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RE.—4SBEXHEL-HBE EHFEERKEYNENTSENZRER. MT =4S BN BHREBTRAFERE
IR HEAMNE CRBRTASREHANEEASZ —. UBMIMIZBREGNFECFERE MRATRITERZEREE
BHEMNFTE ENEEERAYERSHNITRT RENEBENKH BENUERNARZEZEH LML ERR BT
FRIZHFEBBPABOBPREERY, NASGHSNTTE BLTHRAXEEMNMHNE-EREXRLRTER ., RETR-
BERXRURABRAOMBELEILAESSREFE, BHGIS 4NHAETHIATET IR AR . BERMETH
BE#ZBMEHHEM 4B, URFHHENZESZBNXBLH. TET2WRLEX FEX AKX ®NFHHE =4
FB 4510 3284. 4m*/hm?,3652. 4m*/hm?,2908. 5m*/hm* # 3229. 7m*/hm?*, B =4 & 2 5] % 1606. 6 77 m*.659.5 Fj m®,
448.9 77 m® f1 498. 2 H m* ARG R AN ABTRUBEEN BRI EET EM MALFE THITRKALITFNEIR, A THE
B RUHAESHFERB URIRTRERURENRIT  FINEIABEERAANDIRBRNEUREN BRI RTRILBEES
REEEETFM IR T RN BEHEEMENERSE.
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Remote sensing image-based quantitative study on urban spatial 3D Green

Quantity Virescence three-dimension quantity
ZHOU Ting-Gang, LUO Hong-Xia, GUO Da-Zhi (1. School of the Environment and Resources, Southwest China Normal

University, Key Laboratory of Eco-environments in Three Gorges Reservoir Region, Ministry of Education, Chongqing 400715, China; 2. The
Institute of Survey and Spatial Information Engineering, China University of Mining & Technology, Xuzhou 221008, China). Acta Ecologica
Sinica,2005,25(3) :415~420.

Abstract : Three-dimension green quantity, also named virescence three-dimension quantity,refers to the spatial volume formed
by stem and leaf of a plant. The study of the measurement for three-dimension green quantity is a basis precondition for the
estimation of virescence urban environmental benefit, and also is an important part for urban ecosystem study. The present
paper purports to take the color infrared aerial remote sensing image as its main research data. The basic method of
quantitative remote sensing is investigated for urban spatial 3D green quantity. Firstly, the image’s shadow of a plant is
segmented. Secondly, the height model of a tree is established in accordance with the relationship of the sun, the camera and
the tree in aerial remote sensing, which is a key model in spatial 3D green quantity. Thirdly, the model of relationship a tree’s

height and diameter for the crown of a tree, and the model of the relationship between diameter and height for the crown of a
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tree, are established by the statistic method, as correlativity of height with diameter for the crown of a tree exists specifically
for the species of a plant. Fourthly, the stereoscopic geometry form and green quantity equation are established based on the
study of the stereoscopic geometry form for typical species of a tree. Finally, the total 3D green quantity, the average relative
3D green quantity and its distribution are calculated GIS-based. The value of average relatively 3D green quantity is 3284. 4m®/
hm?, 3652. 4m*/hm?, 2908. 5m®/hm? and 3229. 7m®/hm?,and the value of total 3D green quantity is 1606. 6 X 10‘m?®, 659.5X
10°m®, 448.9X 10*m®and 498. 2X 10*m® in Ningbo city, Jiangbei district, Jiangdong district and Haishu district of Ningbo City.

The results indicate that there is correlativity between the average relative 3D green quantity and the rate of green overlay
in these regions. The average relative 3D green quantity will be large, if there is a big coverage rate of green overlay in a
particular area. But the linear correlativity dose not exist among them, for the factors, which affect the average relative 3D
green quantity include not only the coverage rate of green overlay, but also the structure of virescence and growth state of
plant.

The method not only is important for the establishment of a city’s green database, but also provides an important index for
the evaluation of urban green area and is useful for studying of the green environmental benefit. At the same time, the findings
of the study will also provide useful parameters for the design of green systems, especially to design for regions with special
demands of green regions, and rationality for urban green community distribution and urban green planning.

