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Tab.1 Main land cover products, forest cover thematic products and statistical data products
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Fig.1 Forest classification process based on GEE platform
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Tab.3 GEE - based remote sensing classification accuracy

evaluation of Forest resources in Motuo County
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Fig.2 Forest distribution in Motuo County in 2015 and 2020
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Tab.4 Forest resources in Motuo County in 2015 and 2020
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Fig.3 Changes in forest interior and non - forest land

BT I REE R — X BRAR R A E AR 3 22 T8
PEAT R AT, 7551 2015—2020 4F S5 EL AR Ak
GRS AR 32 5 s o MERA T DK B,
AR 55 AR LSRR PR 2 1 9 A A AR F B RA
§,2015—2020 AR 1), KZ9F 2 487 km® [y dE A
ALt 20 5 AR R LAY 6. 33% , AR 5% 1k D A
PRI TETFRZ S 3 064 km”

RS 20152020 FERBERMTRLBEBIER

Tab.5 Forest resource type transfer matrix

of Motuo County from 2015 to 2020 (km*)
AR RN L S N e N |2 8.
BF IR 5106.60  532.91 126.34 1 704.24
v 336.6 318 983.02 164.75 1.310.26
AR R(EA N 202.13 159.98 98.36 49.88
E[F7sii 894.04 1 564.74 28.55 3826.65
4 it
4.1 FHEZH

VIR SRR (B A T M
Z IR TG T8 IR . T AL g
2 AES B FE A 1 1 O T X R 2
A AEAEAT B3R, mT LGS g 4E L 52 2% 0 R A7 i
1, X T 2200 I R G HAT RS (038 W PSR A,
B G SR KD L A EAF PR RE. RF 5
TEAEIEAT 72 RIS B O MERf 5, B S & 20026

A RE A, RIS MR U2 5 I P FP S AL g (] R, 7E
Gy it R RT DU A5k S B R RAIE 2 ] ) 3 404 T
5 HAW ST AR LA W S A e, HORT AP
R AR BT S AR B AR
ST A1 (LIS FE R AR A5 A AR 1R 25 A T
ERAEMR AR B 43 R B [ )@ b 25 805 .
CART B3I AR AN TG SLHUAL #, AN 75 BE4R A0 — 1k
AL BRERIAG, AT A A P 0 T DA A 3 3 252
1B, X T 55 s A R T 47, (R AR AR S 20 1
R R R I L ) — R R A A 2ok, AR 5
WG, FBOZALRE ) AR5, AN SRRE AR K A — a5 a5
BN, s BN S5 A B R ZN R

ARWFIER A T AL 2 S Bk iy RE kA
CART Skt 82 )i 2L 047 AR AR 2328, IR0 Ho 0y 26 45
RHEAT TREEE VR . 4538 W] TR RF S45 3
(R FRAMR A 5 S BRI DU AT , HLL 3 280 B s
PRI AH b 22 B 3 T 7 e e S R AR A2 . ARt
FER T 2 T 5 AR 3 Hopt o3 28 2 B S 4 (9 7]
THHERERAENE , £ 5 B 45 & 8 2 1) 5y 07 ik e A Tt
4.2 HEES

PUA 1 rh s 4 B - L 55 50 25 b, — i
XTI T— G 5328, T I Sk A7 AR IR 5% 7
TUATE R 2 ) I 75 B2 L) — G AR A0 2V o B i i
RS T SR B — RS AE (A 520 25T AR SO T o
SRS ot ST B[R] 2 ] G RRIE DL & DEM 4§
T B AL Y b 2 v AR I 5 3 1) A A B R A
FROEEE AT ARARBE IR Y 432

NDVI,EVI, MSAVI %5 . # iiF BH 7F 2% PR AT 9 3
WA AT AR FERE KR o 18 A5 1) 2 [ AR AE ]
DL b X () SEA S8 TR S5 L, SOHRRIE AT LA
SR WA B 56 2 BB R AR RN 8 R AR AR
JEYE S AR 53R B, XA F) TR bR R R
ARIEATIX G o SR MG ER 1Ly b (L A B Ry, A g 223k
3000 ~4 000 m, 5 AR 1L 3% B A 47, AR R i 22
500 ~ 1 000 m, H = Fe AR fb ] DL oK X 434t e i pci
PRI RARTE . 7645 IBIESE o Ak S o s Rk A v
B IRFIE RN 2 R Bt | IR LA T B DL AR AR 41
BT , S EA T Ry B AR ARG IE B LA
4.3 RZHAhHH

