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Estimation of ecosystem services of urban green-land in industrial areas: A case study

on green-land in the workshop area of the Wuhan Iron and Steel Company
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Abstract: Green-land is a vital component of an urban ecosystem and plays an important role in purifying the environment.
Especially in large-scale industrial districts, the ecological services provided by vegetation are beneficial to protecting local
environments. In this study, amounts of CO, absorbed, O, released, heat absorbed through transpiration, SO, reduced, dust

retention and noise reduction have been selected as main variables of study. These indexes allow qualitative assessment of
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ecological services based on the leaf area during the field work in the workshop area of the Wuhan Iron and Steel Company.
Generally, the identified indexes were calculated from the observed data collected in field survey.

The green-land leaf area was obtained through investigation of synusia (No.2 synusian devised by H.Gams in 1918) structure
and covering, leaf area index (LAI) . All the indexes were calculated based on the estimated leaf area. This was combined with an
assessment of value through brought by the ecosystem. The areas of interest included CO, absorption with the carbon tax, O,
release with the value of marketed products, heat absorption by transpiration with the substitution of electricity, SO, absorption and
dust retention with the market valuation, noise reduction with the will-paying. The ecological services of green-land in urban
industrial areas were estimated by measuring the ecologic benefit per unit. The results showed:

(1) Most trees planted in the workshop area were native species. Of them, the majority were of arbor decent. The leaf area
was highest in different synusia. The evergreen and deciduous arbors were 409.0 hm? and 399.8 hm?, respectively. And the sum
of leaf area in different workshop areas was 1694.21 hm’ .

(2) The ecological benefits of green-land mainly depend on the amount of green space. The capacity of the ecological service
of plant was determined by the physiological characteristic of plant and leaf surface as well as by the structure of tree crown. Since
the synusias were composed by various plants with different capacity, their ecological benefits were different. While the SO,

“2+a7!of all synusias. And the ability of evergreen shrub and

reduction absorbed by evergreen was the highest at 0.81 g*m
deciduous shrub was stronger, while that of the herbaceous plant was the weakest.

(3) In 2001, the total green-land area was 312.38 hm® in the workshop area of the Wuhan Iron and Steel Company. The
amount of CO, absorbed, O, released and dust retention reduced by green-land in the workshop area were 23850.50 t-a™',
17345.82 ta™ ' and 2884.51 t-a™ !, respectively. The total value of ecological benefits was 201,002,100 Yuan. Among them,
the value of heat absorption was the highest at 163,305,600 Yuan, followed next by that of CO, absorption at 29,693,900 Yuan.
The amount of SO, reduction was lowest at about 3,900 Yuan. In addition, the value of O, released, dust retention and noise
reduction were 6,938,300, 490,400 and 570,000 Yuan respectively.

In summary, the plants with better adaptation and ecological effect should be strategically chosen and combined in different
ways for their diverse benefits in varying ecological environments. The leaf area also could increase by combining the arbor, shrub
and herb to realize the maximum ecological benefits, giving greater ecological service for improved environments in industrial

districts .

Key words: urban vegetation; environmental quality; ecosystem services; leaf area index; quantitative analysis
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RIUMEAFAMTRNTHF LR M E N THRE 114921’ ~ 114928, Jb45 30°35" ~ 30040’ , Z XI5 /8 T
HHEBERNSE, WEH, FLHEKE 1284 om, FEAKHEMNED T 6~8 H;EFLHKB16.4C, EEH
BREREK; THEP 211 ~272 d, B BER 51810 ~2100 h, ZAFTHE K. T k¥ A EXEHAR, &
H 4502.76 hm’ , B — MERBPNEE= X, HPET XEHEEL BE W HE LM% 26 &
RPN, AR R 1560.23 h', | X T HERIG R RACHEIG R E, EBEBFRY KN S0, ¥, BEXE
T B = A Al B AR A R, SR B 3 R K B 4R, 2002 ) X 40T 3 E AR A 312.38 h', Rt R 3K
20.02%" , v ASHERAERE, £/ XKHTNARKEY R 69 B 142 f, HPREH R A 53 M (GF 74
RPN, 46 NIEMRF) ,5E R 16 T, KR 48 B, B 25 #0404 T KB bk B 38 LB B IR R GE BR
RSB SIS MR, BREWRREHELE 438 4N, HER G XS E BN 66% ; BifP /BB 33
AT K E K 20%; EXREMWE EHE X AERD, St S EHIE 137.98 hm’ , BRI E R
X 2663.71 w’ , RIS TR B,
2 MRAE
2.1 ABREVEITENBIFERMBETLYE

