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Abstract: Terrestrial Laser Scanning (TLS) is one of the Light Detection and Ranging ( LiIDAR) system which has been

widely used for measuring three —dimensional (3D) structure of forests, yet it has not been used for the desert riparian
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forests systematically. In this study, TLS (Riegl VZ-1000, Austria) was applied for measuring the growth parameters of
Populus euphratica riparian forests in the lower reaches of the Tarim River, northwestern China. We chose eight forest
sample plots, which contained 513 individual trees, with different vertical distances from the river bank and acquired point
cloud data. The biometric parameters of every single tree were extracted by establishing crown height model ( CHM) and
Hough transform methods. At the same time, the parameters measured by TLS were compared with the manual test value and
Unmanned Aerial Vehicle (UAV) image for verifying accuracy. The aim of this study is to explore the advantages and
verifying accuracy of the TLS for riparian forest survey. We also analyzed the correlation between the parameters and impact
of hydro-environmental factors which include the distance from river bank and ground water depth. Our results showed that
1) TLS could acquire the majority of individual tree structure parameters at high precision about 94%—100% , higher than
the results of UAV. 2) The correlation with manual test value of tree height ( TH), diameter at breast height ( DBH) ,
crown diameter (CD) and crown area (CA) were 0.95, 0.97, 0.77 and 0.84, respectively. It showed that there was no
significant difference between the hand-measured data and the TLS-obtained data. 3) There were significant positive
correlation between TH and CD, CA of P. euphratica individual trees in our sample plots. The best correlation model is; TH
=2.6274xCD"™ | R*=0.64. 4) According to P. euphratica age group divided by DBH grade, the near mature trees ( DBH ;
15—30 c¢m) occupied the highest proportion (47% ). It indicated that the age structure of P. euphratica population was
relatively stable and the overall situation was satisfying, and demonstrated the hysteresis effects of man-made ecological
water conveyance since 2001 and the restoration trends of P. euphratica riparian forest ecosystem along the Tarim River. In
short, the LiDAR technology can objectively reflect the biometric and structure parameters of P. euphratica forest, which
can substitute the traditional tree measurement methods that are labor-intensive, cost-intensive and time-consuming. TLS
can provide high-precision information for monitoring the tree growth and vitality dynamics of P. euphratica riparian forests,
and provide a useful tool and scientific basis for the effective protection and sustainable management of desert riparian

forests in arid areas.

Key Words: Light Detection and Ranging ( LiDAR); Terrestrial Laser Scanning ( TLS); Populus euphratica; tree

structure parameters; Tarim River
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PO TEIA (Light Detection and Ranging, LiDAR) /A 3 gl 8 — A0 32, HOUA 19 2835 P BB IS 213k R Ak
SR e i IR O 341 AR AR PR AR B 25 A S 80T RS AR I AR ) 2 ) = 4E A 2 B (Point
cloud) , I 5 IR, LIDAR 53 MHLEHOE F 15 ( Areal Laser Scanning, ALS) FlHb AT 75 15 ( Terrestrial
Laser Scanning, TLS) PI K2, ALS BEARUCR X BB (BRI )2 T 254015 BE DL 52 B B, T TLS W] JH
X — i, B RSE BE ARBGRARZE M S 2™ . HAT LiIDAR 32 %207 FH 7 ZRAR B 43 50 R Bl 4y 26002
AMAEBSER S A BB MR BT P B 2 M T AR
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1.1 R IXHEN

WFAN TAETE B 354 9 B BT R T A (40°08'50"N, 88°21'28"E) [ 58 9./ 4 MRAE 47t i Bl P 150 144 300 dhis
FER PN EAT A T8 FARIAT 3t b B et A 7 il 1 A 0 34 A1LARE 90 km Ak B e p b S
VA S VDR ] T I T e AR vy T A DX AR B K SR 20—50 mm , AR 2K & A R Ik 2500—3000
mm AR R P — | R R A R R R R A T T A
1.2 Wk
121 HHEE

FRIG G A PR3 A R AE e T B TE AR R BT A9 8 4~ 50 mx50 m #EJ7 (L1—L8) , #b N /K A7 K dhs thi 85
BT R A B R A 0 6 AR A HE ( G2—G7) AR A BN B & %24 1Y 6 4K K20 Baro—Diver # F 7K
A7 WAL (D1—D6 ) R FREL, WLIE 1,

