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BTG A N T2 50h, 2 HRTE N E A AR
BERE, HASVEIE iy o 5 PR ARAR AR e A AR X

i HHE: 2021-02-09; FIENZAR: 2021-12-13

Wil AR 2L N R GLI5R 48, 2020),
SRPs F A A9 PR HE T AR GR i T 4L 2 B SR XA
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HREEAR (Qiao%F, 2016; ¢ RF] %, 2019),
H1 T° SRPs 7E ™48 F I TR AEZE R BRI, (ORI T B
ISP AR AR BEAT SRPs W i 2 ORI 20 10 R - 3 ke
P AR S AR (Non—SRPs) Jilit, 3
SRPs HI ML {5 B4R BRI 73R 22 (Qiao 4%, 2016)
I 2 J% R RE U M A X — ) 8, o
Maire & (2014) 3T MODIS (Moderate Resolution
Imaging Spectroradiometer) $Z15 54 I — b AE B 45
$UNDVI (Normalized Difference Vegetation Index) Hf
¥, $ TIPS SRPs HEHUREE (Le Maire 55, 2014).
SRR TG N 8] 23 B 30 (0 18 B AR = T SRPs 1R
BB IBORS B2, (H b [ g 05l DX 52 R it =% T
Ko o b 55 52 ) 5 B0 SRPs AR B 1, IR 0 B R
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JRSAGASIE Ry BE 5 3 P S
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i B BRI 114 52 150 T AL I T 38 JER RS 5y R e
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B UEHE RE A8 A A8 1) DR G 0] . SRPs 9 46 it
FPARAE, AN BT bR N by 3k s ] A 1 AR AR T AN
REFHE. LT (LandTrendr) BEEZEIET Landsat &
8] 471 W AR bR TR Y = i, RE A R R
S E S AR R T (Kennedy 55, 2010;
Shen %5, 2017).
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551X, T GEE (Google Earth Engine) =LA
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Fig. 1 Overview of the study area
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(Dong%‘?, 2016; Gorelick 28, 2017; Hansen %,
2013; Padarian 55, 2015). AWF5ER H GEE =it
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Table 1 Landsat series data details
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Fig. 2 Landsat data volume statistics in the study area
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Fig. 3 Research flowchart
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Fig. 5 Samples selection flowchart
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Fig. 8 RMSE statistics of applying LT algorithm with
different CDR
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Fig. 9  The recognition rate of RP with different indices/bands
applying LT algorithm
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3.3 LandTrendr &%
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55 Jmy M1 5 FE A XD A7 R A A [R5 1 (Kennedy
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PUEAR B AR e £ e I o B S AR
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Fig. 10 LandTrendr algorithm schematic
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Gain” fE M F4HFAEREFT SRPs 5025, b T ik
SRPs FBF P RRAIE, AR SCHETH T 1004~ RPAEA X

N S FPRRAE . ARPEGE T8, AR ERE “SRPs
Loss” BYBCRIRFIE N . FFLEmtRl/NT 4 a, JEIEFEEL
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Fig. 11 Example of LT fitted SRPs time series trajectory
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DL Kappa 25506 L E A TR B0 IE
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(Thomas %, 2021; Qiao:ﬁi‘f, 2016; Le Maire ¢,
2014) o WFFEEE R P AR R T 73158 22 RS 43 1R 22
AIREZ X RP AL A — & i PUIR 22 A K AR AT
ARSI PP AR R B o K BE PP 2 SR R B T
T LTSEYENS SRPs EAT — 73 JE AT AT Ry o Xof LB
i “SRPs Gain” B “SRPs Loss” 1F N} 4E1E
AT Z RPN EE R (R2), I “SRPs Loss+
SRPs Gain” AFJy i FRFAEZEAT SRPs — 73 2 S LY
ks SRR
412 SRPsHZE#H7%