Key words :Spatial 3D Green Quantity; quantitative calculation; remote sensing image; green quantity model; urban
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ZHFBRIKFE=EE  RENAERKEDHEFTSENSAARY BT ER=ZESB NN BT T EMT R/LFE
M EREMHERTRY, ARBTASRERRNEERNEZ - . I TFTRTEAEE TR . EWESHAEHA HEE
MELUE T B, AR H B T AR EREX T EMNER., BREARRE 20 4 60 FREBRKGHES TR,
REEMHTESTFEIN AP TRER AYSECHESHRC . BRIRBELVER EESAABRRRT Im WIE
BEBERONA RAXBBERTAESHRAMNBE . AESRIAMTESREMNARE . BHSR 2488 BTN
REMNZHGEH#ITEENE., WEHLRELERAR KR UASENE" L, MHESERANELE R EHEHE
RE.EMA BN H ZEEMER, A HEE LR B - ENEETEER AN B 4G 8M, LR Y EEM
SERTHARY M TFE-BENNATNS MARRESERZAAAMNERSAITHXER B EASFBETHX SR,
BEMZEF LEBHEERBER  BEREGMNENERGESE FEEEMLEEN AT ENLNENHTERER
FRMATMERN, FETREBOANDY A A TEEREEWEMBEEAFE EEMNAY ., R, ZrkitEng
BHUEHLERENEMEETTURE 1FUL B2 TEETSLEYSE8/N, FRAMERRENBENEMHEZR KK
MR UFEEENIAEN TR HERREZA TAEMS G LUEmE, TEREMEEERARE L 23R .. RMN8
HREZR, MAESEFINRTAFEBRNHAE KRB AR E, MR REDE, BT ZERNTE, FEFTEETSL
MEBBRAETEFNETERRBSEE T LHENA.
1 WABERBMES

ERHEE=ZHFEHESEFRD IR ANEEHFTHEVAINEZESERRNRE. B ERBENBHTER
HAYRBRERNEENLEZ - ENERLIERPRHERK,. AS R . ARCEFEENESRY =2 . REAYS
BMAMBEREHEASZ Y HP AROBEKER ZNAT B M R EF I, 78 5058 ok PR AR 80 JL 3 7
NRRZE BYMENKESHBEMHELLRREBEDN. MARBAEOITREEBIA YWEME NER P I HARE
B. B, ARHEXTERNAREEEQERRINE, —R VARSI SN ERE — ARG, AAKB-BEI-ARZ
B ERITERATE.
1.1 WAREITRERNER

EFHITMEREN, KB BRI SHAZEZAEE -EWLAMNEXR@E D, FRABKESHAREZRNXER,
HRAEILABRE ONAREIW INAZETHESRTE O EERYERE L:OABMRTHELBH K@K
FRA BB ALFER AR B R) —M .

MNE1 T, ARNKE S SKENEER L. ZRHXER:

Sun = h/tg(bun) n
EBRENAGH WAXGEBIERMEERER .
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S =hd/(H—h) (2> ABEE SRR
T A< H L B TTR () AT Siteof gun  Site of Quiea
S.~ hd/H (3) Pt
AR T LY B B K BE S '
Sun = S, * cosf (4)
MERBIRGHAMALKE S K
S = Son — Sin = h/tg(0,) — hd + cos0/H (5)
Fﬁu: /
A= SH -+ tg(Gon) ®) h ¥ Height of a tree; H Mi# Height of a plane ;
H — dcosf » tg(Cun) Sea WAEF K Length of a tree's shadow ;

= ' d WAZ LA REER Distance from a tree to image center ;
AOXTH, ShiA KRREROLTA—FBHTpn, 0 WSSO Disace &
_ SH +tg(8..)

San AFEYCHTE R MBI K B Length of shadow formed by sun;

0=O,h——H__d < tg ()’ SRR BB BB A FIWES S Ssan WAKEFTEBEPYLAE Shadow's length shelter form

= Souns W =S r * tg B o BT, AR (O)FTTLUE t, BH S 2 tree's shadow

RAHN EFERBRSES WIHE S WItBEFEERE, B 1 RS AN SRR Z 8 R LT R R
1.2 FARRARSEHSHEREITR Fig.1 The geometrical ubiety of sun,camera and tree in imaging

