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Abstract

The daily average flow data of Huangjiagang and Huangzhuang hydrological stations from 1954 to 2020
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were collected, and the long-time data series were divided into three periods based on the Danjiangkou
Reservoir and Mid-route of south-to-north water transfer project. Indicators of hydrologic alteration
(IHA) and Range of variability approach (RVA) method were selected to analyze the impact of reservoir
construction and water diversion on the hydrological regime in the middle and lower reaches of the
Hanjiang River. The results show that the overall hydrologic alterations of Huangjiagang station is 53%
after the built of Danjiangkou Reservoir, and increases to 64% after the water diversion. The hydrologi-
cal regimes of three periods of two hydrological stations are all moderate alteration, also the rate and
frequency of hydrograph has changed greatly. Moderate alterations in hydrological regimes directly af-
fect the water environment and ecology in the middle and lower reaches of the Hanjiang River, and it is
necessary to carry out ecological regulation and restoration.
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1. 5l

KOG R FE B SRR AT 19 DL AOK FE SR B K 28R ARt /KIS 2 /K SCEE R BRI A) L 28 7]
AR B o K SO RIS M AR S RGN R EIKBN 7, B FK A AR 2 R A RE A7 A B R [ 1],
Hom s g S EH TAS KRR M MASE. AWAR. K CEANBL SRR, MRESR
GRS E R EEAHOC[2], AT E LTI R, NI RPit. Bk RHL RO RS S iR
TIAT BIF R AR K SCIE A I KIE AR L, XS MR A S R G R I I AL S IR BT K BRI K
FIFH BE08 PTRREE e T B R I o B T R AN R

IKSCAE I o A8 2 B T RKSCIRAR I 7L, 7K SCHR AR ] LUE & 8 PR RAE K SO FR B 2 2 . Richter
2613]F 1996 44 Hi/K S A8 i bR (Indicators of hydrologic alteration, IHA), 15 32 MEFr, 7B REIEFEIRE
b HEG AT, v g BRI AKCSOE AR, B EE N M2 R . Poff SE[4]23 e RGt. FEAMHIIE K
SUEHA D R EEN W B IR BRI HAN T, HRIAHEE KR feE. YN S, A4
VIR EAE RS A2 e Bt . A TR B I DI HER K SO 35 OB AR FE I FE AR, Richter 25513 — P4 18 0TE
Fil72:(Range of variability approach, RVA) HSRIFAN K LR FE . RVA J7E 2RI IHA AR AE S A DGR E e b5 1)
HANEAE FEIE i e B, H T4 SIEBZERRIR B AR E I TAE. RVA E T Fabr B4 138 7 B4
SRVE T, R K SCRR AR I ORFFLE B PMEE I A se sl 13 AR B I R AK E . IHA-RVA T3 T1F
IKSCIEHARWLEE AR 2, 1 Olden 1 Poff [6]1F 4518, IHA & B K SCR I R A 1 T H; Kim
TR K SCEAGFE bR IHA PEAG S5 AR A0 386 [ DO K GRS s B35 55 8148 H IHA-RVA 5 PFAh
KT B3R B R (RIS AT B B sk SCIG 3 B 16 00 51 SCERAE[9]IE A IHA-RVA PN KT B f 25 £
P IX ] B AR A 7K ST AR A 15 100 S Hox f S ) R

R TR B PO X DL Je S S i XN R AR = AR TiE 4 25 Tig 28R, HE3) 72Ut 2 m
R, AR5 G KA SIS 25 m . PHL KRR E KG, AREZE[10] M3 2 PHL K
FEREREAE IHA $5h5 P BB 0 = P TR AR et 4 L FRRRYS RN B 0eAs s i SR (1] S5 mE 7 28 B FHT E K

il
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FF IHA-RVA 170 M DU R R i K SO 3 AR 4k

JE BB IR AE A DU A R i DU R Xt D R AR s W2 N B, 7 3z A Bt 2 2 s 29 [12]555% e 7 PHT
17K P S RIBAT Ji 3 S A A 2 o (KK ST AR - P s A A 2 K STt A . /KA T 26 TR
ARG, AMESE[L3] A B R KAL T R 28 TRITE G, PUTH T K RIRER/D, RmEn ik, &
W[14]s e RSN AR KILEP LK TP TN FIEEEE BIb,  RWERKID, KRB GIRE )1 R,
TIPS G AN QIR A AN BEAZ ) S A0 2 AL DT R NI “OREE” KU AE K

