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Developmental trend forecasting of tourism ecological security trends: the case of

Mount Putuo Island
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Abstract; The study of tourism ecological security is a core problem in the research of sustainable tourism development. Tt
has important theoretical significance and practical value for coordinated development of island tourism economy and the
ecological environment. It can be used to scientifically predict island destination development trends of tourism ecological
security. Tourism destination can be regarded as an organism with a complex ecosystem. To our knowledge, once the
function is disordered, the destination must be considered threatened. The purpose of this paper was to construct a tourism
ecological safety index system based on the five subsystems, including “Carrying Capability”, “Supporting Capability” ,
“Attraction Capability” , “Evolution Capability” , and “Developing Capability” ( Known as the CSAED model ). Based on
the sustainable development perspective, and the comprehensive, dynamic principle; this paper uses Mount Putuo Island in
Zhejiang Province as an example, and constructs a tourism ecological safety index system based on the subsystems of
carrying capacity, attraction capability, evolution capability, and development capability ( CSAED model). The paper used
the Grey system GM (1, 1) model and the radial basis function ( RBF) neural network model to forecast tourism ecological
safety in Mount Putuo Island. The results showed that; (1) both the Pearson correlation coefficient for the RBF neural
network and the root mean squared error were better than the Grey System GM (1, 1) model. They also exhibited a better

linear fit and a higher precision of prediction. This paper used Grey Relational Analysis to select the main driving factors;
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and used the results of linear and nonlinear analysis to build equations for trend extrapolation. In addition, based on the
results of principal component analysis, the RBF neural network model appeared to provide a new research area for tourism
destination ecological security. One of the key issues was that the tourism ecological security situation of Mount Putuo Island
became better, because the index of the RBF model from 2005 to 2014 predicted results from 0.3568 to 0.6475. It appeared
that the security level increased the sensitivity level, critical level, and the general level. Additionally, the index of the
RBF model from 2015 to 2020 predicted results were from 0.7010 to 0.8135, the security level increased from the relatively
safe grade to very safe grade. However, it is well known that the ecological system on the island will be influenced by
several factors, including natural, social, and economic, among others. In terms of Mount Putuo Island, during the period
of the forecast, it may be affected by typhoons, which may affect the vulnerability of the tourism industry. As such, it may
lead to deviation from forecasted results. In short, it is suggested that the perspective of natural ecosystems be considered in
future research, which would help to construct a better tourism ecological security index system through better mathematical
algorithms to enhance the progress of a RBF neural network model. Consequently, the results could provide critical

suggestions to scientifically protect tourism ecological security in Mount Putuo Island.

Key Words: tourism ecological security; forecast; RBF model; GM (1,1) model; Mount Putuo Island
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Table 1 Tourism ecological security index system of Mount Putuo Island based on CSAED model
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Subsystem layer Element layer Factors layer Weight
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Carrying capacity subsystem DO ITEIS VR Bl b € VR 0.0384
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Table 2 Evaluation criterion of cultivated tourism ecological security in Mount Putuo Island
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Ecological Security Indexes
AL AARE Py s 4] Rty (ke B g o i
AR IR HURSE Il 5% 42 — Mg A e e

