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2000) , AN AR g FE Ay b 9 — 28 T & 1 I H



2 FA2% % 5 M P

£ A=

S

&= 2021 4 9 H

e

%
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1981) . IBI 45 bR K 5 6 35 3 A 8 28 LI G 3l 9y A £
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Tab.1 Development of water ecological monitoring in the United States
B Bt Ay R E 545 T4 FENE Ui
A — B T . B 4 P N A R T ROK AR B fh 2 ) B -
1972 CWA o - USEPA, 1990
KA R (TR ) U M) 52 4 60 F b
SRR OKRBOKTR N R RIS D R
WREH B ) s A airns et al,
CIE S P 7 e ——
O RKBEWE S 5 a2 ) (Rapid BT /NBURI 40 45 #E 57 T B s s i A=
P .
1989 % Bioassessment Protocols, RB-  Waill K ¥F# J7 % , 18 B3 i K 2% 19 H 45 USEPA, 1989
Ps)
FRBE WL I A IE AL 3T ) (Environ- X2 E MR K A S IR AT MMM Li et al,  2008;
1990 4£  mental Monitoring & Assess-  PEAL BT T 7 B 0158, 6 B3 W il B 4 Hughes et al, 2004;
5 B ment Program, EMAP) A S Xt 2 2 AR VA R XU ) T 0 Reynolds et al. 2003
(KA A5 EMAP 350 F 4R 7E 3 130T O %
W Sl s [ ¥ K B Wadeabl s o " 777" Stoddard 1, 2008;
BWIER g KT BTG Wadeable g g i s T s A g o oo 20
B Stream Assessment, S AT R g aulsen et al,
CEW BB MR EY TN T I
] LR I Zis bﬁu’ﬂ -
1999 45 % BB KRG 3 Y Ei%/%:}fj;&gpjﬁ*:ﬁ%ﬁi{gf#mgTﬁi Barbour et al, 1999
T 6% (55 2 1) ) (RBPs) BRI o 1m PN T 1A AEA R A 2 2 5 ey
[ & /K J5i ¥F # 350 H ( National  f PRI 5K Bt BN 24406 2 A i 8% I &R iR
2002 4 Water-Quality Assessment, [&] Bt 1) R 8 AT fE &K AE 284k, 24 E . Moulton, 2002
NAWQA) 25 N Rl DX A ) 2 SR B R ORI
- R —_— ot g
S I K e U g (N1 PBUR SR 03845 KR B )7 ik R
21 #4249 tional Aquatic Resource Sur- Sy ik KT 4 (R 3R WA A T W7k]$\({? Olsen &. Peck., 2008
. 7K 3 DL R b 1) BRI A AR A E AT 52
veys, NARS) o
MRS
CERAK Y COR BT P KO T A2 0 0F S R BT it At 37 28 9 Wi ) % o 4 3% R
2006 4F Mg ME & & J7 %) (Large River  ¥E, WS X 5825, KAUE Wi sh ¥ M Flotemersch et al,
Bioassessment Protocols, LR- 2% X 508 A9 48 & 43 B SOvEAS 2Rk B HAR B 2006
BP) i
FEHB 2008 4R ivf:ﬁl{(ﬂ:ﬁﬁifi?ji?:;d fr;lijl g;{%;fﬂgﬁhﬁji %;; i i %;éi’\li/ USEPA, 2008
(R AR NWCA) S T IR X P Ny f NV
WA R 4k A e g B g v L XTI SR R O Y R AR BCRR B AT B
17 B (PR AR BE I ) (National 5y b o i g B A 2 f e 5 18 9 45

2010 4 Coastal Condition Assessment,

NCCA)

CE 23T 3t A1 i B A ) (Na-
tional Rivers and Streams As-
sessment, NRSA)

2011 4¢

CE K ¥ ¥F ) ( National
2012 4 Lakes Assessment, NLA)

