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Ecological health care effects of scenic recreational forests with different

community structures; A case study of Beijing Xishan National Forest Park
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Abstract: The scenic recreational forest is an important part of the urban forest. It has ecological health care functions
which include bacteria reduction, noise reduction, dust retention, oxygen release, and adjustment of human comfort. For
the development and administration of the recreational forest, understanding how to explore a landscape model with an
exceptional and comprehensive ecological health care effect is extremely crucial. This study took 9 kinds of scenic recreation

forests with different community structures, including arbor-shrub-grass, arbor-grass and shrub-grass in Beijing Xishan
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National Forest Park as the research object. We investigated the dynamic changes in air anion concentration, PM,
concentration and reduction rate, noise reduction rate, bacteria reduction rate, and human comfort using a combination of
field monitoring, interior analysis, and the complete index approach. This study analyzed the effects to ecological health
care of environmental factors such as temperature, humidity and wind speed, which used the comprehensive index method to
quantitatively evaluate the effect of ecological health care. The results showed that; (1) the annual variation range of air
anion concentration was 296.67—1090.00 con/cm’ , the air anion concentration of tree-shrub-grass structure was the highest
(755.62+110.11 con/cm’) , and the shrub-grass structure was the lowest one (637.53+121.90 con/cm’). (2) The annual
variation range of PM, ; concentration was 6.83—63.04 pg/m’, and the order of concentration value was summer<autumn<
spring<winter, the reduction rate of PM, . by the arbor-shrub-grass structure was the largest (10.95%) , and reduction rate
of PM, by shrub-grass structure was the lowest (1.17%). (3) There was an optimal noise reduction field with the increase
of distance, and the average noise reduction rate of different community structures was as follows: arbor-shrub-grass>arbor-
grass>shrub-grass. (4) The range of bacteria reduction rate was 11.65%—44.60% , and arbor-shrub-grass>arbor-grass>
shrub-grass. (5) The comfort index of the arbor-grass structure was 8.83 and that of the shrub-grass structure was 9.06. (6)
The number of bacteria was strongly connected with temperature, humidity, and wind speed; PM,, concentration was
negatively correlated with temperature, but positively correlated with humidity and wind speed ; Temperature and wind speed
were favorably connected with noise, while the humidity was adversely correlated ; Humidity and wind speed have a negative
relationship with air anion concentration. (7) The comprehensive index of ecological health care effect ranged from 1.6565
to 9.1387, and the overall order was arbor-shrub-grass>arbor-grass>shrub-grass. For the construction of scenic recreational
forest in Beijing, it is appropriate to take arbor-shrub-grass as the community structure, give priority to local tree species
with ecological health care effects such as Pinus tabulaeformis, Robinia pseudoacacia, and Platycladus orientalis in the

selection of tree species.

Key Words: ecological health care; recreational forest; community structure ; seasonal dynamics
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Fig.1 The location of study area
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Table 1  Basic information of test plot
B H RAREFY AR HEAZ AR
FEM 5 Commfnit TRt /em  HRE/m o BSME/ % FE/% SEBE/%  TER R
Plot No. " Mean DBH Average plant Tree canopy Shrub Herb Main species of community
structure i X
height density coverage coverage
ML ( Pinus tabuliformis ) + 3 # ( Robinia pseudoacacia) -] 5%
. (Vitex negundo) + KL F ( Lespedeza bicolor ) =¥ & B ( Setaria
Al - 15.7+£1.8 7.42+0.35 60 6 2
Tt * * ? ? viridis) + i ( Digitaria sanguinalis ) +424 (Ipomoea nil) + WA
% ( Bidens pilosa)
A ( Ginkgo biloba ) + i ¥ ( Pinus tabuliformis ) + [ #
(Styphnolobium japonicum ) +B#f1 ( Platycladus orientalis ) = 1175
I (Armeniaca sibirica ) + ¥ M #§ ( Amygdalus triloba) + V0 Hu #H
A2 - 23.2+5.3 7.54£1.50 50 90 53 “
Tl * * (Juniperus sabina) + T F 7 ( Syzygium aromaticum ) - F& ( Iris
tectorum ) +2F- i 5 ( Eleusine indica ) + € A€ (Inula japonica ) +
B2 FEHE ( Chloris virgata)
WA ( Pinus tabuliformis ) + B KA ( Pinus bungeana ) + HA
(Ginkgo biloba) = T F & ( Syzygium aromaticum ) + ¥ ¥
A3 Tr-f-EL 12.7+3.1 5.32+0.60 50 85 60 (Sorbaria sorbifolia ) + 2k ( Amygdalus persica) + ) ( Pyrus
spp) By ( Digitaria sanguinalis ) + E JE WL ( Chloris virgata) +)
X (Setaria viridis) +H]) L%( Cirsium arvense)
WAL ( Pinus tabuliformis ) = ] 25 ( Paconia lactiflora ) + 4t
Bl Ft 20.0£2.9 7 174103 0 - % (Paeonia suffruticosa ) + 2 i B ( Eleusine indica ) + i J&& B