Ecological Security Status

3 MRERSESH

31 KOES GM(1,1) BRI 45
AR SR 7 260 TR B LU S i T A A 2 AR bR R R (3R 1), A 22 R SR AR HHE A T bR
HEAL 15 FH 2 HARZME A pRERR I 3R 1 & A8 PRt T25 6 15 3] 2000—2014 435 B8 1L 5 iR i AR 2 4
BRCLBRAE (% 3) . XHZEE RS T Z MR R E RS GM( 1, 1) SR EES4 o A1 w BYEUE , 4611
PR 11 5 e i A A 2 R B B IME A K B 258 GM (1, 1) TR A 7 B2 RS g 11 5 i i A A5 2 4 F8 8K
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Table 3 List of prediction values by the GM (1, 1) model of the tourism ecological security in Mount Putuo Island
AE45y Year 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
rEXi eH (el
Actual value of 0.3568 0.4108 0.4502 0.4636 0.4651 0.4671 0.5221 0.5376 0.5810 0.6475
vecurity index
SEhR BmE
Actual cumulative 0.3568 0.7676 1.2178 1.6814 2.1465 2.6136 3.1357 3.6733 4.2543 4.9018
value
SRSz
Predictive cumulative 0.3568 0.7623 1.1897 1.6400 2.1146 2.6147 3.1417 3.6970 4.2822 4.8989
value
g G
Predictive value of 0.3568 0.4055 0.4273 0.4503 0.4746 0.5001 0.527 0.5553 0.5852 0.6167

security index

3.2 RBF &M 45 BIA F 45
3.2.1  FEUKENH ik

WA 3 rp 1 B L R R A A AR B PR A, AR X 7 R 8 X b A 2R vh 2% PR 1 UK €8 DG I
Bro S5 4 PR P45 R BoR 3% B 1L S ik AR S AR AR IR R 45 T R G BK A T 0.3928—
0.6354 2 [8] , HAEUE R /NHEFF ] . X, > X, 5X,, > X5 X, >X 15X, > X5, > X (s> X > X, 5 X |, > X0 > X0 > X (o> X, > X, > X,
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R4 ERUSKEESZEEREREETFHRBXEKE

Table 4 The influence factors gray correlation degree of the tourism ecological security of in Mount Putuo Island

S P T Influence factors X, X, X, X, X, X, X, Xy X, X, X, X, X X, X5
FBRIE Grey relativity 0.4862 0.4534 0.5656 0.6354 0.4696 0.4937 0.526 0.5115 0.4079 0.5025 0.4908 0.4203 0.3928 0.5647 0.5763
S F Influence factors X Xy X X Xy Xo Xy Xoy o Xp Xos Xy Xy Xy Xy X5
FTEHE Grey relativity 0.5107 0.5951 0.4034 0.529 0.4853 0.6148 0.5876 0.5998 0.6075 0.5949 0.5981 0.5753 0.5544 0.5213  0.5595

322 FERS TSR
iz FH SPSS 19.0 B4 (19 PR 743 AR bR o 35 b 1 5 i it A 25 48 4 SR BRI 3 DR 1 BB 32 40, LA 3k B e 4
F G PR e vk H i, 248 PC1 ) PC9 9 A F Ry, H B 5iEkE N 100% , 40 W3 5.

R5 ERUSKEESREEIEZERIRFHERLIR/HIE

Table 5 The principal component values of the Influence factors of the tourism ecological security of in Mount Putuo Island

Ay Year PC1 PC2 PC3 PC4 PCS PC6 PC7 PC8 PCY
2005 -0.3558 0.5771 -0.0493 0.8877 -0.0914 0.1633 -0.6672 1.4033 -0.2272
2006 -0.1365 0.9844 0.1628 0.1600 -0.8698 -0.0011 0.8146 -0.1957 1.3911
2007 -0.9806 0.4402 0.6973 -0.6717 1.5834 1.2544 0.8535 -0.6188 -0.9030
2008 -0.4917 -0.0314 -0.3620 0.2032 0.4739 0.0156 -0.7038 -0.3304 -0.0211
2009 -0.2808 -0.9396 -0.0062 0.1438 0.9158 -0.0409 0.9552 1.6429 1.2857
2010 0.2435 -0.6095 1.6395 0.0222 0.0283 -0.5067 0.1502 -0.0300 -0.6838
2011 0.5091 0.5252 -0.1993 -2.5233 -0.5444 -0.2586 -0.6798 0.5723 0.0744
2012 0.8278 -0.0397 1.3696 0.6221 -0.3757 1.5789 -0.8807 0.0859 1.3165
2013 1.2044 -0.4761 -0.9651 0.2240 -0.2922 0.7763 1.4206 -0.6341 -0.8652
2014 1.4607 1.5695 -0.2872 0.9321 1.1721 -0.9814 -0.2627 0.1045 -0.3675