FF SRPs T4 1 48 AR I R4 A, A 9T AT
TJTVHIE 304 (4 SRPs RRAE A il 14 (1 12) o i
304F, J7PY SRPs M ANE 2 A BRI AR M. )
VU 7R FR B SRPs oA frg g A Hp, ELARAR T AR I
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B TRGE )TV PG L AR X 52 0 10 A T
LRI, SRPs ARG KB FEMATE 2208 . BT
JY M G T AT B AT IR ST A (K 13),
T SRPs R i Bl ok, HK i @i CRATE

AR R) FISEZETT, &) Vh SRPs Rk £ i
TR 10% . B0 Y MR T 47 R AR /N TR AT
H SRPs Ff b 1 AR AN AR 2, oo 7 R b X Ee b
HBH X Y SRPs 4341 N4

%2 SRPsETRE R F4F1E (SRPs Loss+ SRPs Gain/ SRPs Gain/ SRPs Loss ) B — 5> 2845 R R iE %6 PE
Table 2 Confusion matrix of SRPs binary classification results (SRPs Loss+ SRPs Gain/ SRPs Gain/ SRPs Loss)

SHH
SRPs Non—SRPs po8an FHPORS
SRPs 839/739/768 266/340/473 1105/1079/1241 75.93%168.49%/61.89%
Non—SRPs 215/315/286 1149/1075/942 1364/1390/1228 84.23%1/77.34%176.71%
ket
Bt 1054 1415 2469
il PRV 79.60%170.14%172.88% 81.20%/75.96%166.60%

H BACKS B =80.529%173.47%169.26% , Kappa=0.6043/0.4617/0.3926
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Fig. 12 Mapping of Guangxi SRPs distribution in the past 30 years
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B KBS —3 (ERMlLAEE)E, 2019) .
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2624 National Remote Sensing Bulletin i & 54k 2023,27(11)

AR AR 22 8] B4 AH ek r=0.83, p<0.001, Y
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Fig. 13 The proportion of SRPs planted in prefecture—level

cities in Guangxi
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Fig. 14  The distribution of SRPs planting area proportion at

different altitude in Guangxi

MNP 17 7T L& B, TP R MOl A 7 S E AR
2007 4E 2245 L T BT A B35, 2010 4F LG ARl
A EMEIT IR PRI 1 o RS (1) )77
T20074F 1 A 1 HIFaRE0E (b A R IE A 2R Ak
%) ChAE NRILHIE ML) #E— L0 7 2
ORI B E , W ARSI MRS, 2R
MERARA T EINB R R E (PR AR XA
BB T] 7 B3k 2 hitp s //www. gxzf. gov. en/[ 2021—
02-091). (2) JTHERYARIL “+—T07 AR
Mol KA XA GRAA R AR, LEARE )7

HYSCAE Pl [ SRIE T2 00k . ARARAE SRS
AMERR . AR B, IR RIS R AR
TAk CEZE MO S F 55 http://www. forestry.
gov.cn/[ 2021-02-09 ) .

0 : 1 1 1 1 LTI ! 1 L 1
20 30 40 50 60 70 80 90

/()

BILS )P4 SRPs Flve IR o Lol i 230 12 A8 A oy A
Fig. 15 The distribution of SRPs planting area proportion on

different surface slope in Guangxi

400 /"M

W

(=3

S
T

Z 3 #/(10000xha)
(3]
(=]
[ = |

100 -

0 1 1 1 1 1 1 1

1990 1995 2000 2005 2010 2015 2020
i B4

—=— SRPsHfEl —o— A TiAk

P16 )P4 SRPs Rl i AR5 N T Ak i BV fh a9
Fig. 16  The change trend of SRPs planting area and artificial

afforestation area in Guangxi

AT 30 4F ) P4 45 HL 4% T SRPs FhA il FHAR fb
P (E18) kA . Hrhi[ i e ) P ) SRPs A
T AR AR AR R R b, AR 20 K T B R K
B | A EL S U RS 5 N el A A K B BB ST 8 5 24 W
AT T ) SRPs FvRE [T AR AT T 1> 5 H 0 DR sk 15 1< s
[ Bt (1992 4FE—1994 4F 5 1998 4F—2000 4 ), H
B, BT AT BN ckRE . S
T LA BB M T 38 R S5 R A Ry AR . TRl T
S0 DL K E AT AE 2005 4E A5 47, SRPs R i X
SR T 4y B S, T T oA T R A —
FE R E I 0