(Setaria viridis) + & B ( Digitaria sanguinalis ) + fitt 3% 25 ( Oxalis
corniculata ) + AR ( Chloris virgata)
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Plot No. structure. Mean DBH  Average plant Tree canopy Shrub Herb Main species of community
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WA ( Platycladus orientalis ) =] 25 ( Paeonia lactiflora ) +4t:
B2 Ty 21.0+1.5 6.30+0.59 60 — 83 (Paceonia suffruticosa ) + i JL 3% ( Cirsium arvense ) + 4 fffj i
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C3 Y- — — — 95 43 (Setaria viridis ) + 92 £t ¥ ( Bidens pilosa) 74 ( Ipomoea nil) +3E
( Chenopodium album ) +/NE % ( Erigeron canadensis)

AL TR -5 — A The first sample plot of arbor-shrub-grass structure; A2 7+ -5 55 — /M The second sample plot of arbor-shrub-grass structure;;
A3 FR-JE-FLZ5 55 = ASFEH The third sample plot of arbor-shrub-grass structure; B1: 75-FZ5H4 5 —/MFEHh The first sample plot of arbor-grass structure ; B2 F+-F 25 45
ZABEHE The second sample plot of arbor-grass structure; B3 : 75-H 45 #455 = AN FE L The third sample plot of arbor-grass structure; C1; JE-%0 45 H55 — > BE Hb The first
sample plot of shrub-grass structure ; C2 . - F 25455 —/MFEH The second sample plot of shrub-grass structure; C3 ; ##-5 2544 55 =K The third sample plot of shrub-

C1 Y- — — — 85 80

grass structure
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*2 HEESER
Table 2  Comfort level

51 GREREAE S A 51 EREIEA S A
Level Comfort index Evaluation Level Comfort index Evaluation
1 2% The first level S < 4.55 g 3 %% The third level 6.95<S < 9.00 AEFIE
2 2% The second level 4.55<S < 6.95 AP 4 %% The forth level 5>9.00 W ANEFE

2.3 AEAORERON TN

TERRAE ) A K S E R 1) B 2R 1) 28 SRS VR BB PML, T 0% R T 38 el o 3 | IR AE 3 5 A
FEBR , FF AN [RVHETS 25 ha) AR T FEUMR ) A AR N P 28 RIS VR B PM,  TH IR A 6 T T D
FEERERON RS R AL (5) #EATHREA AL B s A AARET 38 B2 RO F8 A, R A2 (6) #E AT hR it ik
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Fig.2  Diurnal variation of air anion concentration
Al Fr-JE -5 MY 5 — N EEHD The first sample plot of arbor-shrub-grass structure;A2:ﬁ—7§—$é’tﬁ§l 55 /NEEHE The second sample plot of arbor-
shrub-grass structure; A3 ; F¢-H#E-FL 45 F4 55 = FE4th The third sample plot of arbor-shrub-grass structure; Bl F¥- 45 #4955 — AN FEHL The first
sample plot of arbor-grass structure ; B2 : 7r-HL 25 F4 28 — M HE The second sample plot of arbor-grass structure ; B3 ; 75-F &5 55 = ANFE ML The third
sample plot of arbor-grass structure ; C1 RS SE — N EE L The first sample plot of shrub-grass stmcture;CZ;‘{E—ﬁ%*@fﬁ:/\ﬁ—ﬂﬁ The second
sample plot of shrub-grass structure ; C3 HE-BLAER S = ANEEHD The third sample plot of shrub-grass structure