3.2.3  FEIKEH T

fdi 1 SPSS 19.0 H g EIE Dy RE A Ze Al D e 05 B 1L 5 iR i A= A8 e 42 10 A FBEIR B K - 1 I s 45
AN [A] 7 A T A AT B AR L A, A i e LS R (R 6) Ml FH I 285 B Pl 2015—2020 4F 1Y &
BRI F AR AR, BRI 3 805015 7 R BUE FETTH5A5 0 45 05 B E i 0 — b 25 R (R 7)

x6 ERUBKREESZE2EIZERHEFULETE

Table 6 The main driving factors of the tourism ecological security and their fitted equations in Mount Putuo Island

F8H5 Index [ J975 2 Regression equation R? F Sig
X4 Y = 56.453¢%00% 0.879 58.019 0.000
X, Y = 63.524¢%011 0.978 356.819 0.000
Xy Y = 517.994x + 7817.533 0.875 55.955 0.000
Xy Y = 0.061x% —.358x + 40.933 0.801 17.070 0.004
Xy Y = 0.551x + 36.901 0.989 688.188 0.000
Xx Y = 87.008x> — 81.471x + 7504.5 0.950 65.932 0.000
X7 Y = 285.427e%0% 0.862 49.976 0.000
X5 Y = 3.902x + 5.349 0.977 347.528 0.000
Xis Y = 0.321x% + 41.009x + 197.891 0.984 217.466 0.000
Xy Y = 17954.762x%% 0.950 151.082 0.000

3.2.4 RBF #&MZITH

ARSI I B L 5 it O A 2 22 4 S 0K 2y R 7 R R IR 32 B4 S (ELVE R RBF ol 22 o) 28 A5 7 114 Ay A A
A H AR (1) B FIN ) 2005—2014 4FEA A2 2 H8 5k 22 i AR W SN E0 Jli & o 9 fn 1, Ha A
Fit tHREAS B A 7 — b B e B 2015—2020 AEEHE WA INRE A, Ay 2005—2014 4E0 AN ZRFEAS T 5
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H Matlab 141 Newrb ZHREXT L& FEAT IS5, 7 B 1 s ORI i 1 B A AE 1 R A5 ) 23 5t e &2 3R 6
e, HEE A0 10 F1 0.5, S BRI 4R 2% 5.5852e 7", FHINZREF IR AU 2015—2020 4E 1 5% 2% EA T
T, A5 B L 5 2015—2020 A iRiifAE AL IR B 25 R (£ 8) .,