BeSCE A5 TP B IR DR RS bR 23 23 A 5 B 2625

6000 -
| |
/
| |
/
| |
2 J
) 4000 - J
= /
0 ]
b /
=1 2000 - /
ﬁ [ ]
&
/./
,I/-
- ...~u—-»-»--!"-"""T'-

0 1 & ]
1990 1995 2000 2005 2010 2015 2020
i /4

K117 19924F—2018 45 P ARl A 7= EME AR R 34
Fig. 17 The change trend of Guangxi’s forestry production

value from 1992 to 2018

(%) w B W (=)
S (=} (=} S (=}
1

SRPs 2 i1 1 #7/(10000xha)
>

%1990 1995 2000 2005 2010 2015 2020
I i)/ 47
I AL A L =R <1
e BN e SR e T
AR P bt
BN e BTN — REW

FI18 T V4 MK 1T SRPs FiAR i AAS b i 34
Fig. 18 The change trend of SRPs planting area in prefecture—

——MTH
e BT

level cities in Guangxi

5 45

A SCLAHE SRPs B AR KA PO G
XOMWFEIX, BT T 5T 0 F 4 #3452 Land Trendr
HEAT SRPs I 25 3 A A5 B3 O vk, SRR
LY

(1) ] LandTrendr i}
XTI Y 3 BIHG, 198 Y SRPs K7 (19 RP I P4
fif (SRPs Loss+ SRPs Gain), i T LandTrendr &
X T SRPs i 3 B0 AR TP AP A F A
A G ARG W fig

(2) KT AE 9 SRPs {5 B3R B, v
AR FE A AR AT NBR VG158 BRI e i o

(3) J7 V4 SRPs FiAE 1 ARTE L 30 4F— B 5 il

JrorEIFE, BB

T MRS, AL E ARG S FEAH G,
WYL T 2P HE KT SRPs Rl 772K

(4) Wz AiRE, TR . # SRPs
AR, B AR 500m PR B
TSR IX L e 3 S B A 20° 2 A B e . HE vy
M2 P4 SRPs Bl oA T AR R A s Tl

B AU SR B A IR R R AL 2 A B
53k 8 %% F 4 (Google Earth Pro, Google Earth
Engine) 8 X B, AR T RS A

2 % 3k (References)

Brockerhoff E G, Jactel H, Parrotta J A, Quine C P and Sayer J. 2008.
Plantation forests and biodiversity: oxymoron or opportunity?
Biodiversity and Conservation, 17(5): 925-951 [DOI: 10.1007/
s10531-008-9380-x]

Bu Q L, Tan Z H and Zhang Y P. 2020. Carbon dynamic of a tropical
forest succession series in Southwest China. Acta Ecologica Sini-
ca, 40(15): 5258-5265 LT, EIEHE, 5k—F. 2020. ' [FH YRS
Ho DX P BRI P I B 3l 2 . AR A3, 40(15): 5258-5265)
[DOI: 10.5846/stxb201901090076]

Claverie M, Vermote E F, Franch B and Masek J G. 2015. Evaluation
of the landsat-5 TM and landsat-7 ETM+surface reflectance prod-
ucts. Remote Sensing of Environment, 169: 390-403 [DOI: 10.
1016/j.rse.2015.08.030]

Dong J W, Xiao X M, Menarguez M A, Zhang G L, Qin Y W, Thau D,
Biradar C and Moore B. 2016. Mapping paddy rice planting area
in northeastern Asia with Landsat 8 images, phenology-based al-
gorithm and google earth engine. Remote Sensing of Environ-
ment, 185: 142-154 [DOI: 10.1016/j.rse.2016.02.016]

Flood N. 2013. Seasonal composite Landsat TM/ETM+ images using
the Medoid (a multi-dimensional median). Remote Sensing, 5(12):
6481-6500 [DOI: 10.3390/rs5126481]