1.2.2 ZHEREUTE

FIFH B A B 465 23 W A2 P21 Riegl VZ-1000 7 O TR A FH AL (TLS) , Hll B A 2.5—1400 m,
B R T N 3.0x10° f5/s, FIE E N +5 mm/100 m, #3775 [l R 360°x100° , f /0 5% 1.8”, GPS 1722 2
m(FEIL . www.riegl.com/nc/products) , BF4h TLS HAH# TAET 2018 457 A 18 H £ 28 H #47, lPakEH L1—
L8 MM SR S0 M e SRR AR RE T R % 6—8 NI ol A5, 453 i F R I 1] 29 9 10—20 min (KL
910 min/3, K54 20 min/ah) sk ] 8 S BT 50% , HHEEHER BN 3 2000(<3.3 m/s) . H Ry
L3, WNHBTAT 30 m =5 BRINEE b tEAT T RG 4044, AR BT A R T AR B BE 7 o = Bl , PRI AR T 3 A, 8
ANFEDT IEFRE 49 U5 SRS 28 . b TR TLS ARG RS TR N4 5l 8—10 FREA% , FI
FHAT & 3 7 ( Blume-Leiss ) I i35 {0 M 728 R | B2 RO i 356 9 A 14 47 9 ARG KOS, 3 S L AR 155 (Tree height,
TH) 4% ( Diameter at breast height, DBH) 71 B 4% ( Crown diameter, CD) el [ £ ( Canopy area, CA) %2
B R BARSHOR TLS 4l S E B 1,

1.2.3 SRk gR

FIHH RiSCAN PRO 2.2 A5t Z sl i B e 7 D02 P 3hniER 220 0.8 em, FIHAL BT 4% LA ¥
FF &) Lidar360 3.0 SO BE 004 T AL BE , BAAH R B4k 5 TR BRI 2 BioR .,

PR EEHS 2 PHANTOM 4 J AL ( Unmanned Aerial Vehicle, UAV) X &£ 77 #E47 50 m 15 B A K 25 it
LR L1 AYSAL 385 ArcMap 10.2 30X UAV S5 00 17 0% i A Ab B], IR BB 7 9 050 4 B K ok A
B, XF TLS SREUAY 22 5l S H B0 UEA T DF e A HUAL B, A8 Wl = e 2 R, DA €0 3] 41 €6 307 g B A 88 m ; 1)
= R R R A S b T S RAT R L R = DX B3 A R v R AR R/ Digital Elevation Model, DEM
BT R/ Digital Surface Model, DSM; )\ DSM J& 2= DEM 75 2|56 J2 5 JE AR A/ Canopy Height Model ,
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Fig.1 Distribution of sample plots in Arghan transect in the lower reaches of the Tarim River
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CHM , FHIZ B A Bl AR R~ a5 XA 7 A T B AR 3 81 AR BCSA M MR AL\ TH .CD (CA . 75 JEHbIE S AR i B
DBH 520, X 15 2= B0 6473 — (R AL B, A4S 20 B i R Z 082X . DEM A VI Z Bl 1 1.2—1.4 m Y
PRz, I Hough ZEHA LA s =42 B DBH H'"* (&1 3) . Sl gt B8 T B S i g0 45 S kAT 30 43 A
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IV A . 30 em<DBH <50 cm; V 4 Bk (837 . DBH>50 em''

R 1 HHEKREEM TLS B RHmIEER

Table 1 Sample plots information and TLS scan sites distribution

- T MR W W A R
Z511) %_]‘)ﬁﬁéﬂﬁ%( %\J**b*ﬁ liifigilf Measured TH/m Measured DBH/cm Measured CD/m Num. of scan sites HT@IE,?L
Pl U O meswed  GUME KR BOME AR ROMA RAE EE R speed/
trees/N Min Max Min Max Min Max Rough Fine (m/s)
L1 20 95 10 59 7.9 24.64 28.70 6.10 11.65 5 1 1.4
L2 100 69 10 8.1 10.4 28.70 49.00 5.57 7.86 5 1 2.1
L3 200 36 8 6.2 13.0 27.50 32.10 5.40 8.23 2 1 2.0
14 400 42 8 7.6 11.8 30.30 51.50 6.26 9.16 5 1 2.5
L5 600 63 10 4.2 8.0 19.80 54.40 4.90 9.10 5 1 1.6
L6 800 50 10 6.1 7.1 20.00 40.90 3.87 6.95 7 1 1.7
L7 1000 123 10 5.4 9.1 22.00 27.30 3.68 6.03 6 1 1.2
L8 1200 34 8 3.6 7.6 63.00 86.00 6.70 10.20 6 1 1.1
T - y vb—k—# ‘Al. i Iﬁlyﬂl*ﬁ?u
PR R %’J‘#“l'ﬁ]”ﬁ‘* i o P it M
ey L | MEERRD
Pk vl B BRI { 1
‘ \ T | g
l * B R R BRI R Bl
SR EE B B AR IR 2 B x
* : [E— 0 SHAT AR B
e T RO AT o FAHR

