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Abstract: Accurate measurement of three-dimensional green biomass is essential for assessing urban greening levels and
conducting quantitative ecological benefit studies. Current remote sensing-based green biomass measurement methods require
time-consuming field surveys to collect tree species data and establish species-specific crown morphological parameter
models. This study develops an efficient green biomass estimation approach by simulating individual-tree green biomass
using directly quantifiable parameters from high-resolution remote sensing imagery. First, centimeter-level UAV imagery was
acquired across Fuzhou's urban areas, and remote sensing methods were employed to measure the individual and total green

biomass in different areas ( streets, neighborhoods, and urban areas). Next, the green biomass characteristics of different
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areas were compared and analyzed. Finally, regression models were constructed using directly quantifiable factors from
remote sensing imagery to estimate the green biomass in various regions. Key findings reveal: (1) Street trees in Fuzhou
show low species diversity (61.3% Ficus spp.), while neighborhoods maintain balanced species distributions. Significant
green biomass variations exist across spatial scales (streets; 351.6 m’; neighborhoods: 143.7 m’; urban areas: 161.4 m*).
(2) Regression models using canopy projection area and perimeter achieved high precision (adjusted R*: 0.921 for streets,
0.873 for neighborhoods, 0.882 for urban areas), demonstrating an accurate, efficient solution for multi-scale green

biomass assessment.

Key Words: UAV imagery; 3D green biomass; canopy projection area; streets and neighborhoods; Fuzhou City
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Fig.1 Location of the study area and selection of streets and neighborhoods
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Table 1 Green biomass characteristics of streets, neighborhoods and urban areas

SFIRESSE IR PR E R R K PR EAR SR AL

AN SBREL 58-S oo
. ) Mean canopy Mean canopy Mean individual tree
Different urban areas Total tree count/#k  Total green biomass/m? L. ) . L . 3
projection area/m projection perimeter/m green biomass/m
HIE Streets 1139 400462.1 55.5 40.8 351.6
#71X. Neighborhoods 12219 1755956.0 29.9 26.2 143.7
BATHBIX. Urban areas 13359 2156418.1 32.1 27.5 161.4
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Table 2 Regression simulation of individual tree green biomass in streets, neighborhoods and urban areas

AR NGRS [EPYix KIEJF R? P FEAEL
Different urban areas Regression equation Adjusted R? Sample size
Bif Streets Y=5.376X,+4.225X,-119.134 0.921 <0.001 1140
#1X. Neighborhoods Y=5.474X,+1.279X,-53.318 0.873 <0.001 11219
PRTTHLIX. Urban areas Y=5.414X,+1.994X,-66.870 0.882 <0.001 13359

R* WA Coefficient of determination; Y: 5% it Green biomass; X, : F¢ AM 4% 5 i AL Canopy projection area; X, : F AM T F 5 JH 4 Canopy

projection perimeter

http ; //www.ecologica.cn



11 48 EREE AR LT RAMNGEAR DI AR = 4E 5t 2B 5383

i At FE%
g 1.1% 1.0%  0.4% JuAt
s
6.4%
12
e W b
' 04%  0.1% %
BB Mt
3 61.3%
13.5% &
5 %
e ST
Hfh N L Jeq I -
17.3% 8 920016.24 L6.0% Fa
QRIS 7'(1‘% / 3 .
Zk 9*0? ‘/ﬁ ] A 2 2.7% & =
. ° N B I e 7
e G o ;}
3.4% oo .
Bt 16.1% TR
% I 4.2% Rt
o =R 15.3%
R 5.8%
6.3%
7.3% 10.4% . -~ ekt
?6% HES 6.9v%  HEX= 10.7%
1% 7.3%

B3 il X R i X E I R BB o e

Fig.3 Common tree species and their proportions in streets, neighborhoods, and urban areas

AR BE A A — R 25 5 BT Tl BT P 40065 B A i (R® = 0.921) , LR JE I T b IX B (R® = 0.882)
1 DX ] DAY (R $UL A BE AR HRAIC (R = 0.873) o {HFTAARAY R*IRKT 0.80 , BB 5 43 5% i AR A e 4% 5% S
REAZ AR 80% L I BRI AS B I , Jr B4 BERRA . BRI , 38 3 3K 2 AN PRI AT DAASE A b iy RS fUL 3 1
X 388 T L DX ) B

