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Fig.1 DPSIR conceptual model
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Table 2 Reliability and validity test

WAL CR Cronbach’ « AVE
D 0.8732 0.6019 0.5007
P 0.8986 0.6793 0.5040
R 0.9057 0.6512 0.4975
S 0.8793 0.6339 0.5011
I 0.8803 0.8086 0.5085
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Table 3 Hypothesis testing of action paths
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Table 4 Weights of the network nodes
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Fig.2 Classification of tourism ecological security system in China

R AL A R TRRE ST o ISR I T 1)
HE T A R GAE T I AR IS A TIRAS , 518
PR i 2R A 2 4 R G R AR AL T 1]

2) ‘R KERIRIF T AR S L2 RG .
PRI & BB A AL T 3T,
RGN LR R AE AR T S €0 A R 1L iR 417 3k
o [RIF, B 2R T B B iR (e 2 % T oAl
TR T, FAR W 7 b R AR A A R G T
PSS, A0 B e 3k BB 3k T AR 98 77 ML W WIS 25,
HA KB . SR, 3K L30T AR B A5 By
BBy , 0 TR R4, OF
F AT AR AT RYRCRAE, Ul K BB R TT Y i
Pl RIS e R B, A R e AE T, BE
WG AF 20 STAE IR T R 0 77 ) e FRE ke o AT
RANRT 5 2 R R B O AR Tl s B T 22 T AT
SRR 3G i R U 7 M B e 4 7 S AR
BURERGNTK

3) “ERUKERTR I AR R ARG .
(2 3it) 33 A R RS NE NI R) NI (TR NGV
B85 AT o X IR T AR A A R GOy
B BEPP O A AR X AR | I ELP 2% 2o 10
S W 2SS R T e X A A 2 4 R U A R
i, R BB i A A B O AR 4 AR S R AR
o A, IXERUR T S B AR R A A
JRASH IS LSBT R A ALY . XL

g0 R TR T T R g A A R 2 T
7, ARSI IR Z 1 TR, R LR A7 2
SRR X WAE W T SE R GUR
(A R AR < I SRR WP I T L T R Al A
ASEREEZ B oty A0 ), RSk b3 i) A A2
RGBS e 7l K SR AR, ARl
KRS AS , WARA B HAE S L2 RS
ARG R

4) R AR TR IR Wi AR ARG
IR WAL S KU R RS 3N
1, ARG A BCRIEM AR, [ ARBTTHIR
G VB B 5 B Be A RCR AR W 1630, R %k
AR Ui 30 T A 2 5 e I SR AR T I, ) AR 252
RGN TS, HHAESZ 2R a8 M
RE T QL AR X B, XE DLAE 3P AR SR BRI DL o 25
BRI TR T 1 AL TR A KRR B,
RS TH 28 i K JR K-, TNt i i 7 b
il e e B, DL AT AR Ui e 55 HARE . A1, A=
A AW N RE 7L S AL X L 2 W S
ek b, fE4RTE A B A EACF I R, %2
TR T 30 TR IS AR T 8 96 T A 25 B PR SR 1) o 2
Xt A A2 A R GEREAT A U B, SRR IR I
Wty At K HAR R GUNNE A R

5) “AFBHRE ) mR G RL R I AR S A R
S8 ZSRRWPMTT A i AER )M KRR



1] ZR e A5 < v DRIl T A A2 4 RGPS 5 2B R MR ——FE T35 U 29 SR R 2% DEA 54 161
R 5L PR P RSO A R 22 M 10 I

W XRRERLZ LRGN HRBITH B
AL R TAE HILS 05 B B AR AR, AT 5 2K
B LRGN LRSI EE/NTE, A
SEeEREER MRS ZakE,
o BE R I I R4 S v ] ) DI SR e iR
AR LA T R AR S R S8 AR T B ) il
R TT o i HLI SR iy $uk T (19 A 2528 4 R G4 Bl
AE 7 B, ME L 22 i 2F 25 2R G 7R 32 19 T THT R
Wi o DRI, 3% 2HS TR R 90 vl o 5 BT G 1 2 115 20
AR Y7 I 2 A B0 L A 2 T DR A 2 BRI Y
Wiy , BEAR 22 UF Ak 2 R AR S R G bl , 2
FARIREDIROL o RIS 20 Y 3ok T o7 145 5 e s 7™
b 3T 28 B e D R B4 DG, 4R T U 7 M Y
TURRAE 7, 210 S B T R Ul A T Rk

