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Abstract: The method of indicators of hydrologic alteration ( IHA) provides a relatively comprehensive way to describe the full
range of hydrological regimes and is used globally to assess hydrological alteration and its ecosystem influence. This method is rela—
tively sound, while it still has potential redundancy problems caused by a large number of variables in it. Therefore, the principal
component analysis ( PCA) was used to select the most ecologically relevant hydrologic indicators ( ERHIs) , based on the flow da—
ta at Chenglingji, a standard observation station of Lake Dongting, from 1955 to 2014. The method of range of variability approach
( RVA) was improved by the selected ERHIs and was used to estimate environmental flow in the outlet of Lake Dongting. Based on
the results of PCA, seven ERHIs were selected: annual maximum 90-day flow, annual minimum 3-day flow, Julian date of each
annual 1-day minimum, March flow, June flow, number of hydrologic reversals and median duration of low pulses. It was proved
that the seven selected ERHIs were reasonable with the comparison to previous studies and the redundancy analysis. ERHIs not only
reduce the redundancy of IHA but also help to grasp the key component of eco-hydrological variables. Moreover, the improved RVA
method greatly simplified the original management targets in estimating environmental flow in the outlet of Lake Dongting. This stud—

y is of great value and significance for eco-hydrological research, water resources management and ecological protection.
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i Yang s 18) goe A s P S A L R A ( genetic programming, GP) . 3= i 43 %3 #7 ( principal component
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Fig.1 Correlations among the thirty-two IHAs

2.2 ERHIs
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Fig.2 Variations of eigenvalue and cumulative contribution rate explained based on PCA

2.3 ERHIs

THA 78 45t 22 [ £ [ AR SE RN T A 1) B3I 3% BB 22 19 9638, Turner 45 ZERFF A2 W 028 1 5 2 28
ARG IR B R T S AR IS B 2 8 ) TU A PE IR Smakhtin 257 75 Y THA A5 f (0
FIERR 48 TAER NS B 2 922 5N T 6%  FF 465 525 1 E A , BAR B R £ H it
T RIREORRAE. 9 T A RO B R A2 K SCE B B TU A PR I, 3432 2 (LT J& T AR BE B R 9T 22T 33 4
THA 78 Af 56 3CHk o ERHIs (9 5545 056 3 7%, Horlr, Gao 25" M4 PCA WFSE T A I B e 4 14
ERHIs: BUSORAEGHE T 4 4 ERHIs; STIERAE NI T 8 /4> ERHIs( 32 3) . 3t 764 3R W AR R S >
6] 69 407 45 S FT RE A7 AF — S 1 25 5

5L RFSE AR L L AR SCHAAE 9 7 A4S ERHIs 4351 R 4F Bk 90 H ik 4R /0N 3 F 3 ik AR S/ i it
BRI 3 F <6 ) Ak « A YRR R A P ST 7 o, 7 i b AL A A 7 i 1% 45 LLE F
JLE AR SE M. BBl SR T A2 TR [) A B 9 ok 42 42 B0 HH AR T 114 7K SR AE JIF S 800 1, {2 3o 2
ERHIs 2 [AM{/5$R AL —SedbiE. N3 3 W LA T BFSE 45 S P s &% 7 — MER R Z H s A — 4
Ff /NG F VR T 2638 UL IE R AT IAS PC A o8 4o 8 2 2 TR 2R M 7 ( 36 2) . LR AR i/ N t Y
i ) 7E 45 ST 45 SR B B0 T (% Gao 251 BRIFST AL . T4 AR it T ik 0 110 300 FF (] 1 R0 2 7K 2 2 0 o
AR EI RS S FESCBRIF R A BAR AN . 530, Uit e i A IR e R A VBRI I L B
AR A AR AL AR bR T 2 — AN i, HURER U, TR0 Y 11 A9 ERHIs JEA b 3 T THA #9557
S AGECE ) AP E D5 T4 B0 ARHE PCA 3k 1 19 ERHIs 72320 32 4>
THA A5 i TUAYE R RN A 8 i 6 T S Bt 5 .



