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Fig.1 Nabanhe National Nature Reserve study area that located about 40 km north of Jinghong City, Xishangbanna thai prefecture
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Table 2 Land cover classification accuracies for Nabanhe
National Nature Reserve in 2000, 2004, 2010, 2015

ES 2000 4F 2004 4F 2010 4F 2015 4F
Land cover PA/% UA/% PA/% UA/% PA/% UA/% PA/% UA/%
B 82.50 89.19 75.00 78.95 80.00 94.12 90.00 87.50
Farmland

EHH
Built-up area
JKAK Water ~ 90.00 100.00 90.00 100.00 100.00 100.00 100.00 100.00

70.00 87.50 60.00 85.71 70.00 87.50 70.00 87.50

PR 82.50 91.67 90.00 83.72 97.50 81.25 95.00 86.36
Rubber trees

pren

FASAR 98.33 84.29 96.67 92.06 91.67 91.67 90.00 96.43
Natural forest

Kappa 0.8340 0.817 6 0.8533 0.8711
SRR

Overall 88.13 86.88 89.38 90.63
accuracy/%

TE: PA FORAETEREL, UA Fon RS .

Note: PA represents producer’s accuracy and UA represents user’s accuracy.
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A M EORIE T #E e, HUOR BRI AR B
i (R 3 el SR MRRTAS I AR L AR T >R . 2000—2004
. 2004—2010 4E. 2010—2015 4E, &NiHA B # A
I 0.60%1) F SRR FH Hiu % AR RS R AK
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Table 3 Land use transfer matrix of Nabanhe National Nature Reserve from 2000 to 2015 (in percentage) %
2004
4y Year 12 Land cover TR H R @_ﬁ i B4 Farmland Kl Water J& it Total Ji/> Decrease
Rubber trees Natural forest Built-up area
[EGI 3.92 1.00 0.00 0.62 0.00 5.54 1.62
ERATIN 1.28 85.24 0.01 1.75 0.00 88.28 3.04
T H 0.00 0.01 0.04 0.02 0.01 0.07 0.04
2000 b 1.33 0.00 0.04 4.43 0.06 5.86 1.43
KA 0.00 0.00 0.00 0.01 0.25 0.26 0.01
Jit Total 6.53 86.25 0.08 6.82 0.32 100.00
Hri¥ Increase 2.61 1.01 0.05 2.40 0.07
- 2010 ST Total J8/b> Decrease
AR ERAYIN B A PN
[EGI 6.35 0.00 0.01 0.00 0.17 6.53 0.18
[EE/SN 1.74 80.40 0.01 3.47 0.62 86.25 5.84
A Hh 0.00 0.02 0.03 0.02 0.01 0.08 0.05
2004 b 0.58 0.18 0.05 5.87 0.14 6.82 0.95
KA 0.00 0.00 0.00 0.00 0.31 0.31 0.00
Jit Total 8.67 80.60 0.11 9.37 1.25 100.00
i Increase 2.32 0.20 0.07 3.49 0.94
- 2015 ST Total 8> Decrease
AR ERAYIN B A PN
[EZN 8.53 0.00 0.05 0.08 0.01 8.68 0.15
ERAYIN 0.60 75.87 0.01 4.10 0.01 80.60 473
A H 0.01 0.00 0.03 0.06 0.01 0.11 0.07
2010 HEh 0.94 0.00 0.05 8.33 0.04 9.37 1.04
KAk 0.00 0.01 0.01 0.01 1.22 1.25 0.03
#2431 Total 10.09 75.88 0.17 12.59 1.28 100.00
i Increase 1.56 0.01 0.13 425 0.06

PR 4 X gRInT [E K g | AR R X AT 2000—
2015 £ MR ARG, iR

1) 2000—2004 S-G9 [ 5K 2 SR ORI X ARG Ak
B RASL RO, (HRFA X A AR 4.23%, Hos
E SRR, 2051 b 4.05%F0 3.83%, A HRTK 44
FEXFTELN, 50 0.09%F1 0.08%. [ ARFR KA AR Ak, &
IEH-2.03%, HIEGERMAHHL, 5 0.99%F 0.97%.