RT BEFRE-UER

Table 7 Normalized data of samples

P HEBEETRE
Year Ecological PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PCY
safety index
2005 0.3568 0.0000 0.6938 0.6164 0.0140 0.9707 0.4326 0.5373 0.5361 0.4690
2006 0.4108 0.0370 0.7008 0.8002 0.1575 0.8074 0.6409 0.0000 0.7254 0.7482
2007 0.4502 0.0629 0.6982 0.6042 0.7850 0.0042 0.3231 0.3559 0.9566 0.0000
2008 0.4636 0.1391 0.2762 0.2793 0.0000 0.0643 0.4911 0.3804 0.0000 0.3553
2009 0.4651 0.1738 0.2824 0.2794 0.1433 0.0000 0.5228 0.6374 1.0000 0.7745
2010 0.4671 0.2615 0.2918 0.0000 1.0000 0.7763 0.8480 0.2300 0.6798 0.7981
2011 0.5221 0.3126 0.2804 1.0000 0.9824 0.1785 0.2703 0.2339 0.3434 1.0000
2012 0.5376 0.3553 0.3164 0.4390 0.8312 1.0000 0.1273 0.7929 0.4615 0.2140
2013 0.581 0.4161 0.0000 0.5347 0.0392 0.6614 0.0000 0.4352 0.9078 0.8570
2014 0.6475 0.4553 0.2354 0.9465 0.3802 0.4672 1.0000 1.0000 0.6393 0.5412
2015 0.7017 0.5105 0.1568 0.5899 0.2870 0.5377 0.5759 0.1065 0.5601 0.3146
2016 0.7241 0.5638 0.1811 0.5847 0.2605 0.5211 0.5642 0.1126 0.6074 0.3028
2017 0.7464 0.6122 0.3152 0.6357 0.4592 0.5629 0.5481 0.2875 0.7423 0.2708
2018 0.7688 0.6675 0.3441 0.6037 0.3761 0.5252 0.5159 0.2791 0.7441 0.3111
2019 0.7912 0.7237 0.3754 0.5575 0.2648 0.4772 0.4796 0.2488 0.6950 0.3664
2020 0.8135 1.0000 1.0000 0.3749 0.3310 0.3633 0.3905 0.5258 0.5161 0.8198
*8 EHT RBF HEMEKEMNEELBRFEESREMNMER
Table 8 The forecast results of tourism ecological security based on RBF neural network in Mount Putuo Island
£ Year 2005 2006 2007 2008 2009 2010 2011 2012
BEAVHOM A Predictive value of model 0.3568 0.4108 0.4502 0.4636 0.4651 0.4671 0.5221 0.5376
EA) Year 2013 2014 2015 2016 2017 2018 2019 2020
HATITFTMAE Predictive value of model 0.5810 0.6475 0.7017 0.7241 0.7464 0.7688 0.7912 0.8135

3.3 WERKSESET
3.3.1  ARADE AR

DA B L 5 e it A 75 22 44 5 S o R 9 A A5 0 ) 000 43 SN A R R il x RN\ y, ST LA AR AR R
(B 2) BRI A 25 2 A F8 BUE I AT LAAE v 4% AR R A 76 T, SR 1000 {1 25 1 S B AL, W% i 7
FEH L y=x b IR ELR y =0 B, TR 228K ) KL 2 0T AR ) RBF #1280 45 A5 70 fi 5145 245 SR 1]
WA TKERS GM(1, 1) BUNAREL  ffi ] Pearson FHCREL R(ARK 6) FliR 25 RMSE (A 7) X #iii
KRGS 25 R KBRS GM (1, 1) BN AL RN RBF #4128 9 45 A5 78 1Y) Pearson A 2& R %L R {5
RMSE {H4351 4 :0.9745 ,0.9999 #10.01792 .2.56117x 107, F-UUER RBF #4128 /) 25 B R0/ 25 B 11 59 il Ui Ak A
B A TR 5 rh B O = A B
332 SR

R 1L R VAR AR AR ALY RBF i 28 0 25 A5 70 T 25 SR R 2005 41119 0.3568 34 Jin 2 2014 19 0.6475,
Jite Ui A A 2 A RS PR RURS: S 020 T ok 2 TR BRI I AR GOR — e A O, 2005—2014 4F 5 BE 1L ik
TR AR AR 2 T LA e 3% | 2 ol Bl A A SO A R I Rl o 35 B Ll R 44 E X B S Rl s
FURRERS T RIS M e 0 S E B R E L 4, B IMHAES RE RS SIRIFETT K RZ BN KR,
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Fig.2 The actual value and the model predictive value of Tourism ecological security in Mount Putuo Island

