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Abstract

This paper analyses the risk factor system of PPP projects, establishes evaluation criteria and de-
cision-making criteria, and combines fuzzy mathematical evaluation method with analytic hie-
rarchy process to form the fuzzy hierarchical evaluation method (F-AHP). This paper uses the me-
thod of Fuzzy Hierarchical Assessment to make qualitative analysis and quantitative analysis of
risk factors such as political policy risk, economic risk, environmental risk, project construction
risk and management risk of PPP project. It accurately calculates the evaluation score of each risk
factor evaluation index and the overall risk evaluation score in the case, and determines the size
of the PPP project risk, provides the basis for risk decision-making of PPP project. Therefore,
Fuzzy Hierarchical Evaluation method is an effective method for risk evaluation of PPP projects.
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1. 51§

BURF 5 FLE Ak AV 58 U I H AR 2 A QI H [1] (Public-Private-Partnerships, fiifx PPP). ) iz
F PPP #55, SILZ JoAb (T Rp AR M I B R R Y 4 ORBE, 4 PPP LU A AR S 3 8 s oA X 1 B A
AX[2]. HRAREMBEIE K. &5%K. 25772, FMREESSBOLETHE KRARFZEZ, iiHX
WA AL T A B8 A 0T ) S ), ORI 9 X I AT R A B RS AR A A PPAS . WF AT PPP SRR AR
Bl T H RS B, g KU B R AR, MBI B PPP I H AR PR A, X PPP T H i
IrE S e s AT, A BT AR PPP 10 H XU L1 R G0 72 [3].

2. RBRIEMN753E
2.1. BRGHE

JZ RS HTiE AHP (Analytic Hierarchy Process) i Thomas L. Saaty /£ 20 40 70 Rk, &—FET
HOA LGOI GV 3 BT B A SR SR [4] . B IR IS B e R R R R, K 1 ) 2R
FORHRIFHAT B, REMEER S B S HIEL — DR HRNELE, AR T REFH RN
X HAR AR B AR & B3R o R AR #7520 [5] . JE IR i A FH 2D 3R

DR IREE MR, B A R RN [F g M B B S o R G T2 & B2 A ERRE,
B NENTTRENRE, HIER DA — AU E R, T8 N sdE b2 .

H DR U R, AWZIREBEALIEE 2 JZ2FG, X EEBGER 1~9 HUBUR R I okt LR
Me, BRI T, THRRRRER IO BARE &, I —BEfErR . BEAL—BUEFR bR Al — B B 24
— BT SR o

SR IR R, R AT B — AN SRR 2 FH W P R 2 B SRR AN T
FEHRH N AR R A 2, P L MR VR E SF

DOI: 10.12677/aam.2020.95072 600 I Ha it


https://doi.org/10.12677/aam.2020.95072
http://creativecommons.org/licenses/by/4.0/

HEFR, 2

NI

2.2. {ERIBIETRNGE

BB B BRI SRR T8 B 74 SRR R AL, 1) U RIeHEL Bt A(x):U > (0]
Hie T U LB A MU AQORRN A SRR RS e oR x 3 A ISR REE . {3 A(X) = 0.5 () 5%
X FRY A B, e BB . s A) R0 B1 I, BOBI TR A DR ST, T AL
F L IRRFALE BR 0o 17 5 S R B0 T I D9 =R AR B ST T3 TR IREAE I CAT (1 “ &7
FUE[6]. BARBIRUT

1) LR PEH X R A R A

U ={u,u,,-u,} @

PR 2l A T B HEAT IR A5 MR AR A R
2) VP AR

Y ={Y,,Y,, Y, ) )
AL VP, RIEENL AN AU B F(Y) BRSO B
f=U->F(Y) ®)
ff AT DL B DGR R, BEIMAS BIBORI ¢ R A6 FE R:
Ry R, - Ry
(i), -| = 2 T @
R Ry o R

