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Abstract; The coastal wetland of China is facing the problems of continuing reduction of acreage, degrading ecological
functions and depletion of coastal fishery resources. Consequently, natural coastal wetland area was substantially lost due to
land conversion, petroleum production, coastal aquaculture, and salt farms. However, with the implementation of the
National Wetland Conservation Program (2002—2030), the increase investments of the central and local governments,
have not done that much to mitigate the existing problems. This paper aims to measure 10 coastal provincial management of
coastal wetland conservation and utilization from 2006 to 2015. We collected land use data, the number of staffs, capital
investment, coastal wetland conservation areas, coastal wetland production and sewage treatment rate. First, we constructed
an evaluation indicator system for coastal wetland protection and utilization management. Second, we used Analytic
Hierarchy Process ( AHP) method to optimize indicator system to acquire the values of all input and output indicators.
Finally, we used Super Efficiency-Slack Based Measurement of Data Envelopment Analysis ( Super SBM-DEA) model to
calculate the management efficiency of the 10 coastal provinces. The results showed that the effective Decision-Making Units

(DMUs) accounted for 71% and the invalid DMUs accounted for 29%. Most effective DMUs were seen in 2006, 2007,
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2008, 2014 and 2015. Fujian, Guangdong, Hainan, and Jiangsu contained nearly half of the inefficient DMUs. While
Shandong, Hebei and Zhejiang showed the most efficient DMUs scoring nearly 90%. Out of six indicators, two main
indicators contributed to a reduction efficiency which are lack of protected areas of coastal wetland and the under-utilization

of capital investment. Our results will lay a scientific foundation to improve the efficient management of coastal wetland.

Key Words: coastal wetland; AHP-DEA ; Super Efficiency-Slack Based Measurement ; efficiency evaluation
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Table 1 Indicators for management efficiency evaluation of coastal wetland conservation and utilization

fibndey — AR Y E i
Type of indicators First level indicators Second level indicators
BATEIR A BWEBA A /AT PEMRBOE [ 22 BE P BT @y /4LT0
Input indicators A TR BR8N It A BBV 0, /A2 TT
MK 5 A B as/ (0T
ARG a0,/ 127
ANTHFTA A, FARB AN B as

IKF RGN IS B MOl A B ag
MG FRFE A @,/ A

L 2

HHEA Ay S AP 0y AT
7= bR I SRAE T B by /TN
j Hﬂ?uﬁﬁ A BT L(’ﬁﬁ%ﬁﬁtf \/ T
Output indicators B W b,/ JT N

MR P= 5 by/ T
TR Y AL B,/ km?
NG IKAL A B,/ %

R2 HAHEE-BEREURNESER

Table 2 Consistency test result and weight of judgment matrix

FIWHEIF A, — B FIWTEEF A,
Judgment matrix A, Consistency test Judgment matrix A,
A, a; a, a3 ay L4 Ay as ag w
a; 1 172 1/3 3 0.199 as 1 2 0.667
a, 2 1 1/4 4 0.289 CR=0.067 < 0.1
as 3 4 1 5 0.443
ay 1/3 1/4 1/5 1 0.069 ag 1 172 10.333
JIWiHERE B, B L FIWTHFE Ay
Judgment matrix B, Consistency test Judgment matrix A5
B, b, b, by W A ay ag W
b, 1 2 3 0.465 aq 1 172 0.667
CR=0.046 < 0.1
b, 172 1 3 0.398
by 1/3 1/3 1 0.137 ag 172 1 0.333

W 24545 L Weight; CR; — 3 R Consistency rate
454 MATLAB 1545 219 %& “ A8y LU, DB IR T s & — 9udabr HARRUH , $ 515 % —2ids
PREVEE (£ 3) .

R3 BWARHERTHRLE

Table 3 Transformation of input and output indicators

LW A TR B A PR L
Input/output indicators Transformation of indicators
P& A A, Capital investment A A;=0.199a,+0.289a,+0.443a;+0.0.069q,
A F 1A A, Human resources investment A, A,=0.667a5+0.333a,
FH1#EA A; Land resources investment 4 A;=0.667a,+0.333ag
P21 B, Production B, B, =0.465b,+0.398b,+0.137b,
3 FERESH

22 DEA Solver-Pro5.0 BAFE B IR0 AMRLR SBM BRI BEfTis 8, 7] LIRS 2006—2015 4R 1T 10 44
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Table 4 Evaluation results for management efficiency of coastal wetland conservation and utilization in 10 provinces from 2006 to 2015