Ge Q S, Dai J H, He F N, Pan Y and Wang M M. 2008. Land use
changes and their relations with carbon cycles over the past 300 a
in China. Science in China Series D: Earth Sciences, 51(6): 871-
884 (B4 fik, HUH 2, (1 JLRE, WU, A2 . 2008. i 2 300 4F
B b R | L B A SRR RIS . b ERL e DA HbER
Bl2£, 38(2): 197-210) [DOIL: 10.3321/j.issn:1006-9267.2008.02.006]

Gorelick N, Hancher M, Dixon M, Ilyushchenko S, Thau D and Moore
R. 2017. Google earth engine: planetary-scale geospatial analysis
for everyone. Remote Sensing of Environment, 202: 18-27 [DOI:
10.1016/j.rse.2017.06.031]

Hansen M C, Potapov P V, Moore R, Hancher M, Turubanova S A,
Tyukavina A, Thau D, Stehman S V, Goetz S J, Loveland T R,
Kommareddy A, Egorov A, Chini L, Justice C O and Townshend
J R G. 2013. High-resolution global maps of 21st-century forest
cover change. Science, 342(6160): 850-853 [DOI: 10.1126/sci-
ence.1244693]



2626 National Remote Sensing Bulletin

%R 2023,27(11)

Huang G Q and Zhao Q G. 2014. The history, status quo, ecological
problems and countermeasures of Eucalyptus plantations in
Guangxi. Acta Ecologica Sinica, 34(18): 5142-5152 (¥4 [¥ ;, #&X
FLIE . 2014, ) PUAEAN FIR AR D7 sl IR A 28 I JU B N X SR
HEZS2EAR, 34(18): 5142-5152) [DOI: 10.5846/stxb201405100943]

Kennedy R E, Yang Z Q and Cohen W B. 2010. Detecting trends in
forest disturbance and recovery using yearly Landsat time series:
1. LandTrendr — Temporal segmentation algorithms. Remote
Sensing of Environment, 114(12): 2897-2910 [DOI: 10.1016/j.rse.
2010.07.008]

Kennedy R E, Yang Z Q, Gorelick N, Braaten J, Cavalcante L, Cohen
W B and Healey S. 2018. Implementation of the LandTrendr algo-
rithm on google earth engine. Remote Sensing, 10(5): 691 [DOI:
10.3390/rs10050691]

Lan X, Du H, Song T Q, Zeng F P, Peng W X, Liu Y X, Fan Z L and
Zhang J Y. 2019. Vegetation carbon storage in the main forest
types in Guangxi and the related influencing factors. Acta Ecolog-
ica Sinica, 39(6): 2043-2053 (2275, KL IR, RFIW, BHEY, 2
2, XA, TUHEE, SR . 2019, ] V4 £ B ARMORE BBk it 1t %
Hog o R 2E A, 39(6): 2043-2053) [DOIL: 10.5846/
stxb201803210557]

Le Maire G, Dupuy S, Nouvellon Y, Loos R A and Hakamada R. 2014.
Mapping short-rotation plantations at regional scale using MODIS
time series: case of eucalypt plantations in Brazil. Remote Sensing
of Environment, 152: 136-149 [DOI: 10.1016/j.rse.2014.05.015]

Meng L L, Zhong S Q, Mo J F, Chen Y L and Liang W H. 2019. Re-
search on eucalyptus information extraction based on GF-1 object-
oriented. Geospatial Information, 17(8): 24-29 (%% R 41, 4 fl: 4,
SCEETE, BRI, S SCHE . 2019, KT GF-1 I ] %) G (R AR A
EPRBITSY . M P2 ()15 B, 17(8): 24-29) [DOI: 10.3969/j.issn.
1672-4623.2019.08.006]

National Forestry and Grassland Administration. 2019. China Forestry
and Grassland Statistical Yearbook 2018. Beijing: China Forestry
Publishing House ([ Z Ml 55 R . 2019. Hr AR lk Fn g s
GEiHAE% 2018, Jbat: oAl L RA)

