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Fig. 2 Daily dynamics of air temperature, precipitation and 0—10 cm volumetric soil water content in the study area
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Fig. 3 Three—dimensional point cloud of the study areas and its vertical profile
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Fig. 4 Flow chart of three LiDAR estimation methods for individual tree aboveground biomass
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Fig. 5 Individual tree segmentation and accuracy accessment
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Fig. 6 The correlation between Lidar estimated value and the measured value of individual tree height and DBH
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Fig. 7 Scatter plots of individual tree AGB estimation between ground measured and LiDAR predicted

33 BARERFESFTEW

3AFA UAV-LiDAR $4f B, Ab T 3 A4 )
B H 8 AZ AR AR 16 AFE 7 B AR ST B Ak s R 42 1 S22
MW RN AR, BFE WA KR R E R T
£7% 0 2019-02—2019-08 F£51] 2020-02, &b
SEH R 16.21 m 15 16.71 m, 7331 16.84 m,
g F2 s N 18.9 cm BE AN F) 19.4 cm FEF] 19.5 cm, 4F
HOMO0.6 em/a; B R4 0.63 mea™, Hi, HE
R 0.50 m, BTN HIEMO0.13m (K8). <
i A 3K 3l A2 R AR AR N AR b, AT 2 XL
SMEX WA, FEFIRAEN & TRE
Z=, RS N A R o L R Y, R
ARKEERAEHENTRETARES .

FSAMTRI, AR AGBAR LR LIDAR
Aty U0 Hb T SEE R R 0.64, RMSE A 1.87 kg/a,
AHXTIRZE rRMSE 429.74% (9 (a)). LFEIFEH
U, BTN AGBAFASEAX TR ZE W i F %, RMSE
#71.81 t/(hm*+a), rRMSEJHR17.10% (9 (b)),

3ANEIAH LIDAR Wil 25 5 00, 17 A k2R
HP Y RO 25 Rk AR W B L 2 1Y 86.79 kg 1 i ]
8 H192.26 kg FI2I 4 —4F 2 H 11 93.63 kg, 4FEK
N 6.84 ke/a, HPFHEERWEINT 5.47 kg, MEE

NG 1.37 kg; AP EERRE 118.2 thm™ 34 i
#1127.5 vhm?, 4FAK 9.3 ¢V(hm*-a) (K10 (a)).

22 19
21F 418
20 —417
5 £
Nl I
= =
19 416
18 415
17 . . 14
2019-02 2019-08 2020-02
HH#A
— 16T iR K 3 —— LI Hi 4R
----- 16ANBE T W i P 24 3 - B RGPS

K8 HEF UAV-LiDARAGIIA 16 7P 24 e A1l
[FREE S
Fig. 8 Average tree height and DBH growth in 16 plots based
on UAV-LiDAR estimation



3100 National Remote Sensing Bulletin  # 254k 2024, 28(12)
20 y 18 -
R=0.64 - | R=0.50 . s
RMSE=187 Vs 16| RMSE=1381 F
_ | rRMSE=29.74% 4 L RMSE=17.10% #
o 15k 4 o 7/
= / E 14| n /7
g / =1 /
< 2 7/n
< ‘J ngA % or |
1o ln 3 ’
Pl L] # - = L A
= L] gt
& < Rorga 1o s "
~ u .- [ ] < Ny | |
< "2 [a)
£ = ) 5 P
3 5 = 8 s "
. I}“ C .- T
L 7/
- 6| » o
im LI 1 1 1 1 1 1 1 1
0 ) 10 15 20 8 10 12 14 16 18
SE B FRAAGB/(kg/a) SZIAAGB/t/(hm?-a)
(a) HARUE AAGB Hriik (b) FEJ7 RUEE AAGB $iiE
(a) AAGB verification of individual tree scale estimation (b) AAGB verification of plot scale estimation
19 AZAMHL [ A i AR AR R LiD AR A0 -5 b T S 0008 0 A 56 1
Fig. 9 Relationship between the change of aboveground biomass(AAGB) estimated by LiDAR and ground
120 2019-02—2019-08 2019-08—2020-02 2019-02—2020-02
%n 110 3 :
I8 100
5
g 90
;ﬁi 80
70

0 - > - 80
2019-02 2019-08 2020-02

L VNa7/)

BN -10—0 =3 0—5 £15—10 N 40

HiA 4
O stk EAE R BT HE TR P ke R
: i 231514
(a) FRAFIRETT RE M B A=Y & (b) Bkl AAGB 23 [l 434
AL (b) Spatial distribution of individual AAGB