BUBT BT TO6 T PRI K 2 e DA R K AR T o 2 AR DL rp R AR SCRs S Sk R R I 7o,
ERORHK A FRILE 2000 4747, W IRIES L ANE . ASSCOGIEPHT FK P e A 1954 4 HL2 2020 EJUTH Tl

b

KIS, P A A SO 5 B K ST RS, 9T o R A 2K 2 5 B4 R K 8 RS B (i 2
e

2. AR E

2.1. IHA

ASCHTIE ) IHA $8 b2 35 [E K 5 SR -5 13 2:(Nature Conservancy of the United States)fE 32 /M bk fit I
e Ja bR, 3L 33 AN16], o 5 A B A BMERE R/ RERE RN BT E HIU A sk f
Bl VERHAR A
2.2. RVA

RVA J7 32 T RARE HHE[S], RIRTEZ LR Z ) TREM AT S5 E 2 R R IR RS . @
R R IR R T IR AR AT AL B AT 4R B RVA BIMER A KU AR L . ASCEF R IR T 33 1 IHA
TRFRI 75%. 25% i %, 70 AR AR BRI RVA LR BRIRMEVER o« 35 AR R IR I Bt il iIX e
I 0 3 BH K ST A R RE LR, R R R E RN

SE B MR SCHAL T R 2420, X35 IHA FEhR 532 Dy SRIUEARST 24 RV AT 45 1A [7] 21 531 AL 44K 3Lk
N,; =N

D- — 0,1 e

x100% (i=12,--33) @)

e

N, = px Ny )

A D RIS | NMEPRIECRREE: Ny R 5 | MBPREAERIVIRE RV £ RVA BIENER: N, RZoR5 i
NMESREIERIDIRAS T HUHE N RVA BIE N R BT ASCHTE Sy 75%A1 25% 50 fr %, FTLh p =50%; N %
ARAERIRIRAS T B 5L

BEE KRNSO RE L, S ) 715, $/K LR L 0 < |D;| < 33%  33% < |D,| < 67%  67% <|D;| <100%
EH/INBIR A B L Hp R v SO
3. MR HE

DUTAE MK AR — RSO, A2 B SOK B IRAC B 0 B 2R KPR KVTmskar R R ey X FRE
I B A AU [17]o DULIISEE T /K FEREAE /K T2, FoAh PR K EE AT R /K A I o 48 TR R i msish
R AR TR FHLOUKES FROT TR O, AR, oK. . kKo, FisSsaEm.
TLEUKIZET 1967 SEFFAAE K, 2012 4E KIUINE, 1E% &/KMINE G A 170 m, PEZIL 290512 m®, J&T £ 4EH
TR . N T R SR 0 K SR i, R K AR R R TR PR CUK PR 2 B 8 51K, /K X AL 45
WEE b, dbat. REPIAE ). BRI — 1 TR T 2014 EEREK, BUKTEHEER 15.5 /7 km?,
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A 2020 4E 7 A CUAE] 400 12 m® (K E .. AT O KB AU ST DK B B B R A e A AR &
IREERIS2[10] [11] [12], 12 2014 4 )5 FE 7K AL 28 TR (1) 80 DO A T Ui I AR A A 858 X 2238 BUHT (1) B [13]
[14] [15].

WSO I Ui I B SR /K ST i H IR R BRSO R R R X K ST E A AR A 1
B, 43 FILL 1967 4EFHT LUK E /KR 2014 47 J6 B /K AL 1 o 28 TRE @ K A i e ADoK Sl o &K 5 41 &)
RN E, FEFIR BRI ERTE O, BRI 1 RIR . R KRR EE X, 1954~1966 AERIN K
IR ETH L.

Table 1. Data segmentation

F 1 OERTEREBR

i By KA B
1 1954~1966 1954~1957, 1960~1963, 1965~1966
2 1967~2014 1967, 1969~1972, 1974~2014
3 2015~2020 2015~2020

s BEXTBORIERR B SR BOH S .