3 Tt

ST A T 1 DR N BRI U0 S L A P DX, R P SR SRR AR BT, IR I
FeARR R BC BT SO SE AN E M A 8 as S 2 07 548, AR SCACBE, A M T 73 PO A7 3B 1 Al 28 A o
— W SRR L, SRR TR IR RO RS R A AR o HR Ik 61.3% , LA R BN 1 22 48
FREAERE D AN ENIE TR 20 MBFIC S R . AR Am M T B, e i 4 7 s Al b iz R
S0 T AR MR HE SO (L, SR, AHOCWT ST 4 B = Wy P 2 ARk AR ) S5 AN AT 5 R 25 10 it
W), L7 e AT R 2 e A B R B, AN T R LR ) 9 2T A BRI N < R VR > AR >
FI 22 AESFAR > 1 SPARY . FA e AR R AR R 22 D i e il B AT A 9 A 25 S g, (H IR e = W 08 A9 2 AW
AL, S RIS B . P, X Tl i AR A0 B BT I, ) 25 FEORS TS 0 AR IR ARG 25 g A 5 48 R
@AM Rl e PR AE S U RTER T BE R T A A I, SR T T AT N SR

SRR SR BE P BEEBCR C 8 A B B RO, E R A% R
B, 2R AR A BUEE IR N A REFE 0 S A A S0 AR . R B/ NN R AR AT 2 OO 5, IR
PRI FOCA R, BRI T AR 0 Kt 9 R R T e B AU RE ) 5 2 S it i R B9 IS AT B 384 0, B R AR L

http ; //www.ecologica.cn



5384 xR 45 4

W, E— B RERE LA TOCAER, D 55 T AR A AR 28Rk 2s > . AR SO AT BRI AT & B, 16 AT S AR
AN, AR A A, RIZE S0m S bl A2 N (AR 7850m?) , 4 F-HI AR SRR 211m° , TR AR BRECH
62 BRI, TR AN T IR BT IR0 (14 PR P AR B 20T T AR A AR 38 B TR Y L AR SO A AR X T
XS 2 B S 43 3Oh 351.6m° 143, 7m’ Fil 161.4m> | 78 7 1L AL 7850m” (123 [ TE N, 73 A S-S5 8k 00 51
k65 Bk 57 BRAN 58 Bk, FH U] UL, T S A R St dek R A R 3 g i I AA BSOS T DX R
T IX A2 R S e /N T 20 0m? B T M IX 0 B A A 253003, U E B 4 1 23 ) 4 A Bkt |
W 1 P — SR SRR B R T AR 2487 X S, [ o) 2 2 DX PR 3 M B IR SRR PR R TR AR I B

AR PR, ) PR T A5 5 T AR T3 5 R KX 2 A3 o 8 B A% T B 4 AL i IR 1 45 4 [l D A Y
AT LAV B b T B3 AS [ M DX BROR S it 738 7 DX B 3k T b DX 1 el A A R 4005 B R 4 310l 0.921,0.873 Al
0.882 , Ho i 1) Il AR AU HUL 75 3 die v o S PR A 73 AR 5 Ee i, AR e S S s i o 3
FARH DG, R A g 2 1 [l DS TR A2 A 1) o b B AR ST 285 5 i A DG s M A, AHAS Tk S PR RN 24
A 2R AR M Sk 5 I — LR R B (ND V) [R5 (R 43501k 0.750 F10.723) , AR 3045 [l ) 452 72l
UGB RPYEE Uk B AR S B A5 B = A 2t iy TR, A SCAS Tl WA AR A 0055 B O i A — e R,
AR M 250 AR X L b el St BB AT 5T o R T S T A R I S R R B (AR AR B M LTS
FERIFTHE F %5 ) By & MR RD Y=4.596X,,-0.233X,,-0.481 (Y WAL SR X, WAEBE 35 B X, WTRHELL) |
HAUEE RPN 0.944 , 5 FASCH AR nAAEAY | SORPRUOMZBRIG ] AT =45 S50 (TRl th) | fF—
FE RS TG R, SR, IS =250 S50 H 75 2L AW AR, 2o R SEBRERT , MIAR SCEF X AT B IX
T b DX (AN ) i R A, S TR B AR T B s b i) 4R R 138 F S [R) b DX ) gt s AR 400 [l 1
BERY  —J7 T, AR 5 %k G T S R A AR — e 2 A ST RE B I R s B R A S5 AR R Sk i 1Y)
PRI 5 55— 7 1T, 3 SEARE TR 2 A TR )t DX BA R St kPRS0 3 ok SR R St dt m 1153 b DX B St Dy
SRR T A EL AT X AN RS PR R &