2)2004—2010 FHNH I E X % H SR PR IX N H 2R bR
b ER K (6.04%), HUGEBHBARZEIK, BAZ
B R 4.44%F0 2.50% . {EAG AR B SRR B AR X
BACENIGFAR R, SRR AR AR AL RN -5.64%, i
AT 93.38%, IRARIIAIRT A0 o42.14%, &
AR E ) 85.60%. S ML AR XA B 4+0.02%, 15
BRI 16.67%, BHHbIIFIXS A4 o8 +2.54%, KAk
HIAE X AR T +0.94% . K 4 7] DUE IR IRAR. Bt
SR MR K R AR TESG I, SRR R G R 7R 12 8 46 D

3) 2010—2015 fEHHHL I BB E R K (5.29%), H
U AR AR, B3 AN 4.74%F1 1.71%,
A AR Ak B ORI B AR RN, 45 T D —4.72% Al
+3.21%. RZIAR I 8 AR A AR X AR A X B/ (o
A 1 T1%A0+1.41%), 350 A HURIZK A (1) s AR 2 AR
XA RN CRFAH A 0.20%F1+0.06%, KAk
I3 0.09%F1+0.03%) . KPR, B, @FAHM. R
My B SRR AR T AR A B A AR Ak B L R
33.33%. 60.68%. 30.00%. 82.46%. 99.58%.

zi L RTR, 2000—2015 SEHAME], 1% HAR RS X K
R, M, FRHUH M M RORK E ARALE R,

FEDE D o

EENNi]

F 4 AR B AKX 2000—2015 £
T FIA TS

Table 4 Land use statistics of Nabanhe National
Nature Reserve from 2000 to 2015 (In percentage) %

AR HI AR

I 7] B % E s )
Range Increase Decrease Total Relative
g Land cover change change
(YN
Rubber rees 261 1.62 423 +0.99
A 1.01 3.04 4.05 -2.03
2000-2004 Natural forest
ST L 0.05 0.04 0.09 +0.01
Built-up area
#HFH Farmland ~ 2.40 1.43 3.83 +0.97
JKAK Water 0.07 0.01 0.08 +0.06
EYZN 2.32 0.18 2.50 +2.14
SRS 0.20 5.84 6.04 ~5.64
2004—2010  FRFIHHL 0.07 0.05 0.12 +0.02
b 3.49 0.95 4.44 +2.54
KAk 0.94 0.00 0.94 +0.94
N 1.56 0.15 1.71 +1.41
H AR 0.01 473 4.74 —4.72
20102015  EFIHHL 0.13 0.07 0.20 +0.06
Hih 425 1.04 5.29 +3.21
PN 0.06 0.03 0.09 +0.03




272 flk TR (http://www.tcsae.org)

2018 4F

2000+ 2004 2010 1 2015 FFLR47 X A &2 7 254
FOREH A HAR R AR an & 5 s, AXERIL
YRR AT LA B SRR XN 25 AR B I

1) 2000—2015 4= B[] K AR T AR B A& EAERG I, {H2
2004—2010 F/RAETAARIIFR, X2 H T Hegae stk
HL S RS AEASR TE AR B (AERES UK 2003 4 7
HIFMa%ERE, 2008 £ 6 A IEXBNfERD P,

2) 2000—2015 4= 5[]k Th ARG . 2000—
2004 4. 2004—2010 4F. 2010—2015 4, &I A B #
HBE KR 35N 16.40%. 37.43% 34.35%. WEFCIX HHF
T AR EAERE N, XFEE 3 ANESFIA) B Py B b ) T AR
K, AH2004—2010 ERIGK K.

3) MRAEE 5 25 5L, A Hh A K AR 1 TH AR AR LR 3
EURE XSS T A e PARRT R b T 5 S S0 P b R 7K Ak ) ThD AR AR £
BN

4) B 5 KR X AR AP AR LE 2000—2015
SEMATAI RSN, 3F H 2004—2015 4E R K A g (34
KZ N 32.81%).