FAREHERASENBEEAGREABFHAZEERN . BTN TR/N. RTELERS, AR5 EEN
HLBTH A DEREARN. IRFETERTIRESHABARANXE.
RAEHRER L WEERER L BTRER 1 U
Iy=fI,+ Q- NI, . (D)
X[ RARBE-TBRTPHE 25BN .
WR LML BN LSRR AEREILPRE, .
f=U,— 1/, — 1 €))
B~ BE S R <Soin, MIE BTN AR RZ . ZBTAENFRET. B, RN ZREEENEA.
BERRENEREAEERSHAMEREAS BRATRH#T T ZEHRR. RETESHERBRELENE. ZEFTEKX
BOT A WS B BB RN R EBRRAESE AR, ENHEE A NEREEMRGER, Kk S4E
MEGRAEX. EAHRT, BAMNFARHEHEEEENRENERE KOAHBRELURBEAHNTERESTR Lo HH
B, EATEA R BT s BN AR R 8., BRI LA O ek e AR 8L, B -
Son=p— ke 0.8<<E<1.6 )
KXFp HEBRKEE, c HEBROREE,
MCORTTH, 24 & e, BE S/, R FHE [l K HETERE S k=16 N, FEZHRRAL KM IT RS H
JERAR sk=0. 8 Y, X ZIEPHRE N R4 HEAEE .
X FRFEBBRA & WBUERRE B —& 5 B E 2R R # K, 2 E G A~ 0 23 e E R G4 BERHTL
AR ERBEALZAE. 88— M SRRMERAKE REAZ T WATROPWAARKES.
2 AN ERSERAXXRER
2.1 WESHERHEXXAER
R F R STROEELREFHRA AR —RHERR LR B, RS 5ERN %R ORHER . B E
BERAK—HMIMAKRERTEARBPHRBEESEREHLXR  SE—-RH BN TARARR. FREKH BN S MEARE. 2
YTEERBOBBSERMEXRFERGE D,
2.2 HESEHHEXARE
ARERMHEEESEENRXRIFTE, RER N, EXRMERNBERETR- TR R R BURMHE 4K 2500 HEE
BRIV AHBRREREIBNER -/ AR, VI ERIBITERAEAS"HSMEAYRHERBREYRHREER
HE. ATHZIBERNATREERBEFRBAEGNBAME AREEAMENKFBETBEY, ¥BTALR
B BERFEN—BIER N
vy =1/(a + be™*) (10)
Ho,z AR,y @86 AEEARE S a.c AR
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Table 1 The correlative equation on the height and crowndiameter of some trees

. HERKY WHE-ERHME TR Correlative equation for height of

3 Species R L. .
Correlative coefficient a tree and diameter of crown of a tree

I E 2 Magnolia grandiflora 0. 9995 y=0. 00323 —0. 103z%+1. 57352— 1. 8013
EHA Cedrus deodara 0. 9950 y=0.00572*—0. 144123 +1. 75322 — 3. 891z +5. 9186
FH & Cinnanomum camphora 0. 9995 y=0.0072°—0.17372%+1. 8987x—1. 7321
WM Juniperus chinensis var. kaizuka 0. 9895 y=1.116ln(x)+0. 8815
BIUH Podocarpus brevifolius 0. 9995 y=0.0013x%—0. 0613x%41. 2898x—1. 0253
B8R Platanus hispanica 0. 9999 y=0.0113x—0. 2894124-3. 3218zx—7.3971
W Salix babylonica 0. 9945 y=0. 0006x%—0. 0221x*40. 33962%—2. 512322+9. 06472 —9. 7286
HEX M. denudata 0.9988 y=—0.00032%+0. 0552%40. 13012 +0. 694
& Ginkgo biloba 0. 9999 y=15. 38In(x) —29. 942
L U1 Ligustrum lucidum 0. 9999 y=0.3903In(x)+1. 7222
K12 Metasequoia glyptostroboides 0. 9997 y=0. 000523 —0. 024924 0. 55442 —0. 1952

R & RS BIEER T BMNBAHERR M c HEFEMXRECFHER 17.9%.
FRH S LT HEAE R EE MY KRS ILTHE, IR % AR T LT LR R ER- ﬁ%*ﬁé&?ﬂ%m
AARRDR R A TR AWM ER-EREXER G 2,

£2 EAMARR-EHAXHEN
Table 2 Correlative equation of diameter of crown and height for tree

-7 R X R

Correlative equation for diameter

HXRHY

Correlative coefficient

P2 Species
of crown and height of a tree
(703 - y=1/(0. 047223+ 0. 94057¢~ % 37%)
910 y=1/(0. 080197+40. 743825¢ % 47*)
870 y=1/(0. 086886+2. 886574¢~ % 57%)
o7z y=1/(0.0692984-5. 265099¢™1- 7<)

J" % 2 Magnolia grandiflora
E S Cedrus deodara
1, Cinnanomum camphora

M Juniperus chinensis var. kaizuka

c e e o oo 9o
~
=
S

B Podocarpus brevifolius y=1/(0. 138702+ 0. 766532¢ % 497)
B4 Platanus hispanica 918 y=1/(0.105595+1. 534633¢ - 3%7)
WIW Saliz babylonica 972 y=1/(0. 095657+ 365. 5584¢ 2 27%)
BE2 M. denudata 836 y=1/(0.122672+1. 052523~ 67%)
HZ Ginkgo biloba 735 y=1/(0. 02730540, 17026e % %)

