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Abstract

The construction and operation of reservoir group in the upper Yangtze River basin have significantly af-
fected downstream hydrological regime. Based on the observed daily flow data of Yichang Hydrology Sta-
tion from 1949 to 2022, the flow series was divided into three parts (i.e., 1949~2002, 2003~2014 and
2015~2022). The change degree of hydrological regime of Yichang Station was calculated respectively by
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using RVA, HMA, HCA, RRVA and CHAE methods, and the advantages and limitations of these methods were
comparatively studied. After the operation of the Three Gorges Reservoir, the overall degree of hydrological
regime alteration at Yichang Station was 55.10%. With the completion and operation of the cascade res-
ervoirs on the Jinsha River, the overall degree of hydrological regime alteration increased to 71.33% be-
tween 2015 and 2022. This indicates that Yichang Station has experienced a significant alteration. The
research results provide scientific support for the prevention and control of water and drought disasters,
the development and utilization of water resources, and the protection of the ecological environment in
the Yangtze River Basin.
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1. 518

IKF AR NRFF KA KRR BT, S RBRIEETIER, mrlepidt. Ko, K. &
B EE L2 TR R, AR IR W /K ST 08 BB o BT K SOIE 34 5028 1 73 BT VAR
WA EFH AT T KEF S TAE. 1996 4 Richter Z5E[1]5% 42 H T 5 Gt 3t 3 3] IR 745 5028 1 7K SC 2048 8 b
(Indicators of hydrologic alteration, IHA), .7 5 2 32 AN/KSCHE R, H LLE SR K SCIEH: 1997 4F Richter &
[2]42 ) T A 467 7% (Range of Variability Approach, RVA), Ho KRR & T IHA FEAr2 R o thya e, @it
TGRS BT B N FIRERE, KSR ARAE 2 T AT S AR RR B, i — B &b T IRISUK SCE #3810
IFERE[3]: RERBRRIF K IHA #E—B8 R 588 A 33 Mabs[4], M5 IHA-RVA V51338 3 8 H [5]-
[7]: 2008 4F Shiau ZE[8]# ! T # /7 B VL AL (Histogram Matching Approach, HMA), Hi\ N RVA ik E T
IHA $EhR7& ZEVE I N A, RISV SNC IR 2K T N IRE 2 & T ERR)ZAE, A HRE IHA FRFRI 1
WAKSCIE SN FKE MKESE), TR FECSREE VG IRZ: 2811, HMA &2 FHHT G K SCS 4
MRHEATR A H B 7 P, 1 B 7 AR [ ek (A] f R BB 8, @ AR R B AT A, 2017 4F Huang %5
[917F HMA ¥ 3EmE EFEH T B 5 B He i (Histogram Comparison Approach, HCA), /1A A HMA J732: 4 AH AL
PR EAGEL, S KT RSN ES, BERMEE— 2T, RATEETA S8 &K
B/MERZET BRI BLEE Y, DGR TP aT By B R ] A, EA s AR, (A SR
WSS B HCA kst T iR, 025 18 1 IR RIS ST N o R 5 K A OAARBLRE Sk i 4 S HA AR
2020 4 Zheng 510142 T & 1E281k3E FEli%:(Revised Range of Variability Approach, RRVA), & Hi[¥i /K 3%
ST B A TEARHERINT 751, B PRSI R AR AL, W0 55 22585 RE /K ST IR PR B TR A8, 3O 51 N
Hasse & FEREIR PN A [EI ] 7 B[R] RS 22 5, I T AR AR 7 T ARk, Z5E 15 H AR 1 7K SO #5ek
ARERE: 2023 F EAT TAE[LIRH FZWEHATIRBOH R, $2H 1K AR L 25 & il 5% (Comprehensive Hy-
drologic Alteration Evaluation method, CHAE), LALREAZKSCIGFA ) /34 A AN S ARAAE B, SRR EHR TR .

B KT I R BOKR TR R, TR T DA =0 O R K R, RHRTL R K SCH 387 A
TRFEREM. Gao F[12]H17T I 1961~2008 FACVL L HIKSCIE AR, SINESTERS IHA SRFR3ET HEEL
ST, WONKIT BRI ERR RN, ATRES RIS KRG A ks m, =R EKIE s 7R KA &,
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FEfIK 7 B ZR ki & Zhang S5 [13]1A A = R IILE 2 U8 T VL i 7K SOIRIL, A BEA ATV = M N AR 2
REZ A ; Wang S5 [14) 8 ST RIS /S ANk i 1952~2018 SE ¥ H AR F1EAT 0bT, WE9E 7 KT
APEM 2 [ A R BN AL, R F 9 S 4 PE AN 2 R i 2 ILRREE i 35 BEESE[15] 55 d it %
H B 1949~2014 4 Hfi s 7R T B o, SKIT B KERERIENALS S, 2R 7 8 B s
IKSCERRAN, RIAEKIARER K, FARIRERD, S/NRER AR RSEET, REYR B Bl
BE[16]MH IHA-RVA VES BTt EATLR K SO A R, NS KRR B, KL Rk
IKSCHC BE R B R A, R R R .