A RE 1L I i U A A R R R 7R R ) RS I WA F R G 5 6 LU 5 il i & R B v R R T
KB — KSR R IFI 0 4 S S B8 i 5 B B GEHEWE YO TG 20 5 T R R0 a8 () R X 2 o — B e D
17 MR 55 1Rt , I A Fas T HCRASE B8 S RN 1 55 5 X RS, KR T 7 SR R oA o 28 (9 300 H 5 38 R4 T 1
i W DX P A 7K 0 FITIR 7 A8 R i, s SR A R 8 95.23% LT+ 96.38% , AE 1 15 K B h b 3R Fy
2005 41 61.3% LT+ 2 2014 19 74.3% , 35 1 Be i L A AR 36 b7 AL B3R 8258 100%, 5 B IRIET, 22 it
FORAPARARTT VRN A SR , A0 503 By R, E 7 B KRR BT, BROMOS U B VA A, 4 S bR T AR A
WFFEIT BE AR RELE 91773hm* (7K o 4 5 A% s il DR 47 DX PR 3 A5 i i JIR 45 RIASE , Aok Bl 8 4™ A e i B il 152
Jiti , 28 AR TR R AT RS | R SR U IR 55 AR 7 1D AR A R, v M ERE B v AR L 451 R B R B 1 AR L
BIFEALERE 1.80% F1 1.76% FI7KF-, SR, FRAFE AR 2 0 R M3, Qi ifg— | 2896 7K K 5 b o Vg 3k T
R 6198 2 15% , 13 5 PR M S A 20590 R 39.1dB T 44.3dB, K BES I AL L 1] 3.229% T %
F 2.77% X EEFEAREE A — RE AR B 1 24 1 5 Be Ll S i i A 25 e AR s

IR 5| T3 F R T3 35 T R G IR S R ok 8 L XU 44 i DX A8 25 2 e i PR e i % D5 £ A 2
B BT RE A ETEE T 3 B R T AR, 5 A T S 454 , 8% 0 S AR R 48 5 1Bl N I R Dl 42 O B it
FREHOI . FEPLREDY A7 R 5 Ge LRl 1T 37 0 S Al - 38 B 40 R v it b DX H AR T 37, DA S 00 7 it DL 1 4 1
B, RAW AWy, BRI SE T Y, AR B B & B2 i M 247.3 1 AR 2 625.6
TN, W i 5 D8R ek 292.9 AN 466.1, Wegs R A Ets il 7225 SR Z 14893 5K 171221k
AH 213 {2 % 7.62 {¢70, HESE T ARG EE IR R 2 PSR, A TR 4790 A/NE
B3 4951 A A4 A E LT 56.91% b TH 2 58.23% , 2255 MU 11.63 238N 2 44.43 {270, WAE AL 0]
B 37.42% L F+ 2 42.12%,

2015—2020 4EFE 111 5 e UiF A= 25 % 42 38 B0 RBF 1 28 0 45 B 70 15 00 4% SR 54 0.7017,0.7241 ,0.7464
0.7688 .0.7912 .0.8135 , AEIHEH K 3% , /INT 2005—2014 4F 6.85% (1) -S43 % bifi 25 3 B 1) 5 X 45 Ze 23 %)
T 53 e JRI 00 T B A A8 B v B R AP 7 BE BN R e 25 PO B AR AR S | DA ST B+ X AR A DR AP R it 1)
BT TEE ,2015—2020 4P A 25 2 AR BUKE S ANk | JRL R AT BB 1 0, AR LT R Stk — 20 78 S0 v e 4
R« R JRA AT HEIEIEm £ A" 5 A, S e 1L S iR i R S R G REIEABIRE T 4, HaK,
R 1L AR SE ) F SRS K S 3 SCAis P B IR 2t 30 4R RN UiEF A, B B Vi e 2 (B T R AS 22,
RO SR LI, T OREEEBE LR VE A AT RFLe & R, WhZ5U0R B 7043 10 23 ] AR bl ™48 AR 37 FRbR 10 i
GEEARIEEIR . B, YR RE L B iRl O St AT “ BRI 2 T 4 A I 3, 5% ) S & U kR ST
SRR PP 5 TR AT TR RRT R B I W Z00 AT o €0, AV A B (%) i T i Je JHLr , S B L e i AKHL
TR YR T AR A S i A 2 B e AL AR | iR I 28 U SRl P 5 o i 2 (B 1) G R AR B AP bR, e

http ; //www.ecologica.cn



7802 A E = 36 &

Ja  HRER T T RE 1 — 2D ORISR  BE | S AT PR PR 58 A BRI W 00, T i AR5 B, S8 A R
U PR FRGE, ) ) S K TGS 3N 3 — 2L D i i 2k A il AR R R OG AR ST L 5 iR I
FHHBARXS 73T