4 45

WFFER i Uy A A5 2 2 R SR IEAIE A7 0
B, K Hor o A SRIEAT I B B B A5 B B, 95
A W45 DEA 5 RL%F P A B Be iz 47 0% A7
H), TR TR 7 Ml b 8 X I 222 4
B =R s o= A NP NS Vi1 312 A ED0 e BN G o
GER P KAEBERE S . — 7, WFSE 5] A DPSIR
LSBTV N R A A % A RGN IEAMELE 455
Hh ] 304> TR T ORISR (CHER & K
FRCHL DX R ) | 5| ASSHG T R B X 2R S8 AR R
PR R BEAT I UE AN E o W53 % 3 DPSIR A& 45
BIRBITFERELEIFAIE LG I, “MAE R ™% KA1 P
AR B )V AT S AGL G, T HA 6 2%/ B AR 1
EPUBSR AR o 55— T5 i, SRR S b
BRIFR T AL SR e RGMEIR LR B R Gr
N RIS B A B BB B M S B
A1 EACE L AR 45 DEASTAY, 4355100 B W54~ By
Beis iR, N o3 M i 7l A s /R HI A
TS A= A A R G R E BERE T . SRR
e I T A 5 2 R IE T IR R B R
(8 DXl 2 S L AT LACKS 30 AN REAR ST T DL 4 6
KR Rl R ST | e R Y X 4 TR A
A HRE SR I 5 PP o AR PR REAS I T A A2
RRGLEE VN GE R AR 5y, T ER I
T 2535 Bl i e by ¢ 8 AR 3 0 ok 2 A 5 45 Dy T 2
G AR A e RGUIRBUR HEm s

(1]

[2]

[3]

[4]

[3]

(6]

[7]

[8]

9]

[10]

Ve [F, Eh 0, i b il lip 22 U -5 A AN FRE I & R 2R MM 22
W ——LAPE 2T A ] PUAL AR FLAABLARR),2011,
41(6):1097-1101+1106.[Pang Wen,Ma Yaofeng,Tang Zhongxia.

The coupling relationship and coordinated development be-
tween tourism economy and ecological environment: A case
study of Xi’ an City. Journal of Northwest University (Natural
Science Edition),2011,41(6):1097-1101+1106.]

JEIME SAob A AR T VT A e A 25 AR B I 25 4% Jrg B Rt (4]
F[J]. 1 BERL 2£,2015,35(5):599-607. [Zhou Bin,Zhong Linsh-
eng,Chen Tian. Spatio-temporal pattern and obstacle factors of
ecological security of tourism destination: A case of Zhejiang
Province. Scientia Geographica Sinica,2015,35(5):599-607.]
FAR ISR EE, EAE AR A A2 A B A B ——LULEE I
SRARA X M 91 (] HU PRI 5E,2008,27(2):449-458. [Zhang Jinhe,
Zhang Jie,Wang Qun. Measuring the ecological security of tour-
ist destination:Methodology and a case study of Jiuzhaigou.
Geographical Research,2008, 27(2):449-458.]

R R A A A R AR B Gte e ARSI (0] N S8l
W28 2 e 27 41,2007(5):35-38. [Lv jun. The origin and the diag-
nosis of tourism ecological security theory. Journal of Inner
Mongolia Finance and Economics College,2007(5):35-38.]
[ AR A 5 2 4 5 BUE RSB 0] R BT,
2016(4):95-104. [Li Xue. A comprehensive discussion on tour-
ism ecological safety and early warning at home and abroad.
China Tourism Review,2016(4):95-104.]

