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Health function evaluation and exploring its mechanisms in the Shanghai Green

Belt, China

ZHANG Kaixuan* , ZHANG Jianhua
Department of Ecology and Tourism, Shanghai Business School, Shanghai 201400, China

Abstract; Urban forests are complex ecosystems created by the interaction of anthropogenic and natural processes. Two keys
to improving the management of urban forest ecosystems are an understanding of their structure and its relationship to forest
functions, and coordination of the management of the multiple functions of urban forests. As green infrastructure is an
important part of urban systems, urban forests can provide a variety of ecosystem services. With rapid urbanization,
increasing numbers of urban dwellers are facing health problems caused by environmental pollution. Therefore, the
beneficial impacts of urban forests on human health have attracted increasing attention. Extensive development in Shanghai
during the last few decades has led to rapid urbanization. The Shanghai Green Belt, with its many species and diverse
vegetation types, is an important part of Shanghai’s urban forests. After more than 10 years of construction and
development, the Green Belt has become a major attraction for people who desire green space for recreation and relaxation,
and it continues to have a positive role in the protection and promotion of the health of urban residents. Since the Green Belt
landscape has increased in importance, its function in promoting human health should be evaluated to optimize its structure
and to promote both its ecological functions and the related benefits it provides to people. Many research studies have
demonstrated that the functions of urban forests that promote human health mainly depend on the vegetation type present,

the vegetative community components and the structure of the plant communities present. In this study, typical plant
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communities in the Shanghai Green Belt were selected for analysis of their function in promoting a healthy human
environment. This function was evaluated from the aspects of temperature and humidity amelioration, the generation of
negative ions, bacteria inhibition, noise reduction, and air pollution reduction in summer and winter. The relationships
between functions beneficial to human health and community structural characteristics and factors were analyzed, and the
mechanisms influencing the function of forest communities in benefiting human health were explored based on the species
composition and structural characteristics of these urban forests. The results showed the Taxodium distichum var.
imbricarium Community, a deciduous coniferous forest type, has the best effect on most forest ecosystem functions related to
human health with the exception of bacterial inhibition in summer. Two deciduous broad-leaved forest types, the
Koelreuteria bipinnata var. integrifoliola Community and the Platanus X hispanica Community, have the least effect on
promoting forested ecosystem functions related to human health, while other community types are in the mid-range. In
winter, the evergreen broad-leaved forest Ligustrum lucidum Community has the best effect on such functions, followed by
the evergreen and deciduous broad-leaved forest Koelreuteria bipinnata var. integrifoliola + Cinnamomum camphora
Community and the Populus spp. + Cinnamomum camphora Community, and other communities types that have weaker
health-related function effects. Correlation analysis between the functions related to the promotion human health and
community structural factors shows leaf area index (LAI) and canopy closure were significantly and positively correlated
with health-related functions, and LAI and canopy closure were important structural parameters that indicated the plant
community provided important functions related to human health. By quantitatively evaluating the health-related functions of
different plant communities in the Shanghai Green Belt, we explore the differences in different community types in the
promotion of ecosystem functions related to human health. We also reveal the mechanisms influencing those functions,
suggest some strategies related to optimizing plant community structure under specific environmental conditions, and provide

a scientific basis for urban forest planning, design, and management.

Key Words: health function; Shanghai Green Belt; structural characteristics; urban forest
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Table 1 Species composition of different plant communities for health function measurement

TR

Vegetation type

Community type

TEE YA Species composition of communities

FeARJZ Tree layer

HEARJZ Shrubs layer

AR JZ Herb layer

Bk

Coniferous forest

EFRRTRACHK
Coniferous and broad-
leaved mixed forest

AR
Evergreen broad-
leaved forest

SR
Deciduous broad-

leaved forest

LRI R R A
Evergreen and deciduous
broad-leaved mixed forest

WAZ R
Taxodium distichum var.

imbricarium Comm.

