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Abstract: Water ecological integrity of watershed describes the structure and function of the ecosystem from the
aspects of biology, physics, and chemistry, which is the research focus of ecological environment management in
recent years. As an important part of water ecological integrity assessment, eco-physical habitat integrity assessment
can directly reflect the health status of water ecology, and has received increasing attention. Compared with biologi-
cal and chemical integrity assessment, the research on eco-physical habitat integrity assessment began later in China,
and no perfect index system and evaluation method have been formed. Therefore, it is urgent to investigate the

technical system of eco-physical habitat integrity assessment. Based on the assessment methods of physical habitat

E&TH . BEE S AT RIIF(2021 YFC3200104 ,2022 YFC3702403)
F—1EE URE(1962—), T Bz WF 5T 7 10 KT Yt i 3E 5 4R, E-mail: fanronggui@163.com
* @ {513 ( Corresponding author) , E-mail: suhailei666@163.com



54 s #F

FLIN

%19 %

integrity in developed countries and the situation of water ecological environment management in China, the index

system and evaluation method of eco-physical habitat integrity evaluation were proposed in China. The results can

provide technical support for eco-physical habitat integrity assessment and environmental management in China.

Keywords : ecological integrity; physical habitat; evaluation indicators; reference condition; environmental manage-

ment
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1 YEEETEUMNNIESHREHERE ( The conno-
tation and research progress of physical habitat in-
tegrity )

1.1 HE& 5N (Concept and connotation)
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1.2 W58 EE (Research progress)
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HEIPEAGREZR ) 1% 7 VR 38 2 X R AR R
W TS F A PR A e . RIS
AT DLW e] gt 0 B 285, T AR HE VA 48 £ 1
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B TR R AR 5 RUTRR A . F AR ST
() P B A R AR AR AR R A HE T T B e Sh i I R A

COKHEZLEE 4 ) (WFD)ild
The Water Framework Directive
(WFD) was adopted

20004
The year 2000

EIRPEA T IR A SR A, X
RIS T T 4326

A survey of river habitats was carried
out in the United Kingdom to classify
river conditions

19944F—19974F
From 1994 to 1997

TR A 4 <] 0 0 b A R T HE 2
Australia launches Health Assessment
Framework for River Wetlands
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Scholars began a series of surveys and studies
of New Zealand’s rivers, lakes and coastal waters

19924
The year 1992
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Early 20th Cent
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The U.S. Environmental Protection
Agency has established a physical habitat
assessment system for rivers

TR S 1 — YR A 5 PP
A preliminary river habitat assessment
was carried out in Germany

20014
The year 2001
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The year 1999

FAEHE 1 el I HE
South Africa launches
“River Biomonitoring Framework”
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The year 1994

FEBAT (Uit AR A
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The United States issued the Clean
Water Act to protect and improve the
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The year 1972
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Fig. 2 Development of physical habitat integrity research abroad
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Table 1 Foreign physical habitat integrity indicators
RN WA bR WS R HRIR
Nation/Organization/Agency River index Lake and reservoir index Source
5407 K ) T
AT R 2 b 5 e JR A, Connectivity to groundwater
River bed structure and matrix composition VREEAS AL,
Depth variation
Wi PR EE K 5 RE ST 1L B1-32]
European Union ] B A L Lakebed structure and matrix composition
Riparian zone structure WA S
Lakeside zone structure
KBS RIS (5 R )
Water quantity and flow pattern, Water flow and volume, Residence time
WA KL R
TR Lake water level drop
River bed sediment TITERG 5 ek
US EPA A B3]
Lake habitat complexity
WA Feth Rl T A
Habitat complexity, Coastal disturbance, Coastal vegetation coverage
_— T JCHHES Y A RAR R KT KOS B
. River invertebrates, Riparian vegetation, - [27-34]
South Africa .
Water quality, Hydrology, Morphology
T R CRFAIL. ] T A AR A A 5 2R TR RO
il b A E R | TURYRRE A R
UK Characteristics of river sediment, Structure and types of - [35]
vegetation along river banks, Riparian zone condition, Land use
type, River data, Sediment characteristics, Riverbank erosion
P FEREAEH LRI KRB T REE R Btz I
. Vegetation structure, Land use, Water flow - [36-37]
Germany . .
pattern, River bed structure, Flood plain
TR WA SR (LR AR AT A5 A ) | UL A G R R 1
P i AR BB 3 R AT oML S (R AR 2 M)
’ o Macro habitat (watershed landform, river grade, etc.), - 28]
New Zealand . . . .
Meso-habitat (river bank stability, flow, vegetation
coverage, etc.), Micro-habitat (sediment stability, etc.)
AR RS 2 I A SRR HURE s 3Ty Al U] K R il i e AR e T
T RIS IR AL i iy RS AR S A B TERE W ) AR S R R AR SR
S L MER L] S LA EADRDL R AT H R B
A F I Comparison between monthly runoff and reference natural state, Proportion of urbanization in the B8]
Australia basin, Discharge of hydropower station, Bank slope stability, River bed siltation and degradation,