BB 55 22 ) 52 IR 43 A i e AR 46 B )
PR ¥ T K B A ) A

Xof 4 BT AT U Bl K Jel 2R 2Rk B 0T e R A K
VAL, 20 M ZEE I R R R R AR R R K
FE ) UE B PEFURS 8 5 64T T 0 A, O 3R R
e 25 DX Dy ST XIS 2 A 1 ) Sl
BExT 42 A K Lt AR BT R T et
JA 28 B VAR, & TE VR A 2 AT W13 A e IR
B TR o P R e K R Y R

USEPA, 2010

USEPA, 2011

USEPA, 2016
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{7 B3] 52 A%, W A 2R AL B A AR R SE Ak (Karr,
1981; FHHEZE, 2012; Huerta et al, 2018; Feio et
al, 2021) , SEHL T XU 2l 7K B IR B0 i A7 42 1 Y 3T
i (Stribling et al, 2008; Lee et al, 2019; Tyree et
al, 2020),

WiCBE AN 1975 AEA AR BRI 2K 325 ) T 46 5 7K A= 25 1
I e AH DG B BSR AN ST R IR D1 1 3 AN BL (3R 2)
(L.SZLERRAF 2009) . Hr,2000 4F( R B2 K HE SR
F8 2 DAY A0 AT I AR 280 A A R K AR 2 AP

A TR R =B B, WED 4 Z i F /i
84 FOARAE L AT 0T B P T A K B IR IRt 3519 L
FEIK Lok U AR B R T K O # A T S — 1 A B
ZRPRZ B E) 2015 5% 2027 AF Z 7 R T A 28
R K R 235 31 R AR A 1) 32 2 B AR (Kallis &
Butler, 2001; F i, 2009), WFD 3 T i 5
RUBE A 2546 8 B, 2 RO S i 79 7K A 25 R 58 7 1 9
R LR R IR R O 4% R 2RSS R
RO PR T 8k a3 XS SOk AR S E B TR
FLAT AR 358 A4 v B AR M (Kazagli et al, 20155 (2,
2009) ,
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Tab.2 Independent directives related to EU WFD

Bt e ARy 14
1975 - 2007 4E KK AR 4
1976 4F e kK484
%QFAEIL C _ 5 ‘/\&El B A\
I B ‘ SRR AR VA 1976 — 2013 4 TCI&uu?ﬂ?
(20 42 70 4EAL X 1978 — 2013 4 WK A 45 %
‘ JHK 2 4 ] 1 By Bt . , N
FHZ 80 4E4L) 1979 4F DUAIKAEL
1979 4 AR A TR A 0 4 4
1980 - 2013 4E H T KPR AP 48 4
. N . 1991 I5 b3 45 4
BB X 467 1 JH K LA 5 4 oo i m;gggiﬁgf ;
4 S A v Y HE R ]y B ) A‘MH(
o 2000 4F ) i e A
0B S B 8 9T e Z &ﬁif;,\?
- 40 % VA 4 A T AT A T S [ B 0
21 v AT £ TR R R R B B 2007 4F W oK R A 3 45 4
£ 3 WFD LR E%
Tab.3 Implementation schedule of WFD
Ay 56 1 S 2 it N
2000 4F WED JF #4520 . 5 31 AQEM I H (Consortium, 2004)
2003 4F A R BT AR Z L, IR O B XA R LAY ; S 3 STAR(Standardisation of River Classifications) 3 H
2006 4F TR 58 W0 0 S R A0 ) 4% 1 o R S e
2008 4 52 30 1A R K H)
2009 4F 25— 137 384 2 ML K] (River Basin Management Plans, RBMP) 5 52jifii J5 % i) i & Al % 4
2010 4 IR A B 1 5% 3
2012 4F it B A Ly 58 R i 1) S5 it
2015 4 A B — 0 U B R 2 SRR A S B IRBE AR AP B A 5 B 1 AR T4 RBMP RS — M1 ik K XU A5 2 R
2021 4 T A SR A U S T R 4 SRR T R AR, 1 E L TS =40 RBMP
2027 4 AT A0 U U B R 4 SRR T SRR H AR
1.2 ER RGP G S ) 28 55 () B9 43 b TR IR AR