AR IRAT X T R E AR A IR SS 1) DA A5 2 A% SR TS ATE
A1) ERL,2018,38(3):361-367. [Peng Baofa,Zheng Yu,Liu
Yu. Coupling ecosystem services and regional ecological securi-
ty pattern. Scientia Geographica Sinica,2018,38(3):361-367.]
RIS, 5. b A SR e A A e A s R 5 2 (80
[7]. & %% H# $,2017,37(3):210-217. [Li Xigui,Wu Qing,Zhou
Yong. Spatio-temporal pattern and spatial effect of Chinese pro-
vincial tourism eco-security. Economic Geography,2017,37(3):
210-217.]

ER T AR 0 A R U A SR A A 22 A R Bl g e L AT
0. F 5 X % ¥ 5 3 55,2009,23(4):146-149. [Lv Jun,Yu
Xiangxian,Liu Limei. Dynamic mechanism of ecological securi-
ty in tourism development. Journal of Arid Land Resources and
Environment,2009,23(4):146-149.]

B L Fif, BN A7 T AR AL Tl IXAE 2 A Bl AN AR i R
BRI 252447,2017,37(22): 7474-7482. [ Tang Chengrui,Lu
Chengpeng,Yang Qing. Dynamic evolution and driving forces of
ecological security in the traditional industrial area of Northeast-
ern China. Acta Ecologica Sinica,2017,37(22):7474-7482.]
X e B R R A A A B A Al 5 R R AT AN 5 5
IE[I]. 4031 5 P 56,2013(18):61-63. [Liu Xintian,Gao Yuquan.
Dynamic change of tourism ecological footprint and evaluation
and demonstration of sustainable development. Statistics & De-
cision,2013(18):61-63.]



162

Moo B

B

2% 394

[11]

[12]

[13]

[14]

[15] =

[16]

[17]

[18]

[19]

[20]

[21]

e, XUAR I, 25 45 2 T 02E TOPSIS-JK 4 GM(1, 1) BEEL 1Y
S AR G B e A 25 2 A sl A5 TV (9] 0 A 2520 412,2017,28
(11):3731-3739.[Xu Mei,Liu Chunla,Li Dan et al. Tourism eco-
logical security early warning of Zhangjiajie China based on
the improved TOPSIS method and the grey GM (1,1) model.
Chinese Journal of Applied Ecology,2017,28(11):3731-3739.]

BRI S A A 55 X e U R R & (14 A A 2 VAN
—— AN S SR 2T A FII]. T R X I S R 5E,2012,26

(5):187-193.[Jia Tiefei,Feng Yafen. Ecological security assess-
ment on tourism resources development in ecological fragile
district. Journal of Arid Land Resources and Environment,2012,
26(5):187-193.]

FRMG AT 5, B R ] 2 BRI T A A VP B S0y
B [R5 45 39 A 57,2009,29(7): 141-144. [Zhang Peng,Zheng
Chuiyong,Tian Ze. Ecological security evaluation and differ-
ence analysis of major tourist cities in China. Science and Tech-
nology Management Research,2009,29(7):141-144.]

KT R, TR DL AR 5 X A 252 42 IRDS A S
B 7% [7]. %€ U5 B 2#,2015,37(12):2350-2361. [Zheng Yongxian,
Xue Fei,Zhang Zhiguang. Ecological security measurement us-
ing the IRDS model in forest scenic spots. Resources Science,
2015,37(12):2350-2361.]

1o A AR T B e ri DU T A SRR TS Y ()] b
LR 2£,2016,36(8):1219-1226. [Gao Jiaji, Li Xueming,Zhang
Feng. Early warning of wetland eco-environmental in Nansihu
Lake. Scientia Geographica Sinica,2016,36(8):1219-1226.]
JEUME B BIObR A 5 A 1 B3 R i 2 A 2 A R T A T
[I]. 4 A% 411,2016,36(23):7792-7803. [Zhou Bin,Yu Hu,Zhong
Linsheng et al. Developmental trend forecasting of tourism eco-
logical security trends: The case of Mount Putuo Island. Acta
Ecologica Sinica,2016,36(23):7792-7803.]

TR XM SR AR I S G VPR S B A I -4 1T (0],
KT IR G5 5 PR 4 2018,27(3):605-614. [Xu Mei,Liu Chun-
la. Tourism ecological security evaluation and obstacle factors
analysis of Zhangjiajie. Resources and Environment in the
Yangtze Basin,2018,27(3):605-614.]

