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Fig.1 A framework for ecological vulnerable human-land

system model analysis based on big data method
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Table 1 Ecological remote sensing data sets

e i GEE ImageCollection ID I (6] 5 Bl AR IR SR

1 AVHRR NPP users/ gongchen9369/ 1992- 2000_npp _latlon 1992~2000 8 km la

2 MODIS NPP MODIS/ 055/ MOD17A3 2001~2014 1 km la

3 Landsat 5 NDVI LANDSAT/ LTO05/ C01/ T1_8DAY _NDVI 1992~2000 30 m 8d

4 MODIS NDVI MODIS/ MCD43A4_NDVI 2001~2014 250 m 16 d

F2 HELZFHIES
Table 2 Socio-economic data sets
Jri LGS Bt ok I I [R] 1 Rl Z3 ) 3R ) 4 R
1 WA B AD A United Nations World Urbanization 2014 Prospects 1992~2014 [ 51 la
2 H.GDP World Bank national accounts and OECD data files 1992~2014 [ 51 la
3 AN GDP World Bank national accounts and OECD data files 1992~2014 = 51 la
4 B — el e il World Bank national accounts and OECD data files 1992~2014 [ 51 la
5 55l Ll World Bank national accounts and OECD data files 1992~2014 =51 la
6 2 =l L World Bank national accounts and OECD data files 1992~2014 =51 la
=3 SOMEEHMER
Table 3 SOM clustering analysis results

SOM 1 bR A B PR 58 R (B R B R YD R R (K P

SOM 2 U BE ST AR T L R

SOM 3 B SE TSR L B MR R S BRI R R B U ]

SOM 4 .36 JE

SOM 5 BT VF R RO SE BB R R T A A JE VAR L C RS B S A | 92 5 v 4 3

SOM 6 DRCRIIGIERG [yiiEd

SOM 7 SCHERIMANE | 50 2 M E TR T B T B VDG A L SR R B YRR R S P A D 2 i T i SO IE
SOM 8 EEHES ST

SOM 9 25 R /AN D1 i TANES R E RN < AN S LV S YT TR [ ) o A 7182 A
SOM 10 BI/RELJESE (fa iNHL e 5T R AR 2 B (U L 22 g

34 EXTHIT AL

FEAR B —aF — B XS R R R 2 )
S WiF 5 R AR U AR ST 23 A 1] 9 AR AR AR O, R R
GRTI R AT Ik B M S & T R R 5 A
AUV WA 4E B2 AT A8 A B T MEAE R o

% 4 R JF AR BUE /) KMO K 5 Al Bartlett's 1 56
Ho KMO i 2k 0.650, K F 6. Bartlett's K % 1) &
HYEPH <0.001. ZEAPATES , UL AL & Z A £
TEAH G E |, 158 B 52 55 T R 09 B 40 3 A AT R
38T .

%4 KMO F Bartlett #& 3%
Table4 KMO and Bartlett test

Kaiser-Meyer—Olkin Jll 4 HURE & 24 1 0.65
LRI 5361.56
Bartlett's BR ¥ J3 46 56 A 28
P 0.000

IESC T i Ja i R B R 2 5 TR L I 1
ARG AT S BT ] A GDP RIS =7
i ], ik e e AR R & U R R AR DY oK I
Flmantt S kR, HT 2 E2AAH NPP,
NDVIFG =70 b il AR5 AR S P 55 453 B L 4, A
R IR 2 i 24 8 AR 3 I E

#5 EXmEENETFER

Table 5 Orthogonal rotation of the factor matrix

KEEE T A1 Y2
AN RRUPS YN RN AL] 0.84 -0.24
B GDP 0.04 -0.17
A¥GDP 0.69 -0.30

S5 —ll Le ) -0.89 0.15
55l He A 0.07 -0.77

55 =7l He A 0.67 0.58
NPP -0.23 0.67

NDVI -0.11 0.70
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Fig.5 Perceptual map trajectories of 10 development models
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Table 6 Discretization of key factors

K8 XEMNIMAEZRER

Table 8 Part results of association rules

1D Association Rules ST _sup ST conf
1 E11— 141 88.98% 88.98%
2 141 — E21 88.98% 100%
3 E1l —~ E21, 141 88.98% 88.98%
4 134 —~ E11 7717% 100%
5 E21 — 134 7717% 77.17%
6 134 —~ E11, E21 717% 100%

R i1 k2 3 4
NI =YNE| _
WL/ % 28.45 51.12 69.17 88.88
B GDP(US $)  1.01E+10 4.85E+10 9.84E+10 1.61E+11
AHGDP(US $)  747.50  2390.73  4731.78  7744.12
Sl i/ % 4.51 15.12 26.98 44.08
W/ % 20.56 30.44 42.94 63.51
W=/ % 26.86 41.02 53.36 66.96
NPP/gCm™?) 202.63 720.25  1616.67
NDVI 0.15 0.46 0.64

