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Abstract; Urban landscape vegetation is one of the positive factors in absorbing carbon in urban area. However, there
remain significant uncertainties for estimating carbon sink in relation to urban landscape vegetation due to extremely high
heterogeneities in structure and distribution of both urban landscape vegetation and environmental stresses on plant
productivity. In this paper, we tend to discuss the necessities and difficulties of measuring captured carbon by urban
landscape vegetation and estimating plant carbon sink by means of the technique of remote sensing. Then, a model driven
by remote sensing named MMCC ( Model of measuring captured carbon) is proposed. With MMCC, it is most likely that
both the above-ground vegetation biomass ( AVB) and the above-ground net primary productivity ( ANPP) were measured
automatically.

Here is the summary about the solutions by MMCC to some main difficulties while assessing the urban plant carbon
sink. @ both the present sum and annual increase of captured carbon by urban landscape vegetation could be obtained with
the algorithms of measuring AVB and ANPP respectively; (2 the continuous quantification in timeliness could be fulfilled by
making annual change of ANPP in the coming years predictable. The prediction is supported by such data as certain plant
species and plant canopy diameters because they can be used as proxies for a certain plant’s age and its ANPP in this age
when the stress over the plant from its surroundings is considered; @) considering the high heterogeneity of plant species,

distribution and structure of urban landscape vegetation, the basic object measured by MMCC is an individual plant rather
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than a plot of ecological community, as in the most existing models of assessing plant carbon sink. To adapt to the same
high heterogeneity of spatial distribution of those environmental stress factors having their effects on ANPP, a small-scale
(25m x25m) block is scheduled to sampling these factors; @ with the development of MMCC fully driven by remote
sensing and GIS data, the continuous quantification in spatiality can be actualized. The quick quantification can also be
actualized by making all the parameters to drive MMCC acquirable by computer. Namely, all the parameters, including
plant and environmental stress factors need to be collected in the field only in the modeling phase, but can be produced
automatically by image recognition in its running phase.

In order to demonstrate feasibilities of some key technologies in MMCC, parts of the most difficulties were tested with
some progresses achieved. For example, in identifying the nature of plant species, 14 new descriptors inductive of
spectrum, texture and shape signatures have been designed. These descriptors should be up to such requirements as
possessing a true physical implication relating to geometric or ecological significance, having a relatively steady segmentation
threshold and being less sensitive to the differences among image types or the environmental conditions during image
acquisition, and so on. This study uses decision tree with four descriptors to identify plant species and yields an error rate
no more than 5. 8% while comparing 25.9% by using traditional properties. Moreover, a new conception of Normalized
Difference Umbra Index (NDUI) has been achieved in the present study. It is demonstrated that NDUI is a robust index for
extracting pixels of trees planted at darken area and thus helpful for repairing their brightness. Another notable test is to get
diameter of plant canopies with image recognition. As a result, it is initially determined that the area covered by vegetable
can be plotted out into individual canopies and the average diameter of these canopies in a 25m x25m sampling block can
be calculated as the image resolution is better than one meter and plant canopy density is not saturated yet. The correlation
between the ratio of perimeter to area and diameter of plant canopy can be used in the calculation.

In short, MMCC of the present study is proved to be applicable for assessing quantity and distribution of captured

carbon by urban landscape vegetation and its quantitative effect on carbon circulation and ecological capacity in a city.

Key Words: urban landscape vegetation; carbon sink ; model of measuring AVB and ANPP; driven by remote sensing
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Fig. 1 Technical scheme of measuring CO, fixed by urban landscape vegetation by means of remote sensing
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Table 1 The new mathematical Descriptors of identifying plant species with remotely sensed image
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Fig.3 A comparison of the capabilities of identifying three plant species by H,S,I and Dg
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Fig.5 A comparison of the identification accuracy with two different property combinations
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R B 5 BRI RER . MRS R R, R 20 JR B X R R LA 75 B 20 S RE T 5 R L3RR
W 82 S RRTER e, B TR SF R TTER BT 6 0 A W R B R R 77 5

T T X SR AR PR, CRSCBL T AR AR 12 DMRFR N B ShiRG, BER BT RITRA A B
— GRS RIR T BIPERE ; B R 25 B At o JARAY , SR SCBLHE A4 PG TR A 5 A4 B AR S B
PREEL 90% LA b SR E T AR AR IR, BRI R Rk 4230 30
3.2 EERE
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http ://www. ecologica. cn



20 #4 JIRAE & SRAE SR b AER E BR  E RR B AR R A 5 5661

P EER , U R 5T S W ARG & R BUEAREES , B 1] UM B 582 -AVB X R, BRI A Bl
ﬁﬁ‘_#[34-35] .