AR CWFFEEE R, 5 2015 40 1L, 2020 41
AR RUR AT o 1 2 SR ) R R e 2
J5 TR, R A R R R SR ) AT R RS [
o MIBEFSR T, B 7 1 SO & R S5
ANET Y A28 A 2 (8 0 PR i 5 Ay e 50 P
SR AR A, R A R 2R R AR ARG R 1 AR f A



- 186 - [ERE

& 2023 4F:

— BRI . 1A 3 AT LA Y, AR TR A e
AT SR 0 AT s DX R P P 25 R X
S, GBI 5 S B D TR T B e 475 T 5 8 A A P
F9 R IS P M I 2 e 2 95 10 2 X, AT
TG BT R SO B T B, 8 A bR 1k
B el d A . TR R X Y B SR 51
X BRI A KA — 5 B R T L0 8¢ 55 11 s IX
LRI T4 AR R E £ BRI IR
(iR A A

B K 478 A2 5 M R B R o 2L B L B
BRSPS Al R b ) 5 B A A T
DA AR PR T8 B o0 A R L R . SRR X
S0 PR M AR K A AR R MO S A AR A 1)
W 13 4342 2%, TN B R b R R AR A
DA R 4 R I S SN [ ey S22 T X b A 2 a2
DL R MB35 77t T — 2 B R o 236 B Y
B R 3t 5 R T A /K e B S S, S B T
ST BB AR A KR B o 6T R M X 4 7R
MR, A K2 R IR X A A KA B, S
75 A Ao Kb A [ 5 2 208 AP B 582 0 . 2 AR T, Rt
] PR P AT 32 0 ) A A A A SR AN AT

5 %

ASCHE L JH A GEE V-5 H1#9 Landsat8 % Ji5%
1%, 85 G RY IT 52 B RE LA K AT BUIX K] 45 S Al b B
B, A TR 2 B OGS DA R B RHE SR
JH RF B3 F CART 82325 43 ) %F 2% RGE 5 6 47 43
B IEX o R A R AT 43, A5 3] T AR 2015 4F
12020 AEZRARGE IR I 25 03 A DL K84k, RF 53k
TESY 2 R v nT DAG R0kt G B0 o A =2 1) g ek 41
Bl TEEAT S 0 L AR AR 4 2RI, SR ] RF 5392
RBIRRAR ST IG5 MG o o AR 0L b Ak AR
Kl B RRAE A T i e A BB 5 1) B X T AR AR )
FHEARERZEM. MET 2015 44,2020 45551 52
PR U SRR GO Bt 3, (H 2 S5 0 2L A AR AR
BRI T E, X A X SDGs 15. 1 Al #§2:
PR BB R SR

AT AT RF S032:45 21 1 SV AR B2 ¢ 1Y
AR 45 FAE H I S AR A o3 3 4 1 1Y) 25 it 5K
P, ST T8 0 EL AR ARG IR Sy i R A i 3R 1
il , MOl TAEPRSR R LA I ol AT R4k
EIMAE RS FR

2 % 3Lk ( References) :

[1] Ridder R M. Global forest resources assessment 2010 ; Options and

(6]

(9]

[10]

—
—_
—_

[

[12]

[13

[

recommendations for a global remote sensing survey of forests[ J].

FAO for Resources Assessment Programme Work Paper, 2007,
141.

SR . o T AR OPR SR PR A LML b st o MOl R
2019.

Zhang J L. Forest resources report of China[ M ]. Beijing: China
Forestry Publishing House,2019.

Hansen M C, Potapov P 'V, Moore R, et al. High — resolution global
maps of 21st — century forest cover change[ J ]. Science,2013,342
(6160) :850 —853.

Shimada M, Ttoh T, Motooka T, et al. New global forest/non — forest
maps from ALOS PALSAR data (2007—2010) [ J]. Remote Sens-
ing of Environment,2014,155:13 -31.

M 75, B B, 4. 4Bk 30m HF 8 25 R B T i -
Globe Land30[ J]. Hi¥R{5 B 1 7,2017,24(1) :1 -8.