4. LRSI

KH 33 AR FEAR(IHA)FIAE P FEVA(RVA),  TH RS SR 2 7K SOl i LK SC R . 36
2 AR AN [l IS B3 X /K ST THA 845 S K SCEAR T

Table 2. Hydrologic parameters of IHA in different periods at Huangjiagang hydrological station
= 2. FEITERE SR EK I, IHA IEFR KK EEE

2053 IHA 85 1954~1966 1967~2014 2015~2020

B FRRES% K  ERRETS%AME) W BREG%) BME BURE(%)

1 AP 305 265 358 737 88 572 100
2 AFhiE 289 223 347 707 83 595 100
3 HrFimieE 511 333 691 729 38 607 33
4 HPHin e 1084 656 1384 842 29 790 0
5 AP & 1482 836 1496 1012 8 823 67
6 AT E 1109 518 1323 1065 42 960 0
% 1 H(m3fs)
7 A e 2799 1386 3526 1632 21 1086 0
8 H- P = 2314 997 3329 1582 42 896 67
9 AP E 2723 849 4579 1725 42 905 33
10 A-F¥yiie 1789 608 2318 1324 33 1129 100
11 AP 815 520 1056 812 17 541 33
12 A Ve 448 344 560 746 50 506 33
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Continued

/N1 HifE 203 172 242 370 71 424 100
/N3 HifiE 613 518 735 1211 75 1287 100
/N7 BiE 1460 1228 1788 2991 75 3052 100
/) 30 Hifi & 7010 6026 8567 14,969 75 13,494 100

I/ 90 Hift i 31,451 26,687 39,939 52,137 46 43,561 33
&K1 HE 14,866 9640 18,075 5839 75 3956 100

5 2 4H(mdfs)

A3 HAE 37,370 23,883 45,625 16,481 71 11,224 100

K7 HifiE 62,261 37,210 90,300 32,267 25 21,806 67

%K 30 Hift & 144,613 106,678 180,243 82,119 58 64,825 67

ok 90 Hift & 269,712 176,699 366,664 170,197 29 124,677 67
=K =E 1 1 2 3 88 4 100

Wi R % (d) 0 0 0 0 0 0 0

St /INIL R H B ) 131 58 204 150 38 143 33

% 3 41(d)

R R IAL 2 HA LA [ 215 180 253 212 8 225 0

R kB 9 8 10 7 50 5 67

B KT I I (d) 10 8 10 15 58 9 67

e

R B bk B 4 2 5 9 58 7 67

I & ik s (dl) 26 14 34 13 63 11 67
i 2 38 35 44 17 92 9 100
H54 D2 -22 —24 -21 -13 88 -7 100
R 67 64 70 164 100 163 100

4.1. BEHRFERE

W NPT DK B H R o, MRS 2 A 1w, S 4. 5. 7. 11 AR A WS AR E AT,
HAh A s B A, B AKACE R TR SCHEfE 4. 6. 7 HONEENAE, HiA M NhEESAE. Ex ik
1967~2014 4 F1 2015~2020 4 1) H Fpiit & S He 53 9] 5 R SR & A gt e s v B ) e~ n 4] 1

B HE 1967~2014 4 - EZPHT K BRI AT T FE I B2 ), AR SR I (AU (5~9 H) I H i & 3% el
Fi#A(12~3 H)W AR EH BRI XFFEKERERFAKIAE K, Ml B, RKEIRNK, it
KAEIJEN . S RIhn F#K B R LA R 1 A1 431 m¥s, &OKEIRKERTLUAR 7 A1) 1167 m¥s. 5] 1(a) AT LA
F K PETE R /K AL 4 TRR St fo 4 N i B 38 Ak, s 5.

HH M 2015~2020 4F EEEZRKILT P28 TREMRE I,  H IR IR R K e & UM IR, SR o
Fedt— 2. BEKACIR & TREEKG, AYmER i, HArrui 7~9 A2 /KEmE K.

B kG 1967~2014 4EAT 2015~2020 4Rk SCEAR AR 1 AR 8 A H Fii & (% 2), ElH RVA
A Y0 RN fi ] 1954~1966 4 K ARV R _E FFR, Al Beig B R IRAUH TS, J7 (8% bb oo 2s i i B8 16 4
iGN BT 1 A4 H ¥ EAE 1967~2014 4EFHT /K IS AT B IS I b, AR 43 #7E 1954~1966 4F
FIRSRLE RVA BI{E AL 2015~2020 4 E R /K AL 5 BUE S0 K &6 BT TR, (EASREEAERAE RAR &=
RVA B{ESr. X155 2 i 1 ALERIN BUES 2 @ B SR S i) & . 8 H H S8 E1E 1967~2014 -3 b RIS
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SR T &S, 2015~2020 4R J5 A # R R Bt — s, P B O R
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Figure 1. The monthly average discharge and anomalies in different periods at the Huangjiagang hydrological station
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Figure 2. Average monthly flow in January and August during different periods at Huangjiagang hydrological station
2. AFRBNCATERER 1 AF18 BFRE
B HERDUL N B, @PEE 7. 11, 12 ARABRENRESER, HAb T s B g #K
ALV AR R TRESC S 3. 7~9 AN A, Fofth b v FE A2 151 3 2t B FE vl 1967~2014 441 2015~2020
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ST THA-RVA VE BT Bl T K SO 3454k