N T SEBUEAR I B Sh3RE, A5 SCHF ST/ N B 1R LA 545 B B R TR AR 56 B SRR A2, -l 3 1811
ST, B E R R K ER L « 588 y ZIEEA X B M

y = —4.4878In(x) + 0.1563 (3)

TR R 0.8293 , RAHRIREASSITE 99% B {5 BE T FRIEHY 4. 86 £ (B 0.1706) ™, & h—A
FEIEM T K AR H 5 m 2 B R AR, DU A B3R BUR 2, ABRiS EULIER A 3. 3T iR BiE
LAY B Sl B2 K iR 2R 0. 439m™™

L35 SRR B BE e 0 B SR ML T T A2 A ShARBGAT , 0k B AT T 20 B8 AR BUA T
(ZW.3.3),

Xt TR B 5 0 AL , TR SR B A 7 e « X 3 B P BRI 2 A IO 26, 1 4 Rl 4k 5 I
B 5 AT BT A5 2 b T /0 I 4% T B 1 5 58 i R B A S B BE I A K 315 AR . X TR X A
B, RFFRATER S 5993 — AL B85 (NDUI) , 5 0] LAVER 43 B B K AT AR bR . X BRI W) 25 A 2408
JEIEE 23 () AR AR T Lm, A BOE AR BIAR P B AN, A2 SR BUR ATAT I, [ 4b % T4 B A2
L HSE], 18 6c SR 2 B X 28 R, AT LA 250 h B X S AT 4R B . BEE R 2 2528 BT ST 1O
W, TERARBUE b B YA %, A2 B ShiR RS A B —

a JRE% b B X MRS o B XME S8 BERM

B 6 MAHXEHRIATEIMEIH
Fig.6 A instance of extracting plants at darken area and repairing their brightness
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“HBPAIMRLAEE” , B AT LA A 22 1 AR5 38 i 0 AR LR FRAE 1% HUAE R/, R TEAS R 1K 5% , AR AT JEE 3k
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BT EER , U R S S W ARG & R BB RS , B ] SR R RS AR -AVB X R, SR IR AR Bl &
GRS

TSI B ShERE, A< SCHFST/NAL R R A SR 5 7 IR TR R 56 B SR B i A2, 5@ od [l 5
SAHT, B E M TR TR v 5548 y 2 8] A X0 et «

y = —4.4878In(x) + 0.1563 (3)

ZIFEE) R 0.8293 , ARRIAEASLTE 99% B 15 B T FRIE M 4. 86 1% (FRME 0. 1706) ) . B A—1M
BERER T R TR b5 52 B R AR BOAE 56, UK AP B R BUEAR, MBS AR M A3, @ i IiE
SELAZE E S AR B iRk 0. 439m™

L35 SRR A BE 2 80 W S UL T T A% 1 ShARBGATE , 0t B KA AT T 20 B8 AR BUA T
(Z1.3.3),

Xt TR P 5 725 ML , TREAR SR B A 7 2 o A B B PO BRI 2 A OO SR 28, W1 8 R 3k 5 I
B 3 10 5 BT A5 2 AT, YR 4% T TR 32 5 3 o W R B A S IR BE A A i K 3R 8 AR . X TR X
B, S FARATHR 1 905 — (LB S35 8 (NDUI ) , HA< ] AR 43 B BB X TR AR MR o X SR I 25 A8 24 58
SRR 25 AT Lm, A BO AR BRI BEM AN, TEAR B SR BUR ATAT R, I8 4b IR T R4 B At iz
HE R SL], B 6c B 25 B X 38 BEAME , BT LASB 20 N B X SE A TR UM . BEE R 20 588 BT ST 0
WA, TERARBUE i b T, 5842 A ShiR B AORS B A S —

a JiLES b B X REIL R o PR X 5E 5 B

6 PR XAE SR BN 5 B AME SR
Fig.6 A instance of extracting plants at darken area and repairing their brightness
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&S E MR TE AVB, UERBURER B shiRE,
3.3 FARIXIE S B PRI