http ; //www.ecologica.cn



16 1 Wl A AN TR Vi 40 ) XU B FREPR A 25 DR R A —— DAL 50 78 1 [ SRR AR el g B 6505

{H43 50 (492.94+68.44) 4~/cm’ . (809.40+61.01) ~/cm® (819.98+49.80) 4~/ cm’ F1(534.01+£7.46) /em’ 7%
S FREU R 0.139,0.075,0.031 F10.145, BFEESNEFRE RS, HAES RN, BFESKAEFHBLE
PRy LI 2R, 7E 800 FeAIR, 1400 5, A2 25+ 55— FE o+ VB B+ 42 2 + B+ /N R DT RLZE A0 (C3)
BT B, 0 770.00 A/ em® . H ZRERHLZS SO FURIEAE 1400 DUSRASIREK, L T BRI A&
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A/em®, Tr-HE-BEEEH (IMAS + I BE IR S5+ AL - M B R+ S R + A2 2R + AT R (AL) 4FE B3 5 7, R (755.62+
110.11) A/em? , HE- B S50 i i A+ VD M + 8 4R 2 A+l - TR R R+ R R+ AL + LS (C1) edik, oA
(637.53£121.90) ~/cm’ FEARFRI N Tr-HE- B> Tr-RISPE-B . 2 LU A AR WY, AN R 7 45 1) RS i LB
BESAHFRE IR ER/N, 25 A 0% B KEMEARLZRBE (P <0.05) ,7r-H# - HTr-FLE5 )
23 S VR FE AR A W

R3 EROHBTREFTER

Table 3  Air anion concentration in different seasons

. R RS A K AR {E
Bt Sori .
Plot Spring Summer Autumn Winter Annual average
/(A em?) /(A/em®) /(A em?) /(A/em®) /(A em?)
Al 671.48+212.70a 809.61+40.14ab 908.63+136.80a 632.78+37.28a 755.62+110.11a
A2 645.56+203.72a 788.15+13.81abc 905.19+131.71a 643.15+19.0a 745.51+109.30ab
A3 654.63+£227.99a 807.41+48.98ab 895.11+118.09ab 629.63+34.63ab 746.69+129.4 ab
Bl 679.44+266.82a 749.44+86.42abc 871.74+107.18ab 538.33+13.84b 709.74+120.54abe
B2 645.56+232.56a 815.37+80.23a 819.48+68.60abc 563.70+24.18b 711.03+110.27abe
B3 648.15+246.48a 717.96+38.29bc 839.78+86.81abc 532.22+110.27abc 684.53+111.5bed
Cl1 582.59+173.66a 699.07+27.19¢ 796.41+£49.32bc 472.04+18.99d 637.53+£121.90d
Cc2 595.37+£256.28a 754.44+103.30ab 843.96+97.40abc 480.37+53.18cd 668.54+140.46¢d
Cc3 585.00+150.91a 699.81+31.46¢ 825.93+131.65abc 453.33+26.40d 641.02+137.85d
FEE
A 611.13+76.67 733.09+91.47 846.41+46.76 529.74+88.28 680.29+72.05
verage

ARV /INE PR AR R — 245 AN [ v 46 XS T TP 2 A B TR BE A P<0.05 KPP 22 52

3.2 PM, MR B AL R R

AR ZETT PM, RS H ARG A BT 1 22 55 (1] 3) B AR A H B ARG H 535 4 8.07—18.53 png/m’ 6.83—
30.43 pg/m’ 24.32—43.59 pg/m’ Fil 38.07—63.04 we/m’, HI{E 3510 (13.26+0.23) wg/m’, (14.66+0.39)
pe/m’ (33.32+0.88) weg/m’f1(49.82+0.53) pe/m’, 2855 ZE 5120 0.017,0.027 ,0.026 F10.011, FHZFEFr-
- FEZER PM, R JE IG5« U Y A (E /3 BI7E 10:00 F1 14,00, H. 14.00 54K (8.07 pg/m’),
18:00 1KH 1/ (18.53 wg/m’) . H M 8:00 JFif PM, e FEFFLLRRAR, 2] 14,00 5 B 5K (16.03 wg/m’) 52
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Table 4 PM, 5 concentration in different seasons

. i e " X% T
Plot Spring Summer Autumn Winter Annual average
/(pg/m’) /(pg/m’) /(pg/m’) /(pg/m’) /(pg/m’)
Al 40.81+41.02a 17.13+5.90cd 32.86+20.19hc 49.83+10.95h 33.09+9.83a
A2 41.82+41.65a 18.51+5.71ab 33.16+20.19abc 49.28+10.73b 33.66+9.39a
A3 42.69+43.47a 17.895.46hc 32.7820.54hc 49.95+12.37h 33.53+9.76a
B1 42.29+42.80a 17.59+6.00bced 34.05+20.84ab 49.97+11.10b 33.82+9.90a
B2 42.09+42.55a 18.13+5.49ahe 33.25+20.26abe 49.52:10.48b 33.78+9.70a
B3 40.54+40.29a 18.55+5.72ab 32.57+£19.99bc 49.96+11.71b 33.18+£9.09a
C1 40.71+40.38a 18.53+5.40ab 32.15+£19.87¢ 49.13+10.98b 33.07+9.10a
Cc2 42.57+42.78a 17.42+5.86bcd 34.69+21.43a 49.65+10.86b 33.98+10.02a
3 42.67+42.99a 16.65+5.29d 34.76+21.32a 51.09+12.27ab 34.00+10.48a
XA Average 42.08+1.16 17.96+0.73 33.51+£0.94 50.15£11.24 33.79+0.74