SRR ¥ S T — IR

FHLTUKEZATRIE G, 2RI A Y B2 mb, R H S0 & i Sagm i s &k
IR KR LUAE] 1 A 1 427 mPfs, EOKHIEKE AT LUAS] 7 A 1206 m*fs, o 6 A4 26 m¥/s 3N
RN 6 ARPHLOUKERMIEI, KPETE 6 AN NitsE, Bl R FE . & 3(a)n LAG HiK
JE 3 R A A N T A

Z KL P 2 AR STt s, SR I A R A ROk SRk, BRT 4 AR 10 APk e N, 3
A H YR EIEAE >, 7~9 A 2K R K.
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Figure 3. The monthly average discharge and anomalies in different periods at Huangzhuang hydrological station

3. BEKIEARNERE&RRRESEY

MAESWIN KA ER, & AT R R ARG KLY R YA KRR Sk E ., it AEm
AP RE TR DK SRR, ARG KR &R Kot a M2 HLEma[16]. 54 A il 7 Bl 211525
IKEBIRTEAL, Bl 2 M E AR A 55K . (HA2 T @ R KL 2T, B A ERE
VEE A, R R SRR S A DU R K A AR e e S AT o 7 BRI 35 52 1) — 5 AR o

4.2. FRERE

HH# 2 JEIR 1967~2014 438 Z M /K Sl AR IR B R B v L, B 18K 7 d AR K 90 d AR BE g4t Hith
NS, K AR R AR . R KA R R TR S AR AR R A O P B s B K S
1967~2014 4, [ 7&K 3. 7. 90 d B EARESRS, HA B M . 2015~2020 4F fr A e br 23
T U AT L P R R K G T A R AR S S SR B o RS SRR I PR 1K P S i MBI
I, WORAE R R > P KACTA P & ARSI S5, RSP A RO G K B AR A, (HR UK ER
WD ERESUR FEROR I B Kkl ik 1 d diE s W 4(a).

MNARZS 0 LI BE b, AR Ok R BB TR A S50, KRS RGRIME, w4tk 52 A R %
i 52 VAP AT [16] 0 KR “HIVEESEAS 7 B4R a5 LA B B 7K A T8 Hh 4 TR 6 7K B 0 e s e X (1 1L 7K i 68 %o 7
RE, B, . B EiRSH — @ MBRIER . ERERERERNRERNL, R 7 K X R RAg
X 2 ) BRI F7 53 28 e LA ROK IR B AU OR B . A IR BEARAS I I I, [R5 A A 300 52 85 V)R O 1) 8 87 B
FA A 32 B BOR 50

4.3. FRERERERE
TSR K SO AE P UK PR PR /Nt U AR 1 19 d, T 3 sORERHT 1 3d, A
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B . B KL h 2 TR S A R/ R LN TRV P s 1) 1967~2014 SRR 7 d A A {E AT A BE 2
B, BRKEAAB T RINREME T 10 d NEEESCE . 5K SO AEPHL H K 2 8 5 B/ N B KU &= HE R
Bl AR 7 8.d A1 4 d, R 7K AL o 4k TRE St o i/ A IR K B2 HH UL (8] 02 e 1) 1967~2014 £F- 73 Al i il
T 2d M1 16 d. 2 HAKSCHEERAE I E AL RIHOV P A . 280 MR PHLDUKERES “ BHAME”
RS U A N E U A BB S, BE0RI 4 289 5 ), BE/KAb I Hh 2 ToRR S J foe/)ME HS B
BISKRE] 4 A7 OB MBI 2R AK, 3 AN BUYEAMBUIE 7 H . /MR RO BB [
FR 73 AT Y FE Y R AR R, A Ab) o, U BT AR AN /KL T S BUK TS B AR @ VER K . SRR B AT B
i i) 5 A 0 0 2 LR B A5G B i 0 SR 7= B [16], H 0 PS8 A e 3 LA B AN A X A 353 B2 i A X DA
BRI -
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Figure 4. Magnitude and date of annual extreme water conditions in different periods at Huangjiagang hydrological station