TERFUMRSL IR X, B Ak 3 3 7 24 20% HIFEIAL T IR X, D T S 3 IARAH ¢ b A A3 Bk Al RS
RUF) 18 BK Bl , MR TR LRl X R . — B B SRIUAR XY . i, A3l 73— 36 5k
NDUI( normalized difference umbra index ) FJHE& o

NDUI = (S-1)/(S+1I) (4)

Hh S f T 5350 HSI %GR G R A B E &

2R FH— AR $ NDVI B E M S , 7T LUE R NDUI i — 35 3 B MR U KA . S T
HVFNRCR 38 7T LAE LR B X B Mg T R B R .

{85 F NDUI 7] DAYER 43 25 FREUSH 52 XA , 2 H i NDUI %63 FBH 5% X W i 78 =6 7 Bl LA A e I BIE . X
FEAG S TR S TERE XA B3 T K, Wi B XA Bk S — 1 M {ELHE & & TR X ; fin_k NDUI {8 F R 5
1/(S+ D)X S - I T ARLAERLF , BT LA NDUI i 38 B G HSRBS AR BOASE S5 (4 2 (L B A R AT AR E M o

FEAS SCHYIRER H , B2 XA 150 BB SR AE R BA 3 XA B SR B LAtk B AT, R BE B R AR TSR A —
FFRA CLAHE ( contrast-limited adaptive histogram equalization) ") f) B 77 B ¥ 5 /b & 7k ., CLAHE R —&ER
T EIE S O X MR R TR AT E 6L, i e i TR KRR R 2 R SR R T H
A B R,

FEXT R OE 55 X i CLAHE 5 , URE R B X WA RR R . B S 2P 4 % XA 5 B
BREEF, b B F W, B s BB X AESERE T A B A A R B AR 6% .

3.4 HEYRIFHE S G 2 AR A G 1

R o TE R R NR E IO BRI AR MR , Bt ATEA SR B B AR R I B RHE R b, DUE R RAETT AR Y
AR BBl AR RS . X FMHAI R A AN A8 5 8RR T S —2 , FE TR AT 2
FRHE Z 6] (I AH DM , DAASZS B BB S AR IT T R, WA IR R E

AR LA b R v (B A A R SRR B (43— IR B R A TR A R, RS R R
B R GERERWAHE (K 3,4) KRR C 5K DG & V FMRIE Y 5336 T AR, 4 C-D
(Kl 7a) \C-V(E Tb) Fl C-Y XFR(E Te) o

B T B3R RATH B —F A 8 DB A B, BT B AU BT 1 : C-D R R IR BEAH SR,
fRLIER C BRI D EH A ENE NS BRAITH. C-VRRM R MK, 3@ SR E
B, IR E BFER C BREE VS 5NEM AR EWITH. C-Y XRMEEMXME, IR ER C
[ ERAEMEE Y ZATFTHY
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Fig. 7 Relation curves of C-D,C-V and C-Y
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£33 —RBHBEARESRIRERRUEHE
Table 3 Apparent features of camphor standard wood at all levels whose seedling was transplanted once

% Wi D/em 75 H/m it C/m Nz
Grade of diameter Diameter at breast height Height Crown diameter, Green volume
3—5 4.9 4 2 8.377573
>5—7 7 4.5 2.5 14.7262
>7—9 8.28 3.7 2.93 16. 63165
>9—11 9.24 6.1 3 28.74555
>11—13 11.78 7.3 4.19 67.10412
>13—15 13.38 7 4.28 67.14039
>15—17 16.56 9.1 4.78 108. 8668
>17—19 18.4 8.6 5.27 125.0599
>19—21 20.7 8.9 5.35 133.3816
>21—23 22.61 9.6 6.3 199. 5035
>23—25 24.52 10.6 6.8 256. 6386