B TR A TR IR AT, KU S SRV A A S J7 B T RRD R A K R
PR, AR R BT VDV K M RIB TR . AR SO T B BK S0 1949~2022 F i &5, 451
KH RVA. HMA, HCA. RRVA J5i%. CHAE 2%, 21 iFhivh & 8 Bkl K SO AR B, DU KR
BK R R EGIE . AKGIRTT R A SIS R SR LR 5 S 4

2. MRF*

IHA fEbr2e H1 26 [F R FAR DRI b 835 f, F IRV & . s, INFIA). SER DL AR 457 B 5 41, 4L 33 4
fabs, WAL 1.

%= 1 IHA R R 4R

25 fabn s IHA F&4x5
SR i 1~12 % AP
SRR 13~24 RS B/h 1. 3. 7. 30, 90 HETHME. W3, Eiifes
CERRAB I B R A BT ) 25~26 TR BN R A (]
Pk it B AR R AR e [T 27~30 TR A S IR R I B SRR RSP 3 g B
it B U R R A 31~33 RSP SIS AR R A
2.1. RVA %

RVA T2l iR AR & T R AR 3T A 3R AT 4R B RVA B R L KOS AR RS, I X IHA
TRFRIY 25%F1 75% 73 Wiy RVA 1 L NBIMETER . 55 0 A IHA $8A5 Dgyy FIEEMIK SUE A S E Dy tHH A
XUF
N

0, e

D

RVA,i N i1 RVA,i

1 v
x100% DRVA:( 3 D? j 1)

e

X Doyay NEE |4 IHA FEARIIK TSR Doy NEEAKSTEA BB N, A A IHA 1862 5 5
75 T RIMEDL T 1 RVA BME A AN EG N 9 HS2sem i, OS2 520 f5 14 IHA $ab57% T RVA BI{E A
PN N A IHA 8RR ARSCHEL 330 — e U FEAELTE 0%~33% (1] J& TIC 2 s s 33%~67% 4 H Bk
A5 67%~100% K 5 J& 245

2.2. HMA 3%

HMA KA IHA 7K SCHRBR B3 A 20 Al S BN BL7 B3R, 28 T 32 T B 7 1 A i) i 2 [A)
(R RBR S, IR E AR AT AL, TF SR RN 52 N SRR sh i B5 B A AR . Bkt
CIRrit 3
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1) ffE BT B IX R £ n,

N =-— @

X n REEWXEEE; r28ERA. fuMEZZE; n 28R a 8, r ZMUMEE, 3 0N 25%70r
KA 75% 73 B 1) ) ZE A
2) HHREJTER MR dy
(H.K)=(Ih=K)" A(h—K), A=[a;] ©)

ﬁ¢:h%q&wumfﬁkﬂ@&wuh)%% ZFAT JFHETE H. K R, |h—k| RS

B, ARKRILXIE SR KA PIERERE, FEREH TR ag R XE s At fAHOUE, BUEEHE 0~1. Hit5
H5HE o WEARK, a EHEN 1 flo, o MRS, fRFE LA 1. T

(4)

max

ast:[l_dd_SIJ , dSt:|VS _Vt|’ dmax:max(dst): 1

i dy W s X IRTES MK R, V, FIV, 20 BRE s X IRTES t /X AR d,, KR A2,
B 1 AN RIS n, AN 7] 2%

3) A AR

VLI | MERRI0 T B AU D, (AN 1 7K S 40 000 ) AR K S 4 A

do; 1 )
Dpai = maxqu,i)X1OO%’ max (dg; ) = \/2+2[1— - _J (5)

c,i

12
HMA ( Z DHMA i j
(6)

2.3.HCA %

HCA & 1 XD LRI X T (5 R, #0 HCA W8 Je it SR AT R A BT IR BARE, SR HES
R, MIMERE THEZEE . IR HMA RSk, #oml o iR 55 B IX e anat2), HAasb BT