Influence of tree branches and leaves in impact zone, Vegetation width, Vegetation continuity along

the river, Structural integrity of coastal zone, Coverage ratio of native species, Regeneration

status of native species, Status of wetlands and depressions
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FIvEfr A R R RS IR MR O W 2R G
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L R (=1 A0 2 s RS A R R oo s S 2 S TN
JERE A — Rl O TR Az B BT R
RS IENHEAR AR R XI5 L 0, 2000 4 95
D], AR RS PR ) 2l 285 ] A e
LI e e | e o & RSV B Bics iy Sl g 9L S

TET SRR AN 7 3k, F5 AR AR 2 fe A0
FRFR I, T It RUBE ) o ) DAAE D e B PR AN 5 A
27 | XS 2 L2 1 8 % W) T LAAE B B vF
PRIERIHAE" . 152 BRI AR A R b, 2
NI P K R R A SRR B AL 8 REATE
PUR 2 AN (1) 32 A2ER TR/ ; (2) BA KA
BRGERGENE, BT, 2% S nE—2
PR SRR 22 A 5%, R 2 570 B Al AR i
AN DURT AR 1 A D00 8 -5 ) 2% 7 14 /) B
ZEW RSB 25 VA K AT A K AR AR B
(G548 ARG DIRE 2 REIE) 5 J5A 19 R BTS G AY
RPN TS5 R BT LS 3T W e
HFEAT i 2 BOIR S Y g SORIBERE BRI DX AR 1 K
T oL 55 R R 22 S P RO E O R L3R 2,
R WED K2 MUIRASE SN T8 B2 sl N AR
ZhTPAPRES”  RIKSCE R — ey sk e R A
Y e R A e UL AZ A S S T,

2 YEBERERITINERBESEMNTE

(Screening and evaluation methods for evaluation

index of physical habitat index)