1240

J. Lake Sci.(

%R 2 T 8 A E ST AT

Tab.2 Loadings for the first eight principal components

) 2018 30(5)

THA 75 2 PCl1 PC2 PC3 PC4 PC5 PC6 PC7 PC8
IWER/N 0.07 0.46 0.66 -0.20 -0.21 0.09 0.11 0.08

2 Avie 0.04 0.38 0.43 -0.51 0.04 -0.10 0.36 0.22

3 H i 0.02 0.41 0.17 -0.61 0.00 -0.19 0.39 0.07

4 H s 0.22 0.43 -0.15 -0.29 0.23 0.14 -0.02 -0.28

5 HE 0.52 0.02 -0.10 -0.10 0.50 0.25 -0.04 -0.18

6 A i 0.22 0.18 0.11 -0.14 0.67 0.24 0.08 -0.20

7 A i 0.78 0.12 0.14 0.25 -0.04 0.18 0.05 -0.09

8 A 0.75 0.05 -0.01 0.27 -0.18 0.10 0.20 0.13

9 Hiiat 0.65 0.08 -0.10 -0.03 -0.42 -0.14 -0.14 0.05

10 H ikt 0.58 0.14 -0.46 -0.12 -0.16 0.13 -0.32 0.09

11 At 0.19 0.23 -0.70 0.04 0.08 -0.18 0.07 0.08

12 A 0.06 0.18 -0.68 0.12 0.16 0.16 0.34 0.34
FaN1 H R -0.25 0.84 -0.09 0.30 -0.08 0.02 0.04 -0.24
Al 3 H R -0.28 0.87 -0.06 0.30 -0.05 0.04 -0.05 -0.17
/N B E -0.37 0.86 -0.01 0.28 -0.06 0.07 -0.08 -0.07
AN 30 H iR -0.37 0.84 0.02 0.23 -0.02 0.04 -0.11 -0.01
/N 90 H it 0.13 0.76 -0.02 -0.39 0.10 -0.22 0.01 0.19
ikl B 0.86 0.16 0.22 0.21 -0.02 -0.05 -0.12 0.17
K3 HiE 0.87 0.16 0.21 0.20 -0.01 -0.06 -0.12 0.15
FipR 7 B 0.89 0.14 0.20 0.20 0.00 -0.04 -0.12 0.13
AEfRK 30 HikE 0.90 0.07 0.23 0.20 0.05 0.04 -0.09 0.05
AR 90 H i 0.91 0.08 0.17 0.20 0.10 0.17 0.08 -0.03
H ek -0.82 0.44 0.12 0.23 -0.10 0.03 -0.08 0.02

AR B /NG I E] -0.05 0.05 0.76 -0.19 0.02 -0.28 -0.35 0.01
A TR B ] 0.13 -0.02 -0.16 0.39 -0.46 -0.38 0.28 -0.13
IRV HHAE N & AR B -0.63 0.03 0.27 0.15 0.19 0.12 -0.35 0.37
(IR AR NS Ty st 0.38 -0.18 0.47 -0.02 -0.37 0.27 0.30 -0.42
T AR P R AR IR 0.16 0.02 -0.41 -0.50 -0.41 0.33 -0.28 -0.03
i U A N TR T 0.42 0.01 0.05 0.41 0.50 -0.30 0.15 0.06
A% 0.61 0.27 -0.07 -0.41 0.01 -0.05 -0.28 -0.12
GES -0.59 -0.39 0.37 0.34 0.17 0.00 -0.06 -0.09

T OB -0.35 0.04 0.25 0.12 -0.18 0.63 0.19 0.38

ORI A TR R Y LS BT AT T RS DA% T B0 B e e 7

7 3 MOCHR AP AR T THA R R IR ERHIs

Tab.3 ERHIs selected from IHA variables in some related literatures

ViR ERHIs EEBUN

GP.PCA.AM A S /NI H BT )« B TR R OB AR IR 3 FR R VAR RN T B Yang 45019
WS H e

PCA BERUEOESE: 5 A TR AE 30 BB/ b THR AR R RR HBU ] Gao 4119
SEMPRCR AR AR R/ 30 H I ERR 7 B2 AW 11 A6 A
Vit 3 Wi b T R AR 8 T

PCA HEdR/NT A AR T F R AR I/ N BRI ] AR SRR e BRI Zhang 25127
[i) < 1o LR AT PN R A TR

PCA AEIR K 90 F AR/ 3 H i AR/ B B )3 A A6 AR A5

I PR YR IR A AR S i
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BT #2500 ERHIs (5 380 18] 3 R T
T B2 A ERHLs 2 8] B9 A ¢ R 80 B8 7 4
ERHIs 2Z [ A PE R K/ IR 3 AT LA
AR PR R A S AR R 90 I 97 B FIEG 3t Bk 4 P4 °F
DI AR AR OC R B 0.48. 45 R 2%
ERHIs 2 [a] i F1 56 2 80( 48X {E) #8A 8 5E 0.20, £
AR DAL AR A OC R K e X fE) #B /D
7F 0.10.
2.4