Chen J,Liao A P,Chen J,et al. 30 — Meter global land cover data
product — globeLand30/GEOMATICS WORLD [ J]. Geographical
Information World ,2017,24(1) ;1 - 8.

Aurélie Bellavia, 177, 425K 300 K23 FEZR N2 Ja ol b 78 75 5%
P (1992—2015) [ Z]. At 5% B 55 5w J5 Ak 2% Bl oh ol
2018.

Aurélie B,Xu X Y. Global ESA CCI land cover classification map
(1992—2015) [ Z]. Beijing; National Tibetan Plateau Data Cen-
ter,2018.

Yu L, Wang J, Gong P. Improving 30 m global land — cover map
FROM - GLC with time series MODIS and auxiliary data sets: A
segmentation — based approach[ J]. International Journal of Remote
Sensing,2013,34(16) :5851 - 5867.

Li C C,Wang J,Hu L Y et al. A circa 2010 thirty meter resolution
forest map for China[ J]. Remote Sensing,2014,6 (6) ;5325 —
5343.

X e iR B R Ge R i e BA G B0 AR 3 X 4 3t
AU 2015 [ M. MR ARZHLIX St ), 2016.

Nyingchi Regional Bureau of Statistics, Nyingchi Survey Team, Na-
tional Bureau of Statistics. Nyingchi Regional Statistical Yearbook
2015[ M]. Nyingch : Nyingchi Regional Bureau of Statistics,2016.

36k BRI, T . Google Farth Engine 7EHU3FH%: 15
PRGERLF b i L ARk e [T ] 28 I R 5 6, 2018, 33
(4):600 -611.

Hao B F,Han X J,Ma M G,et al. Research progress on the appli-
cation of Google Earth Engine in geoscience and environmental sci-
ences[ J ]. Remote Sensing Technology and Application,2018. 33
(4):600 -611.

TRIGRET X o, EFEIR, 4. Google Earth Engine -5 5L T
B3 o AR R SR IR R S [T ] Bk AR BRL 244, 2018,
20(3) :396 —404.

Xu Han Z Y, Liu C,Wang ] B, et al. Study on extraction of citrus
orchard in Gannan region based on Google Earth Engine platform
[J]. Journal of Geo — information Science,2018,20(3) :396 -
404.

Wang J, Xiao X M,Qin Y W, et al. Mapping the dynamics of east-
ern redcedar encroachment into grasslands during 1984—2010
through PALSAR and time series Landsat images [ J ]. Remote
Sensing of Environment,2017,190:233 —246.

Barboza C E, Turpo C E Y, de Almeida C M, et al. Monitoring

wildfires in the northeastern peruvian amazon using Landsat8 and



55139

SR TR EE A B AR AN 5

- 187 -

[16]

[18]

[19]

[20

[

[21]

[24]

[26]

[27]

[28]

-2 imagery in the GEE platform[ J]. ISPRS International
Journal of Geo — Information,2020,9(10) ;:564.
Pekel J F, Cottam A, Gorelick N, et al. High — resolution mapping

Sentinel

of global surface water and its long — term changes [ J]. Nature,
2016,540(7633) .418 —422.

Xiao W,Xu S,He T. Mapping paddy rice with sentinel — 1/2 and
phenology —, object — based algorithm - A implementation in
Hangjiahu plain in China using GEE platform[ J ]. Remote Sens-
ing,2021,13(5) :990.

Cao X M,Gao X H,Shen Z Y , et al. Expansion of urban impervious
surfaces in Xining City based on GEE and Landsat time series data
[J].IEEE Access,2020,8:147097 - 147111.

2R, WO, U0 AY , %5, 36T GEE FlI Landsat B8] J5° 5] £
P 0 A A% AL AR AR I A 27 [T ] P pholk k22244 (A
SREL2) ,2020,40(5) 1115 -125.

Li R N,Ou G L,Dai Q L,et al. Forest types classification of Shan-
gri — La based on Google Earth Engine and landsat time — series
data[ J ]. Journal of Southwest Forestry University ( Natural Sci-
ence) ,2020,40(5) ;115 -125.

AR, AT R, AR R, 4F. HE T GEE 11y 1998—2018 4F 3¢ i
TR A A S R GRS MR SR [ )], IR R,
2019,40(12) .5473 —5483.