St X SR T 5030 3 T A 25 R 25 T B R4 Bk 4 HE RIS SR RO A A, R VRAN B TR0 R Ge ke T AT
HHMEREMNEDLN, HEUEBEE ALK BRES ZBRIM BOERY HL. BBEEFTESRS
ThEE R Tk X it A BB TR ITFNHWBAER EAALFEN I EHEITHEMEN R T, SHEE K
R T T AR BLEE, R AR AMRBER 1508 ' MARMEETTICHLEL N 8.3 yuan.
$ LBRESKBEBREETRAE, T VHERSE 0.4 yuan-kg ' BRHAA ; HBRAH B ALEHUBEHR
ERTA,BEAYH F HEBREAKNRARTRE HEBRNE, R EEAra e, ZRUTERAS
FH e BN 0.5 T/ (RINTYM F,2003) ;BB R BMFHLRERATHNEE  BRE(FELEY
R EBEHITRE)FHNIEFED 1 kg SO, FRYMBRTBAR 0.6 THEHIE 10 LM RA N 170 Tt
S R A XA EE LB E N Syuan/ (dB-m) (m 15 FRFKIG 78 M) B ALK B ) iHED
2.2 &3 GIS B 5HIRIRE

BIEBRTRMEYFFRAREH EWE R BRABREGNFL, URHIIX IKONOS T 2 & BRE SR
RS Tk X 1:100008 7 B A £ 5, EHHES M RMRRNEE, HRSAEEIRIASE R WEDF
XK BEEE MEES, EHEHRTENER KRS ESHEXIER, B RN Tk K8 c1s™,
RETXBHBERMNER AL BREWRIENRMEY M = ESFEE EARBESRSIBREER
A EE R
2.3 BMESRSUERIFNERY E

HAEREYRELESENEIERE  AEHERSERERBH S ESRS IR/ —1 K8
B, BE-IMEMBARFLUHHTR EFERAHTAREHRANTR FRER BEHER GE EX0HEF
TARH (H.Gams I —RERVENESKBNEME RS IT, EREEEHF TEEMHEY 0 ERIEHR
(L) BHBERNER(S) BRPE&TENBREYNMEE(C), TESHRRTEEFNRE; BUERR
BREAPREMYBAHERESKUBERUEE () NKE, HERREBERFESHBBERNERE;
BREEEMAREBEEANASGEERLSMMERAESKBERAESHEHERTEERBBRW R KASR
W AESHKBE, EERBHRANITRERS.
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(HEE SR BREASNEBRAR TEHEYERPAA TS AEEIAEGNERAE . RESE
FHARERFGE 22 M) MELMM ERNE LS RENEBERE, AR EEI~-SHERKABTFHIRE
Ko HTFRERFMCEN A AZERBEAR, & —k F W a5 B0 b 36 Bl — 008X ot B #4764 m
Eo BRT7:00~19:00 BHIE 1hWE 1 R, FHNTFERMESLHELENE 1 MA . BEEE K RERFN
BREXGTHEREIASERATEIHBEEAMM ERERNWERBER, FERBEARZHEY —FERHTH
SRR BT, #RW % — 4 360d i, EH WM E—FEKT 270d it , R EABRABREZEF 7.8.9=
A BT R,

(2)S0, ‘Yt HTFHYEEHHFBIHANFERER BERN KW GIREE) XEEY S
HNEEBREX (EARGX) PEBREX(CZHEN)MREFRX () 8/), MEF R RERE RN EGEES N
R, AHEX 3 NTFRMTFRXAMBR AN EAREWN 22 FEEEYHITRAE, RENREEHEY %
HETE 9 A#E4T, AL BN EM S HRE" Y,

G)WLE —BRAN IS mm WWEBAI hEEYH FOEL, REEFHLT", BNRAEREE
MY LR ER 6 A, FAMEHESZFRXRMAMEH ARSI ETEERME, K, @R 20 ~30 50t
(KAt 10 2 4) , B AR B SR AR HE/VBE 250 ~ 300 g, TIPS BTER 10 x 10 om” T FRTE B P9 3t L 304) , B
BILEE AAMKGEEETRE,