5) 2000—2015 4F[H], TR XA H R FLE RS
/B 2000—2004 4. 2004—2010 4. 2010—2015 4, %
I 1] B 1R SRR R 3 N 2.30% 6.56% 5.86%.
XL 3 AN B 9 E SRARIRD 26, BT AT 2004—2010 4F 1)
WD RE R GG 3 G5BT R 1) B A A H AR
RBOKAAR S B . BEHORRE AR, R i AR AR
KEBHEAS TR T A IEARFI B, 45 2.62% ) F SR AR IEAR B
AR (1.28% + 1.74% + 0.6% - 1% = 2.62%, 1.28%.
1.74%- 0.6%7%) %29 2000—2004 4F . 2004—2010 4. 2010
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Fig.5 Land cover change trend from 2000 to 2015

3.2 BRFRIPXASENFEH 53 HFE

L5 VRN B SR ORI DX PR35 BE BXHAR AR
Br . EH A AR DL AT o, Wk 6. 7 s

WA 6 MISR, EHUHIHE A b B SR Rk
PR, AR THIARSE N, SR i AR AL B A b
FREICAREA . T RLE H 2000—2015 SRR P VG
FEAEDT R, AR (K P s el o B AE 3P SR b X, Foh
T EEBAE T, W&l 7a i o BB S AESEE 0°~12°
Z IR, Bl S IS 00~ 1203819 5] 13°~24°, FIZHT

KBV EER 25°~36°2 (8], HEEE 37°~48°2 [A]H/ ik
eI, B ER RGN, TEE N 25°~36°
2 B AR IR A, S FEAE 00~ 1202 ] (R e AR L e 22
KRG FIELE I A 13°~24° 2 [H]

100°35'0"E_100°38'30"E 100°42'0"E  100°35'0"E 100°38'30"E 100°42'0"

es]

3 Slope/(°)

22°3'30"N  22°7'0"N 22°10'30"N  22°14'0"N
22°3'30"N 22°7'0”N 22°10'30"N  22°14'0"N
22°3'30"N 22°7'0"N 22°10'30"N 22°14'0"N

Rubber trees = (1)-31%4
m Fii Farmland = 13-
=R 23938

Built-up area = >48

m 22°330"N 22°7'0"N 22°1030"N  22°14'0"N

100°35'0"E  100°38'30"E  100°42'0" 100°35'0"E  100°38'30"E  100°42'0'
a. 2000 b. 2004
100°35'0"E 100°38'30"E 100°42'0" 100°35'0"E_100°38'30"E 100°42'0

es]

0 3 6kn

22°3'30"N 22°7'0"N 22°1030"N  22°14'0"N o

22°3'30"N 22°7'0"N 22°1030"N  22°14'0"N
22°3'30"N 22°7'0"N 22°10'30"N 22°14'0"N 5

22°3'30"N 22°7'0"N 22°1030"N  22°14'0"N

[es]

100°35'0"E  100°38'30"E  100°42'0" 100°35'0"E  100°38'30"E 100°42'0"
c. 2010 d. 2015
B 6 2000—2015 FHIAM . #Hib,
H R ST A
Fig.6 Distribution of rubber trees, farmland and
built-up area with terrain from 2000 to 2015

es]

20
12000
3 2004
15} &=2010
== 2015

0-12 13-24 25-36 37-48 >48
35 Slope/(°)
a. 7S
a. Rubber trees

25 -
+ 207 2000
=32004
151 =m2010
1] mm 2015
<
&10}
=
5L
0
0-12 13-24 25-36 37-48 >48
3B Slope/(°)
b. Bt
b. Farmland

B 7 2000—2015 Ak, HHbAP AT B MR T AL L
Fig.7 Rubber trees and farmland crop planting range with
slope change from 2000 to 2015