(a) Seasonal dynamics of AGB in
Indiviudal and plot scale

E 10 A ARt 2 2e 1k
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WA B BA R B A AR SAE . (F_score)
Bl AN A 78 /NS SRS T A (&1 13) . it
CIRNY ¥ N IN TR B e € W NV R Y N i
V) B AR I SRR T, AR (AR R A K AR A B Y
RS, X IR R AR 7 B R T IR
f 3 B A . AR M R R AGB A A A2 BT R FH Y
LiDAR 28 s 52 m, Bk 7oA BGE &, HOR
2 P B B TR 22 R R I R A (ZRHE 45, 2015)
R, RS EIRBE RS TR HER RG]
A AGBHERY, wT DL 2485 AGB Ak, JF B
IR AGB i & i B2 Fh A7 e i 85 RUOEE R8T ( Duncanson
40 2015) .
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Fig. 13 The relationship between the accuracy of three metrics and the variability of forest parameters

JF LiDAR 5009 AGB AL 5 kv, SR e
& RIS e A AR S A O M A, 2 TR B o0 Sl
AR AGB (D-HCD ), WRHUE &
FIAG RS BE . A5 5 R, RMSE 48 F 15.99 kg,

RMSE%T17.6%, Lin% (2018) #H¥EUAV-LIDAR
SR CHM, 3 1 0 (%) AR s 580 a2E A 7 A A
B AT AR B AGB, RMSE %5 F 25.34 kg,
rRMSE %5 T 18.6%, iRZEWs & FAMIIX AR . AHT
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FRU, UM SR (D-H%) ¥
FERAR, RS BRI B AGB Al %R 2%
Lin %5 (2022) %54 UAV-LIDAR 5 1F 5 Ef%, #2
IO 15 55 et i ELAR A AR i, A0 B DRIAK i el
AGB, Z53EHIEIR%0.94, RMSE N 7.2 kg, rRMSE
1L 8.8% , HbTAIAF X SF-3H | 36 Tl el s A %% B IR L
FhAE AL, & UAV-LiDAR il AGB U5 ks B (1
FERNA

FLF LiDAR 00 A= 9 1 i 1, AU Z &
TR A B (W BR ] , 38 32 b 17 S0 5040 1 I A
B (Englhart 25, 2013), & B4 550 &
Z . R E . REARTR. AYEERE T
S o MR O 25 2 S AE 1 O R I A i o A
Brpfgid . ok (Xu%E, 2018). [HEF, Fritseny
FRERA R H AR 2R, WRIREN E BRI
(Zolkos %, 2013), Hotn, LIDBHFIH K H A4S #
1 o0 7 R UL B4R 38 UL TUH DBH ) —JT
B, JUHOEXIW T A A, B B4R
AR (A, 2014) . IBAh, HMEENER
AR A A W BUE Y B R A A Y AT
TER2E, PN AEY RS ZRE (BCEF) 54&Y&E
P IRAE (BEF), ¥150 5IBE A MRS . T34 B4 i
PR TG 8 T PR R R R b B (AR
AR, 2014) . ATUL, RS DTAL AR A Ak T AN B
FEME o R ME, T B R S B i bR R AT
IPERFE, AR IR A A ) i SE I FEAR (Zhao
S, 2018) . R A TMAE Py i Al i) S AR K
TR AL ol ok FH A 78 X IR 25 57, Pl R (R R AR i
JU R R () sl AR T A7 AR AKX [RIRE,
T30 FH A MRSt 1 32 BIA ERFEAS A 295, ATk,
— SO B 5 R HAT S M T LIDAR A9
SRR, — R RO T SR A DX 1 =
TR TR E 1 SE I B PE (Asner 45, 2012), T
UAV-LiDAR X A2 AR bk A= e p W, — e R
ELAPE | HERR A, X X R G S R
] e A 1 AR 23 28 ) T 250 2% 0 ot A% 0 )
T A, ST BRI S AE ) i 5 LiDAR 24001
AGB AL, ] i/ %o 51 i A 4 A (A4 1