*:V=m - C* - H/6, BHEMERIERUTS
3.5 EARRINGE BN ®4 BHMEEESHEERIVERRIHE

M(ﬂﬂﬁﬂ% E% _tﬁ, *E%Eﬁi’)%lléljiﬁ‘ 1 ?:LEILJ ﬁi}' ﬂﬂ i—‘E;ju% ’tl‘rable;l t:Anpparent features of head-cut camphor wood at all
BERRSHKRANE R, REXRSRRAERRNE — —

DR AR BT e S MW 7 D M Crom
fHER R ASHRN ., PLEESRE RN breast height diameter

1 5 3 1.2
FIHESL % B BB EERY, AR5 FBATTAE B8 R X 2 8.44 3.4 1.5
BRI BT BRI AP 3 0.67 4.6 2.17
75/ MBS IE SR RETE R — 0 10km x 10km™ | e iy o

R Tkm x 1km'® | SR IRAE A 25 R G R AT BEZE X 5+ 16.2 7.2 6.2
FERMRERRYR. A TENBEASREN R E
e B , A< SCHRERY LB R R AR I A A E R PE B , LA 25m x 25m AE TTIN 585 A 49 A6 7= ) 1 R B3R
B Ry A SRR | 1B EPRAE SRR R/ N R BEAE T2 T ANl B SR BUBEAY (1) 78 AR 3 S 4

WA, BRI SR F] DA A R AR B A ) B 1 BRI 7 i h AR ) B AR AR R, 3R 10a AR A/ BOLTE
RGAEY) I B S5 PR BUS TR KSR, HRTAA7E M EE IR X AR Z R T A ERM, DEE/
OB R BERAG b AR B 5 ik FUE R 2 IR (FE AR B < 300/hm ) IR A 7 B 7K F (< 60t/
hm? ) R ZRAR2

TR FAA SCH 43 PR B A ) BRI 8 T v, R B A R R 20 5 AR R 00 AR e A, 30 T LA T 5
M ETAYE, SEYERGAD LR EARTE, BTSN ER LRI 10a ik
MR E SR SR, 414 HARAE B TR E D A AR

AR ST W TS S LA b AE A5 (B ik B SRR B R E R R A i 1 . T UL A, B TAEZR W BT
B8, RTR0E , R B/ &4 T (HAH X (8] 1 A 48— S SC SR BOR I AT PR IR BB B0 , 18 S 40 O AR 40755 Fl—
SR AR B A IEHES 53 3CS
4 Zig

MICHERKR 2R 1B 05K B, 48 B Bk S 3 BT 55 T LAY i b 40 S P SR T, 38 — R MG B gt T AR =
(AVB) , % Z R fEA M TEAE S — A7 01 (NPP) o 2= ST H AR ANE R0 5 S st DX 36 7 1 /5 T 1 P 0 B
AR, BB R IRSEER S ) AVB F1 ANPP il AL,

2 SCHIELARAELE DAS3 A8 e B AR S5 B Bk WS SRR i 58 Y 9 3 T AR 250 R AR VA OB B
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LRI 3 A A SFIR SR 5 L 25m x 25m RUZARBUE NG ANPP 1 3 2358 Ik ) fE SRR XA 7, R
T 733k 4 PR 2 [R) A 0 7 S R 5 R 0 45 Y SR L 51 A e RN ) DR I v 2 T S X B 0 LA LR T R
AN, B ARNELR BT R S R0 R TE AR B ZEF SRR , 1 L T RS NE B B, A EL 5 FH A9 B A K
SHhSB(AIFEYIFNIE A G B TR R R EIRIE O R 746 ) # AT LA TR A ShRE
RBORHEZRNS T 22 )2 T PR S Sk s A AR Aot B 0 A BRI IR, A B pl I 7= A 190 o SR B b X R AT 3
AR T B E B BA BB G I NRLTR B R AR 2 IR E A YA R S B PSR i
HIE ARSI R
Brif: 3% 3 MR 4 i i B I S (R R IR R LB .
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