19 3 XIS

H 2 5 TR AR ) AR [ 5K 0 AR PR XN SIS 3 P b 0 273

RIEE 6. 7o g5, T LLE HBHb R TR AR 3 K,
HRTERE 0o~ 1202 (A1 5K, Bl fa WIS 0°~ 1201
F 13°~24°, FIZHH KRB N 37°~48°2 1], i
KT 48R X ANAELERE L, 58D IR 0 AT E B R
37°~48°Z i), —& o HiHh A LES BN 25°~36° 2 ],
IIARTEIEBE R 0°~12° 2 [Alf(IBF b e %2, Rt o Bkt 4y
FAEY N 13°~24° 2 [], Brith A1k &5 B B A3 X A7 T
WA X Va0, 7R — X, B KT A 5K

SR E, 2000—2015 ARG AR AT I H AR DR X
WEFWAAR N, THRARE K PR AR . B
i EARBR. AR AR AR VE B O, B R T
FUABAERG I, 10 B SRR BT AR RR b, 980 1R H SR AR
DUEE BN ARG AR ARTRE A 32 . A ARAT I 38 AR AR50 X Y
N TSI R, NGRS 38 b 48 5 8 E SR PR3
X 1 E SRR AR 198D

4 LHg5THe

B 82 RS TP ™ Ul T2 A AN 2
&y X, A SO A B 25 B ml A S 3R I T 7 3L
i 448 1 DX 0 Al T ) 5K 2 SR R A IX 1) o B 25 4 SR
P, HEE TR B A X P AR N SR Bl 8 )
FIHBEAT /2R 50, T IREE R i 17X A 2000
—2015 N RGBT AR, EEER W

D B RS AR ST R U A2 =%
55 RS T BB R P B A A e, SR T i ) 7 )
i 1) ) FH vk R s

2) HET R ERE )y R R, WX N
A FEIE S AR AT R B . 2000—2015 H AR TH
FRLE RS0 D, RGO Bkt R 8 500 P ) T AR 7 458
B0

30 AGIRMR F B I B A ) 3 B R I X K, K
ARG PR AE I BN 13°~24° 2 8], #FHtLAE A3
FERR X Z 535K

SR AT AT FIAE AR [ 5K SRR XN N SR A
TG BIIEER, S Xk py R R e m i K, S ECH SRR
P IX N E SRR T RRAE R Rk

(& F X #

(1] e NRIEHIE B AR GRI X K01, BREE I ORE RS [C).
Jemt: S EREDS, 2013,

2] #Ets, HET, MR, NSRRI T
W5 IREENT]. HEEREEE R, 2006(2): 36—45.
Wei Jianbing, Xiao Duning, Xie Fuju. Evaluation and
regulation principles for the effects of human activities on
ecology and environment[J]. Progress in Geography, 2006(2):
36—45. (in Chinese with English abstract)

[3] Xu H, Tang X, Liu J, et al. China's progress toward the
significant reduction of the rate of biodiversity loss[J].
Bioscience, 2009, 59(10): 843 —852.

[4] 2016 4 FE 5 g E AR ORG X N SR T 2l RE I M I 75 [N o [

[10]

W, 2016-12-06(004).

Hansen A J, Defries R S. Land Use Intensification around
Nature Reserves in  Mountains: Implications  for
Biodiversity[M]// Global Change and Mountain Regions.
Springer Netherlands, 2005:563-571.

R, K5, M, % T HI-1 CCD EIEEAN
PEXUR ISP X IR T]. hER S % 2013, 34(4):
493—497.

Yu Lingxiang, Zhu Yong, Lu Weikun, et al. Rubber planting
area extraction in Xishuangbanna region based on HJ-1CCD
remote sensing image[J]. Chinese Journal of Agrometeorology,
2013, 34(4): 493 —497. (in Chinese with English abstract)
K, KEke, B T HI-1CCD i ¥ vE XU 4N b
DA AR 2 A RFAE (D). T E BF 2 fFEAR S, 2011,
41(S1):166-176.

Li Yafei, Liu Gaohuan, Huang Chong. Analysis of
distribution characteristics of Hevea brasiliensis in the
Xishuangbanna area based on HJ-1 satellite data[J]. Scientia
Sinica: Informationis, 2011, 41(S1): 166-176. (in Chinese
with English abstract)

XIedls, B EH, FEG, & 2012, PHXURANR AR
REEARA S HT ] BRI, 2012, 34(9): 1769—
1780.