42 HRKTUSHH

AT K 3 3 LiDAR B4 (] 4224k 0 7 1 2=
PR AR AGB AL . AZ B /MR A BRI, kb
55 3 Z= i 6] DT I 59 S 8, B DL LR IE T 4R B

WAL HIREE , BAK U RMSE 4 1.87 kg, rRSME
¥ 29.74%, T EIRE D7 RUBE 9 sy T AR A ) o
ik (AAGB), rRMSE />4 17.10%., XFHE
HFSE, Cao%E (2016) LT WM ALS Bdifli 5
EVLIA B AR 6 AE N AE Y AR i, R A
AH LiDAR il ] AGB 5 3K 55 22 i i 8] 4% A ] 1%
RMSE 4 3.53 t/hm®, rRMSE N 28.35%. @kseter &5
(2015) I A0 ALS Bt , A% 00408 8 AR i 0 AR A
9 11 AR AR i A8 Ak, 8] 424k DU 2k 19 rRMSE X
14.8%. RWFE T LIA H, TR RE S 5060
AAGB MR 22 A, WiAHFFT A T2
FOBE, MR A B4 Ak 00 152 25 A, ply 0 2 338 T
Ko WAk, AMEAN B FRARE K, ERKRSH
A A A A0 A X TR, Xt S AAGB Ak i 22 44
KIS —F BN, A5 AT L i 58 35 AR R 4R
AN FAS RN B REAS B P2 5 PR R kb . IR
ERAMARK AT AE—ERR22, UAV-LIDAR
e 8% AT F T 3 AR A AR PR AR Y A= K 3 A 1 R
SR W A L G M T R AT (A kb e, IR AT
A 7 R i RUBE B 5 A R A A 7 O b R R
AMENSFE TR (TERE AT, 2012),

KW & E LiDAR W, A{CA B F T
AR LT, WREMS IR A TRk H] 5 4 Al
W OB, K. ) RGP . B2 RAE
AR, RS L g, BmmEA
RIS . BAKSE (2015) £, EAMNTE
A B AT G AR AR G BEINTTZ W08/N . 7F DBH<
20 em I, TR SZ 038 From AR, BlE 12 IR
N, BEASRBEAAN; X4 DBH>20 cm I, 35450 i
R EBAR T ROK . AR P AR B AZ AR
S FRLRRAE A KRR IR 0] B IXOFPSE O RN AT
e, R BN R INmERE, 10 em LT
B B A2 AR A A K L5020 em AR BMAFEA K Y
PNBERR RS (K 12) . HI7ER AN T AR
25 RS S I R v R SR O B TR L R
AR X H/NE MR B, S48 P A
i, “FNBK. ELBMT, LIBERRE R E
THFE, MR AR AR, e ™ 7,

4.3 FARERIISEEINA

Z WA LiDAR B8 A B T 2E—25 7T ff AR Ak
AR ARAEAS AL . BT R0 R . A 5 W
RER, 1THEEEARPYRRAERKENERE S
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5.47 kg, TKAZAU N 137 kg, WEZEN], HHEF
FERN 2 BRI 345, H3ESKE (0—10 em)
4390 R 31.93% F114.55% . fir#hi % (1986) AFFEHE
WY, KO XA AR A K B 5 i IR B K, FE R TR 43
BOARYI R X S AEfy, TR B, LR K
R e, KA R, AR A KON
B, REBKMEAEKGZNS LS KEE
BB R —if, HHEA KR 30%9—35%Bf, A
ARG 7E 20% LATR I, A i AR 4 L1550 o
BRI K7 il iR KRR R — A S50
- 398 K X AR ] AR AR R 5 ) (S RS (R BT
4, 2021), AWFFEEA A YREREAE 70 mm,
Hrfr10 AR 11 AR5 E 16 “CLLL, BERN AL
3920 52.5 mm A1 1.6 mm. A2 A K RS 7] 4
KA T VE B 04k 20 R R B A 3 9 T Y
R R AHOK A RESR . X220k (2014) KB,
11 A WK SRR 2 m A K B A, 2R
MRS A AR AR K R B AR Fo IK A e &
A P 1) Ay LT S, R I EROK AR A
TR B R LTS E R, S EUH T A K iR
D (FRE 4, 2012) . fRREE SRR, HETE
Py X, BRSO & AR B R, 2
TR 2E SR, B g DT G L TR ok
FPEE BT RN (Zhou %, 2013). {7 T
AT 11 e 7 B R DX 2 v ] s A 7
R S 2 B0 B 2 e N N VRS R 173
PR Fiik e A UL 2 28 rp E AR A
T3t PRSI R I Al 9 1 T R s SR AR R A
EME. WL, BT AN LIDAR H A K W 5
WL A R ERZ AN TAR A KAk, AT
HE— 2 FEAZ AR N T ARG F REAE R I3 fi ) A5
PN A Ak 1 o 7 55 3 17 AL

5 4% &

AW LINT AR AMBIFT S S, R
UAV-LiDAR B8l 2, 456 it R 5 B AR RUA
SENAE B, AEIF X L 3 R BAOR AGB AL B T
FEiE— I F 3 L AR R Y [ —AL iR
LiDAR 4l , B AMTRENERKRZESR .,
BEEBUT .