WBSEE AFHNEEREAEETEERRLEAT B BEBENFIEZEEER?, Naturvardsverket F
1996 SERFFTAR H 5 m H 58 LA _EBARH , BRBUR Y 2 dB,50 m TR SRR 3 ~6 dB(A)? , RW)™
KOERRHPBRACS, ) RUEBSAR £, KPS ERRLHFRAE S m B B, APFRMNRET Tk X EASH GIS
FRRESHBERERE K, L 2 dBIEN S S BTHR K B MR,

3 ZRESW
3.1 RN XEMS D EEREYAE S

R X 518 MRMBIHATHAYAERAK ), HBMKEZWEER, B 153 K; HBKRER
ZTE 50 ~ 100 Z B HKH ) E 22 ( Magnolia grandiflora) . &4 K ( Platanus orientalis ) .5 ¥ ( Cedrus deodara ) . [Bl ¥
(Sabina chinensis ) FETE ( Osmanthus fragrans) ABAW ( Viburnum awabuki ) 8 ( Pittosporum tobira) . X 2o Ffr i
HEAMM S LR ENMR, LHERAMKR, CEFEIT SR EFAEK, BHEAZERRNHEE
LUERRARMEBEUESEY I E  EAEYEIAMRESL, XEH TEMBRAER, WE) RFE,
RE#GMEUEESEHNF , EXHY REFHMHETRRES S, IEFRETIVRKAGLETHS
ROEEX T FRERBEEN SR,

£1 KAMEEMTEAEER LHWTEAWEAR
Table 1 Frequency of dominant plant species of different synusia type in Wugang workshop area
2 K 28 Synusia type HH#5F0 (1K ) Plant species( frequency)
$t 0t FR K Coniferous arbor T Cedrus deodara (70) A Sabina chinensis (64)
# M FF K Deciduous arbor B K Platanus orientalis (86) JHIW Saliz babylonica(28) 4% Populus tomentosa(23) A Punica granatum (12)

I"E2 Magnolia grandiflora (97) #LAE Ericbotrya japonica (13) . #&# Cinnamomum camphora (153) \EE#E Osmanthus
B FFK Evergreen arbor fragrans(50)

Y% # K Deciduous shrub ~ $EMZE Prunus cerasifera(43) %) Cercis Chinensis (16)
HRHENX Evergreen shrub  FBIW Viburnum awabuki (77) \Je Bk Nerium indicum (40)

¥ Pittosporum tobira (58) . £L # K Loropetalum Chinensis var . (24) . K ™ ¥ 4% Euonymus japonicus (28) . & M 4t H
Ligustrum lucidum Ait . Var (10) K 3135 Mahonia fortunei (23) /N ¥ Ligustrum quihouir (36)

B A& 3 Grasses BB Poe annua(25) B R B Zoysia matrella (21)

43 % Green fence
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3.2 RW XA RS R IE IR B4 AT

3.2.1 FAEBREMMHERESRENEM T AEBRFZRBAHEREFINESKBEERAER
(£2). BTFARMEYHFEHHERME EWEARENAR, SEH A EEE co, BHBR 0, & 1
MEREEZEFMEFTRIZER, PHBXEE CO, MER O, HBEAMEFESEAR, HKXRBEMRE 4 RE
MNEFEBRAGBRWEES HEMHERAZBEREX 1.5l kg n d I E5ERFREYHFHRLE.
AHEMEEEHTRZABERARA R, FEFAEGEREANHA FPHEBER/D, RF 0.69 kg'm™>+d”'
fMO0.75 kg'm’-d” FERETHEMENARBREEAKLE D, KSEBE/N— L& Y R so, &
R—EMEME, HRFTAXN S0, WEBRKMERK, N 0.81 gom?-a ', EHEAERKME SO, HRE/N,RE
0.11 grm™>ra™ '  REHEHELRBHEMHER SO, WERBMEMER K EHGHHLESTIGES HAE NS
AEA M RERE KD RS B BESE X, HPESEAME T E AR L8R, A
FhRBE D RE S BT

£2 AABRAVROHERACHBESKBEHILR
Table 2 Comparison of ecological benefits with per leaves area in different synusia type