2.1 PP FEFRIT % (Evaluation index screening)
AR KA R W) 3 A B 46 bR i e PR 25 17

TEZS . PR B A B8 58 e, R A T g H
() BFFE X G RF 5T R b 22 55 | DR b i B e 423
WAEAR AP ik WF9E YRR AE BT 78 B T B 5
KRR W AR R IEAS Rt A Bk
5w L )3 B R el /W SR Yoy o e
SRR AT LR S 48 5 1k A B 2 b AT R A 9T
15 )7 vk B DI Hb R AAE PR A 1 7 XA T, ARYE
CIAREZK A A A5 T 2 W DU 5 TP A 1 R F5 5 ) v 4
2, TSRS, %A R, P2
AN AT DU IR A — R, EB A R R
RIVERER R 3R 5 [ SR B % A8 1 AR AR
b, ST BD A TIB R R A, Al n AR AR AT K
B 25 B VPR A8 AR 53, SEAT T Wy LA 455 o 4
PRIV ST 38 P AL GEAE AR 10 7 T SR AE B
BRI FYARE e I TIE S, EHaESY
FER P Ss BE B T 39 AT Bt A 7 A SR 32
FHIC AT AU TCAR AT 8 5 I 1R P B AR B AR AIE 55 7K
AR A MR B OC ZR SR FH T 3R b VT g A 45 T
VR 7% PP PR AR I 55 JIC T 8 &2 sl TR
FESS A FRRPE SRRt E AR AL KK SR
FEBE 2 REVE KRB AE | 236 B B A /5 1
R HZE 10 845, RECRTF R 7 -4 3%
FR i AP R AR, TRIRE A PN A B A L ] 3 45k
Iy HIBEHCT 28 A~AN [ S ] BE A BE E A7 R 3 W
22 IS AR R R BRI 5 B K S A
G4 A, RN R F T A TR
BERIMEE X Pl 77 2 EAT LSRR o 45
P 5 SRR R R | I EL T DA A JE A A | 4
SR TR TSR, ER, 2 AR SRR 5
M), e, T 000 b A7 A — S B i A A, 2 s ) i A
PITHFERR  HEAR A A PR
FITLA, B AR AE RS T B T AR R A
o BB AR IR LR bR G 1956 4Rt B5F
— NG Bk TR N &5, 35 T 1972 AR R 5
TS — WU BR e Y 1L R (ERTS-1), J5 dlopR bl T2
(Landsat), FE[E T 1986 4F )53l 1« B 5 51 1 Jgk
TAMWEE] TR T R R BRI
AR — L2 B JLKRAER A, SR AFEVE il B
R B — i L B AL B — s () BORE MRS,
ARAMEE HEARBUEBOIR DL, B0 A St AEAE RS | Fildh
PRI FR A AR AN 0 T , — P b T A
RIE, W A = A Landsat R 51 TR 1Y
= Z%1| LA 1 MODIS %5, Landsat 51 TL A & 3¢
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x2 ARVAERBRITENNSRELHWE
Table 2 Reference baselines for health assessment of rivers and lakes and reservoirs
e Z BRI i
Classification Reference situation Explanation
T DX RT3 T8 (1 — B fie /N T AR vHE A 3t 0 RT3 B 3 B
HARZ TR ERMAIAIEL DN THAMDO)I T 18
Describe the situation of Describing the locations that meet an agreed set of minimum interference
eyt the least disturbed site standards in a region can provide the data needed to describe the
Reference point minimum interference condition (MDC)
method . R s X B 5 o 32 T B de /IS oy b e, O AR O
R 3 T4 /N AR e S DU
. . AW RHE
Describe the condition of . . .
. . Find and record the least disturbed place in an area or category, and
the least disturbed site L. L . .
quantitatively describe its biological characteristics
T AR T D R 20 56 DA SR 568 5 1 7 2 OIS
B4 L HINT (BPT) S _ . _
e . . Experts determine the reference status according to their professional
CIN Best professional judgment (BPJ) . . o
. knowledge, experience and relevant investigations
River
b D s A R RIEIC A IR E
Unscramble historical conditions According to early notes, photos, records, etc.
A Y N — N - s v ST " i
HAE T Ue— HE A T 2 0 S 2 e 25 0 )
Other estimation TR The empirical model derived from the correlation between biological
methods Infer from empirical model o . .
indicators and human disturbance gradient is deduced
T S0 2 AR A — 2B AR, AT LS A X 27— XU AR F
- A Rl BV R 4 2 R i Rk Al 1
JE il o3 Af , . . .
. R By making some assumptions about the current data, it can be esti-
Peripheral distribution . . . .
mated by various interpretations of the index or measurement range
currently observed in a region
35 AR PSR T A D e B AT R 2 e RS R
b — 8 B G W 8 e AR
Iy st B o R
. Through basic research, available historical data are collected for
Historical data method - . . . .
screening, analysis and evaluation, and the final baseline level is deter-
mined by certain data statistics methods
AR 52 A PR 10 3 S PR W 9 400 A0 DX S s & 19 7 s
al J0 37 Wi % E 3
SR B ﬁ%%wmmﬁﬁﬁmﬁﬁ - ' -
Determine the baseline by using the historical data or on-site monitoring
Reference area method . .
data of adjacent areas or lakes that have not been affected by ecological
environment damage events
e VL ] 5 sl b 7 A0 A PR 58 B AR S A 2 B AR S TE LA R 58
"