4 Z5iie

(1) R TR i T B L 8 i i A 28 22 4 S Ra 34 AR R 9 AT RF 52 % R 1) R B2 Hh &, 8 53 AT iR i
HEEBRGRET) ST Wn1 ) JESE T FUK e I3 (CSAED AL ) DhRe i HEail b Mt 1 iklie A A8 & 44
BRI ER K € ST P 455 R i 1k = 2R Sl PR, R 2 0K B PR 2 R s AR e e o A & SR A R i de AR P
Ty BTSN T B T R F ML A U A DT A R A Z 4T RBE 28 28 SRS T | Sy il i A6
DU R GBI AL T —ABr AT %

(2) ARBEF AT ME R R S5 GM (1, 1) TUAR TR AT RBF o 245 ] 25 45580 00 3% b 11 5% 2005—2014 4F i
e s, 450 W/R  RBF P4 W28 AR TR 25 S 19 Pearson AHICREL R MBE R FIKE RS GM( 1,
1) TR HAR 225 RMSE BUE/N TR GRS GM (1, 1) BEAL, S5 KA RS GM(1, 1) Fi
BEAUAH LA, RBF i 28 0 26 A5 70 R SRS 1 b F0I0 355 o L0 3 e Ui A S 28 4 R Tt 3

(3)2005—2014 4EEHFE 11 52 ik e 248 B0l 0.3568 MM E 0.6475 , i e A= 2522 2R B U 5 KU 45
T SR I FLEE RN — 2 4 25 2% 07 16 AL 2015—2020 4E 3% B 11 5 il i AR A 2 e Bk S i st K
R R L FRN R E 2GR LT B R R, SR, BRI AR R 21732 A SR At
o GV EZMARRM . BRSNS P T BBz B 5 XU, ARSI E R N 2 i Ui e
P A B i i 55, 1T RE BTN 25 R R 22

(4) R FARAFAE T Lt i by . 100, ARSCN AT RREE & SR LA, 2 Tk b &2 & AR 8 KRG TIREN)
CSAED HEZRREARURE EE B L1 B RV A A L AR R . ISR iR e 5 & LR B R G 2T Y
T LA T B 2 M SIS R B IE AR IA T ZE N F AR A S R G LA, #8850 o0 38 B R Ui A AN A 4
PR, R RUERIK GRS GM( 1, 1) TR F s RBF o128 9] 45 R 0 e 1500 il Ui i 2 75 28 4 e 2
LA e RS B, SR 2 LAY B 1L 15 R S B b A AR 9 (R 45 SR, Sl MR RR IR AR T s 7 ke 1y Tt
WFFE AT 20 5 B ik RS i A B2 SR 2D — DAk RBF i 28 I £8 857

(5) Hie Ui A A 2 4 i X4 e Ve b B~ R Ui A 25 24 9 I RO R B 2 — i it AR A 2 e i 9E AT 7 B2 7
HS IR BRI IS OTIE AR F B AW g, O A S b i Re e S REe  RE
W IC-TEERTE A G A 4 by RS 55 10 FH B i e 2 25 22 kg v, A kLI Atk B A9 9 50 1) 50000 52 35 1) O )
R, QTERTFE ) B AMEART-Be b B AN A 500 | 5286 )5 2 BN SR L) KAt xR A BEE rh FLAR
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