ARG PR FIR R — Z2 15 R [ B 45 SR bR PM, s MRFEEAE P<0.05 /KPR35 PR 22 52

PM, T 0 B2 AR AL B K (R 5) , B S H MK EA B 225 (P<0.05) . 2 PM, {HIfE
FHEI N TR -FESTR-FE-BESTE-BRE DL AL i, 3580 T 9.04%, HEZELRI MHE- B STR-FE- RIS T2 LA C3 I Al
THIAE R THICR 1R 12.72% Fi10.95% , T — 55 45 K6 (8 DA + 28 A%F — A 24 + 2 fif7 B+ 4 2 5 + 211 XU
(B3) THIAN Fe 55 , N 4.49% ., FKZE PM, s THIBAE T AT -E-FE AL, 383 1 9.63% . 428 PM, s TR EEHK
o, AN IS 0 RGRE FEMR L R I T —E WDV E R B R R 7.56% , B iR 4.37%

3.3 MR IR A G R

AN TRV 235 P XS it SRR A e 55 7 1 SRS D R D S 0BV E L, W3 (B A N R AR (TR 4) o BE TR S
m. 10 m.15 m 20 m SZI0ME 5 B AR (B 23 51K 68.87 dB .60.73 dB .58.03 dB .54.60 dB. BEMAEFUE 5 m I LN
TP T -FELE R 1) B3 FIE - 25 K 1 22 25 + 90 2% — ) R A+ TR R+ 2 2R + B+ /NFE R (C3) | TH IR A 51
4.42% F13.93% , BEME IR 10 m BT USARON fe 4F (9 o0 Te-RE- A5 40 AL, TR 4549 B3 ME- 454 €3, HEME:
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Table 5  PM, ;reduction rate in different seasons

FE T HF Es A% AEIE
Plot Spring/ % Summer/ % Autumn/% Winter/ % Annual average/%
Al 9.04+0.48a 10.95+3.64ab 7.26+2.75ab 6.39+1.20a 8.41+1.75a
A2 5.55+0.75ab 6.22+4.40c¢ 4.51+0.58ab 7.16+1.16a 5.86+0.97a
A3 6.71+2.73ab 7.04+2.74abc 9.63+6.05a 6.53+3.48a 7.48+1.25a
Bl 6.74+1.71ab 8.49+3.54abe 3.41+0.54b 6.17+1.69a 6.20+1.83a
B2 7.09+1.96ab 7.76+2.76b 4.83+0.83ab 6.82+0.65a 6.62+1.09a
B3 8.30+1.93ab 4.49+3.04¢ 6.56+1.50ab 6.39+2.44a 6.43+1.35a
Cl1 7.69+2.10b 6.77+3.97¢ 8.14+2.29ab 7.56+1.31a 7.54+0.50a
c2 5.17+1.37ab 9.63+2.45abc 3.93+1.65ab 6.71x1.17a 6.36+2.13a
C3 5.33+1.77ab 12.72+1.41a 3.16+0.44b 4.37+3.07a 6.39+3.73a

F-H4{H Average 6.85+1.27 8.23+0.02 5.71£2.15 6.45+0.84 6.81+0.77

ARV /NG TR IR R — 2 5 R [ R VA S5 F SR EURR PML,  THIBCRAE P <0.05 /KF B2 5
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Fig.4 Noise reduction rate and noise attenuation
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VB T A0 o 5559 110 Ay T - 2 R SR 0 — P R 00 R R+ 2 A B+ T R 4+ 1B (C2) I RN (11.65+1.81) %, I
T BRA A, #RAL TR B R A /ML, AT ISR R B3 R C2 9 1.16 .3.83 %, IARCR A
R 11 A T - R ) 22 25+ 45— R R+ VR B+ 2 AR+ BE 4+ /NEE R (C3) | DT 0N (28.60+14.22) %, | FBRER
B, HLAP A BOEAR S T BRFET U B SR o R R B S T - A R A A+ VD A + S AR A R R - TR R
B+ R R+ HEE AL+ HL3E (C) I RN 15.76+1.02% , Ho 1R T BR AN A7 B A
3.4 NIREFIEEEh AL
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Fig.9 Comprehensive health function effects and cluster analysis of scenic and recreational forests
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