Ry B2 | AN j T SRJR S
3) EEAUHEAE
B, BIPBEFOG VRN AR IR A R, BRI BRI AT N b ABGE R L e

A={a,a,,,a,} ©)
At a 0 | AN R IAUE, —BE

n

>a =1 (6)

-1

1) LREVE

B B FRA P T R SR A A, U

Ru R12 R1m
R R ... R

B=AxR=(a,8,a,)x = * . " |=(buby, by Y
Rnl Rn2 an

2.3. ERERIEME

TR 2 AN (F-AHP) & B B B 22 V- E 5 B IR TR S S I — R b 57k, S8 2R
MTVE RO B AR TR BT DA 5, XTI E #EAT & B0 XS [7] [8]. A Stk Fris B E IR AT
B &I H XS R R AT o80T, HeAS e MEcsE b ST H G R R#ITEd, #IT—1NEE
ST, PRUET PPP I H A XU PR 45 B B vl Sk .
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3. BB ZERBEENETE
3.1. ETEEBIMTIERE

PSR PP RTINS, 52D i (R — 4R AR R I DA AT BB L, e S I B AR, T
FIRTAERE . R KB Z M Qy#om, HFRT HARZ Qi EESLHIEREW T

Q11 Q12 le
@), =| % % ®)
in an Qnm

LEZ AT, SRR CR EEREE T B, DR b, AR
F 1~9 bRJE L. Wk 1 FR:

Table 1. The relative importance of judgement matrix and its meaning
e 1. FIEEEMEHENEEE R A S X

18 & 1 &
1 R 7 —ARE S A AT
3 — MR 5 AR BT 9 A A b T
5 CARE SR 2,4,6,8 I
32. WHEEERENEE
TS ELIC W RE B AR AL ) B R 77 9
1) Ak
.=%§:n (i=12,3n) ©
0
k=1
TSP BRAT: K Q MBStk 051 jAHIN; SREL Un, SRIBREFE.
2) Mk

B Q UL R IH— AL E 5, 4 Q KB, B Un RT3 31

W, =n []0, (10)

FRBCE, AR

W, =— (11)
W,
VHROPBRINT : 4% Q 4% j AHafe; &I Un k5 34k, BUABER &,
3) mAAt A %
THRCAIR B D AR, P BRAR
$EBHW, = (T,)" (1=12,3,4,5) 73 3
W, W W W, W (12)
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BB RARK@MW, A, Kbt w, BIFEARE R

W

W=—" (i=1234,5) (13)

3.3. FIHTFERER— B TE

ARSONPRAE T 2% 003 P A DL R DR A5 PTG B L B4 i A DA S S BV, o P i R AT — 5
PERGLIG, IR B A
Cl

CR TR 0.1 (14)
RUPHIWHE R & — B . o, CL oy —BuEdEfs,
A =N
Cl =TT (15)

n (UW).
ﬁ$%W%%%ﬁ%%%ﬁ%ﬁﬁ¢WMDﬁﬁ%&%M=ZLV%%ﬁ¢UWﬁW%UW%%PTﬁ%L

IR BNl —Edibr, RIEEE 2:

Table 2. The value of average stochastic consistency index corresponding to the order of matrix

= 2. FEREM BT R B T EBEH —BUE R EUE

FEFERY 2L 1 2 3 4 5 6 7 8 9 10
R.I 0 0 0.52 0.89 1.12 1.26 1.36 1.41 1.46 1.49

4. BRITFMRESE
4.1 —REBEMESTEN
T B MR f5, AL — DN SRR T
TERERRAEY = (Y, Y, Y, o Hodt, Yo (G =02, m) TR . B E I S
Y = (MR B, T4 BOR, B, R K ={0.1,0.3,05,0.7,0.9} .
ORI 1 ot DR 3R A T — S TEBORIE S [0, 102 IR HUE . 7] DARS A VPAN S G SR R A v SR S 5
V =(0.1,0.3,05,0.7,0.9) . FAFH PR S5 G S0 SARARE 1R ] B AR AR BEAT VPAR, 1551 — S5 A D8