4. BEFBKCA T EITRIRER RN R KR8

4.4. FERKAH

TR UK SOk R I 5 R R K B D, BRI 3G N 5 do e K AL R 4R TR ST i Ak rp Bt
—Bub, IRt EURRE, il 5B R SRR E KBS I, AR T 13 do FEKARTE R ZR T
TSI it i (G AL B Wb YR BORE 1 28 2 S5 1) 1967~2014 E i — 2B ali/b o 385 Sk /K SOk It B ik o 1 Dy v B AR

B HEKSCHAE 3 AT BOS R, R E K R ) s B A R D RS B I . R ke
B SEHN 3d, RE/KALIE AR AR ST fE K R B AT 13 d.

FHLEUKEERE BT “E#AME” LA B EH S BCS R E I R Ik, 7K 2R A5 K &4
73 Be 3 S AR A kb P s, AR R K e an ) S(b) s . BT AR K B AT AR T B R A RE
SPERTER, BTN R AN KRBT R, BEENTREMRENAERE, KK RIS .
R /K AL R H 28 TR St J5 v A e Bk b R B 4k b, AR IR B R R B A AN B s st ke D B AR T
Ja kb, ARE K DI AR AN

MR KPR S X TR — NS ER ARG, KAEED SR A SZIL T YRGS . [F
5 27 3 B K A8 4t B T T SRR R AR o K KRR ST R RIS R . B B
IEHEIME S [18]. BARPIL /K I B R AE — e REE B G2 fA 1 Rk /K S0 /K B8 5 4 R ) ) 3L, 097 2 ok v 1) e 28
SR BN A AT, RIS v I B RN 7 B 1R sl D 2 3 R i S X A S BAE ), RS RSB
1t
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Figure 5. Frequency and duration of high and low pulses in different periods

5. RREMEEEREHORER

45 RETHER

UM 2 R 7R SCb AR B P K P S e i B o R R/ R P90, [ I R e TR 25
W 6 JE7R 1 B S K SOt R R N R DA S HE AR SO i R A OB AR A O X — B e R /KL th T
RS e IR o BT PR CUK PR, & PAME IR S S B AE I 51, SN M S #
s FEARALTREACRE, REREMIED, SEINF AR RIS AR, B I B 3G I se L 17 7K e o e R
PRI, R KGR P 2R TR (o A R A B gk s, 7 AR B R AR

MAES N AR, MG T 52577 2P XA PN 00 ARSI G A 400 1 ik 5t 7K 1] it
SR SR AR E VIR [16] . B AL RAE PSR AR, R FE AL I B AR e H A 3 B3
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Figure 6. Rate and frequency of water condition changes in different periods

& 6. NEREREEMRMILEIIRE

(b) EFEAKSCE AR N LA S0 okl

4.6. BIEKLKETE

H 7K S AR P 45 R 2 43 28 5 SR AS A5 — S T 34 X0 AR B VBRI 7 AT DA B B A K Sk )
RS P /N T3 Sk e, X d T I B B I B PR K PERG 32 5 A /N o i Kb T b 2k TR S it 5
] 2015~2020 AEAHE T FHT /K FEEE FE J 1) 1967~2014 AEHAA K SC i AR FE 86 K,  2015~2020 4F [ 3244 A48 &
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Figure 7. Hydrological alterations in different periods of each group

7. BIEAEIRTER ST AR E

5. ZRSRE

SR P 17K P2 IR i 8 7K LA K T 7K Ak 1 rh 2% TR St 6 YL o T I K SO S e, AR S0k
IHA-RVA J5i, FEFiEsk. 2 REMK L 1954~2020 4 H M E R, & B0 M & BoK SCil g fE, B30

TR
1) FHIT /K ZEE PR 5 1) 32 B A R A /K B “ Bt 1is AT e, AR R B3, R ERE
WD, HR B RBIE NS . mAKICE P TSR, & 0 RSB PN SRS, ERERE LI

FESC, RPN a] K B IR R .