Padarian J, Minasny B and McBratney A B. 2015. Using Google's
cloud-based platform for digital soil mapping. Computers and
Geosciences, 83: 80-88 [DOI: 10.1016/j.cage0.2015.06.023]

Qiao H L, Wu M Q, Shakir M, Wang L, Kang J and Niu Z. 2016. Clas-
sification of small-scale eucalyptus plantations based on NDVI
time series obtained from multiple high-resolution datasets. Re-
mote Sensing, 8(2): 117 [DOI: 10.3390/rs8020117]

Qiu B B. 2017. Study on the difference of spectral and urban green
land biomass estimation based on Landsat OLI and ETM+ image.
Hangzhou: Zhejiang Agriculture and Forestry University (I ffi
fii . 2017. Landsat OLI 5 ETM+i& B¢ 1406 5 B 24 5 M
LR MRS ST TS . BUN: WA R )

Roy D P, Kovalskyy V, Zhang H K, Vermote E F, Yan L, Kumar S S
and Egorov A. 2016. Characterization of Landsat-7 to Landsat-8
reflective wavelength and normalized difference vegetation index
continuity. Remote Sensing of Environment, 185: 57-70 [DOL: 10.
1016/j.rse.2015.12.024]

Shen W J and Li M S. 2014. Method for Landsat dense time series da-
ta format unification and surface reflectance conversion. Remote
Sensing for Land and Resources, 26(4): 78-84 (3L IR, ZEBH 1 .
2014. Landsat 1 I [0] 7 91 KA 40— 55 R 5 R e 4y v 5
P [+ PRI I, 26(4): 78-84) [DOL: 10.6046/gtzyyg.2014.04.13]

Shen W J and Li M S. 2017. Mapping disturbance and recovery of
plantation forests in southern China using yearly Landsat time se-
ries observations. Acta Ecologica Sinica, 37(5): 1438-1449 (3L X
U, ZWIF . 2017, TR 6] 3751 Landsat #2481 77 N T AR
T 5Pk il 1 517 . B4R, 37(5): 1438-1449) [DOL: 10.
5846 /stxb201510142074]

Shen W J, Li M S and Wei A S. 2017. Spatio-temporal variations in
plantation forests’ disturbance and recovery of northern Guangdong
Province using yearly Landsat time series observations (1986-
2015). Chinese Geographical Science, 27(4): 600-613 [DOI: 10.
1007/s11769-017-0880-z]

Thomas V A, Wynne R H, Kauffman J, McCurdy W, Brooks E B,
Thomas R Q and Rakestraw J. 2021. Mapping thins to identify ac-
tive forest management in southern pine plantations using Landsat
time series stacks. Remote Sensing of Environment, 252: 112127
[DOI: 10.1016/j.rse.2020.112127]

Williams R A. 2015. Mitigating biodiversity concerns in eucalyptus
plantations located in South China. Journal of Biosciences and
Medicines, 3(6): 1-8 [DOI: 10.4236/jbm.2015.36001]

Woodcock C E, Allen R, Anderson M, Belward A, Bindschadler R, Co-
hen W, Gao F, Goward S N, Helder D, Helmer E, Nemani R,
Oreopoulos L, Schott J, Thenkabail P S, Vermote E F, Vogelmann
J, Wulder M A and Wynne R. 2008. Free access to Landsat imag-
ery. Science, 320(5879): 1011-1011 [DOI: 10.1126/science. 320.
5879.1011a]

Wu X Q,Qin XL, ZhouR L, LuY, Chen E X and Li ZY. 2010. Prog-
ress of study on forest cover change detection by using remote
sensing technique. Forest Resources Management, (4): 82-87 (5=
LB, FACHK, R, 7R, BRARSE, ZEHEOG . 2010, ZRARCE 1542
i T B VTR RE . MOl BEIRAT B, (4): 82-87) [DOL: 10.
13466/j.cnki.lyzygl.2010.04.013]