4 HiE

ASSCR FHTE AU o 73 B 0 R R, B T A8 B D ST (A B 5 VR I SR A3 A DX R i i X A9 B R
L i R HEo A 13T AN ) M DX A SRR, M) R SR T B A IR S B 1 X Sl Tl A [l X
ARG RIRA X — I J7 ST B R B B B DAL SRR A TR R B AR O 52 (A —E
JRsBR (1) PR S BE R HL LT AR E AR i AR R e NI OR B 22 s e e [T DR
AR B M X At AR TS B (B 5 (2) A% SO A 1] DA 1 R i K50 A 19 4R A M i X, AR ) 35 5 PR —
FEPE b SZ AR 5 DA b S HAM T 25 S BOC R RS2) | DRLHGT ] IS Y 3 053 P T 5 4 M 4t DX LA
MR — ) P R TR, S SRS & = AEROL T IB BORIREGR KRG RE 5 8l , AR S 7 AR RR B 51l
Ao BORTRE | i — 2D/ NER BN SR 22, (RIS 3 7 I JR o [ g U 7 Sy ek B RADL 7 SRR LT, A
Il T 2 5 R DI A T = 2 o ) DRl BN 42 R AR A

ZREETEAR L B E— B R HE L ORAD TSR M AR ER A B o8 8 2 TR AR B e DAl = 42 (] 2R A K R A )
U B L, RS RSk TR AR B R A0 A AT T 2 A I A 2R L e i — 20 A B X S 5
FIRRAEAL , 2 oA B ST S A VA AN AT sl ) B 28 504

S 2% 30k ( References) ;

[ 1] Wesih, 28 B OLw e sl sPE R, 2015, 31(9) . 5-11.

(2] WS, RE, K%, wk, e, i, Jbat ki S s 5 xR R ThRE AL IR, YEURBLY:, 2016, 38(6) : 1028-1038.

[3] HeC, Convertino M, Feng Z K, Zhang S Y. Using LiDAR data to measure the 3D green biomass of Beijing urban forest in China. PLoS One,
2013, 8(10) ; €75920.

[ 4] GESCH, kBT, sk, M6, EUbaL. I gk b [ R U as XA I 9 R A R T AL g 43T UL Ak, 2024, 31(6) : 55-61.

http ; //www.ecologica.cn



11 48 EREE AR LT RAMNGEAR DI AR = 4E 5t 2B 5385

(5]
(6]
(7]
(8]

(9]
(10]
[(11]

[12]
[13]
[14]
[15]
[16]
[17]
[18]

[19]
[20]
[21]
[22]
(23]
[24]
[25]
[26]

[27]
[28]
[29]

[30]

[31]
[32]
[33]
[34]
[35]

T=A, Bk, AR EL ST MR LA BB E 50, PE R, 2019, 35(7) : 56-60.

TREE, X, IR ST D s SO X I R A BT ST, 2018, 33(9) : 115-124.

AR, TE TR ARbRE e T AR OGS ORI . AR SR, 2010, 21(11) ¢ 2971-2979.

KiiBner R, Mosandl R. Comparison of direct and indirect estimation of leaf area index in mature Norway spruce stands of eastern Germany. Canadian
Journal of Forest Research, 2000, 30(3) . 440-447.

Wk, ETIE, FLSC, B, FETRE A PEAR 0 = g S 1 i—— LRI UMl K2R R R . P E R AR, 2015, 31(9)
22-26.