SR B A K AR 2 e I A T R AP
B L AR R B 22 5% e e 7K B AN W 412 g K AR
ASPRBEOR AP R 58, I K AR 2 W S A A
JRH I A R AL A

FRE KB EEL T 2 MHrB Gk 4.,
20 f22 80 AFfURIEA S — A Br Bi—— W H A -
B W) 10 AF ], Tl A R f i A R K S
Al AR BT RER AL L 5Tk [ A0 A= Wy M I AR A 2

4 [V BB P9 T R A W W W 50 AT AR S A T AH DG Y
A WD e AR B R e [ B 2 B K AR A W 0 AR T
1981), A= 9y Wi W /K V-5 2 T w0 46 4 T (B 3R 4%,
2012; FlL#E4:, 2014; Wang et al, 2014), 20 fit
70 90 AFARJE WL Bl 22 TF KT I b & R e A Y
BEK KT YL R R H 25 )™ T O ) K iR B A A AR
D F2 A K Jr 5 e AL AR 4 Wi 0 A o v s . 31 21 e
B F T 7K AR S I R AP R B s, 2007 4F 4
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Tab.4 Standards and norms of water ecological monitoring and evaluation in China
WB RAED Lty 15 SF M EENE
N e CHRBE W 4 R B — . e
1986 4 IRHSIRB RS g O S 0 O R A A 45 AT TR
CORRIBE A WS T 43 7 7 3 ) 22 K ,
[ 5 5 (R 4 \ 2 W I 43 4 7
1989 4 IRREORB RIS 3T KR A W S 2
NS H 1A 3 4= T
g 19936 WEEHEESR  OKEEWENER iy i AT T Dk
(=
kN R (b % K BF B BB BR ) (GB S B 58 5% 9 4 A W O L S AT T RS A
gl 2002 IREEIREBI pe0s h000) 3]
BB . s s
\ o , TIF2008 4F K 4 A Wo W 5 40 H7 2 R 457
4 T AW EE I ‘ .
doog kR TSP i e e 7 Ok T
S D Th 1 K NELE EIRIEE
R A ) T R AR
2010 4 - G TAED) AR o 0 2 K SCOK VT s H K R
" W B T A 9 B B 5 ) KRR %5 TR 5 K K bR AL
GR A TAEAD)
¥ “tj:'i v “ N /j|§» X . ) N
(RIS CHL ) AR SHRBREE = gk B )
ARIEAG B GR A7) ) OR A S fd S E A e —
SECWE A AN = VB IF I T — 3R 5K A 7 W % 9 B %
PRSI RID) VRCKIEBEE e O 7 A L 2 25 S0 59 6
B WG B AR BLRE Tk U U 9 2 AT IR R AR g
e R BIEFTIE R
G171
I . B T ORI A B A R L R A
SUE FURELR T e 2 e BT £ 4 R 5 \
20134 JELERBEAR (O B 2 B BT £ 4 R 35 ) VLI (LA T S B0 Ay 1
GO 382K A 25 B B2 R 0k 00 R
ST GRAT) ) Ol Py . . .
Eg;ﬁg;@ﬂﬂﬁiwzg 6T 9O R A A 2 5 T AR L LA
I vk H N 5 M M B 925 el S A 3 2
2010 4F PEUFSLMEMAI o e R e gaw&mmmmiﬁﬂa£Mﬁwm&ﬁﬁ
CRRAT) )G P 7K A 25 3R 7 Bk
P H R R G
, K 2 W T SO TE 8 4 5 4R K UK
$ WML ) (SL219 - \ - :
0134 KIS VRS st S0 K T S R T 09 K 2 A B
o
. Kl K O A AL CSL HAE KL VR 9 9 Tk B B
o 167 —2014) AR
W Bt A 2 PRI 4 R S 000 1A i
CHEE KR 2 ) (H) 710.7 = 2014) BT X526 | kK 38k fR S A Sh A K AR GEAE R
B 2015 4F  EREERA (P4 2 RERE LI 4 R S0 K 2k HD R BB 45 10 A 2 A 0 2 RE 0L T £
B AR ) (H] 710.12 - 2016) % FENE FEARZ R L F AT T G
10 94 A 50
. K VA b B 77 0 0 0 B R HE— 25 ML T WK VB R W R R 4L Sy
" ) (SL 733 - 2016) 7 R b 3 SR 2 3 W B AR 1A R
TR . ST 9 el U A T TR R 4 A
YK VU5 R 2 LS T 9 o ; e s
2010 ARAAHES TR AL SR BEHLT BT g o 4 0 0 OE R A B VE O
(SC/T 9429 - 2019) "~ s
B
2020 45 K COT ) e PP A B R S ) (ST ARU A% ST A 45 6 2 2 W43 45 T 391 4 8 A i
" 793~ 2020 ) IYN 5 Y AEW IR RE AR R N B A
1y LUK SRS A VT 00 BT L TT 2 46 B 47 2%
2020 4 KA T I T 95 R AT)) AT L LT AT B ITT A Ok 4% 3T I 3R L K
R R W0 AR TR S
S B0 K A A R B 5 A R 45 Gt
GO 38K A 25 B B2 R Ak 00 5 4F FEOVREAT T AT B A X4 W W F AR W T 5
poso 4 IR B AR B CAE SR B LR ) () AN | P B A A T 5 3 L