TR+ IR ISR
Populus spp. +
Metasequoia
glyptostroboides Comm.

LT

Ligustrum lucidum Comm.

g PN
Koelreuteria bipinnata var.

integrifoliola Comm.

B AT
Platanus X hispanica

Comm.

SR ZER + T AR
Koelreuteria bipinnata var.
integrifoliola +Cinnamomum

camphora Comm.

I+ B R v
Populus spp. +
Cinnamomum camphora

Comm.

Wtz
Taxodium distichum

var. imbricarium

24324 Populus spp. ,

KK Metasequoia
glyptostroboides , BAY AR
Platanus X hispanica

L 0T Ligustrum lucidum

A5 5 Koelreuteria
bipinnata var. integrifoliola

o LRy

Cinnamomum camphora

t

WA, Fr i

%

UseB): Distylium
racemosum , FATHE
Nerium oleander , B0+
KIj55 Mahonia fortunei

bk

bk

Bt A3

b3l NI g )

B80% Cayratia japonica, Jt
% Solanum nigrum, 4 B
Achyranthes bidentata ,—*F3%
Erigeron annuus

F 4 Ophiopogon japonicus

SLIEF] Mirabilis jalapa,
—AETE, B MR

Setaria viridis

W% Duchesnea indica,
WK Sonchus uliginosus

B2k Stellaria media ,
B AR Cynodon dactylon

& FMA Celiis tetrandra
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7% (176.89% ) FIZe vIFFT% (172.31% ) , S5 2SR FETE T2 S K 2 BT 4R TR IR (£ 3)
3.1.3 RS EIHIRCR

R ZEMAZE BN ST IS 2 B R TR s B & R i, 2, G 2 + Hr i i
T I AR R AT R 58.52% , HAR 2k 28R EVR (57. 03% ) FIZR3C B+ 7K A2 BE V% (50. 89% ) |, Tl
WAZ BRI RO 1 25 (16.94% ) . 2428, &A1 B SRR 0 L2 TRET, | 2 G 25 B) + 5 R RE VR R 2 38 i +
FEFETR B4 B R R e B 70% BRI B0 T 0 5 42 R 7 AR 2L 1 R B 9, T AZ AT SR Ak T e IR
IR (12.39% ) (£3) .
3.1.4  BEMRECR

FEX ZE A ZE N TRI R YRV O AFDGT e sl ot 149 Sk 2 s T Pl B 7 A Y i, DA R VR LA Tl 25 1
FEMRTIRE , 2% T iE RE AL I 2SS+ /KA HE T R B MR AR S i, MR R 6. 34 % |, T 45 ) T3 B 1) 4 k- 2
RERE 7 R MR Al R e 2 BRI R R 4. 06% 4428, Sl MRt DTRE V% A I MR AR B A B Mo 5. 03 % , %%
I 2SR R 7% R D TS SR AL TR B K R g 2. 71% (3R 3) o AR |, B A Y RETS i VR R B A T
A7 g G e R DRI AE A 2 A 25 B/ LA A A A A P R T A B MR A R A T 3

#3 TEEDEERENERAE

Table 3 Health function promotion rate of different plant communities

2 SR

2R A P~ TR T % ok I 2 L
&y HY RS b N AR A 2 )‘H l'd't Negative-ion Bacteria Noise A‘j‘ luti
Season Plant communities Temperature ur'm 1.y promotion inhibition reduction . pt? ution
o amelioration reduction rate
amelioration rate te rate rate rate
rate
S HAZ TS 11.53 9.02 138.84 16.94 5.92 43.72
Summer  ZAEH+KASHEE 9.81 7.97 81.62 50. 89 6.34 22.14
L VTS 9.49 6.04 111.36 42.99 5.43 14.75
Eoee LR 7.01 6.02 56.29 57.03 4.06 11.10
BERARE 8.06 5.72 65.65 45.09 4.89 25.01
Eoee LRy b 10.73 9.56 107.96 58.52 5.23 18.28
A+ B RS 8.82 6.08 117.75 34.25 5.40 15.96
A7 HAZ RIS 5.58 — 130.43 12.39 3.93 7.24
Winter  Z43CH+KAZ RIS 4.56 — 70.08 22.54 3.51 8.62
Bt/ 8.8l — 172.31 76.50 5.03 25.33
Eoee L2 3.36 — 63.03 50. 16 2.71 7.39
B AR 5.98 — 115.56 29.84 3.38 9.64
Eoee Ly SRy b 8.79 — 189.47 73.14 4.44 11.71
FRAE R+ RV 9.30 — 176. 89 69.52 4.68 14.40