B 2 TLS #itt B AREHSHIRNREE
Fig.2 Flow chart of tree parameters extraction by TLS
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211 HURSE

X 8 ANFEF MR GE TRy 513 BEARSIETT TLS AT UAV Wik, TLS #5825 ds 6e 8 i 4» H1 H 1 501
B 5 R 97% ; UAV SEA% 0050 L O B ARBRER K 458 KR, (5 BBRER Y 89% , ZEWIHB AT TLS ) BA AR 51|25 %
FLAIRZS UAV (87 4) o & FETT NG A IR T 22 5, e300 0545 00 FE T L1 W8 A% 43 A1 %% - 380
BE/hm* (1 95 #£/50 mx50 m 1 5) | TLS BA S # LRy 949% ;B 1L2—L8 (ARG 4345 2 5 43 3k 270,
180,158,225 192 324 74 #k/hm* , TLS HA4EIZ A 95% 100% ,100% .98% ,98% 97 % F1 100% ; Al Al , £ ¥
T5 ARG 53 AT 5 B RN TLS BAA AR5 25 S A i AN I i
2.1.2  FUREEHZSEAR PO RIE

M TLS B> B 25 i BT B SAG A 51/ TH 5 P00 -5 A8 5RASE 1) 55 = BB 3K BT M 42/ DBH 5 5 i
B R B BT TR SR T e LA/ CD e iR AL CA 5 Hodr ) TLS X DBH (Y4 H L2 90%4h , %) TH
CD 1 CA WIHRHR LR IiR 5 97% (32 3) , o~ T Rz 5s BokS B2, X TLS FRIUE -5 S8 647 7 e, TLS
FREUHY TH .DBH ,CD CA {81 1 SEIAE 2 [8] P05 B R385, 40514 0.95.,0.97 ,.0.77 F1 0.83, H: Pearson £
K RZBEIRT 0.90, EHARE BE (K 5)
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Fig.3 Processing steps of TLS point cloud data
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Table 3 Results of P. euphratica structural parameters extraction

" RIS HES Tk

kB HUBRAL kP B T
T . Extracted trees Missed extract Extracti tio/% A |

ree parameters number/N trees number/N xtraction ratio/ % verage value

75 Tree height( TH) 501 12 97 7.50 m
Mg7% Diameter at breast height ( DBH) 465 45 90 28.90 ¢cm
W5 EH A2 Crown diameter( CD) 501 12 97 4.63 m
TR AL Crown area( CA) 501 12 97 18.85 m’

2.2 BURZBECZIAIIAE S B
WL A S B TA EE TR A, TH 5 CD . CA Z 1311 Pearson AH &1 043914 0.73 .0.67 , 41 %
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Fig.4 Comparison of hand, TLS and UAV segmented P. euphratica tree number
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Fig.5 Comparison of TLS estimated and field measured value of tree structure parameters
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Table 4 The correlation matrix between the tree parameters

W TH %% DBH e HAR CD SEME A CA
W TH 1
%% DBH 0.237** 1
SR EAR CD 0.732** 0.445** 1
SRR CA 0.668 ** 0.460 ** 0.971 ** 1

s s 7E 0.01 KSR | 583G
FET A SRS 5, #E—20 % 300 MG TH F1 CD (E#EFT T P4 BUS A — e e, 4t
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T, FHZRE PR KT8 PR B . Wk pRER T PR BRI B pR B e AT B0, Horp R R B R IS T R e
4 0.639, B EMR MR P<0.01, MR (£ 5) , FIL, TH=2.6274xCD" " Al LI UL 8 A7 14 = 5 7
W& 2 (A EF e 2 A FHZR R G HOA 200 BRI IG TH (EZEATFI 3053 R M 0.61