il PSR

JE K A A R B 5 A 4
ARAE R ESR B LA )

FOK BRI £ AWy CR YR T F HE S ) L 3 Bl A
Wy i Uie S B R BUK AR YD B R BRI
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ST AR L 7E 4 Y0 B A5 T T i R
W 2% (A 3G HR . 2016)

A 2010 4EFF 4R Fo B K A A W20 AT 28 — A
BrBe—— Pk R B, < ROk KR A

B70%2 4 N S\ S N N S B i (| R ES B2 e
ulﬂii’%ﬁ%i@&ﬁﬁﬁmﬁﬁmﬁLé S SCHH
FERAT R VL IR B 8 , 76 4 VI 3L A 180 9 0
IR TR WS SERTIN e g S RN I S R TRy N
KA 285 W DU A A BT il fa B Al T AR L IR0 AR
FER & T — Z 50K Az 25 W 00 5 37 A ofe 5 0030 (3%
O IR T IR AL MR AR R ik A

TEAN 85— H R 58 35 19 T K AR S I vk Ik &
KA ZS WD H AR AR ) PR R T A e T IR
KA 25 W 32 20 BUSR AL L R R R e A (9T 3R 55
20125 4/MESE. 2017; 0%, 2018; EUT AR
k5%, 202048085 ,2021)

A VLTS s K A A W X G A — |
S H T EERS R B R4 E KA
SN TAEFEZESS . HET, & 5ZE 1 W7 L ik
S AT SR LR (4 8 oK B, e B LA VL
KA S PR AP 38 2k B I R 8 A W L ) T
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BIRAR LR AR 258 T R AF 5Ll
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Tab.5 Implementation of water ecological monitoring by various ministries and commissions in different periods
i 48] K F Az S A Mk R AT A AR B IR
1 el A e 57— R B R S . s ay e
2000 4EBLHT KA A A s SMAAR TR MR THELTIRE e
(1) AL SRR B AR 4 I OF (1) 35 — Wk 42 [ 4 B¢
JRAC VLI R K Az A g e I DA e Hb R IK R K A D ¥l 55 U5 5 50 85 PRI A AR ok 42 IR

2000 — 2010 4F

2010 4 LAk

WA KR & 8 3R AR M D R
KV K 5 W)

(2) =R Sk TRAES5H
BE W

(1) % B2 FF J& 7T 37 S8k K ¢ IR AR

PP W CFF e TR ok A A

W, DA R K R SR

U 0 T B KR b A WD

() HELIT R = %#éulkﬁ

+LﬁWWMﬁ%mﬂf‘mﬂ$
B KABMZES M) ;