Ne,i

S = Si(l)xsi(Z) Zm'“(ht ktl)’ Si(Z):imin<hw,s,i’kw,t,i)(l_|s_t|] O

w=1 nc,i

A h =(h1vi,h2,i,---, hnc’i,i) ik = (km,kzvi,---, knc’”) (e LAFRE), h,,, B, 5 E 5 PR X 1) 2T HE 51 i

5B BT P B ) B (I R BRI HE) o S IR [R] X TA] FOARALLEE , [XTE]24[0,1], S it X Al Y
FALEE, IXTAIN[0,1]. S, Fon T LT A K SCHa AR IR EL 7 B AR U
VU B T AN R 1R A0 8 AR B A K S 17 5 A O

2
Ducas = (1=5,)x100% Dy, = ( ZDHCAJ ®

2.4.RRVA %
RRVA i%H RVA T3kt Mok, [R5 REK SCHR bR AR 22 S AN A8 22 R AT SR e TH B SO 37 it 5
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WFEZR B, M EIEEZESR D, , . it © MEERITHEZM RVAL, F =Dy @
B2 A X Hasse A FEAITHE Hasse 255 # 45 o
e E X Hasse JFE, X Q(q,, 0y, ++,0,) 2 MLE n MLERIFH, IHFHEANTHRE-ANEE m A
AR (E )R R T m MR, j=12,,n; k=12,--,m), F4E g, (k) >q, (k) B g (k)< (k) T
Q HIPNILEK g 2 g, TEER. X TIX m MEEHA, g (k)>q, (k)M g >a,5 Hg(k)<a, (k)M A
g <q; o HIUEAE L1 Q HI Hasse R
+1 g, (k)>q;(k), Vke[L,m]
Hij: -1 qi(k)<qj(k)'Vke[1’m]
0 otherwise )

WIGAT Hasse FERF & — MY 0 Fl+1 ZH i) SO RREERE, o T AR SO 7K SCHR bR, n AP FIREEL oER
M HE P AL E (k=1)F1 K/ (k=2 )1FE A BGEE K SCH AR (IHA) I N2 & (Bl m=2 ) R B TESRE. 751
QG Gyor--, 0, ) FORFTHELY IHA FEHG(H0 g, (1) F1 g, (2) P BIERE | 460 “BIBAR” M KMER).  “fiE
AR HEERFPH; “CRNRR” 1 SO, FRKSTN ] SR IR SRR N 1) RVA L AR A =AEH, K
FBR25% 5 b 5 AR, BT RBR(75% 0 80 A, fESbZ MR E, AR . T B 1. 2,
3. HETMTH Hasse AR % A1 70 RABHEAT e

" P (10)

Hrpp B “RANER” REE, p,=12,3;5 P, &S RS KE( R 3).

HURTIFUHTHEE Hasse JEES, WKER BIRJ5VE, & SUHTHRRT Hasse HiF%E H ™ FIF-# 5 1) Hasse AiFE H ™,
) 4 5 1Y) Hasse #H 25 D, 17T

Dy =(1-w) Dy + WD, (11)
i|H__pre _ H post n24 5 H Pre _ p post
D - o ii ii D - =g ij ij (12)
P n ° n(n-1)/2

e Dy MAERE XA C R AEIER R, Dy AARX TR AR, HOou R BUETEREI8[0,1], w NH
K, REA BB R/NEERRE, BUETEEZ[0,1], A3 0.5 (RIAAHALE AR /MU EAHF) . 54531 Hasse
P /N ) S TR e 81 RO AR AL P o

UL B ER 7 A& TR/ MR R ROFERE, - T K SIS s i AP sh i 942 £ nyg A1 n, )il I AH T
T 5 AT & B A . B > n, , PRBNHT. JE 1) Hasse HFFE4: 508 H, FIH, . KN4 noxn, Fln, xn,
e Hy R H, 8 Hy CNEFE) Hy ORFERE) 22 B A e B8 sh 204 N 1, izl fe v, MAEREEE S 7 ny—n, +1
O WWERUGERE & MR, 0 —n, + IR /M2 Hy 1 H, 22 18] () Hasse P

i F AN Dy TS | MR AR CSCE BRI (SR G T IR 2 e A 25 22 ) AN BE AR ST 345 AR 2 -

1 vz
Drrvai = 1_(1_ F )(1_ DH,i) Drrva = [W; DéRVA,ij (13)
=’