Zhang S S, CuiY P, Fu SL,FuYM, Liu XY, Tan X Y, Chen L Y and
Li N. 2020. Modeling greenhouse gas sequestration potential of
forest change in China. Acta Ecologica Sinica, 40(4): 1140-1149
(o IO, AR, (R, AT — 0, /N, AT, PR R, 2
it 2020. r R AR AR AR (6 K HOR % RGBT T . A3
2741, 40(4): 1140-1149) [DOI: 10.5846/5txb201812312853]

Zhang Z J, Zhang H, Chang Y G and Chen Z C. 2015. Review of radio-
metric calibration methods of Landsat series optical remote sen-
sors. Journal of Remote Sensing, 19(5): 719-732 (5K &7, Tk,
Bk, BRIE M . 2015, Landsat 5 31 TLAL 562 38 S 45 4 36 A
IR B EREER, 19(5): 719-732) [DOT: 10.11834/jrs.20154240]

Zhu Z, Wang S X and Woodcock C E. 2015. Improvement and expan-
sion of the Fmask algorithm: cloud, cloud shadow, and snow de-
tection for Landsats 4-7, 8, and Sentinel 2 images. Remote Sens-
ing of Environment, 159: 269-277 [DOIL: 10.1016/j. rse. 2014.
12.014]



BESCE 45 - T PRI 36 DO RS SO T RRIN 28 2041 15 S B IR 2627

Information extraction of temporal and spatial distribution of
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Abstract: Short-Rotation Plantations (SRPs) as the main economic forests have an important impact on ecological environmental protection
and social economic development, but detailed information on the temporal and spatial distribution of SRPs is lacking. SRPs have nearly
half a century of plantation history and extensive distribution in South China. This study aims to extract the long-term temporal and spatial
distribution information of SRPs and analyze its changing trends and driving factors.

The Guangxi Zhuang Autonomous Region, where SRPs are most widely grown in China, was used as the research area in this study.
Based on the Google Earth Engine cloud platform and Landsat image data from 1986 to 2019, the 34-year Normalized Burn Ratio (NBR)
long-term series data were first reconstructed by per pixel composite method. Then, the LandTrendr time series trajectory segmentation
algorithm was used to segment and fit the NBR time series data for extracting the spatiotemporal distribution information of SRPs. Finally,
Google Earth high-resolution images were used to select samples for verifying the accuracy of classification and extraction and analyzing
the spatiotemporal characteristics and related factors of planting area changes in SRPs.

(1) The accuracy of the SRP information extraction results was evaluated by the confusion matrix: the overall accuracy of the binary
classifications reached 80.52%, the mapping accuracy of SRPs was 79.6%, the user accuracy of SRPs was 81.2%, and the kappa coefficient
was over 0.6, which indicate that the classification model has a good classification effect. (2) The planting area of SRPs in Guangxi has been
increasing steadily and rapidly year by year in the past 30 years. The planting area was only 1.93x10° ha in 1990, and it reached 4.04x10° ha
by 2019, with an average annual growth rate of 1.33x10° ha. (3) In terms of spatial distribution, SRPs are concentrated in eastern and
southern Guangxi. They are mainly distributed in low-altitude areas below 500 m and slopes with a surface slope of about 20°. Among them,
Hechi City is the prefecture-level city with the largest planting and distribution area of SRPs in Guangxi. (4) A strong correlation exists
between the change trend of SRP planting area and forestry output value (=0.830894, p<0.001), which suggests that SRPs are an important
affecting factor of forestry economy.

The method proposed in this study based on the LandTrendr time series trajectory segmentation algorithm of SRP spatiotemporal
information extraction is proven to be very effective. The mapping and analysis of the spatiotemporal distribution of SRPs can provide
decision support for forestry management and provide basic data for the research on forest carbon cycle.

Key words: remote sening, Short-Rotation Plantations, LandTrendr, Landsat, spatiotemporal distribution mapping, long time series, time
series trajectory segmentation
Supported by Strategic Priority Research Program of the Chinese Academy of Sciences (No. XDA19030404); National Key Research and

Development Project (No. 2016 YFC0502501)