UIwSELEE
Ry Re - Ry
R21 Rzz RZm
(Rij )nxm = (16)
Rnl an an
ﬁ¢,%:M$%@W%§E%AﬁO

AR N 5
4.2, —RIEREFEETEM

WRIE AKX B =U, xR B LR TP HR X & Fabn TR M P A 8 vndb AT IH], 5 20HE N R 1548 b
RIS/
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4.3. ZRIEMEE TN
WIEAXB=WxP , TEHNZEZ AT =ZHEMGEEIEH, REBRE U NEEREEN:
G=BxV", HMEENEY, TEHRE U BRXREER.

5. REINH
5.1. IME#R

EE R T wi PN X AR AL (5 S038) w B (5 TARBRALAT) . KT g EiE Mol TFE PPP I H . WiHAS
Mrdb B O Bt TAE . MrdbBR (S iz sos TR . WA EoE TR, Mo TR, R4l AR
TR EOE TR . s B e TR . TR X A AR3TiE TRE, J-BAFI.

5.2. REEMNEIE
¥ B8 UG Rl R PR R R 3R 10 X 25 2 XS 48 b R4 T KBS B AR B R 15
1) A G B 2 AR b e

— RN R R AR bR AR
U ={U,,U,,U,U,, U} = {BURBUR RS, 2357 R, FR88RUK, T00 H 35X, 2 XU

=YY 4SS
U, :{ull’UIZ'ulG} 0 Uy :{uzlvuzz’uzslum} i Ug :{U31’U32’u33};
U, :{u41’u421u43’U44'u45'u46'u47} i Us :{u51’u52'u53}
2) HRNLAGJZZRAE DR R R B R
LR SO R EE R PE Sy, LR — 2 IR B A A L 2, PPy Ad i 2 R A5 A
WAL FE B, FLIRZ R W IORA 2 Z R DR I A, DA 3% 2 DR D
RIGIRCE . 5B — B N 2 HITAE R 3 A F

Table 3. Risk factor judgement matrix

3. M ERFIERERER

A U, U, Us U, Us w

Uy 1 1/2 2 6 0.265
U, 2 1 3 7 4 0.418
Us 1/2 1/3 1 5 0.167
U, 1/6 1/7 1/5 1 1/4 0.041
Us 1/3 1/4 1/2 4 1 0.108

n (UW),
ﬁ$W%%%ﬁE%ﬂi,ﬁﬁﬁﬁ%mzzLWl,ﬂ*%ﬁﬁ%%kﬁﬁﬁ&wz5um,%

i=1 i

TR S 1 — P LB B ST 5, KRR A BOMEAR AR C1 MEATRRR . FUUF ARy
Cl =m0 _ 00308, Wyt I fIA/N, FISIABENL SCHERS AR RI, RIEEEE 4 I

n-1
Table 4. RI value table
FA4RIER
FERERY 5L 1 2 3 4 5 6 7 8 9 10
RI 0 0 0.52 0.89 1.12 1.26 1.36 1.41 1.46 1.49
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A3 CR =CI/RI =0.0275, CR BINHIWHHEREIBENL — B2, 24 CR < 0.1, JUHE N B AW
BBk SRR 7 ST DU S AR AR 0 RS R SRR R 22 5~9, 3 Ars Aos Ags Ags As TR

Table 5. Calculator for political policy risk indicator A;

5. BURBIRMBEIERR A HER

A U, U, Us W

U, 1 1 1/3 0.200
U, 1 1 1/3 0.200
Us 3 3 1 0.600

S TR A, =3, Cl=0, CR=0, Mo limp Sihmsk, BoasmmK, FER
O T I R4 BB AR 1 PR L B R 500 T B B A 2 T (X BB (5 20)
S (P TR B AL A0) s T B S B3 T RIS ] OB AR 3 B 2 (R BIEBUREX TRIX Rl A5 3.