Lou P Q,Fu B L,Lin X C,et al. Influence of land use change on
ecosystem service value based on GEE in the Beijing — Tianjin —
Hebei region from 1998 to 2018[ J]. Environmental Science,2019,
40(12) :5473 -5483.

Belgiu M, Driigut L. Random forest in remote sensing: A review of
applications and future directions[ J]. ISPRS Journal of Photogram-
metry and Remote Sensing,2016,114 .24 -31.

Mountrakis G J,Ogole I C. Support vector machines in remote sens-
ing: A review[ J]. ISPRS Journal of Photogrammetry and Remote
Sensing,2011,66 :247 —259.

Pal M, Mather P M. An assessment of the effectiveness of decision
tree methods for land cover classification [ J ]. Remote Sensing of
Environment,2003,86 (4) :554 —565.

Pal M. Random forest classifier for remote sensing classification
[J]. International Journal of Remote Sensing. 2005,26(1) ;217 -
222.

Ghimire B,Rogan J, Galiano V R, et al. An evaluation of bagging,
boosting, and random forests for land — cover classification in cape
cod , massachusetts, USA[ J]. GIScience & Remote Sensing,2012,
49(5) :623 - 643.

Pal M, Mather P M. Support vector machines for classification in
remote sensing[ J]. International Journal of Remote Sensing,2005,
26(5):1007 —1011.

Rogan J, Miller J, Stow D, et al. Land — cover change monitoring
with classification trees using Landsat TM and ancillary data[ J].
Photogrammetric Engineering & Remote Sensing, 2003,69 (7) :
793 -804.

Hansen M, Dubayah R,DeFries R. Classification trees: An alterna-
tive to traditional land cover classifiers[ J |. International Journal of
Remote Sensing,1996,17(5) ;1075 - 1081.

Vega Isuhuaylas L A, Hirata Y, Ventura Santos L. C, et al. Natural
forest mapping in the Andes (Peru) ; A comparison of the perform-
ance of machine — learning algorithms[ J]. Remote Sensing,2018,
10(5) .782.

Liu Y N,Gong W S,Hu X Y, et al. Forest type identification with

[29]

[30]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

random forest using Sentinel — 1A, Sentinel —2A , multi — temporal

Landsat —8 and DEM data[ J]. Remote Sensing,2018,10(6) :
946.

Wang D Z,Wan B, Qiu P H, et al. Evaluating the performance of
Sentinel
tent and species| J]. Remote Sensing,2018,10(9) :1468.
M. PR BB R S DFE (] vh 8, 2013 (3) 230 -
34.

-2, Landsat8 and Pléiades — 1 in mapping mangrove ex-

Liu Y H. Study on industrial development of Motuo County, Xizang
Province[ J]. Chinese Tibetology,2013(3) :30 - 34.

RICIR PROCHS. 18 T G AL B Ji 3 5y i [ M. b
e SO M, 2015,

Zhu W Q,Lin W P. Remote sensing digital image processing[ M |.
Beijing: Higher Education Press,2015.

Guo X J,Zhang C C,Luo W R, et al. Urban impervious surface ex-
traction based on multi — features and random forest[ J]. IEEE Ac-
cess,2020,8:226609 -226623.

Py AN Y3 A SR D TR 2
[J]. BIEHR 5N ,2003(6) 2441 —447.

Liu L F,Chen Y H,Li J. Remote Sensing image texture analysis: A

5y 1

review and prospect[ J]. Remote Sensing Technology and Applica-
tion,2003 (6) :441 —447.

T, ,‘ﬁ”" BB ML AR AR IR IR AT [ T]
(1):1-7.

Dong S S,Huang Z X. A brief theoretical overview of random for-
ests[ J]. Journal of Integration Technology,2013.2(1) ;1 —

MR =, 305, BRI FET AR LS FER CART 6’%%%%
%ﬁ?ﬁ&ﬁﬂjﬁﬁ [J]. b3 551 25 B RH# 2008 (2) <33 - 36.

Chen Y, Dai J Fg, Li J J. CART - based decision tree classifier

L SERALAR, 20132

using multi — feature of image and its application[ J ]. Geography
and Geo — Information Science,2008 (2) ;33 -36.

TRAEE. BT REHLAR ARSI 19 SC B8 Uy i 5T [
A RO R ,2019.

Zhang ] Y. Research on essential protein recognition based on ran-

D]. Kk

dom forest algorithm[ D ]. Changchun: Jilin Agricultural Universi-
ty,2019.