®5 WEESEEEEHNXRERNSY
Table 5 TH and CD relational model parameters

% Model 77 & Equation R? F Sig. Bo Bi B,
LR PREL Linear y = By +Byx + Byx? 0.603 408 0.000 2.412 1.161

ST ECRAL Logarithmic  y = By + BiIn (x) 0.600 404 0.000 1.012 4.584

R PREL Quadratic y =By +BX +BX? 0.619 217 0.000 0.655 1.988 -8.8x1072
FERRHL Power y = By (P1Y) 0.639 477 0.000 2.627 0.706

FERUPR B Exponential  y = B, A1F 0.582 374 0.000 3.388 0.170

2.3 BURSEOGHL R KA A i

I 25 Y S B R, M KA R R, B I RR R A MR o0 2 FE A Dl e E BS T I 20 m Ab bR KA
K 2.4 m, MRAFEEEE A 380 KR/hm? T ESTITE 1200 m &b, MR KA HEERAE 8 m LATR , M4 26 B R 74 #k/hm®, WL
K6, R THRVIARTRM T ARG S AR L5 S BB 0 , BE T B 2 25000, SR Z5F S50 N AR 1
R KB b As i, 4550 BoR B K IIRAE 2—4 m JE[FIN, TH DBH . CD “EIE A B 25, /5
F7.2 m.24.5 cm 4.1 m; HE R KIVEAE 4—6 m X3, TH DBH .CD “FH{E A X455, 28 9.6 m 32.6 cm 5.6
m; H R KHRTE 6—8 m 4b, TH 2RI T F% . DBH A8 K .CD B&AZ/N, 358 5.9 m 41.4 cm 4.3 m, WA 7,
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Fig.7 Compared tree parameters in different ground water level
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Fig.6 Tree density change trend with the distance of river
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FRAE T B AR G AR R A AL G AN, 45 BT NGl (1) Al ( T ) SRR R EOT 5 #4 LE
VN 53R 7.2% 0 10.9% , T 50 A5 10T K BRI 2—4 m fR930] 52 357ty T] 78 R0 X e 3 bk ( TIT ) a2
MCIV) B 1 LBl R, 2050102 47.99% Fl 29.5% , T84 HE 7 P51 43 A 5 2 B (V) BREOR S 4.5% , L 191 i
A B AR EIIE 1000 m LASMAHE R /KSR AR A X5, UL 8.,

3 Wit

ABEFER AL T HOCAHE (TLS ) AR AR T BT i A R S i W SR E5 A 280, IR 454 ok
FE DX T R BGRACAT: , 234 1 A ) B i FR S A K 3 N WA A A K S s AR B . WFTESS SRR B
T TLS BORTE e B G A= A5 WF 58 A D0 B | T L Ay 85 T Jd Sl T 3 A 285 R G S St 1 A 8y ke
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Fig.8 DBH level change trend of P. euphratica with the distance of river
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SRS T AR A 8 R I, G oA T AR 3 B A AERE T i1 %%, 1t 5 DBH B f /)N , B RE S8 38 4, I 77 A6
BARATRNRZE AP AN A B JRGI 4) R/N A X ARG B 7 A R e 3 TR i K R AR R R, T L TLS
B R AR B R XU 2, M RRIA B 3 G, AR AR TR Bl R RE AR IO R B . LA 5T
O TLS BFPAMAHE TAESEA EAERGERART 3.3 m/s ARSI BT, OECRGE BE 5 AR 1A 2 B XU s2m , Ak
Gy FEXT TLS B STFDRGE BE (52N i TR 32 T R 8K 52, 5500 R UG 8047 S5 I DLBRLRR 2 P
ML A M SRk T ELFP RS AT MR 55 . Hopkinson Z5RFFE 260 | TLS B 8K/ EITHREH & & T 2 09 b
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TLS FRECHY AR S ES SEIME 2 [0] BP0 BE AR, DA s 20 238 i = i vh B A A A R I TH {5 KB
ST TR YT 4223E T RDE , Bt Hough 2845400 G 55 =8 U B B A8 {8 5 550 DBH {E3EA W) &, Ho28 7 4%
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