3.1.5  RAT5RHLaCR
TP XL A HE R IS e B — R . B3 AR 1 AL e ) foesik | 2R 6 b
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IR 43.72% HUONRFEARREE MRS+ KA RET LR B LR L T 20% |, HABREVS RO 28 G i LR
1E10% —20% o A7, & v TR B S b B0 AL BE T, SR v AL R T T 259% , HEO 25 JE R + A i
Vo FIZASE+ B RERETR , 25 B LR AE 10% —15% Z 1] FLA R P25 5 i bR IR T 10% (% 3) .

XAV RE AR TR 7 A TR 1 T R R A R A DR D REEA T 25 B e . 2 i i
BEMAUAZ VS BRAN B D BE LASE , 7 HAR PR A D BE L 3 BAT B RO RCR i i ] i bk 4 ¢ it 2 i s g
PRV RO 2% , FUA TR AT o v 5 2 2 2 ] Pk bR e D 9 2% o DR A D RE T 1T 3% HL A B A 3
R YA B g R IR SSOMR AR A 5 S8 + A AR v 2 S + B e A SR OBV AR e |
3.2 FERLSHIRROES PR A2 T RE A AR G

FAE YIRS SRR S VS 25 A DR A D BE R B TH R BEAT R SR A ml i, 2 RS I . At
SIEST FRENGE 4 TP ORE DI RESZ AN RV 45 F DN 7 2, i 0 38 A0 45 ) DR 2 o i ARG A P 82 AR 0 4
R AP i i AR S A 4 FROR R RER S S TR ARG, I AT L MM 34 T SR A DI RE LR IEARSC (e 4)
L7 A TME DI RER SRR 45 A K TR O, o RN T O M T AR R AR B R BE R (3R 5) . DERTEA
7, T 0 0 BB 50 T PR B AL B R i D S R B v DR A D RE A A A I BRSSP BB
L35 BB/ IN AR DR S RE LB T

R4 EFEMBESOHESREDENAXSE

Table 4 Correlation between health function and community structural characteristics in summer

Rt e PRI T - . Sl N
. o R (s . .
Temperature Humidity Negative-ion D . . Air pollution
. L . Bacteria inhibition Noise reduction .
amelioration amelioration promotion reduction
ADBH / / / / / /
AH / / / / / /
ABH / / / / / /
ACD / / / / / /
SD + + / / / /
CcC + / + / + /
Ccp / / / / / /
LAT + + + / + /
+FIRPAE B E IEASRNE(P<0.05) , ~FIRIAE R MISENE(P<0.05) /R ANTEAE B E IS
x5 EFEYBHELSMBFTESREINGENEXE
Table 5 Correlation between health function and community structural characteristics in winter
i BTt T N ] Mk
o S i o L
Temperature Negative-ion . . . Air pollution
L. . Bacteria inhibition Noise reduction .
amelioration promotion reduction
ADBH / / / / /
AH / / / / /
ABH / / / / /
ACD / / / / /
SD / / / / /
CcC + + / + +
Ccp - - / - -
LAI + + + + +