(1) %F UAV-LiDAR $2H M 5 5 e A2 Ak D
Wiz, FEARA oo A KT RAG I R AGB 1Y
Ikt (R2M0.77, RMSE 41599 kg)

(2) UAV-LiDAR 7] W6 M 5 B W ) s A= 1 42
AR oMb A 4 e AL 28 2 RUBE (1 2 K ARk
B A RMSE X 0.13 m,  FRERFIAE T RE AGB 4=
KGR 2 rRMSE 235114 29.74% F117.10%;

(3) 1THFERARNAERKENEREE, FE
MR A a3 N 53 R 5.12 kg BT 1.37 kg
BEE B AIBE I, TSRS AR AR AR K S R R
RS v N R N < 9 R NS S s T 2 3 O
PORTET WA Ko 3 T HAR B, R
HSR TR EE T .
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Preliminary study on dry and wet season changes in biomass on Chinese
fir forest land on the basis of UAV LiDAR

XIONG Jingfeng, ZENG Hongda,XIE Jinsheng,LI Xiaojie, CHEN Jingming

1. Key Laboratory for Humid Subtropical Eco-geographical Processes of the Ministry of Education, School of Geographical

Sciences, Fujian Normal University, Fuzhou 350007, China;
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Abstract: With global warming, the pattern of extreme precipitation has changed considerably. How China’s plantations, which are widely

distributed and at a rapid growth stage, will respond to climate change; the prediction of their carbon sink functions; and the corresponding

management decisions urgently need methods to monitor growth quickly and accurately. In this study, a 17-year-old middle-aged Chinese fir

plantation was monitored three times semiannually from February 2019 to February 2020 by using UAV LiDAR. Three methods to estimate

the individual tree Aboveground Biomass (AGB) via UAV LiDAR parameters were compared using ground survey data. The three methods

were height and crown diameter regression, diameter at breast height-tree height regression, and diameter at breast height-tree height-crown
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diameter regression (D-HCD). Then, the seasonal growth changes in tree height, diameter at breast height, and AGB were estimated in a six-
month interval. Results showed that D-HCD was the optimal method for estimating the individual AGB of Chinese fir (R*=0.77, root mean
square error [RMSE]=15.99 kg). In the D-HCD method, the tree height and crown diameter extracted by UAV LiDAR were used to estimate
the diameter at breast height (DBH), and AGB was calculated by substituting DBH and tree height into an allometric equation. The annual
and even seasonal growth changes in the Chinese fir plantation in the fast-growing period could be accurately monitored by UAV LiDAR.
The average total accuracy of individual tree identification in 16 plots reached 0.927, the estimated RMSE of tree height was only 0.13 m,
the R’ between the estimated and measured annual individual AGB changes (AAGB) was 0.64, RMSE was equal to 1.87 kg, and the relative
error (FRMSE) was 29.74%. When the individual trees were upscaled to plots, the relative error of AAGB estimation was reduced, and
rRMSE decreased to 17.10%. During the study period, the average daily temperature in spring and summer was 7 °C higher than that in
autumn and winter, and the amount of rainfall was more than three times that in autumn and winter. The seasonal distribution of rainfall in
this year was seriously uneven, and the growth of Chinese fir showed obvious differences in dry and wet seasons. The average increments in
individual tree height in wet and dry seasons were 0.50 and 0.13 m, respectively, and the biomass increments were 5.12 and 1.37 kg,
respectively. Individual AAGB increased with DBH class during annual and seasonal growth; the larger the individual was, the more
advantageous the growth was. In particular, the growth of dominant trees in the dry season was much better than that of other diameter
classes, indicating a strong drought tolerance. However, the growth of individuals whose DBH was much smaller than the average level
almost stopped.

Key words: remote sensing, Chinese fir, aboveground biomass, UAV-LiDAR, multitemporal, dry and wet season
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