2.5.CHAE 3%

RNEEE IRV HEITERI S, FAFERE T /K CEA A E L5155 I1E(CHAE) [11]. T HCA V584
#AE HMA [, RRVAIEEE T RVA ik, Nl —JEE RE LW, SUERE HCA 1 HMA VL1 45
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ST BT 5
KA R REVE[LTIHATIRAL . E AL 2 R 7T [18], A HCA F1 RRVA J7 2 I U8 FE R AIE
TAREGHIER, XeE RS EE, SREHRN 0.5; KUWIRALE LB E L9 HEATIRAL, 53] HCA 1
RRVA % H )% WAL E Jy 0.42 1 0.58. KA fl& F 2 WAER, RAZEET &2 st damens:, 152
JE R Wi R AE T AL E R 20007908 0.49 R 0.51. M fieJg HCA A1 RRVA V& AL E 4 HIHYL 0.46 Al 0.54.
M CHAE ¥£28 i M EAR AR K ST 34 05038 -5 A 3043 3R

Y2
1N
DCHAE,i = 0-46DHCA,i + 0-54DRRVA,i DCHAE = (WZ DéHAE,ij (14)
i=1

3. HiEAN

KATAE NI — K, A=K 6300 km, K&, WHEEZEKR, HEWKHIFEFHME. KITREL
Ja S A TR BRI TR, o =K I B KIT S B hi K E, =K 2003 @iz T Lk,
TEFTEE . K WSSO EE mEAER, A SCE 7RI NI KSCE R . 2014 40K, HEZETL IR
O SIS RS, M. BISTE. RIS ZUKER L@ R, TR SIS B R A 0%

BB K SO =K ) R s i, M AbKV T RSy S, BEUKTHIFRZY) 100.6 75 km?, [ 1877 4EJF1A
MKAL, 1946 FETFAEIM R R E, ASCHIRESTESL . AR SCRA 1949~2022 fERI H R E T4, TTREK SO 3
BB E RIS TR 7T o 25 FE IR N KR TARZ T R @ BERE, 40 LA = /K 22 2003 4 & /K R4 Vb VL R bk g K e
2014 FFEECN T, KIREFIIRIZ N 1949~2002 fF (KRR EFFF). 2003~2014 4. 2015~2022 4 =AM
W, ST E B K CCE AR .

4. HHERIERSH

KH 33 A IHA $8FR AT IR 2 Fh 75 0 5 e Bl SRS BB, S5 R WE 2. ek B, RVA EHEA
(7K SO 35 0 A FE B2/ F RRVA SRR B, HMA Y 7K SCHE 3 2 B /T HCA S ISR &« AT
SRR R BA FTANIE], (R 38 R AR — 50, AN [F) R A 1 O B AR T A — X R Y, [ 2015~2022
SR AH T 2003~2014 4[], 7K U1 3 SUR E A I AR T

FFTTEF, RVAVERG 5 R 5 AT L2 R BOR . W RVA VEE A1) 2003~2014 (a1 7. 8+ 9 H Vi
BN 0, HE/NTFHAL U, XZHT RVA IEUAELE RIRIER 25%. 75% 7307 5 X 18] P [ 4%
RS, REVEERX A 7K SCEAR 248G ) N ESCEREy 0, T HAR TV v BN AN [RIAR BE % 1 1 7K S
IR E . DA BHEALERER, HInAFRT RVA . B 1@ E v 1 A FRRESidrE, &4
1 HBEAKIE, KRR TH PR BN 4282 mds, , TAEMBIEHEST, KRS T &FAMEER, P
VI sREM AR, ST T ZUKEREZT R R EBE N E. ZWKPEIZ1T5(2003~2014 4ER)#T LA
1 A PR ERVEE R ARMEN RVA X[E Y, H 2008 4Eit, 1 A FHREME T KRR BRI R, AL
RARTET RVA X [ESE, KB ARIZIRL . SRTTARYE RVA 5, [UNIETERIRFLE 1) RVA X [8] Y IRIATR A 15
&, H15 2003~2014 4FE K SCEA AR A 33.33%, (HAKSOFFIAEIHE, A, Ailash sk 4L
Bk, MOMHRE T EZ/EEK HMA. HCA. RRVA IETFESE RE K. B4h, A RVA SRUMIETE B ARIX
(] (R A6 B RTH AR, OGS TR B BERNT A1 R A, BINEAR/K S A UCR A B, 11 2015~2022 4R
o, RVA REANAS G RA 0%, 25%. 50%. 75%. 100%fifh, H I T K& 0 Al 100%:i% Filbg i 45
B, BEEIOSHE R, B ZRTI, Bl 2015~2022 75, 455 —ERK b SLhaa if 4 T
PEBRHET, A EE N ZE IR 22, 5 1) NARZE55) B R LA I VA TE B VA TE R SRR 1) RVA X ]
W, BURRER ARG T IE 25%, (XMAEEH K, TP IIZERES T8 —, A I LA T S B/ ST 4 1 e
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F 2. NEFEHERKEENEE