Table 6. Calculating table for economic risk indicator A,
6. ZF KRR A TTE R

A U; U, Us U, w

U, 1 3 1 1/5 0.154
U, 1/3 1 1/3 17 0.064
Us 1 3 1 1/5 0.154
Uy 5 7 5 1 0.628

WIS AR A, =4.0738, Cl=0.0246, CR=0.0276, 75& FIWRE—SEER, 45
R F EAFE K, JEE, R IR

Table 7. Calculation table for environmental risk indicator Az

7. MRS A THE R

As U, U, U, W

U, 1 2 3 0.539
U, 1/2 1 2 0.297
Us 1/3 1/2 1 0.164

S AR A, =3.0092, Cl =0.0046 , CR=0.0088, & MW —SUMHEER . FREIRK:
BLFEI ORI « 5T A5 A UKL S AN T AR, PR O R ER, Ak 20x T3 R A B AR By

Table 8. A, Calculation form of project construction risk index
= 8. B XIERR A T ER

Ay U, U, Us Uy Us Us Uy W

U, 1 1/3 1/2 5 1/4 3 2 0.107
U, 3 1 2 7 1/2 5 4 0.235
Us 2 1/2 1 2 1/3 4 3 0.138
Uy 1/5 177 172 1 1/9 172 1/3 0.034
Us 4 2 3 9 1 8 7 0.380
Us 1/3 1/5 1/4 2 1/8 1 172 0.043
Uy 1/2 1/4 1/3 3 17 2 1 0.064
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W AT AR A, =7.2810, Cl =0.0468, CR=0.0344, FF& AR —SEZER. il

B BT T H B L ISERE.

Table 9. Management risk indicator As worksheet
9. BEENIERR As TE R

As U U, Us w
U 1 1/3 2 0.230
U, 3 1 5 0.648
Us 1/2 1/5 1 0.122
MR AR RE A =3.0036, Cl =0.0018, CR=0.0035, & HIWiHERE—S0rEER . & HK
W 3= EEALAE S AR REAT RS, AL DT 73 B AS 2 KU LR N3 KUK
3) MBSTHIZE A PR S S FB SR
© @V R SEEE S
T e A A R 2O H KBS EAT T PR 10 0T
Table 10. Risk assessment form
2 10. MR
Hizrz JRUSSE R 32— 2R A b TR ARRR 1% AL g B =1
PHFAEL Qu 0 0.41 0.49 0.1 0
BUARBUER AR Q, BUR R KR Qu 0 0.14 0.19 0.31 0.36
BURFE A Qus 0 0.14 0.19 0.31 0.36
IR Qu 0 0.12 0.49 0.20 0.19
SMERURE Q2 0.20 0.20 0.20 0.30 0.10
R HIZE KUK Qza 0.16 0.29 0.20 0.23 0.12
RGP IR Qa 0 0 0.40 0.60 0
H ORI Qay 0 0 0 0.50 0.50
IR Qs HBJ5T B Qa 0.20 0.31 0.32 0.17 0
PPP i 1 2
T 4 RE[H A1 Qs 0.16 0.35 0.29 0.20 0
i;ﬁ%f Bt A Quy 0.29 0.30 0.22 0.10 0.09
RS AT AT Que 0 0.21 0.47 0.32 0
1t TR Qus 0 0.20 0.40 0.30 0.10
T H RS Qu H AT Quq 0 0.10 0.21 0.28 0.41
TAEBTE Qus 0 0 0.29 0.24 0.47
BE R A Qu 0 0.10 0.20 0.30 0.40
BERN Qs 0 0.11 0.22 0.30 0.36
A AEBEAT AR Qs 0.40 0.40 0.20 0 0
EHRK Qs TR AN 4 X Qs 0.40 0.30 0.30 0 0
NFHAKE Qss 0.20 0.40 0.13 0.27 0
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@ fflE PRI SR B A R