Liu Xiaona, Feng Zhiming, Jiang Luguang, et al. Rubber
plantations in Xishuangbanna: Remote sensing identification
and digital mapping[J]. Resources Science, 2012, 34(9): 1769
—1780. (in Chinese with English abstract)

FLLYL, s, RARIE, 5. FT MODIS NDVI i i) f7
A TG T B AE AR U Fe——BA h s X O I [0]. i
TEREFZAR: R EAMEEAR, 2008, 34(3): 334—340.
Wang Hongshuo, Huang Jingfeng, Xu Junfeng, et al.
Research on cultivated land extraction based on MODIS
NDVI time series matching analysis: A case in middle part of
Zhejiang[J]. Journal of Zhejiang University:Agric. & Life Sci,
2008, 34(3): 334—340. (in Chinese with English abstract)
GOk, FEW], L& BT YR IR IR bk g
BN A TR R, 2013, 29(24): 163—172.
Liu Xiaona, Feng Zhiming, Jiang Luguang. Application of
decision tree classification to rubber plantations extraction
with remote sens-ing[J]. Transactions of the Chinese Society
of Agricultural Engineering (Transactions of the CSAE),
2013, 29(24): 163—172. (in Chinese with English abstract)
GESFRC, WREDRS, RMNTT, AR NFTH ) G R SRR AR
T FEHUGIEAAE B [0]. BB, 2015, 19(3): 485—494.
Liang Shouzhen, Chen Jinsong, Wu Bingfang, et al.
Extracting rubber plantation with decision tree model based

on object-oriented method[J]. Journal of Remote Sensing,
2015, 19(3): 485—494. (in Chinese with English abstract)



274

Fl TREZAR Chttp://www.tcsae.org)

2018 4F

[12]

[14]

(18]

(22]

KRR, BIRHE, TG, 5. BRI XI5 R
[0]. ZRARWAEE, 2010, 38(20): 10828 —10831.

Zhu Junfeng, Qian Junping, Zhang Yunying, et al. Research
progress of nature reserve using remote sensing[J]. Journal of
Anhui Agricultural Sciences, 2010, 38(20): 10828 —10831.
(in Chinese with English abstract)

XIJBAR, KHeT, A2, S5, BT IR FE B o A e
P 947t e A A 5 KA AR AR WAL RE[T]. WA R, 2016,
28(1): 195—206.

Liu Xuying, Guan Yanning, Guo Shan, et al. Response on
wetland vegetation distribution to hydrology regularity based
on harmonictime series analysis[J]. Journal of Lake Sciences,
2016, 28(1): 195—206. (in Chinese with English abstract)
FhOGEE, RMET, WHEM, & BT/ HREEER
9 B ARORAP AN AR BT[], A2, 2016,
36(9): 2656—2668.

Piao Yingchao, Guan Yanning, Zhang Chunyan, et al.
Analysis of temporal and spatial changes in vegetation cover
using wavelet transform method

Reserve[J]. Acta Ecologica Sinica, 2016, 36(9): 2656 —2668.

in Wolong Natural

(in Chinese with English abstract)

BH, XML, s, % 1982-2009 A RAFGIE H 4R
TR X MR TR BB [T]. MR AR R, 2012, 31(7): 895
—903.

Nie Yong, Liu Linshan, Zhang Yili, et al. NDVI Change
Analysis in the Mount Qomolangma (Everest) National
Nature Preserve during 1982-2009[J]. Progress in Geography,
2012, 31(7): 895-903. (in Chinese with English abstract)
Breiman L. Random forests[J].
45(1): 5-32.

Zhang F, Kung H, Johnson V C. Assessment of land-cover/

Machine Learning, 2001,

land-use change and landscape patterns in the two national
nature reserves of Ebinur Lake Watershed, Xinjiang, China[J].
Sustainability, 2017, 9(5): 724.

