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Cost forecast method of environmental governance based on input-output
relationship and efficiency
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(1. Decision Sciences Institute, Fuzhou University, Fuzhou 350108, China; 2. Key Laboratory of Spatial Data Mining
& Information Sharing of Ministry of Education, Fuzhou University, Fuzhou 350108, China)

Abstract: In order to solve the problem of cost planning regarding environmental governance, the current solution is
mainly based on the time series-based cost forecast methods, and neglects to consider the efficiency of environmental
governance. Thus, a method of adaptive network-based fuzzy inference system (ANFIS) with efficiency preference is
proposed for cost planning of environmental governance, whose basic idea is to consider the input-output relationship
and efficiency in environmental governance by using the data envelopment analysis (DEA) undesired output model and
ANFIS, respectively. In the case analysis, according to the environmental governance data of various provinces in China
from 2003 to 2015, the performance analysis and comparison are carried out in terms of accuracy and effectiveness to
compare with the conventional methods. The results show that the proposed method is effective and has better accuracy
than those methods.
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BENT= BB R BT BE RCAS TR0 ) 7 sk
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BN B S PR B IR B AR TR o NN
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3N IR, AT SR AT n AN N O O RCRE 0 (5 =
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Step2: #5574 g 2 v 3 T ANFIS FI 4% N7~ 5%
AL KT Step 1A 19 n AN N S N, K 4
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Step3: LAY 2 BN H AR S 5L
BUEHE. X T m AT HIRER Mz, (5 =
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TR 1] )35 22, Frb o5 4 A>T B 48 1% 22 iR ]
AR N
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Step4: 70 7 Fi 1 2 IR A BE H AR A
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AAFIFR KB (t = 0,...,00) P HARMIE R H il
AE AR > B T A A
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(14 a,)yr ', otherwise;

r=12...,s. (14)

() Znfy t= 0;
T (1-1)
(1- bf),éf , otherwise;
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Step 5: HE7 N I 2L T ANFIS FIFEN = H 56 &R
FERE (AT Step 4 TSR 3 H AR IEE = i o) A
b5 28 P A 9, J% Step 3 H1 3K #2105 A B 5L
B BUE, AT 2.2 5 [ 5 AP B R 19 3R B A B R
kEFRH TS A D (= 1,2,...,m).
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T, B4 G DA B AH B 8 S0 AR SR 7 1)
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3.1 BUERIESTAE
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SEYE 1R 2003 4F ~ 2015 4F A1 A [ BRI 45 1F4F % 2003
2015 AR, N T RIEERRE SR R bRk iU S R
A HIEFT ) — B, RS SCHR (B IR B 55 30 )
BN (1) BAN (22) BRI (z35) 1E AN
Febw. Hodr: 5780 HBONGE L Bl N BO 5, TN
I8 I T A A w0, B YR AN E i B YR T FE S =
. R XA PR R (yn) ME SRR = L R A A
BRI R (21) 65 70 B (20)  —SAAGARAE A&
(z3) VERARMAEE = . B S b BRI = HiFa 45
IEE SR 1 R,

R1 20035F ~ 2015 FEBIMEIRIBIRIFG T 04

PR VR B s
I 2 N 2olfTTE aalMlE yHLTE 20/ 2ol JIE 2o/ JTNE

Max 1973 48312 38899 16527 214.1 198 36966
Min 43 330 684 101 2.17 3 1194
Mean 474 8047 12115 3145 78.19 60 10501
Std 318 8240 8084 2862 4846 42 7208
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AAARE. P FEAE. A NRHERE S
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FRE 2.3 45 1) Step 1, AR 55 30 TN &
AFEN REVR BN B B B N T bR A R DL
T X AR 7= A A 5 ) B 7 A bR R DA R
AT A R (R AR AR
AL A B PR AR A R, B A i B T
DEA ={EHAEE 7= H 55 Ab BEASE AL 48N 7 HE AR T T
13 R EETIT 2003 £F ~ 2014 4 ¥ 3855 A B 25 2090 R4
HAH, BAR S WA 2. KRBT & AN FE B IR 5768 B AL
RIE RN, ZHFAR AR IR B ROR AR AL BFHX A
R X5 3R 22 50 O IR B TR BEIIR — B, B % Hb
X PRES V6 AR B SR A Y, (E 5 e 1 HE s
TR LR AR B A, DR, B AR 40 1 K A A
TP, (B BRI 5 G v 8540 40T H 25 7™ 5 R