Abdi B, Hami A, Zarehaghi D. Impact of small-scale tree planting patterns on outdoor cooling and thermal comfort. Sustainable Cities and Society,
2020, 56; 102085.

IfER, B, TUE, . B BR M X Skt b T 3 TIT BB B () 5
1932-1940.

JREHRE, Bt dE, RRIHE, IMGE, S, S IR AR SR DT T SR S TR . BTIZEZS 2440, 2020, 31(8) : 2804-2816.

RGNS RPHT, #AE A, %, IBAEIE. WM 3 A1l fE = kgt 5 HEE i [N FARERF 5. P E AR, 2018, 34(2) . 89-93.
JARER, B L0, ik, BT R BRI 25 0] =44t i (G =4 i) s, AR, 2005, 25(3) « 415-420.

JRRAE L INR. = et Y (8 B U 5T S SR R BT AR A 5. PR IE IR, 1995(3) : 162-174.

XVHE, A0, BRER, BOHERS ) AROCES. DRPRHT AR = A 8. JLntaRill R4, 2006, 28(3) 32-37.

ZHH, BWE, BT, PRa, MRE. BT S S8R RR =it m A k. mREAR S5, 2022, 37(5) : 1119-1127.

Zhou L, Li X J, Zhang B, Xuan J, Gong Y L, Tan C, Huang H G, Du H Q. Estimating 3D green volume and aboveground biomass of urban forest
trees by UAV-lidar. Remote Sensing, 2022, 14(20) . 5211.

e, WEAAL, BRH, W, MRS, MM ERFZE G0 5090k se. hIERTTAOl, 2009, 7(1) : 15-17.

AT, RTR, BIK. LRI OB S AW AA A S Bt @52, 2020, (11): 79-85.

HET, WIR, A8, SA RS T A F A Sr i RE . HskERR2AHE R, 2001, 16(6) : 813-820.

BREETA, XUETR. W0 28 M NRSEO IR W i R 5. KEEA, 2016, 23(10) : 98-104.

AH. HrE BT | TR R AR —— AR T T B S0 S 6. i i), 2020(3) : 109-116.

TE/NFE. W e A A T B 5 T RAUBURL) 25 (R Bl 5[ D] . Bl Rz, 2021.

g, mELR, W, M. TR BRI B i 5 SR GBI AT, KU IR, 2022, 29(5) : 31-37.
EHE, e, MW, BEEIE. JRARE 53R KGR X 2 1) B 25 A A o M A 81 4 A T —— LU M T S 5 A el Ay 3. e [l e
2022, 38(11) ; 94-99.

frZs, J/NEL, BT, VPR EE. BT AR BRI MR RO S BRECR . SR IR SR, 2018, 33(1) : 168-176.

TR/, Bl , B4, RER. BT WOGHEBIEANUE R G SR Lol TR %4, 2015, 31(5): 152-157, 159, 158.

Su W, Zhang M Z, Bian D H, Liu Z, Huang J X, Wang W, Wu J Y, Guo H. Phenotyping of corn plants using unmanned aerial vehicle (UAV)
images. Remote Sensing, 2019, 11(17) ; 2021.

TR, IVINIT, IMEOR. 3B ERTE B SR A A ) — Ak (0 2F W R E SRR AR T T B . AR AR AR 2 . L ARRE R, 2005,
34(1): 102-107.

e, W, MR, DA, M H SO T IE A B Bt i S MR AR DG HE R IT. PUIUAR e, 2021, 36(4) : 266-272.
B, TAE, WA, #04. FET SRR M LT 2 R ) W 38 2 BRI, BHEROR 5 TR, 2018, 18(26) : 45-52.
skHEET, PR, AR, ROk, haw. BUARTT VDA R B A D Bk R SR R IS WAL AR . AR A, 2013, 33(12) : 3878-3887.
E=A IEAABT.: ARERERRIER T AESRGEE. PERE, 2019, 35(10) : 19-23.

ZR5E, AR, WS R, AR Sk b i S B 5. P E B, 2015, 31(9) ¢ 17-21.

il A A S, 2023, 34(7)

http ; //www.ecologica.cn



