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Table 1 Summary of classification of drainage system operation efficiency evaluation objectives
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Table 2 Drainage operation efficiency indicators published by international organizations

IWA IBNET OFWAT US EPA AWWA
K Wi 55 76 st F KB Hiegs A HEK BB TR R
UNGE 1o K BT R A T8 HHEAKAE SR it HoKEE B K B BB KR A
BATHRER AbFRIK & HYEHE K LA HIHEMNIMBRES PR
I B EMIERE YN EIEYE BN A EBA T A
55 Bkt AN B & AR BR. B2 BEME JBARAL TR i A
4 5515 i 55 Jo JEE TSGR Wi HE K Bt B YISV
[E A B 1 BT HECE MU B Wi e FE K Bt (I B 157K AL PR
WL tis il SRR WSk
4 95 2R EMB R

H: IWA —— EPFRAYM; IBNET —— FEFRIHEK SRR BN LS ; OFWAT —— /KRS IMAZE; US EPA —— EEMES
F; AWWA — EEK TR,

RS HAE A I ATREAIZS &, PRI KRGS GE R RIZ5HE . RS 7 T EA T i AT ] e Ay A
TIEMRR . Ah, AT T HKAE RS 5 K AR PRk i, X i BIHEK RGeS
BRI, AR5 KA BARCR, (ARSI — 7 P B Z ARG .
14 HOKRGRENKITE

HOKERIER B TR, Hasf I 2 HARP S BIERER, AR IE e et . e
ANzt M BOT AR B SR, T RES A YT . 15k . GEER ARG | AR,
FEREM TR HOK R Ge i 2 anats. L, EWNSMEA B XK RS R T T 1

XFTHEK RGBT TR . PP i R XS IR R A5, AR TRk
A IR A AR XU R, I LA, . BRI . TS T ARG R B S5 U XS
ST AR, LUK RGN . WA A b A R s K R G A
XIEEA AL, IERE SET RZ8 2 E , Gl A BB DL . PN AR HE A A 4
DRI T T LA

HOKEEZ XSG IR T EA KSR FREMZR S PRIE IS . KSR A rT LR HEK R 5T
T BN 22 A ARG R AR SERERB T, Tt XU R A RIS B S AR SR A TN, U Y2
P RH DT, SALMAN 267 BAAH S50 #RIE LT KSR & HA A DK B T 22 2T T
Wb ZRETHIERE T Z AR ZMEN R Z XSS, WA BMIZE S . AHP, KO RGHNESETT
o W0 AHP RS IR EOSCHRMESY, XG5 KE EAZ 2 XTI 25T ANP BERIZR ST
VR, AT AW IE RO FAR, XK B A T2 KU TIFA
1.5 HOuKRGLEEMETN

UEAER, ol T E KA IR B A S BRI <SR (URRR IO RHERE, IR RGtiat 74k
REZR PP ORI TS AU AR, SRR FIX T TR, ISP RES 4. 58 2R St HEK
ROURIARLE TARE, ATRUAZ AFRRSIR SR . K RGEaf RS S N Z T, £
FIEXHPR RRERBI PR | B B B S A, I — AR O H SR E A A
RPN R

HoK RGEst TRRELR BT N B RIE XS i, T USRI 5 ZAANSERRAN . Wk TR 2
WS SHOK RGR AR RIS A1, WIREE . BORPERE . Z5F ARG DU T HEA TR s AR FR ok
BHPKE M RGRRE R, DUERETE . IRSFmIE. SRSl =7 AR HEAE P LR S KOs
TR Phepizg . RPN Z M SIS S, X RINHT X A An it (2B AT 7 i s 26T
A RIZE AT (ENA) K R RIZEZEARIT  JFE SO T AR H kK R Gtiaf kst



3128 ok L B ¥ W EEAVE S

Frvbths ERGEERASHPKRFEMLE G, DGR EEXHK RGP s i A i)
HOKRGHEHE, XM HE K RGN TR0 (8] AR T2 S AN
2 HOKRGEITHRETNRIE

AREFRRAHRK RGTBA TABETH R =R B, il AR BB . S ARARAR RS B
SERURIT VB BE, ELAN 18— BB RARLBRNIE 1, i T 2 8HK REs A aE R T
[

PR, ECE TR GOIFE I Fbs, R IFFEE T 5 I MR s SR)S SR LA

B R R R AT AR . B " —— —
e e S

¥

ol e g
F T AERS

1

FERI %

4t (GIS). HEKEE W s R4 5 W R4
(SCADA)., MIFH MR RS (CCTV) 5, tn]
DL T HE K AL W SWMM ., Infoworks |
MIKE URBAN ARG ZE AR
PR PRI RAELE, Z BB BN TS
PRIIERE, BOREH T FEPRAENS S BRI FAEHE
KRG 1Re, JELM B IEmM IR PR R
I, RO FE BRI L 7 R B B A% O )