/i A
Provinces 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Average
value
tagk 1.250 " 1.073 " 1.000 * 0.292 *** 0.114***  0.112***  0.061 *** 1.021" 1.016 " 1.607 * 0.755 ***
IR 1.102 " 1115 1.007 * 0.053***  0.047*"*  1.489* 0.158 *** 1.031" 1.013 " 1.039 " 0.806 **
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i 1.154* 1121 1.029 " 1.085 " 1.001 " 1.001 " 0.756 *** 0.466 """ 1.001 " 1.042 " 0.966 **
T 1.277* 1.205 " 1.0427 1.027 " 0.514"**  0.629"**  1.004 " 0.877 ** 1.016 " 1.074 " 0.966 **
IR 1.158 " 1.014 " 1.001 " 1.017 " 0.925 " 1.016 " 1.033" 0.946 ** 1.039 " 1.023* 1.017 "
L 1.218 " 1.014" 1.017" 1.000 * 1.012 " 1.019 " 1.060 0.942 ** 1.019 " 1.048 * 1.035"
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Fig.1 Management efficiency of coastal wetland protection and utilization in 10 provinces from 2006 to 2015
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WP, R BEER 12 (AT A B T2 R A A i AR A, BRI A 98 N B8 Ll B S i, {H 2 R Ak
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— FEAREEI B SRSV Z TR ER T, T LIS INBORN A& B 51 R R P S B S AR A
RiEFT 2, IF BRI i R v, i TR A i R, R 45 1738 T ARG b, iR 4P )
PG, A= PR 2 ARSI R AE — B R B b S W 1 A7 SC Ui M BUR A BB K R it i (B
AESE AR G R AR OL . J5 22 R DRSS I i e+ Bodle 2647 IR A B A . 5 R 2E LG
TR PRI BOR ST T RO SRR L, B ARBIT ST A FHAE , (AT 07 1 32 R R B — B J2 R M ik 55
EXIIATIT 2 A TR DR 5 AR R, BEECE Rl O A8 B A TP A 7 —E R L L ROV RPN 45 2R 32
WLPE A, S0 )2 el 8 —, T LA

o

ARSI A AR

F5 RERMAEPFATELREANTNEHHNRULER
Table 5 Input and output optimization of coastal wetland protection and utilization management efficiency
BATCRF/ % PRI/ %
TS BT S Input surplus rate Output surplus rate
(oML Blliensy A AL HIREA - BAPER AR
Making Units) e ) Capital resources resources Production Protected Sewage
mvestment investment investment areas treatment rate

& 10 0.047 0.0% -15.3% ** 0.0% 4.7%* 999,99 *** 0.0%
J7A& 09 0.053 0.0% 0.0% 0.0% 2.3% " 999.9% *** 0.7%*
A 12 0.061 0.0% -5.6%* 0.0% 2.7%* 999.99% *** 44.6% **
T 08 0.078 0.0% -13.7% ** 0.0% 5.4%* 999.99% *** 1.9%*
A 11 0.112 0.0% -1.7%* 0.0% 2.8%* 999.99% *** 6.8% "
e 10 0.114 0.0% 0.0% -9.2% ** 0.0% 999.9% *** 5.3% "
TR 12 0.158 0.0% -7.8%** 0.0% 0.0% 999.99% *** 0.0%
e 09 0.292 0.0% 0.0% -3.1%" 0.0% 703.4% *** 14.2% **
KH 09 0.435 -37.1% ** -0.3% " 0.0% 4.7%" 298.6% *** 0.7%*
M 12 0.438 -8.4%" -12.9% ** -3.6% " 0.0% 318.3% *** 9.8% *
I 13 0.466 -22.1%** 0.0% 0.0% 1.9%* 294.5% *** 0.0%
REE10 0.485 -19.1% ** -11.5%* 0.0% 6.2%* 248.19% *** 0.8% *
R 13 0.487 -7.8%* -6.3%" -6.6% * 0.0% 260.7% *** 12.7% **
L7 10 0.514 ~72.4% ** -5.5%* -34.4%" 15.3% 49.8% *** 0.5%*
YL 12 0.533 0.0% -20.9% ** -8.8% " 0.0% 207.19% *** 0.1% "
YLI5 09 0.619 0.0% -6.2%* -7.6%** 0.0% 162.6% *** 0.3%*
T 14 0.629 -43.4% ** 0.0% -2.6%* 0.0% 103.9% *** 0.0%
71 0.629 -72.0% *** 0.0% -30.5% ** 11.5% " 1.3%* 1.1%*
VL5 13 0.639 -39.9% ** -4.9%* -2.9%* 0.0% 94.99% *** 0.0%
5w 14 0.654 0.0% -12.8% ** -1.5%* 0.0% 135.6% *** 1.5% *
Wi 11 0.721 -21.0% ** 0.0% -5.0%* 0.0% 79.99% *** 0.0%
7T 12 0.756 -35.0% ** 0.0% 0.0% 5.8%* 44.7% *** 0.0%
T 11 0.862 -29.7% *** 0.0% -11.8%** 0.0% 0.0% 0.0%
Wil 12 0.869 0.0% -4.9% ** 0.0% 0.0% 39.6% *** 0.0%
L7 13 0.877 -7.4% ** -21.8% *** -1.0%* 6.5% " 0.0% 1.5%*
14 10 0.925 0.0% -1.1%* -7.3%*" 0.0% 15.3% *** 0.0%
Kigt 13 0.931 -9.29% *** -7.2%** 0.0% 4.4% * 0.2% * 0.0%
w13 0.942 -4.2%** -1.5%" 0.0% 12.4% *** 0.0% 0.1% *
ITF K] 0.946 0.0% -7.5% """ -1.5%" 7.1% " 0.6% " 0.0%