& T Ligustrum lucidum 0. 930 y=1/(0.177828+568. 2129¢3-51%)
KK#2 Metasequoia glyptostroboides 0. 769 y=1/(0. 038946+1. 20699¢°77*)

3 Z4SEERRBRYRITE
31 WEZSSEFBET

HENEERNERATNR  RERA MRS EL DA G ARARSNEFITARY, FTRERBITAKN TSR E,
AR R [F] B AR o ik i 55 38 30T AR S AR SRR S RO BN ST AR LA BB . KRR TE SR 40 A Rk (R HE R R RO VLR
SR CTUE SRR LB & BRI BRI BRI SLAES. SXETHHRLA . LTS EREM LS HE B WRE-E
7.ER-BRHEXXRRE, RIBFEAMAWELEILAESREETEER,
3.2 ZHZREMITE

UTFETARRAR, A BETINK IAR BEXMLTTHGALZEGRMPFHMMN =4GR X O, UELETH
FHEMZHFENRESH(E 2, ARPATUEL KRN EOANZEEBESGABSRAA -ENHRRR . KLHE
EERMXE, K PN ZEGRERUER EHEZRAFEELEX BARE PN ZEKENERINARAES
2, MERNESRFUENIHEYHERRS ERUBSEFHEYERRSRY SFUEH IR BN XS, K P HAX =4
ZERBER:RZ, FHHNZRERRED.
4 itig

WOENEM=EFZBHRE—FUREXNTE EPRIABREGHLE, XY REYVESHTANAER . BWRAAE
BE1: 1 ARLIMNEBBRER N TRESEHEAREY, RERFHANESE. BN, E=Z2GRMT RS REREH
MERITHE.
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Table 3 The solid geometry shape and green quantity for crown of a tree

$2% Species ‘:‘Lﬁ;ﬂuﬁ%ﬁ Wﬁﬁifﬁ Equation of
Solid geometry shape green quantity for crown of a tree
]~ % 2 Magnolia grandifilora 58I 1& Egg body nzxy?/6
EW Cedrus deodara [ 44k Cone rxy?/12
FHE Cinnanomum camphora BR{& Sphere txy?/6
FHH Juniperus chinensis var. kaizuka B[R4 4k Single cone nxy?/12
B IS Podocarpus brevifolius 813k 8 4& Fall global fan style (223 — 22 « @)/3
B K Platanus hispanica B4 & Cylinder rxy?/4
W Salix babylonica R4k Egg body nxy*/6
BE2 M. denudata . B BR K Pellet style rxy*/6
B Ginkgo biloba A 4 & Twin cone nxy?/12
Y1 Ligustrum lucidum BRI 4K Egg body nxy/6
JK ¥ Metasequoia glyptostroboides B [F 44K Single cone nxy?/12
F4 TREZHZR
Table 4 The 3D green quantity of Ningbo City
THER X 38 & R (hm?) FUBEHRE D P A% = 4R & (m®/ hm?) BESBCT m®)
Distriets Area Rate of virescence overlay  average relatively 3D green quantity The total 3D green quantity

LIt KX Jiangbei district 1805. 66 30. 44 3652. 4 659.5
¥ 08 X Haishu district 1543. 43 16. 16 2908. 5 448.9
VL% X Jiangdong district 1542. 55 21.53 3229.7 498.2
T ¥ Ningbo City 4891. 64 23.12 3284. 4 1606. 6

QOUTHET AR RETINBENEEA=SGERRT
B TRGEMHETERTRAE -ENERE. AR, M TH
EHMBENERORT ZRBHF A —FER. BAZKBRY
W, W — R AR RS SIR XSS A B ERN, BT AR
R-ER g2 ERHAXRARAUR=4KB BT ENIT
HERERRTEURTRETERELTES.

(DERTRAEZRERFR P RARML=EE NI,
UERDSRBEHMERDITRBAFTRUSHFRRIEOMLLE,
REFRTRUGREWRHESHRERBHIROH T 0. &

4] Legend (m3/hm?)

SRS T R 25 ] = SRR AR 9 03 A 455 B gy
2B AT — 5 OB B T 72 R 5 8 34 31800023000 =12000-4000

FERRL B AR E-ER R R R, T & g%%g?}égﬁgo = 0-1000
BEENE T E R, XEENNETHTHER

MR ESH RS, A TARTRAEREMN BT FHINER B2 THNREEHZERRNE
HWHERARWNERVEURENRITREFMEBWEARS Fig. 2 The distribution of average relative 3D green quantity in
%, Ningbo City
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