TRbRIAL

Ceitehh | | Welorha |
L I

S XS 852 EEERE

2 3 G TR HIRHRPRITE v 1 HEKRGE THEETNIRAZE
FEAUR VY, BEANHEK RSB TAREVT Fig. 1 Flow chart of drainage system operation
ST A e R T N Ke i efficiency evaluation

IR RGN s, X — MBS . AP BRI RIS 27 B e 22t 22 HARIC AL
FIANZ HFRRSRI, ARZEAT AT TRATHE, FAPEN I b T B4, Wk SUmk.
3 HOKRGEITHEETFN A

20307, AREERIHEK RGa T TR MTEN T o3 R AR BEE T R A G5 R R P
Ao TIERRTEA TN FEARA Z T A AR PR B B RR EE UE THERY . HEP S SR e S e br bl
AT RORCGE, MIMEEtMA R INGHE, JeB WRAERTH 1SR, BIHLC &0 i AGE R MR R 71T
MERT, Fr RS, HEERMEZOENER . W52, IS RTMIstrieEO:, JeERIA
TN LA T

FEAMEE T R E EB S EERGE . BEAGE A AR =2, Hrh e LA R T
RZR ML (AHP) WG BWERGRLUEAGE . B MrE . AR RS, HA el
BEARIE RO AR AGE LU A5 2 TR A i

VMR RE AR E, Y R Z A BMIZE SN (FCE) . BRARE S M 57k (TOPSIS) |
TR T S B 14%75 (DEA) %5, LI, iR ikmensfoee tistri et . ZHEMZEE TN L
MIGEE 2 BFRRIR . ARSI, S TFHEK RGaT e B AIRT 32E

PRk, ARZERKITITE AN g IH T . DA B AR &, b
WGV TR H—IA90 845 T 2R SO ik SRR 25 SR T8 v i AL 6 R 22 061 S ks
sy HTUREE TG B E AT SN AN 45 R AT B AL A I P01 SR
31 BRpthRHES#ESE

JZRS M (AHP) R EFEZEESFR SAATY R I—Fh EMRAGESS, BARR . HH ., RIGHEE
B, BTSRRI LRI SZ2WENE . Bk . DUy IR T TR A . AHP b
FHELBATRINERE, W T S PSRRI 2T MG R AEH K R GB A TRBE AN 1 4,
WA IZRINH, 02 4 s, AHP WIRGH R EE5 N BIF, —F e e AR Ao, —FhErEir



5510 WIS IEHEK RGEE T AT TR R R A i S 5 3129

3 NIRRT A
Table 3 Evaluation index screening methodology
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Table 4 Summary of Analytical Hierarchy Process and Improved Weight Determination Method
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Table 5 Summary of entropy weight method and other weight determination methods
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Fig. 5 Flow chart of the combination of AHP and entropy weighting method of empowerment
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Establishment and study on the evaluation index system for operational
efficiency of urban drainage systems
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Abstract The drainage system is an important infrastructure in urban areas, of which the operational efficiency
evaluation is of great significance for urban water environment governance and maintenance, as well as green
and low-carbon development. This article summarized and analyzed the relevant research achievements at home
and abroad from the following three aspects: firstly, operational efficiency evaluation research can be divided
into five categories according to different evaluation objectives: control of waterlogging and overflow,
prediction and diagnosis of pipeline network performance, planning and operation of drainage systems, safety
risk assessment, and comprehensive evaluation. The research status of these five types of evaluation indicator
systems was clarified, and their commonly used indicators were summarized. Secondly, the establishment
process of each evaluation indicator system was analyzed, which can be summarized into three stages: “research
preparation”, “indicator construction”, and “scoring evaluation”. The commonly used evaluation indicator
screening methods was summarized. It was pointed out that the most crucial part lied in the third stage, namely
indicator weighting and calculation of the final evaluation results. Finally, various evaluation methods in the
literature were analyzed and the results showed that the comprehensive evaluation method based on the
subjective weighting method of Analytic Hierarchy Process (AHP) was a commonly used method in current
research, which can solve problems such as uncertainty, inconsistency, fuzzification, and quantification that
arise during the evaluation process. Moreover, it also outlined the characteristics and applicability of objective
weighting methods such as entropy weighting, neural networks, and combination weighting and so on. The
article pointed out that there was still a lack of efficiency evaluation on smart water services and smooth
transportation. With the rapid development of technologies such as IOT, artificial intelligence, and online
monitoring, as well as the emergence of massive and reliable data related to drainage systems, the development
and application of new evaluation methods with objective weighting as the mainstream will be given
opportunities. This study can provide reference for improving the evaluation index system for the operational
efficiency of drainage systems and calculating accurate evaluation results.

Keywords drainage system; drainage network performance; operation efficiency; evaluation index system;
evaluation method
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