Lake and reservoir

2Rz v a1 S

Environmental standard method

RIS 1

Model inference algorithm

Ao e ) T H S (A 5T FUAR{ELAT N S 4K

Take the environmental standards promulgated by the state or local
government as the evaluation reference, and take the applicable bench-
mark value or remediation target value in relevant laws and environ-

mental standards as the baselinelevel

A R A A R PR 3 I S WA AR 2 R TR A
A A SR S D RE A AR T A - O S 2R AR R A T
FREEHELL

Based on a large number of survey data, a prediction model of stress-
response relationship between environmental stress factors and lake
biodiversity, community composition, biomass and ecological service
function is constructed, and the ecological environment baseline is cal-

culated
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I 4t 50340 55 SR (USGS) 1 [ A 25 AL K SR (NASA) 3
[F A5 VETF & iz 8 1 — 4 i pkad B LA, 8001 T2
HEAIRE B N 1Y 5 53 B R RS AR B . ORI
Landsat 8 TLARFRAL 1T 21tk Brk# |, 25 [l 73 3t
FH15 ~30 m, BHEJHWIN 16 d, MODIS(Moderate
Resolution Imaging Spectroradiometer ) J& FH 32 [
NASA 7 1999 4F % 5f # — X% 1L (Terra T2 & Fl
Aqua TR B0 3 BLES , B 7E 2R B K 3R 1H
A ERPE LI Bt . AR RS RE A R Ak 22 Y 7 55 b
BREFRTAEE , X A B T 3474 s 18] 7 30 19 43 A
ML R 8 TR O 23 (8] Ry (ESA)H &, B FE#R ik 4>
BRI [ PN 19 150 43 23 R 3O D 5B | S s 22 R Y
NEFH . QSR A DRAE POV 28 T YT A 3 A R
P IO FH 0S8, , AT 1 40 PR A B U T A 1% S A1)
A3, P 2 BT B W DRt A 7K 2 T i Kk e o
iR LI KRB E YA RN, BRILZ AN BR
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Table 3 Table of index weights and evaluation methods

Eiztan WA I i &
Index Evaluation methodology Weight
VS B 0<CIS<025 I, 43 1003 7E 0. 25<CIS<0.5 I, 43+f 60 ; 7 0.5<CIS<1 I,
5 P S3H 40 ;75 1<CIS<1.2 F, 7B 205 24 CIS>1.2 B, 43H 0 0112
Connectivity When the connectivity index is 0<CIS<0.25, the score is 100; When 0.25<CIS<0.5, the score is 60; '
When 0.5<CIS<1, the score is 40; When 1<CIS<I 2, the score is 20; When CIS>1.2, the score is 0
24 0<PCw<5 Hf, 43HE 0 43524 S<PCw<25 H 43 25 4324 25<PCw<50 K,
T 3 50 43524 50<PCw<75 B}, 5ME 75 43 ; 24 PCw>T75 B}, 43E 100 43
] e When 0<PCw<S5, the score is 0; When 5<PCw<25, the score is 25 points; 0.139
Vegetation coverage R R
When 25<PCw<50, the score is 50 points; When 50<PCw<75,
the score is 75 points; When PCw>75, the score is worth 100 points
WA A RREE A H B TE /N T 5% B A 100 43,10% B 60 43,
KR 20% FIRSY 30 J3,30% I3 10 73, KT 40% IR S) 0 73
- When the proportion of lake area shrinkage is less than 5%, 100 points are awarded, 0.161
Water body area . . . . . .
10% is awarded 60 points, 20% is awarded 30 points, 30% is awarded 10 points,
and more than 40% is awarded 0 points
M 0<C,<20% i, 43 205 24 20% <C, <40% i, 531K 40
FoBR 2k % 2 40% <C, <60% B, 43 60 ; 24 60% <C, <80% B, 43 80; 24 C,>80% Hit , 4™ 100
0.345
Natural shoreline rate When 0<C, <20%, the score is 20; When 20% <C,<40%, the score is 40; When 40% <C, <60%,
the score is 60; When 60% <C, <80%, the score is 80; When C,>80%, the score is 100
e 24 0<ha<30% Hif , 43 100 ; 24 30% <ha<60% Hi, 4MH 70 ;
N B ’ o ’ )
) 1 60% <ha<90% I, 43 50 ; 24 ha>90% I, 43 30
Intensity of human 0243

activity

When 0<ha<30%, the score is 100; When 30% <ha<60% , the score is 70;
When 60% <ha<90%, the score is 50; When ha>90%, the score is 30

TE: CIS FoR @R R, PCw RN BE T  ha FOR NRTEEREE , €, RN RIRELE,

Note: CIS stands for connectivity, PCw stands for vegetation coverage, ha stands for human activity intensity, and C, stands for natural shoreline rate.
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