KT HEUAHSEFEESHREETER
Table 7 Standardization table of social-economic and

environmental affairs

GDP
1D Un GDP Ag In Se  NPP NDVI

per

BHR1992 114 121 134 141 153 164 El1l1 E21
BHR1993 114 121 134 141 153 164 EI11 E21
BHR1994 114 121 134 141 153 164 EI11 E21
BHR1995 114 121 134 141 153 163 El1l1 E21
BHR2007 114 121 134 141 153 163 El1l1 E21

HUn3T A O & B A OB GDP: & GDP; GDP per: A3
GDP; Ag: 55 — Mk Fe i) In: 585 =l Lo i) 5 Se: 55 = 7l L 3] 5
NPP: §0) 2 /L 77 1 ; NDVI: 1 — (b B8 4L

R T SO AR T A HE R A SR TR
BF 2 R ) 1 T A R, A S B U /N SRR
60% , Fe/INEAF B 7000 o MR 22 2 OC IR ) 47 4
5 AR A A S A T 5 AR R B A 55 R
FTH2 4, 153 338 43 O BRI 4 35 8 BT 7 o

BT 8 1Y fe /D SRR R RN AT O
1992~2014 4% 10 2 % J A X #1742 4 J 8 345 3]
346 2 HLM , Hodh SOM1 A 46 4, SOM2 A 37 4,
SOM4 f7 168 45, SOM6 5 9 % , SOM7 F 4 %,
SOMS8 A 82 %%, 1l SOM3.5.9 Fl 10 £ it % ¥ J&
BAGE T AEECHMN, s R A A E

e MO BN A 22 T 5 AR R B AN AR AE B 1 OG
Fo XHELISOMI & A A A 2 I 2 48
U0 45 2 1] 350 B

SOMI 5 5 B 58 32 B 2 A 46 1 bk G B L
vl PHEURE BT R R U R BB AP A B G A N
M8 NPEE E 5. H AR 71l , SOM AR = [ 52 it
T LA B R 3, R 43 b XK 9 VR e e, A
B JFORIYD 0 A AR R R B, P 2R A D A B it
TR . 23571, SOMI R A SN EE Y E T
AT D I A R AR R R
IR AP A b S0 s e o e 3. LRSI sl
T T Ml R R S AR 2 DA A AR T R R R SR RS
2% R SRR H G, Y R A 7 S R A
2 T B BRI, 78 S R AR 7 4 A, B
A ™ i EEHH X Z—,

a7 F ) 1. E21>T141 (sup=88.98% ; conf=
88.98% )

I 5% 0 0 156 B >4 A s ARk T 0.07~0.31 ik
(B3 B BERSE 25 — 7l Lo it Ak F 0.03%~7.30%
PR 5 AT 900 L o 0P 2% 00 DU 1) A5 B v s 88.98 %%, 1k
B 3 2% R 09 AT A BE AR v, Xt S R AT BRI
P — S0, V8 A M IE LA R TR 32 B b Ak T 3
A O B3 A, P TR 43 M X R KR D, K B TR
B, T SR A B B R G R B S T %
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PR EE G O X 2 — o AT UL AN IE O e A
KB PR, 8 RAE % 4 HCw AR 5] 5 — 7l L A
) T AARAR I o

HL I FL ) 2. E21, 154134 (sup=76.38% ; conf
=76.68%);

1M 2% 0 D0 358 B Y A Bk 48 Bikk T 0.07~0.31 341K
{90 PRl B, 35 =™l Bb il 4k F 53.60%6~96.62 % 4%
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Study on the Model of Ecological Vulnerable Human—-land System

based on Big Data Analysis Framework

Gong Chen"?, Li Xinwu', Wu Wenjin'

(1.Institute of Remote Sensing and Digital Earth Chinese Academy of Sciences, Beijing 100049, China;

2.University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: To solve the problems of complex data processing, subjective model recognition and complex internal

mechanism in the study of ecological vulnerable human-land system, a model analysis framework based on

cloud platform and big data methods was proposed. Remote sensing and socio—economic cloud platform are used

to collect and process data. Self-organizing mapping neural network clustering (SOM) method is used to recog-

nize model without prior knowledge. The trajectories was analyzed from the perspective of social-economic de-

velopment and ecological friendliness by using perceptual map, and the laws between social economy and eco-

logical environment was selected by using association rules. The experimental analysis was carried out in 65 Belt

and Road countries. The experimental results effectively divided 65 countries into 10 models, and analyzed the

trajectories and relationship rules of 10 models. The results show that the framework can perform the functions

of data acquisition and processing, multi-model recognition of human-land system, trajectories visualization

and rules detection. It effectively makes up for the deficiencies in the multi-model study of human-land system.

Key words: Ecological vulnerable human—-land system; SOM ; Perceptual map ; Association rules



