green spaces[J].Atmosphere,2020,11(7):706.

AT, T 22 AR B A AR T R XA (R A e A ot
XIRRAZE /NI (] Al RLAT5E,2022,43(1):31-38.
GAO D P,BIAN Y Y,FAN M,et al.Effects of green spaces with
different vegetation allocation patterns in Yinchuan residential
microclimate[J].Journal ~of
Agricultural Sciences,2022,43(1):31-38.

SANTOS Da CRUZ D,COSTA B C,SUZUKI P M,et al.Wind

areas on autumn and winter

effect on microclimate and thermal comfort index in open-air
public spaces in the Brazilian rainforest cities[J].International
Journal for Innovation Education and Research,2020,8(1):196-
204.

RS, T L Kt o0 B ARPRIGE 25 S EAE BT D RE W I 5 AN
5% [J] A S FREEA£412,2015,24(1):84-89.

DENG C,ZHANG S G,LU Y C.Research on the monitoring and
in air environmental

evaluation of forest function quality

improvement[J].Ecology and Environmental Sciences,2015,
24(1):84-89.

WG 2 2 AR, 55 T S AR Y RV S s KB
[i1) 73 SRR AR G 5C R 5E: AU ST BEARDC S ZRAR A Ll S 4] (7]
Hh [ el K, 2022,38(6) :57-62.

PAN J B,LI J N,LI S H,et al.Study on the relationship between
plant community and spatial differentiation of negative air ions in
urban green space:a case study of Beijing Olympic forest park [J].

Chinese Landscape Architecture,2022,38(6):57-62.
TR X F)


https://doi.org/10.3969/j.issn.1000-6664.2015.06.025
https://doi.org/10.3390/atmos11070706
https://doi.org/10.31686/ijier.vol8.iss1.2150
https://doi.org/10.31686/ijier.vol8.iss1.2150

	1 研究区域与方法
	1.1 研究区概况
	1.2 数据来源
	1.3 研究方法

	2 结果与讨论
	2.1 空气负离子供给能力分析
	2.2 空气负离子浓度与气象因子相关性分析
	2.3 空气负离子浓度与植物群落因子相关性分析

	3 结论
	参考文献