J7A10: )R 2010 AEARREUE T BP0, UM SR BAOT R & SO o o S — BB o B THOHE R, « HIRMEEER
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(1) 3EIyE e b R AR, MR IR AR UV SR AT S B R 1 v b MR T R
EEEHER, 2009—2010 4P 1 1 Hb ) 24k T SO 0 2 I 2 X e 2018 41, B 55 B R A I O T
O VA T PR TS A PSR A 3 ) KXo i o] SRV o b B EE BEAE Y RR SR R AIOR A SR, HAY
AR I TFF R AN | [ 58 B b B I 320 5 2 1) Vs Vg i b A A DR P Y R O Ll 3 57 W SR PR3P DX
TR HAE ST (1 E 2 PR A UV 1 52 LT e

(2) ¥ = I L R R A B S R RCR . IR A R BACRIT M S R BoR , e A
TUATESE TR < AT T I A] T AR TR S PR o5 TR Y B 4 A R 33.
3% 51.6% ., UFBEGERIN IFAT 0T A 4 15 SCBRBL T LA A 0 BE 8, B v S PR B 5% LU AT W] B
AP T AR AP R 2 B8 77 IRBE N i A A B A e R v, 8 5 % 4 0 ) P Ak, o R v Y OV
PR BRI B S,

(3) 4R VST M AP A AR SE R B B TR . 2009—2012 4F | 151 4545 T8 1 92 i A 47 1 1
BT SRV RR B 9 JC A48 B, AT L VR V4548 E D M O R K] iR G O s s AR i 7 2 7 A4 B8 1 T R 17 A
W, A WA XS VI i %) R R PRI A SEA 7 2 A% B e A T2 AR B IR, DAL UE 45 by BRORT - 3 b R B
M 137

(4) T fa A VR L AR 4 A R A AR R 2 2013 4F [ MOl Ry 5 0 R b (R 9 A BRI S ) 2 3 1 5 —
TR R 1 ERT TRLEE | A I IRAE | 4548 00 B TR R M O B0 R A BRAICR (I 8 17, 3R F 2015 4F
KB T AR, M 2018 4 W T — A bR A LT, oA ARk th B T QR MR R G) o AT
SERATLUE B TLI R AREESETE 2016 4E X LIS H & (IR H AR 4561 ) 1948 03, 1 85CRAE A
%, DR YRt AR R ORS00 X 42 e e VA Y e A o ) P A B R LA i T B A4
Mo BOA T QR PRI PEIE ) QRO 2501 B2 H AT 1k, B 50 8 A AR — L T R 8
H A AR B A TR, DR AN BEFE T A2 T A S PR N 38 Ao 0 5 TR VR M O R A
BURE PR R B R M Ve BT G o (0 B A7, A B8 S I 35800 P 3 R R 2 T8 1

ZEA UL RS W0 VA B IR ) TR TR AN AR IR 4 i A TR A R R R AR
15 YW AT HE I CRUIER N P A A0 S it R SR A T 7 e 7 e 4V Vg N b (o R FH A AR R R ORI
VEE T N b A ) A B — T A 2RO, DT HE B8R VB VA N b A (A R

Brigt . N ROR S PRI 7 Bt sk B 13 B — MG 36, et 20l
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