Li Yajuan,Chen Tian,Hu Jing et al.Tourism ecological security
in Wuhan.Journal of Resources and Ecology,2013,4(2):149-156.
VBTSN PRI AL BT AR A L A AL 5 e
TR [J]. T 5 X Hb3,2017,40(4):787-794. [Lu Shasha,Guo
Liting,Cheng Yinghong. Simulation and optimization of forest
ecological security of Beijing: An application of system dynam-
ics model. Arid Land Geography,2017,40(4):787-794.]

X FE R DY g A 25 AR R T OB B s 7R LR A 24,
2016,36(22):7088-7091. [Liu Guohua. Formation and evolution
mechanism of ecological security pattern in Southwest China.
Acta Ecologica Sinica,2016,36(22):7088-7091.]

kIR 1], B O o A A6 D e A RO SR A A —— LA
T T 48 0 1 0], 3 PR 2£,2016,36(3):417-423. [Yao Zhiguo,
Chen Tian,Yin Shoubing et al. Regional tourism eco-efficiency

model and an empirical research of Hainan Province. Scientia

[22]

[23]

Geographica Sinica,2016,36(3):417-423.]

TR, TR, K D 47 2T OWA (Y K HIL T 4 b A 2548 ity
WFFE[I]. B RL2,2017,37(11):1778-1784. [Zhang Hong, Wang
Anqi,Song Beiyang.Evaluation of land ecological security in
Dali City based on OWA. Scientia Geographica Sinica,2017,37
(11):1778-1784.]

FEMS, B IE R, A L0 4 5 B T R W BT ik il i 2R 25

6 J5y 7 8] PEAN [J]. 4 3R {5 J8RE 2% 2 412,2017,19(7):924-933.
[Cheng Peng,Huang Xiaoxia,Li Hongga et al. The spatial evalu-
ation of urban ecological security pattern based on subjective
and objective analysis. Journal of Geo-Information Science,
2017, 19(7):924-933.]

[24] e, I bR 5 T A 2 W 2% Y 2R 3 22 i SR A [ 0 AR 25

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

2% 12,2017,28(3):1021-1029. [Fu Qiang,Gu Chaolin. Delinea-
tion of ecological security pattern based on ecological network.
Acta Ecologica Sinica,2017,28(3):1021-1029.]

European Environment Agency. Halting the loss of biodiversity
by 2010: Proposal for a first set of indicators to monitor prog-
ress in Europe[C]//European Environment Agency. Copenha-
gen: European Environment Agency,2005.

Bowen R E, Depledge M H. Rapid assessment of marine pollu-
tion (RAMP) [J]. Marine Pollution Bulletin, 2015,53(10-12):
631-639.

Tscherning K, Helming K, Krippner B et al. Does research ap-
plying the DPSIR framework support decision making?[J].
Land Use Policy, 2016, 29(1): 102-110.

Tone K, Tsutsui M. Dynamic DEA with network structure: A
slacks-based measure approach[J]. Omega-International Jour-
nal of Management Science, 2014, 42(1): 124-131.

B, ENT K. #5245 DEA AT, B2 10 52k S5 IA U,
2010(1): 213-222.[Wei Quanling,Pang Liyong.Chain network
DEA model. Mathematics in Practice and Theory, 2010(1):
213-222.]

I e 46 434 7 155 MaxDEA # 2 [M]. A6 5T JIE =L
i B2 4t , 2014.[Cheng Gang. Data envelopment analysis and
MaxDEA software[M].Beijing: Intellectual Property Publishing
House,2014]

Giupponi C. Decision support systems for implementing the eu-
ropean water framework directive: The MULINO approach[J].
Environmental Modelling & Software, 2014, 22(2): 248-258.

AT T, B 0 2 e A VLR 5t Tl A AR AN B X duk
24 S WF T [I]. 4 75 2% 412,2018,38(15):1-12. [Ren Shenggang,
Zhang Rubo,Yuan Baolong. Industrial eco-efficiency evalua-
tion and regional differences of Yangtze River Economic Belt.
Acta Ecologica Sinica,2018, 38(15):1-12.]