TERETR A RFIE DA 7w ok T AR ORIV AT B8 7 S 4 P 2= 4 15 22 ol DR i D E 12 e 35 IEAH G, IX AN A7
TR R R A T E R R R BRSO BRSO SR R AR KA R IR
AR 7™ 3 Bl A5 05 TG I TS0 Rk, o T R ORI AT A E i s R VR DR AR T R A 45 1 T 2
IS
4 itigHnggit

ARMA S R GEA S D RE A 5C 2 IR R A R , 25 H JE D RE RO JE A , DI REJE 45 M & PR RE Y 14
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BT AE AR AE S R G TS AR A — B FRBE 1D 267 T3 ) B RE S A1 2120 | 5 24530 i T 7 R Ak
IIRERIAH% . AEFERIMA AR AR AR A R G v B0 DR e D) 8 T L ek B o 2 R AR T A B e, A vy
T AR BORIVAR A1 B8 245 7 e A D RE A 45 1) BE B2 R IR T A TR 73R A 1 R e 2 ) -k 2 ]
O P B T AR A 25 R G P R SRR AR R SR AN A R R E

TR 1 AR TR IR 8O AR ] 2 AN TR A 0 3 TG, SR T 45 A9 8] — BUl 25 R, Xkl T
V& RO ZAE 3 SRR AL VR T, — T3 TR J= BRSO BHAR S 4 APR P, o 210 I 31 v P4 19 K BH
SRS | T AR P B 2 SRR T AR AN 1) ] A AR 308 3o 2 SRR A, W AT R A, PR ke v T B
P RAR R RS 1 HRE T AR B R AOR,

TSR R R AR 2 RO T A = BRI . MBS RO s iR %, FOE SR
RE I, Al ARV )™ A e R HE A 460001 AT S BRI B ) 2 SR B iR BE 8 e OB A B O, e
PRURFAS Pt 2 ey, J L PO T 5 e B W MR A, B T = TR T R A M TR T R
B, NI i3 A A 88 ok BE A AR R 3 2

TEMRAE SEREAR R 2645 T, AN[RIZSHE AN R AR 20 A 2 b ate v B MR SO 220 R . S LA — e IC 7
IR TAREVE I, Fh T A A 24 M el A5 e MR OR 2 S BRI ARV 45 A R DA 7 S e 17 e v g A 249 it
ST i TR HORIVAT P FEE 25 (A 0 A 9, VR85 T R A B R e AR AR g B R 7 | LA B A Y R M K
o RIAE IR, IR PR R R R VTR RIS 5 SRR S A R IE R TR
SRRV MR ASOR B R T MTAS AT A R 088 S -5 010 PAT 2 AR TR R 0 A IR O AR SR 3 45
MBI ARSI AN 2, w] BEAY IR R 5K PR 2% 25 BT e % (0 2 b i Ay el i s F 1R 202 DAL AN TRV
AT PRIARAT 14 e e (), S BCRE S B v IR 1 S R MR D BB IR ) G R VR AN

PRy BT R IR B S R I 5 A OGBS AR BRI R W, Lk X & UKL
Fg A [ AR PO IS PA 8 T A 5, [R) L 125 B2 B0 B A5G 5% 3%, Sk 3t A v v A AR P i 6 1140 4 00 I AT € YR 16D
0.70—0.85, HiZ&E M FH 0 0.25—0. 33, AHFFE PR AR TN RE S 45 M I 7R B BB 3 A O , X 5
AT REE AR BE 2R T 0.70 BB B 25 T 0. 33 A7k, B ZERE M m AR T8 BOMAR A i T4 2 (5
SRR N T Z BRSP4 2, X et SRR NEA K, Z Rl TR IR SRR, XA
i e R R X KU SRR A AN T 23 SR (0 B i 16, (S HC SR A O, i 3 BORURL vk 2 S v A
o ZFMER N BT H s s MR, A M TIOR8 5, T S B0 L R A5 R R A A TR (AR 5
PR,
Bt AR A BURE S Ak B RS B AR IMVE O dw  DEDCDT Ry LDl R S5 R 2 i 5 B, e U EOAS
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