<w& ST R =Wk A K R AR A
JE W

(4) 3% B TF J 4 7T T A5 1) 180 f e
AR 5

(5)2017 — 2018 4EJF & “ K VT ik
SRR A 75 K S K SR B SRR
B S PEN R R 1T 8 X
20 2 JE B KT 1R K AR SOk
AT T WA E 50T

(6) [ 2019 4 I K VL ik
AR A KA W A

(7)2020 4FKVLK F 22 51 25 WLOT
SRV K A 2 W

WK %0k 20 it
70 AR 30 LI E
190 435

(D EACPEAY Z R
PEOR A 5w 5 47 3 )it
X5
(2)2019 4E 2 d] H R %
bR I N N
WITIFRR LA ST
N
(3)2019 4 I B H
TRIK U b | B SR AR W
E;ﬁméﬂ%%%m
328 3 A

(4) 2020 4F & i ¢ £ 2
B2 e I N 7
(2020 - 2035 4F) ) ;
(5)2020 4 5 Jifi 4 Y130
K A A W s T
(e

(6)2020 4FHHKITH
WA A B B PR

5
(2)2006 4 KL IR K K
KELR

(1) 2016 4F % 3 “ K7L
b B R 5 A 8 R A
LI

(2)2016 4F 5L it “ K 1.
G G e b 5% U5 S5 R
7RI, S 3K Py i
SRl B IR S AR
1 55 R R A

(3) A 2017 45, H 4
FFIRKTK A AE WA
PRI A

(4)2012 47,2017 4EFF
JERATIT IR A BB 2%
E

(5) 2020 4F B 7“4l
AR sk A A
PG IR W e

Hb B U A5

(2) H G Mol s T
b2 20 B i 4 T LR
il

(D) #2291 fe H R ARl
TS TR RS AT

R W T A
(2)2011 4E )3 8h & H 48
TR i AR T AE B ) B IR
PR
(3)2019 £ MK 4L
B R4
<@%mﬂ$%ﬂ%ﬁ
FE R b K9 R W T
A,
(5)2020 4 KA ¢ A 8K
% VR A WA FR A
BART %)

TE AR AW AN TR 8RBT IR T 2018 AFHUMY S5 2 A 5 A v A2 A BR800 32 WA JRUBR R AR 4P 30, e b A ) 908 2 45 It ol

T AR BT U A D b R A O R R K R

Note: Ministry of Ecology and Environment of the People’s of China, Ministry of Agriculture and Rural Affairs and Ministry of Natural

Resources were all restructured in 2018. In the table,

Ministry of Ecology and Environment mainly refers to the former Ministry of Environ-

mental Protection, Ministry of Agriculture and Rural Affairs mainly refers to the former Ministry of Agriculture, and the Ministry of Natural

Resources mainly refers to the former Ministry of Land and Resources, the former National Forestry Administration and the former Oceanic

Administration.
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5 [ Y 1l 2l 8 6 0k R B A A SE T T« (1) 5835 1Y
AR R . U TR K ) 38 [ AR AR DR 4 Bl 1) AE 22
A E I R G R E R EAEY RS
RGN 6 R L DB R T B T R [ K AR
FUAEP PR TR, () REMEEILN . 3£
I 7E K B IR A B B S AT DA S B i) A8 AR AL i
7 BRER G 22 5L 2 AR (6] 3 A s Lol %
oy WA B, 4 T TR, () B
AP T AR R o 56 I R AR SR BT XA [ 2K S8
FE TG — WK AR S S D B v 5 RS, B AT BB i TE
1A VR L L I AR T | T5C 2 M 0 7 92 R B R e ) A5 A
FAELETS (Y LG R 52 1 A 0 M D0 R D7 TR AR
R A] Ry PR K AR 25 I 5 PP AN T R R A R
e R MES T INRBOR I I AR AL O BT HEAR