%W CO, B(grm2-d~") Bk 0, B(grm=2-d7?) EMkE % W S0, & TN
BRER Amount of CO, absorption Amount of O, release (kg'm=%-d71) (grm™2+a7') (grm~2ed71)
Synusia type E=F )3 E=F -k Amount of H,0, Amount of SO, Amount of
Spring Summer Spring Summer transpiration absorption dust retention
&t M FF K Coniferous arbor 2.98 3.76 2.17 2.74 1.27 0.53 0.59
%™ JF K Deciduous arbor 4.84 3.59 3.52 2.61 1.02 0.35 0.60
BB IF A Evergreen arbor 5.51 3.92 4.00 2.85 0.69 0.81 0.67
% - K Deciduous shrub 5.19 3.76 3.78 2.74 0.96 0.11 0.86
H R MK Evergreen shrub 7.10 4.83 5.17 3.51 0.75 0.39 0.80
% Green fence 5.82 5.66 4.23 4.11 1.28 0.21 0.69
B A Grasses 5.94 9.33 4.32 6.78 1.51 1.55° 0.20"

* B fypt R BAf B TR L E A ARl SO, BFI# 4 & The amount of SO, absorption and dust retention of grasses in unit coverage and unit time

3.2.2 ARARFESRSEYBERZNMT BE XGHARZFEYPMHTERSERRESTESRS
NEEFEARHY H IR E, H A S RAEAENHEY —FPHWAERKAR, BAGBNFELESH B EBITHELE
(R3), ERAN X 7THHEPEF LB P B TREMHEEE M ESP, HEETERBEHEEK, 5 13.62;
ERREHFAMERTA, HDHREHER, RE S8, ERFHERERAEBEZERREETERER
Mg, RN XEARSHBEEN 1694.21 hm® , KPP FAMLBGEE KR, FHFTFAGEN 399.8 m®, HETF
ARGFE N 409.0 hm’ , BRSNS RBEN23.60M24.1% , KRB THHTELUTARE, RE XENE
REHEH, - EENEARESRAEFERAES HEED, FEHTERNEER/D, RE 60.5 ', MHE
AL 388.4 hn', HEGKEM 2.3% , URTFEHRAMEETA, XRAN XEHEH L UFTER
5  HEERXE, TER TR E UMEEA R, X AR T RWF LB A

SRR FEASHBESRYTERGEKFREMTEBRNESHEHEE BN (R3), EFZBRE KT
A THTRAMEZFTANGR KL, AEABDEER, B ERKNEE Co, B 0, EEFH B K
AMESHEYRTEECEF XA ARFERBEENEBRARYUELIREX  EEZFAMEHFA
MG EKTEE, B A I migkik SO, 8%, RERIK S0, BEFEH LB B RBUFEFTAMET AR,
EETAEBUBEREST BHEANWEZERRK EFESRBELRERK. EAXREBNERNMEALD
BB/ TRERBEY, EFHLHBEAXERM, AT L, EASEESHBEN K/ DR TFRIBEENHK
N B AES BRI KD,


http://www.cqvip.com

D000 http://www.cqvip.com]

2234 £ F ¥ W 26 %

£3 FABRAVFERYBRUER
Table 3 Results of annual ecological benefits of different synusia type

K % VN AR HRER B s .
Bi ;5 2 f:l;:fzfous Decidaz::z fv?i:rten g]:g)ecdfms fverin Gr;jl i it
Synusia type arbor arbor arbor shrub shrub fence Grasses Total
At T B B Leaf area index 6.61 10.75 10.07 5.78 11.4 13.62 9.49 —
W 2% i B Covered area(hm?) 18.74 37.19 40.62 10.48 12.39 12.58 40.93 —
£ & Vegetation quantity( hm?) 123.88 399.78 409.01 60.55 141.20  171.35  388.43  1694.21
g €O, B Amount of CO, absorption(t-a™!) 1083.75  4772.39  5495.06  770.81 2418.67 2666.94  7413.69  23850.50
B 0, B Amount of O, release(t-a!) 788.18  3470.83  3996.41  560.59 1159.03  1939.60 5391.77  17345.82
7% [ % # Transpiration heat absorption( x 10° kJ-a~1)  101.41 264.01 183.48 37.58 68.66 141.54 379.13 1175.80
0 4 SO, B Amount of SO, absorption(kg-a~') 653.98  1477.22  2747.89 53.90 542.78  351.01  736.68  6563.44
# B Amount of dust retention(t-a”!) 262.77 651.11 991.68  140.08 407.98  426.00 4.89  2884.51