T T 1) K B R A TS ey A N AT
A SRR EE W] A9 7 A ERHIs. fh T8 1 H AR
AR ERHIs 752 prAg e e rh o S n 28 &) 52
L. B, AR RVA BE 21 H B0 3 B 5
WEE, B 24 5 06 TE ERHIs. T i A9 18 ‘B 88
TR — A U AR A L AP — I L RN

T T A 1S N T T R 377 ERHls Z RGO
TE— AR XA A R R, 2 K ) e Fig.3 Correlations among the seven ERHIs

TEXFARS T , B 2 250 A 38 R G0 WA AT i 43
i B ERRE 1T BRSSP A2 186 AR S R FR B A

AR _E T A9 S0 A w0, TR EE I R 7 A ERHIs AR T HA B 3E R, mHEA T &2 04
BAEL. Bl ERHIs AR AR BRSO AR A 8 AR, i B 12 A A s ( Bk 3 Ao A
WP EEAER) ,—IH 17 AK OB R RERANE AR R4 . T 4 D OYRAR B R & B {E 5
SHIXsF IO 5 Fe /NP i R e R B I, At RV A< ) B 380 10 A A5 T BB AE R TS Y /N I R R
A SR 5 K 00 A R A AR T e/ IV o B A e U R 2 2 2 25 AR 83 1™ J A RE

e 4 LT UGN RVA 50 TREN 1SS LR
Tab.4 Environmental flow of the outlet of Lake Dongting calculated by improved RVA

KA R ik, SEHIE( m) FRifEZE( sd) FARBIE( m—sd) e B m+sd)

1 Ayt m? /s 2636.85 1342.99 1293.86 3979.84

2 A m® /s 3476.78 1559.54 1917.24 5036.32

3 AWE m? /s 5402.85 2238.23 3164.62 7641.08

4 H i m? /s 8653.25 2677.27 5975.98 11330.52

5 H it m? /s 12568.67 4506.08 8062.58 17074.75

6 At m’ /s 14023.57 3485.66 10537.91 17509.23

7 A m?/s 17114.33 5335.71 11778.62 22450.05

8 Hyite m?/s 13568.72 4933.89 8634.83 18502.61

9 H itk m’ /s 11289.48 4688.54 6600.95 15978.02

10 A i & m’ /s 7985.98 3097.10 4888.89 11083.08

11 A m’ /s 5284.37 2314.86 2969.51 7599.23

12 A i m? /s 3018.76 1403.35 1615.41 4422.12

AR 90 H e m® /s 16197.90 3633.11 12564.79 19831.01

/N3 HiRE m®/s 1470.79 347.65 1123.13 1818.44
A B /N HE B ] fEmg H 164.65 164.38 329.03 0.27
R R w 51.43 11.82 39.62 63.25
B T A PN S 449 [ s d 26.87 23.38 3.49 50.26

AR e/ T B ] A BT R fE I L BN B AY KRB R RN TS PR . R TR I 0 B A A A O e —
PRAE 12 ABRUAE 1 A [RIEE S T BETE A AYE SE4: , B S 4R B4R R (55 329.03 K) 1 Sl B, T LA YKAE 4R 40 ( 45
0.27 K) A e 25 BUAEL , BIVAE B /)N it 1k HH BT ] )28 AR FE B R 2 329.03 K B IRAERYES 0.27 K.
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AHELTF 32 A28 19 RVA, M9 ERHIs Biealk ) RVA STi8 @ 0 K 9 H 10 PR i i 8 3 E A i R
Wb, HAE SR A BRI R B DL R0 55 L. DR, B K 0 8 B S 1T L 22 R B i 1 AR b
Pl AT 2524 i A 25 2R e b T T DR A L 33K b JE AU T 97 T8 91 10 7 W WA L A A R R B LA — 2 1
R
2.5 ERHIs

AR THA =434 TR 3R TR W 1 A9 /K SO SRR , (R ERHIs 1y BRIk 2 T THA () [ AH ¢
PRI, o5 ) T2 — 20 0 1 5 2R B A G Ak SC AR & DA B2 s 11 7 4~ ERHIs (141 8] 25 £k
FHIESRE .6 AT B MK 90 Hif EARE F %, M 3 A RS Fi/h 3 HinEMn s iR B E A -
Thta%. Hrb AERK 90 H i LIAHE 86 m* /s AYHER PR, AEfR/N 3 H i LIAEAE 8 m' /s AU T}, 4F
B/ N R ST 1) 4R A AR 4, T 0 OB 1 2009 4E UG 20 b T H( BT 4) . X Fh S (L 22 B T 3R
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