Yan G, Lou H, Liang K, et al. Dynamics and driving forces
of bojiang lake area in erdos larus relictus national nature
reserve, china[J]. Quaternary International, 2018, 475: 16—27.
SEI AR, IR E 5K B SR DR DR BRI EILIR S
FEXFSE[I]. thZRML RN, 2010, 40(3):104-106.

Masek J G, Vermote E F, Saleous N E, et al. A Landsat surface
reflectance dataset for North America, 1990-2000[J]. IEEE
Geoscience and Remote Sensing Letters, 2006, 3(1): 68—72.
Zhu X, Liu D, Chen J. A new geostatistical approach for
filling gaps in Landsat ETM+ SLC-off images[J]. Remote
Sensing of Environment, 2012, 124: 49—60.

Xiao X, Boles S, Frolking S, et al. Mapping paddy rice
agriculture in South and Southeast Asia using multi-temporal

MODIS images[J]. Remote Sensing of Environment, 2006,

[25]

[26]

[28]

[30]

[31]

[32]

[33]

100(1): 95—113.

JEEBH. 3T Landsat 8 OLI 5 MODIS [ 2= #4477
EWEFE[D]. FAt: FIAUKE, 2017

Zhuang Xiyang. A Spatial-Temporal Data Fusion Method
Based on Landsat 8 OLI and MODIS data[D]. Nanjing:
Nanjing University, 2017. (in Chinese with English abstract)

X, GE, KRR, & BEEINTRETERT R
B K S FBLR[T]. BB A4, 2016, 20(5): 1038-1049.

Liu Jianbo, Ma Yong, Wu Yitian, et al. Review of methods
and ap-plications of high spatiotemporal fusion of remote
sensing data[J]. Journal of Remote Sensing, 2016, 20(5):
1038-1049. (in Chinese with English abstract)

Zhu X, Chen J, Gao F, et al. An enhanced spatial and
temporal adaptive reflectance fusion model for complex
heterogeneous regions[J]. Remote Sensing of Environment,
2010, 114(11): 2610—2623.

Huang B, Song H. Spatiotemporal reflectance fusion via
sparse representation[J]. IEEE Transactions on Geoscience
and Remote Sensing, 2012, 50(10): 3707 —3716.

Savitzky A, Golay M J E. Smoothing and differentiation of
data by simplified least squares procedures[J]. Analytical
Chemistry, 1964, 36(8): 1627—1639.

Jonsson P, Eklundh L. Seasonality extraction by function
fitting to time-series of satellite sensor data[J]. IEEE
Transactions on Geoscience and Remote Sensing, 2002,
40(8): 1824—1832.

Hughes G. On the mean accuracy of statistical pattern
recognizers[J]. IEEE Transactions on Information Theory,
1968, 14(1): 55—63.

Liu X, Bo Y, Zhang J, et al. Classification of C3 and C4
vegetation types using MODIS and ETM+ blended high
spatio-temporal resolution data[J]. Remote Sensing, 2015,
7(11): 15244—15268.

w g, SRIEWE, XIRJE, &, ETEI A LG
T SRR A L R AR U [T RE RO S R (o
D

Gao Shupeng, Shi Zhengtao, Liu Xiaolong, et al.
Identification of rubber plantations in tropical mountainous
region based on high Spatio-Temporal resolution visible
remote sensing data[J]. Remote Sensing Technology and
Application (in press)

Congalton R G, Green K. Assessing the Accuracy of
and Practices[C]//
1989.

Remotely Sensed Data: Principles

Geoscience and Remote Sensing Symposium,
IGARSS'89. 12th Canadian Symposium on Remote Sensing.
1989 International. IEEE, 1998:1847—-1850.

HREFOK T H R W 3000 75 kW-h[J]. /KITKH,

2009, 35(9): 4.