BAF L. MRS 3 X RRMAR B 0 A5 S Bl 3
2K R 2R ,2018.

Wei M Y. Study on forest vegetation distribution and forest re-

R IBETE[D ] vy

sources change monitoring in Linzhi area[ D]. Xi’ an: Chang’ an

University ,2018.

ﬁé/ﬁﬂﬂﬁi S RIE , T A AR RS Z IR L FR AR AE TS &R
W [ )] Al 5 HR ,2013,33(1) 55,

An S P,Gao Z L,Wang L. Effects of climate change on forest eco-

system in northern Daxing’ an mountains [ J ]. Agriculture and

Technology,2013,33(1) .55.

BN PRI T S5 WL 5 o BIK 3l (9 ) 2 A M RO AR

WHFRID]. KF H E R B (P E R B AR AL B

Al ESWFRT) ,2021.

Wei C H. Landscape and climate — driven changes in plant diversi-

ty and carbon sink in the Heilongjiang River Basin[ D ]. Chang-

chun ; University of Chinese Academy of Sciences ( Northeast Insti-

tute of Geography and Agroecology , Chinese Academy of Sciences)

2021.

THET, sk, SRR X AR AR SE R [T ] iR

2021,4(2):8 -12.

Yu S Y, Shi S L. Research on essential protein recognition based on

ML AL,



- 188 - B % OB oE R 2023 4E

random forest algorithm [ J ]. Journal of Temperate Forestry Re- search,2021,4(2) .8 —12.

Forest classification for Motuo County: A method based on
spatio — temporal — spectral characteristics

WU Yuxin'?, WANG Juanle®*, HAN Baomin', YAN Xinrong™"”
(1. School of Architecture Engineering, Shandong University of Technology, Zibo 255000, China; 2. State Key Laboratory of Resources
and Environment Information System, Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of
Sciences, Beijing 100101, China; 3. University of Chinese Academy of Sciences, Betjing 100049, China; 4. Jiangsu Center for

Collaborative Innovation in Geographical Information Resource Development and Application, Nanjing 210023, China)

Abstract: The forest area of Tibet ranks among the top in China, and the forest resources in Tibet play an
important role in water conservation and ecological service. Therefore, it is of great significance to assess the assets
of forest natural resources in this region. However, existing products and statistical data related to forest cover fail
to meet the demands for the assessment of forest natural resource assets in this region, and it is necessary to explore
a fine — scale forest classification method suitable for this region. Based on the cloud computing platform Google
Earth Engine (GEE) , this study constructed the temporal , spatial, spectral, and auxiliary feature sets of the forest
coverage in Motuo County using the Landsat8 remote sensing images of 2015 and 2020, as well as field survey data,
and the basic geographic data. Then, it conducted forest classification using the random forest ( RF) and
classification and regression tree ( CART) algorithms. As indicated by the accuracy evaluation of the assessment
results obtained using the two algorithms, the forest classification results of 2015 and 2020 obtained using the RF
algorithm had relatively high accuracy, with overall classification accuracy of 0. 88 and 0. 87, respectively and
Kappa coefficients of both greater than 0. 8. The analyses of the areal and spatio — temporal characteristics of forest
classification results show that; (1) Motuo County had a total forest area of 34 000 km” in 2015, with a forest cover
rate of up to 84. 63% , which was 2% less than that in 2020; @ The forest resources in Motuo County are
dominated by broadleaved forests, which are mainly distributed in Yarlung Zangbo Grand Canyon and low — altitude
areas and accounted for 72.27% and 75.37% of the total forest area in 2015 and 2020, respectively. Coniferous
forests accounted for 25. 96% and 23. 19% of the total forest area in 2015 and 2020, respectively and are
concentrated in high — altitude areas, such as the Namcha Barwa and Gyala Peri peaks. This study determined the
spatio — temporal distribution of the forests in Motuo County in 2015 and 2020 by developing a spatio — temporal —
spectral classification method. It can provide a reference method for calculating specific forest cover indices SDGs
and fill the gap of forest data of small zones. The obtained monitoring data will provide data support for the natural
asset assessment and ecological function evaluation in Motuo County.

Keywords: forest classification; spatio — temporal — spectral characteristics; random forest; classification and re-
gression tree; Motuo County
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