2) BT AL B PR, B S K OCUs BE B PR T K ST, B /K SO B KT B K S, (H
R B A o T K 2RV EE AN K AL T FR 28 AR AR &, /K JE 2015~2020 4 I Bk SC e FE 27 60%,
KFFHL O K fG 1967~2014 E1) B ) 50%.

3) FHI UK P e Ja A PRI 22 5 w4 R 77 A 9 v R 46 P 280 2 11 [ B 25078 7 R SR SRR, K SO 34
FESA, XA PUT A NIFHIAERSE & — e K 1, R BT A B2 B @ I DLS AR 7K 2 18 5 6t
A SRR A A AR B A AR RS A B . BRI 2R TRE STt G, /K A B AR ek ] B 2 18 T A

DOI: 10.12677/jwrr.2021.104038 359 TR IRAE 5T


https://doi.org/10.12677/jwrr.2021.104038

3

* THA-RVA 30 M BT K SCis 3484k

MK BIREC BRI, CESINLHDL MK A S TR RO S 5L ANY AR TR T
K ek r /K AL b 2 TRER DU A R i AL 5 A AN RIS

e HE

2K B AR 5L S b X B J 46 T H (U20A20317)

&5k

(1]

[2]

(3]
[4]
[5]
(6]
[7]
(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

BUNN, S. E., ARTHINGTON, A. H. Basic principles and ecological consequences of altered flow regimes for aquatic biodi-
versity. Environmental Management, 2002, 30(4): 492-507. https://doi.org/10.1007/s00267-002-2737-0

TR, 1RJIW, ZPE. KSCHCR IR bRAR R AR AR SR SO 9 A S ZRIR[J]. /K BHIRERY, 2018, 34(6): 24-32.

CHENG Junxiang, XU Ligang and JIANG Jiahu. Review of application of hydrologic alteration index system in eco-hydrology
research. Water Resources Protection, 2018, 34(6): 24-32. (in Chinese)

RICHTER, B., BAUMGARTNER, J., POWELL, J., et al. A method for assessing hydrologic alteration within ecosystems.
Conservation Biology, 1996, 10(4): 1163-1174. https://doi.org/10.1046/j.1523-1739.1996.10041163.x

POFF, N. L., ALLAN, J. D., BAIN, M. B., et al. The natural flow regime. Bioscience, 1997, 47(11): 769-784.
https://doi.org/10.2307/1313099

RICHTER, B., BAUMGARTNER, J., WIGINGTON, R., et al. How much water does a river need? Freshwater Biology, 1997,
37(1): 231-249. https://doi.org/10.1046/j.1365-2427.1997.00153.x

OLDEN, J. D., POFF, N. L. Redundancy and the choice of hydrologic indices for characterizing stream flow regimes. River
Research and Applications, 2003, 19(2): 101-121. https://doi.org/10.1002/rra.700

KIM, B.-S., KIM, B.-K. and KWON, H.-H. Assessment of the impact of climate change on the flow regime of the Han River
basin using indicators of hydrologic alteration. Hydrological Processes, 2011, 25(5): 691-704. https://doi.org/10.1002/hyp.7856
Bmigg, #AEgn, FR. KL B RAROK R B B uli K SO AR 204 [J]. KILR B BHR S5FR 5L, 2016, 25(1): 120-130.
DUAN Weixin, GUO Shenglian and WANG Jun. Impact of upper Yangtze River large-scale cascade reservoirs on flow regime
at Yichang Station. Resources and Environment in the Yangtze Basin, 2016, 25(1): 120-130. (in Chinese)

SOCHR, MR, 2Bk, &F. BT IHA-RVA L ESWIL I AERAKSUE BTN ] AKFIZK 4R, 2018, 49(8): 155-162.
GUO Wenxian, CHEN Dingxin, LI Yue, et al. IHA-RVA-based assessment of eco-hydrological regime of lower Jinshajiang
River. Water Resources and Hydropower Engineering, 2018, 49(8): 155-162. (in Chinese)

AR, 2307, HER, & PHLEKEEXN RIS S R o4 [J]. /KB REIEAR2:, 2007(4): 33-35.

ZOU Zhenhua, LI Qiongfang, XIA Zigiang, et al. Human-induced Alterations in the flow regime of the Hanjiang River. Water
Resources and Power, 2007(4): 33-35. (in Chinese)

WSCR, BIER, Wl S PRI EKRK M DO R IO SR fh S RO SR R AR [D]. KA R &, 2009,
30(2): 44-49.