ARER, N A AR, FUE A LT Bootstrap-DEA A5 5 FR g i i [X 747
VRGP RCR 2 [ AL 5520 R 3R 43 A7 0] 38 RE24,2017,37

(6):859-867. [Zou Wei,Sun Caizhi,Qin Xionghe. Spatial evolu-
tion of marine economic efficiency and its influential factors in
Bohai Sea Ring Area based on bootstrap-DEA Model. Scientia
Geographica Sinica,2017,37(6):859-867.]



11 ZR e A5 < v DRIl T A A2 4 RGPS 5 2B R MR ——FE T35 U 29 SR R 2% DEA 54 163

[34] VhEF— FHASTRHE A5 H T 2% DEA REERCR PN )] 20 e 2 16 T8 T 9T 0] 3 LR} 27,2018,38(4):564-574. [Liu Jian-
M55 IAI,2017,47(21):8-16. [Sha Mengyi,Zhen Ling, Tan Ju- guo,Zhang Yan,Huang Xingling. Tourism satisfaction of differ-
nyan et al. Supply chain efficiency evaluation based on network ent types of tourist attractions in Beijing based on perceived sit-
DEA. Mathematics in Practice and Theory,2017,47(21):8-16.] uation. Scientia Geographica Sinica,2018,38(4):564-574.]

[35] ], sRAF, A AL TR G A9 AL UK [RI 2R L 51X

Evaluation and Type Classification on Chinese Tourist Urban Ecological
Security System: Based on the Network DEA Model with Node Weight
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(1. Business School, Shandong Normal University, Jinan 250014, Shandong, China; 2. College of
Geography and Environment, Shandong Normal University, Jinan 250014, Shandong, China)

Abstract: This research takes the DPSIR concept model as the basic form of tourism ecological security system
aimed to explore the internal mechanism of tourism ecological security system, and analyzes the social feed-
back management ability of tourism ecological safety system. Based on the theoretical framework of the DP-
SIR conceptual model and the characteristics of the tourist cities, it defines the 5 elements of tourist city ecologi-
cal security system (driving force, pressure, state, impact and response) and analyzes 7 relationships among
those five elements. And then, it analyzes the characteristics of 4 subsystems of tourist urban ecological security
system (economy, society, natural environment and tourist industry), extracts the specific indexes of the five ele-
ments, and constructs the corresponding evaluation index system. And it decomposes tourism ecological securi-
ty system into 2 step stages, named as natural operation stage, management feedback stage and employs the net-
work DEA model to explore the efficiency of different stages and the integrated situation of the whole system
from the perspective of ‘input-output’. To enhance the applicability of the network DEA model, this article em-
ploys the structural equation model to identify the frameworks of tourist ecological security system, limit the
structures and nodes weight of the assessment model and build the network DEA model with nodes weight. The
article is the measure and evaluation of ecological security system of Chinese main tourist cities. This article se-
lects 30 tourist cities (excluded those in Hong Kong, Macau, Taiwan and Tibet) as the study objects, and adopts
the above proposed system evaluation model of tourist urban ecological security, combined with the empirical
data of 30 cities to evaluate their tourist urban ecological security systems. According to the result of the quanti-
tative relationship among systemic elements, the negative effect of ‘R’ to ‘P’ is failed to be supported, which
indicates response measures of those tourist cities have still been lack of efficacy to alleviate the dissipation of
pollutants and the impact to environment. The positive effects of ‘R-D’ and ‘R-S’ reflect that response mea-
sures could maintain the state of ecological security system and improve the economic and social development.
According to research result of compressive evaluation of tourist urban ecological security system, this article
evaluates the efficiency values of ‘natural operation stage’ and ‘management feedback stage’, and makes the
integration of two efficiency values to get the comprehensive evaluation values of various tourist urban ecologi-
cal security systems. Based on the comprehensive evaluation values and the two stages' evaluation values, those
30 major tourist cities are divided into five kinds of basic categories, which are ‘green development type’,
‘steady development type’, ‘high efficient development type’, ‘two-way promotion type’ and ‘management
ability lack type’. And then, it identifies the characteristics of these 5 types and puts forward to the targeted
strategy suggestions of improving various types of tourist urban ecological security systems.

Key words: tourism ecological security system; tourist city; node weight; network DEA model