FR2 KEW20034F ~ 2014 FH FHIBHERE

4y 2003 2004 2005 2006 2007 2008

BME 086 087 0.93 1 1 0.91

s 2009 2010 2011 2012 2013 2014

WE 098 08 093 1 1 1

FR A 2.3 715 71 11 Step 2, DA R T M X AR 77 S 4E
AR HESCE A TR A R ARHREE
AT AR, B2 T ANFIS [ HN 77 HE 96 2R AR m] 15 240
BEVR B S5 8l S AR . BT A H N AR RE 5T FE A%
A B TR 5 5& B i W B ), DL ¥ LA R IR V8 A i
AAE NPT . B 4 BoR T KRBT 2003 4F ~ 2014

TR R RV R AN 1) SE BB S TG, A4 1T BAK
TR, 00 A T R A AR 7€ A 0, T S Bis BAS 2Bl
AR AR AL R IR I B SRR 2.3
Step 3, FH 75 REH N2 H AR (1 2 ODUE 1 € v 15
5V R AR T 1% 22 B A B P T B A R AR SR AR
T R 32 T B A, AR SC TR (AL 48 10 000 YR AR T
BTG e R T AR A 1 1R 22 1B T SR I T 0. AR
£ € 2 B0 S A B, i Matlab A0 ORI 2 48 T 5 AR
AJ 15 R EETH 2003 4E ~ 2014 £E [ BE Y5 T4 #E A 1) 52
BrE 5 TE, B 4 s, B 4d BoR T R IRTHFERL
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72O FER (B ¢0), ¥ a1 = 0.065 3 4F 38418 1 22 7= Y
8,4 b, = 0.03891. by, = 0.02085. by = 0.03198
AR IR PR AR B HE, e AR R v 2 R A B R
H B 177 W AR TH AR W] 43 R B T 2016 4F ~ 2030 4F 11
P AR IR R E bR, B PRME R AR ST
SIHT AN 3 Frzs. N 3 WT DU BN, A B BUR L E 1)
22538 K DL LT Rk H A, 2R B FE 2016 4 %2 2030
SF 1) GDP K AR b b 1 22 54 2 0444276, *F- 3 GDP{E
N7 3154270, TE15 JHER R, AR I AR AR S i

K brHEZE 9931 Ji M, P35 4E 9 5262 T3,

=3 KEW2016%E ~ 2030 FIFE

R BN ALESIT ST

BR 9 2 20 2"
SN 10958 19.6 20.54 6846
F/ME 4537 12.43 15.29 3927
A 7315 15.77 17.8 5262
P2 2044 2.28 1.67 931

2 4 2.3 715 [ Step 5, A5 Y B b 3 T E-
ANFIS (#5798 5 25 AT 453 K 3 1T 2016 4 ~
2030 4= BE Y5 T FE B RO A, HAR ] 5 . A
5 AT LA R BN, BEA B H bR PR B HAE, R
TR K 1545 N 1 B 5V FE A ok LB BT 3,
B AN N N 2. AT REA R RAE T, S H
Pl 25 e 47 iR A R R, 4% b X PR B R B VAR R
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AN fi 4, DRt R BE s AN WTIn K Bt A BEA 2L
RIS B 70, T BORQUH S 7k 45k T+ 5547
ABAEANWT 5838 TR Y, AR A5 IR B AU 1 ORI A B
2, T3 U N TG iR A RGHEAT 5 RESOR IR L FH A
BEUR A A C B X R Dy T — B S K&
TF R I FER SR IR, PR A AE PR 58 v B AU A4 $e N\ ot
T PE R, BARKATRERAE B K ERINT1. P I1 Bl R
W 374 e U BETT BEVRHF AN A5G ) W] RS2 AR