W 10 W15
0 0.2 049 0.20 0.19
0.20 0.20 0.20 0.30 0.10

“10.16 029 020 023 0.12
0 0 040 060 0

0 041 049 01 O
R =/0 014 019 031 036|; R,
0 014 019 031 0.36

[0.29 0.30 0.22 0.10 0.09]
0 021 047 032 O
0 0 0 050 050 0 020 040 030 0.10
R,=|020 031 032 017 O |; R,=| O 010 021 0.28 041
0.16 035 029 020 O 0 0 029 024 047
0 010 020 0.30 0.0
| 0 011 022 030 0.36]
040 040 020 0 O
R,={040 030 030 0 O
020 040 013 027 O

@ BRI RBEEN
Aﬁ :{aillaiZ’”"ain}'aij (J :Lzygnxn)%%:EW\EPy%%% Xi qj/ég J /]\::%% Xij E,:J*Xi{&’ E_Wa]:/%

Ya, =1, j=(123-n),

j=1

=1

73 0 A XU PR R AT SR A VA I I — A A BEAS
C,=A *R =(0.2,0.2,0.6)*R, =(0,0.194,0.25,0.268,0.288)
C,=A*R, = (0.154, 0.064,0.154,0.628)* R, = (0.03744,0.07594,0.37026, 0.46222, 0.05414)
C, = A *R, =(0.539, 0.297,0.164)* R, =(0.08564,0.14947,0.1426, 0.35279,0.2695)

C, = A, *R, =(0.107,0.235,0.138,0.034,0.380,0.043,0.064) * R,
=(0.03103,0.12379,0.32921,0.26012,0.25621)
C, = A *R; =(0.230, 0.648,0.122) *R, = (0.3756,0.3352, 0.25626,0.03294,0)

@ B 5E = JRRN R

EB Cj_’ CZ’ C3; C4; C5 ﬂ?%é%%*ﬁ*ﬂﬁmﬁ%ﬁm

) 0.194 0.25 0.268 0.288 |

0.03744 0.07549 0.37026 0.46222 0.05414

c=(C,C,,C,,C,,C;) =|0.08564 0.14947 0.1426 0.35279 0.2695

0.03103 0.12379 0.32921 0.26012 0.25621
| 0.3756  0.3352 0.25626 0.03294 0

FH ST 1 — 2 XU DY R R AR B AR
W =(0.265,0.418,0.167,0.041,0.108) . [Aitt

P =W xC =(0.03799,0.1492,0.286,0.36938,0.15446)
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MR T BE VP S 2 -
Y = (RN B, 4 BOR, 80K, 1R K ={0.1,0.3,0.5,0.7,0.9}

] SAG R 28 AR U VRN 59
0.1
03
Q=Px*Y" =(0.03799,0.1492,0.286,0.36938,0.15446)| 0.5 | =0.5891 .
0.7
0.9

5.3. LR

AIH P — A bn AR K = AF 73 70 00 08 BURBUR XG:: 0.63; Z5F KUK:: 0.58; AHEXK:: 0.61;
T AR 0.62; FEERXKE: 0.29. I8 I & R R 3 Fa AR5 43 1T LA H BUE R KRG LI H 1) 500
AR T, FLUR oy T R ARG« IR AU 2% R B B AU o e 2 R A XU A 753 4 0.5891
NT0.7, PRI E AR T H R AR AR I

6. &it

1) BB RVPMNES & T BRIk SEOECFVENE, e i 5 e & il 45 & 02 PPP £
T AR T0T B 7 AT RO 0 — b KU VAN T

2) PPP Il H MU vPAN B 28 T 10 H A2k a A A, 7RI H BN (IR B 2 a8 24N [A) b 28 00 AR, 1 HL
T 3 RS 22 Bl 2 T E R AR AT R AR R, BRI SR AR N E T B E R T, IR
E J PPP T H ) KU PFAty &5 F IR AT SEE

E&WmE

WIF A AL RS BT BN H (18YBJ29): WIFS B AR “ =1 LIRS F B H (XIK19CZY056):
TR R BV BOR 2 B B 22 75 100 H (19K TZDO03) .

SE K
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