519 3 RS A5 : F T 2 PR IR (R AT [ 2 2 | AR DR XN S 20 P 3t s 275

Monitoring land use for human activities in Nabanhe National
Nature Reserve based on multi-sour ce remote sensing data

Liu Xiaolong®, Xu Rui*, Fu Zhuo®*, Shi Zhengtao®, Gao Shupeng*
(1. College of Tourism & Geography Science, Yunnan Normal University, Kunming 650500, China;
2. Satellite Environment Center, Ministry of Environmental Protection, Beijing 100094, China)

Abstract: Human activities within the Nature Reserves are considered a threat to the endangered species. This study takes the
land cover/land use as the representative of human activities within the Nabanhe National Nature Reserve. As optical remote
sensing images are frequently contaminated by cloud and frog, which will restrict its practicality in monitoring human
activities in Nabanhe National Nature Reserve, this study aimed to fuse the multi-resources of optical remote sensing images to
build a high spatio-temporal resolution data (30 m daily surface reflectance) for the year 2000, 2004, 2010 and 2015 using the
ESTARFM (Enhanced Spatial and Temporal Adaptive Reflectance Fusion Model). The fused data was assessed during the
data fusing procedure, and in a correlation of greater than 0.8 (with P<0.01) with the reference image for each period of time.
The fused data was then used to generate the time-series NDVI (Normalized Difference Vegetation Index), which would be
used to differentiate each of the 5 land covers (namely natural forest, rubber trees, water, farmland and built-up area) to be
classified. Previous to the extraction of the time-series features, denoising of the time-series NDVI was conducted using the
double S-G (Savitzky-Golay) filter. 6 features were generated using the denoised NDVI time-series data, and used to classify
the 5 land covers above. The Random Forest classifier was used during the classification, and the RF classifier was trained
using the reference samples that were selected from high spatial resolution Google Earth images. The overall accuracies of the
final classification results were greater than 86.88%, with Kappa values greater than 0.817 6 (the overall classification
accuracies for the year 2000, 2004, 2010 and 2015 were 88.13%, 86.88%, 89.38% and 90.63% respectively, and the
corresponding Kappa values were 0.8340, 0.817 6, 0.853 3 and 0.871 1, respectively). This accuracy guaranteed the
availability of the classification results in monitoring human activities in Nabanhe National Nature Reserve. The land
cover/land use changing trend was analyzed based on the classification results for each period of time, of which the results
were as follows: from 2000 to 2004, water area increased mainly due to the conversion of farmland and built-up area, which
occupied 0.06% and 0.01% respectively of the entire area of the Nabanhe National Nature Reserve. Farmland area increased,
and the increased area was mainly from natural forest and rubber trees. Built-up area increased, and the increased area was
from natural forest and farmland. The area of the increased rubber trees is the largest, and the increased rubber trees occupied
natural forest and farmland. The only decreased land cover/land use was the natural forest during this period of time. From
2004 to 2010, water areas increased mainly due to the conversion of natural forest and rubber trees, because there was a
hydropower station built during this period of time. Increased farmland area was mainly from forest, while increased built-up
area was mainly from farmland. Rubber area was increasing due to the conversion of forest, the area of which was decreasing
constantly during this period of time. From 2010 to 2015, increased water occupied farmland and the forest was changed to
farmland with the largest area (96.47% of all land converted to farmland was forest). Expanded built-up area was from rubber
farmland (occupied 76.92% of all land changed to built-up). It was during this time that the farmland changed the most, it was
5.29% of the area of the Nabanhe National Nature Reserve. Obvious land use changing trend corresponding to terrain was
found from 2000 to 2015. Built-up distribution changed less, but the corresponding area increased. The rubber was distributed
in areas with slopes ranging from 0 to 36 degrees, and it was first expanded from 0 to 12 degrees, and then to 24 degrees and
now is distributed to near 36 degrees. The expansion of rubber is pushing the rubber planting to the limit in the Nabanhe
National Nature Reserve. Same changing trend was found to the farmland from 2000 to 2015. Both of these land covers are
expanding to steeper terrain and larger areas in the Nabanhe National Nature Reserve. The method provided by this study may
support the governmental departments in monitoring human activities within Nature Reserves.

Keywords. remote sensing; land use; monitoring; Nabanhe National Nature Reserve; spatio-temporal data fusion; time-series;
land cover/land use change