0 B 1 B 2 0 3R AR SR R (D 4 1Y
LA R . (B KHE R 48 2 )0 BRCH K A S PR 45 4
PR ORI R A% T T AR HL L R K AR S B R 9 B bR
A Ry 7K B 5 B A% 0, SR 2% B D R A 9k A
HEYE WED 1 H A R 0 T . (2 W ER A BAR
il o B 2 AN B R 2H A A TE A 2 T s A
DB MR AE , WED SR B S 25 5 48 B Oy =X, i a7
T E A A VR AL [ IR e g A A
17 8 ) 7 B T S . (3) Rk 1 W I RN B T
2. WED K W0 25 5 43 Sy B W a4 7 e I L
AW 3 Fol, AT A5G N (6] 08 H bR b a0 ol s R BT
FREPFATHEPE (Allan et al, 2006) ., H R, KK A4 4
] W00 DA 43 BT 5 1 A BRGE — I AR ME AT TR
oL, IR TG AT L B A VAL A — — A
M HE (Intercalibration Exercise, 1C) (Almeida et al,
2014; Cathy et al, 2011; Birk & Willby, 2010) ,f
25 M 00 5 A 2 SR A o T Y L B LAY R
PEAITT P (Feio et al, 2021) . (4) W3+ %l 69 R~
Wrse . BRI WED S i #2 v, 78 30 0 SO R
89 3 BT B A A 14 ) R8T, XoF ol P AT DA L il 5 B
il DA Tt B T — A W A B R eh R AT T A
RS TIRETBRMAE. G MEKESH
b B2 58 U BR . $ 3 T B 2015 AF RRCER BT A K
IRF KA S RARZS " 1Y B B AR, 2% 51 AR 4 AN
(7] 46 1 B 1) ) AR 8 AR AT 55 OF LA AP 58

2.1

A KA %"kiﬂﬁnﬁff[‘ﬁ?ﬁﬁ%w% (6) 51 A
NS G ERAETFRESZGEEABEL, 5L
2 5 455, ﬂ%'JzET«ﬁ/J\?ﬁ%ﬂ;ﬁTJ}m>>&<<3QT/\7<‘5’JE
RAEEE B BRSO ) FBOR ik TIHEEA
TE IR AR A W, i R A 2 4% AR 0 I T Y L A
ML FE,

2.2 TG )& 5 R

HEr, 3 ER AR R KSR LAY
2 285 hy W AR VT i 3 451, © 8 B T 0 HL
LK DI RE X 8 CED FE IR 7K K R b 7K Az 25 A
ATATHETS E K 5 0 D0 sl D), AR S 7K AR 2 1 D 7

RV T PR AR I . ) A5 T A A AE — i
1952 BARRIAE T .,

(1) 7K A= 285 W0 sty o 7 8 T A7 e 2 i Bl R
LR R G R A SRy A K AR A I s 1)
TERILIE R KSR 5BE T R T HE
YR AB 5 H AT VLI B4 Sy 9 36 18 7K SC K R B
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Development of Water Ecological Monitoring at Home and Abroad and the

Thinking of Its Application in the Yangtze River Basin
LI De-wang'*, WANG Chun-fang'?, YUAN Yu-jie'*

(1.Key Laboratory of Ecological Impacts of Hydraulic-projects and Restoration of Aquatic Ecosystem
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430079,P.R.China;
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Chinese Academy of Sciences, Wuhan
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Abstract: Water ecological monitoring is an important basis for water ecological health assessment, protec-
tion and restoration. With the development of China’s high-quality economy and the continuous progress of
ecological civilization, the water ecological monitoring system is gradually standardized and systematized.
In this paper, we summarized the development of water ecological monitoring and evaluation at home and
abroad, and discussed the successful experience of the European Union and the United States in construc-
ting the water ecological monitoring and evaluation system as well as its reference to China. Further, the
current situation and existing problems of water ecological monitoring in the Yangtze River basin were ana-
lyzed and some suggestions were put forward, including unifying the supervision of river basin, optimizing
the network of water ecological monitoring station, normalizing the monitoring work, improving monito-
ring standard system and monitoring capacity. The study will provide references for the monitoring and
evaluation of water ecology in the Yangtze River basin and other river basins in China.

Key words: water ecological monitoring; development course; problem and suggestion; Yangtze River

basin