XIE Wenxing, HUANG Daoming, XIE Shan, et al. The early evolution of the four major Chinese carp’s resources in the mid-
dle and lower reaches of Hanjiang River after the construction and operation of Danjiangkou Reservoir. Journal of Hydroecol-
ogy, 2009, 30(2): 44-49. (in Chinese)

WP, N, D), ERE, S PHLEUKEEZ I R A 0], NIRRT, 2016, 47(6): 22-26+47.

PENG Tao, YAN Hao, GUO Jiali, et al. Impact of Danjiangkou Reservoir operation on downstream hydrological regime.
Yangtze River, 2016, 47(6): 22-26+47. (in Chinese)

M, B, BB, R AKAG I AN PO R KBS B[] AL, 2019, 50(1): 79-83.

ZHU Ye, LI Jie and PAN Hongzhong. Influence of Middle Route Project of South-to-North Water Diversion on hydrological
regime in middle and lower reaches of Hanjiang River. Yangtze River, 2019, 50(1): 79-83. (in Chinese)

W, HE, KiE, BIER, ARRET, BRL mKALTE 2 TR IR KRS DL R K AR A PR AR AL i SRR U 9]
HEERPEWIE, 2020, 33(6): 1431-1439.
CAO Shengjie, XIA Rui, ZHANG Yuan, LI Zhengyan, REN Yixuan and TA La. Characteristics and response of ecological

environment in downstream of Hanjiang River before and after running of Middle Route of South-to-North Water Diversion
Project. Research of Environmental Sciences, 2020, 33(6): 1431-1439. (in Chinese)

PR, MR PUT AR GHr i K A I 8 L0 SR [9]. PREERE 24 7T, 2020, 33(5): 1179-1186.
LU Jinyou, LIN Li. Problems and countermeasures on water eco-environment in Hanjiang ecological economic belt. Research
of Environmental Sciences, 2020, 33(5): 1179-1186. (in Chinese)

RICHTER, B. D., BAUMGARTNER, J. V., BRAUN, D. P., et al. A spatial assessment of hydrologic alteration within a river

DOl

:10.12677/jwrr.2021.104038 360 TK BRI 5T


https://doi.org/10.12677/jwrr.2021.104038
https://doi.org/10.1007/s00267-002-2737-0
https://doi.org/10.1046/j.1523-1739.1996.10041163.x
https://doi.org/10.2307/1313099
https://doi.org/10.1046/j.1365-2427.1997.00153.x
https://doi.org/10.1002/rra.700
https://doi.org/10.1002/hyp.7856

T IHA-RVA VL5 BT R T K ST A AR

network. Regulated Rivers: Research & Management, 1998, 14(4): 329-340.
https://doi.org/10.1002/(SICI)1099-1646(199807/08)14:4<329::AID-RRR505>3.0.CO;2-E

[17] HE B T RIS LT KRR E[]. e N RILHAE [ 5B A4, 2018(30): 78-79.
The approval of development plan of Hanjiangecological belt development. Gazette of the State Council of the People’s Re-
public of China, 2018(30): 78-79. (in Chinese)

[18] #HEHAZ, skdh. KBk AIAERS R[] KR %44k, 2009, 40(3): 281-288.
DONG Zheren, ZHANG Jing. Ecological effect of flood pulses. Journal of Hydraulic Engineering, 2009, 40(3): 281-288. (in
Chinese)

DOI: 10.12677/jwrr.2021.104038 361 TK BRI 5T


https://doi.org/10.12677/jwrr.2021.104038
https://doi.org/10.1002/(SICI)1099-1646(199807/08)14:4%3C329::AID-RRR505%3E3.0.CO;2-E

	基于IHA-RVA法分析汉江中下游水文情势变化
	摘  要
	关键词
	Hydrological Regime Alteration Analysis in the Middle and Lower Reaches of Hanjiang River Based on IHA-RVA Method
	Abstract
	Keywords
	1. 引言
	2. 研究方法
	2.1. IHA
	2.2. RVA

	3. 研究区域及数据
	4. 结果分析
	4.1. 月平均径流量
	4.2. 年极值流量
	4.3. 年极值流量发生时间
	4.4. 流量脉冲
	4.5. 流量变化率
	4.6. 整体水文改变度

	5. 结论与展望
	基金项目
	参考文献