1.8
1.5F ™ AR
1.2}
0.9},

0.6
0.3

A / 10"

5 RKiEW20164F ~ 2030 FE B RIBREIRIHFER A

3.3 EMMXTEE T

FE AL P T G20 B eh, 38 1.1 795 o ) SCRR VT
R, BB I GM(1,1) B8  ARIMA | = WG #R 591k
(MD) H1J5L46 1) ANFIS % EE A SCHE HE 1 E-ANFIS
D735, FE LA R B8 AR I B A (R P 558 VA A T
T3 R A T 1) AR IR BN TR ROR; 2) B
B3 6 B AH X AT R A8 4 B 3) SEBR AR 5 TR
FRAS [B] ) iR 255 4) - 35 268 5% T 43 1% Z (mean absolute
percentage error, MAPE).

FK 48R 7 2015 4F [ 129 AN 13 1 X SR
BV A A TIOIIMEL, o E-ANFIS J7 V7R 1 30%
B H, 3 IR 253G B A4 0 R 17 A A B b,
FoT 2015 SEBRIAE VG B A T 5LAS B A A
BB A B 34N DSOS BRA A BE T &, Kk 4 8
I #AE S B AR FF RO AR B R IR T I 00 R 1%
IR BT B RS, 1 40 b i 17 7R 447 0% R LI L
. E-ANFIS J7 51T 515 21157 3 1 A 5 Be VR T #E
FAS 73 A BRI T 148 73 AR 181 J3 M, %o} bb sl s e A
T &, 2 T X M 1 ANFIS J7 92 16 %5 A 17 B Al Rg
5 FE A (1 B AR 52 155 3 77 AR, 491 8 Je v
B P SEBR B A B AUE N 10 182 3, 3 T RUR fm it
ANFIS 77 VB 7 1965 J5 Wi, HAH X %% 42 = 2
T

T AR SRR A R R, A0
2T R R A AN TG 5 2015 FE 52 bRIR I
VA PR SRR BUAERT L2 A, BAR IR 5 fs. SRS AT
DABH i T, DL S b PR 358 v B A 9 6 T 52, A &K
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F4 2015 FEMEIRTBMEI L 2T

wty #0022 200z 200R%) Sk
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BT 424(—8)  10182(—1965) 12126(—1709) 0.97 1
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W 668(—34) 21301(—9350) 12180(—1275) 0.68 0.95
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= 418(—33) 10945(—1103) 10357(—370) 0.75 0.73
B 511(—133) 13500(—6390) 11716(4906) 0.96 0.97
Hilt  260(—59) 8754(—4595) 7523(—1581) 0.78 1
HiE 63(—0.76) 3210(—978)  4143(—231) 0.99

1
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RO AHRT A 2% EOR 1 B0 VA B8 20 ~F 35043 3 1A AE G 2%
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HEAT X BG4 BT, AU IR TE R B IR BEACR N 1, 72 AN
DL, AN J570: 5 SERR IR BT VA B UK A BN 1)
W2, RS HoR THESRIT A TR bR NS 51 34
JRARHE N [0 b HR, ST 35045 22 5 /N [V /2 B-ANFIS J7
I, TR 25 B K A2 E B ARS8 F MR 7R e
R AR b B, Ji G ANFIS A5 T E-ANFIS 77741 5,
75 21 (1 TN 55 SEBR RN 1 I AR (B 1R 22 55
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E-ANFIS 18 28 5 17 10

N T B2 Ul B AR SO B 0 2 RO (4 1
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34 BYMXTEESHT
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