3.3 RM XEAARGAESRS M & BFME

ERSEHRAT KRGS ESREFIEEFHEERE 2R TARABIARASHENEFNEGE
4), R KEASMAESRSIESHETENIART 20100.21 T, ZHESFHRHER 1.18 x 10°
Kea ' HETALERT G HRES K, N 16330.56 T 70 bt F4E R UK SO, B R 6563.44 kg-a™' , AR T LI FT &5
BEE/D,H0.39 AT, | XEMSGHERE CO, BN 23850.50 t-a™ ', R H{b N AR 2969.39 7T ; &£ B ik
0, B4 17345.82 t-a™ ' , X TI{ N 693.83 J5JC ; AEHE A B 2884.51 t-a™ ', R TI{H N 49.04 T ; IR TV X
RIbk & GIS, 8 B RN X 45 b I 38 B% #9 K 20 57007.01 m, M 98 2 %% 28 2 570070.1 dB, B2 Ti{E N 57.00
AT,

Fa TREKRMLESE S QST E
Table 4 Ecological benefits and ecological values of green-land in the workshop area

. % i co, & B0, 72 R B SO, oo B (4B)
Evaluation (tra™) (ta™) (1 k-a™) (kga™) (™) Benefit of BHE
. Amount of CO, Amount of 0, Transpiration Amount of SO, Amount of dust . . Total
index . . noise reduction
absorption release heat absorption absorption retention

&
® uﬁﬁi{ﬁ 23850.50 17345.82 1.18x 10° 6563.44 2884.51 570070.10 —
Ecological benefits

P ¢ -1
EBHE(x 10° yuan a7) 2969.39 693.83 16330.56 0.39 49.04 57.00  20100.21

Ecological value

4 HZigHitie

R X G4k LLIE B7 M 9& L 90 1 98 1 B 2 K (Platanus orientalis ) 8 B ( Cinnamomum camphora ) | £ 4
( Osmanthus fragrans) \[8#A ( Sabina chinensis ) \?ﬁﬂﬁ(Pittosporum tobira )£ WM AT, FRER T AEESR
FIMEE, EARBENEHAMN F HERKBERAZBRARYEBER MM REFNEETAEFREANAE
PEE N /N, 7ELL SO, WEBEFLHBRYNRP I LR, FEFAXN S0, WERKERZ X, H 0.81
gem 2ra”! VR OKIERIE SO, HE/N, REO0.11 gom 2!, BERKELEEH5A REY S
AR EPHEEEAMBET EARRBLENBR, EARHLENERES

P ARG AE AR B B F b R BB AESIIEE, A BEYHTERBER BB RAEETIEEY
FERE . AMHERKERETESHNZEERMNER ERABELRE T HASZHBKETRSIENX
Ao ERW XGh  HEHBEERER 1694.2] ', TALXHEARFEEX, HPEH T AZEN 399.8
hm' , ERIF ARG RN 409.0 he' , FEHFTRBERAMFEIFTARE R WER LB AR SO, REHAEBRTH
EBR XRBRTBHRAUFANE, BARGEKPFHRTEEITRMEHTA (B AEBINRERER, i)
FEBEBEBMABRABYUREAMERX, HKEEZFARMELTFA,

R XEAGASRE IENELRTERIART 20100.21 77, H o LU E T KBRS MK
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TE R,k 16330.56 J7 70, H K & B & — S 4b i3 25 1 5% i {H 2969.39 J1 7T, 4E R it SO, B N 6563.44
kgra™' , B TALIERT G HLER R/, RE 0.39 A, | KEMKEZHEE CO, BN 23850.50 t-a™' , R O,
BH17345.82 ta™ ,EEWA R 2884.51 t-a™ ',

WS ESRENERENEEE, LSRR TFH 508 58 5 1t R K o 78 2 88 X 9 R B 0 4 F
28", RABRE SR BRES EBRABDEEY HE BB 6 MAESBBREBENESRS
e BIEM IR EA R BB R BRRT T KBRS AESREIRE. 2HREA GIS HARHES
LHEEERY ARG E, ATEII RN X E RS A4 7S RS D885 0w A58 TAE, 07 B 50 0L A & IR
BARSEEHITEEMNESRENEHHES B TFTENEANRY , BREAREHBHENHF LB
A—EHEY EARESREVELARARICENTESKE L, WEHHWAR BRAEE T . &
MBS ESHES?™, HEBRBEARNIAMEREARNERE, UKITETENRABR, Biigh 4
SREDEHIHERAKSELE . FEEH,

AAEHEREAEEESHERMREYE SN EE T REEREBSHRE A5 ERITEES
BEREMSHEEAHEENEZR FAHERGEARABE LRE T ERGMESRS RO R/D, &
W Tl RS FRAR B IETFE, REENIEHASRRMR R, HFEL RSB IR MR
B FHER EREEKT, DI RSHMNAESRE R  EASNETT ALV MNAERE.,
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