- 1949~2002 2003~2014 2015~2022
IHA ik ¥ME  RVA HMA HCA RRVA CHAE RVA HMA HCA RRVA CHAE

1 AP mesT) 4282  33.33% 36.34% 48.84% 43.52% 45.97% 100% 78.24% 100% 100%  100%
2 AP EmisTt) 3844  100% 62.42% 67.45% 100% 85.03% 100% 77.46% 100%  100%  100%
3 AP EmesT) 4320  66.67% 46.23% 56.61% 71.68% 64.75% 100% 80.57% 100%  100%  100%
4 FPHia(mist) 6605  33.33% 37.14% 38.64% 41.33% 40.09% 100% 75.69% 83.85% 100% 92.57%
5 AP EmesT) 11,628 33.33% 14.35% 28.19% 42.26% 35.79% 50%  43.92% 47.52% 56.25% 52.23%
6 A TFHiiiEmis?) 18,131 33.33% 35.32% 43.73% 41.5% 42.53% 25% 23.27% 30.98% 31.47% 31.24%
7 AP Emest) 30,265 0  21.91% 31.00% 1553% 22.65% 50% 27.12% 30.82% 57.29% 45.11%
8 AP Emis?) 27,497 0  16.66% 18.30% 13.38% 15.64% 25%  34% 34.88% 32.81% 33.76%
9 AT Emis?) 25507 0  1415% 20.39% 9.72% 14.63% 25% 32.02% 37.65% 30.8% 33.95%
10 AP E(m3sT) 18,122 83.33% 56.64% 57.42% 85.33% 72.49% 50% 44.81% 48.41% 56.4% 52.72%
11 AP Emis?) 10,054  50% 42.16% 44.65% 55.30% 50.40% 75%  44.49% 49.24% 75%  63.15%
12 AP E(@m3st) 5881 50% 41.77% 49.38% 56.50% 53.22% 100% 59.86% 61.24% 100% 82.17%
RN LdiEmes?) 3412 100% 51.05% 65.24% 100% 84.01% 100% 76.61% 100%  100%  100%
/b 3difiE(mesT) 3439 83.33% 52.54% 61.29% 86.43% 74.87% 100% 76.77% 100% 100%  100%
BN TdiiiERmesT) 3493 100% 47.87% 58.78% 100% 81.04% 100% 76.69% 100%  100%  100%
/N 30d FiE(m3sl) 3677 83.33% 61.78% 69.82% 86.34% 78.74% 100% 77.03% 100%  100%  100%
B/h90d B (misY) 4128  66.67% 51.31% 56.25% 72.01% 64.76% 100% 77.83% 100%  100%  100%
K 1dFEmSs?) 50,389 16.67% 46.79% 48.99% 26.45% 36.82% 75% 59.33% 67.54% 78.94% 73.70%
ok 3difis(mesTt) 48,657 16.67% 41.28% 41.99% 28.77% 34.85% 50% 59.37% 66.25% 55.8% 60.61%
BRKT7dFEmMSsT) 44,134 16.67% 30.64% 33.06% 27.61% 30.12% 75% 61.14% 65.32% 77.46% 71.88%
&A30dEm s 35011 33.33% 35.70% 36.37% 43.86% 40.41% 75%  30.9% 34.74% 77.16% 57.65%
K 90diE(misY) 28546 16.67% 22.81% 29.49% 25.08% 27.11% 50% 37.94% 36.31% 56.40% 47.16%
B (e 1.77  66.67% 58.4% 69.38% 72.18% 70.89% 100% 80.95% 100%  100%  100%

W R 2 (d) 0 0 0 0 0 0 0 0 0 0 0
/Nt 7] (d) 56.52  33.33% 34.16% 35.47% 43.94% 40.04% 25% 30.60% 34.50% 33.04% 33.71%
e K 7] (d) 212.67 0  30.22% 33.80% 859% 20.19% 25% 19.80% 28.03% 34.38% 31.46%
RIS KT IR E 6.17  33.33% 24.33% 28.71% 39.39% 34.48% 25% 47.85% 48.62% 31.47% 39.36%
R ikt B (d) 16.33  33.33% 18.85% 18.86% 43.27% 32.04% 0  32.81% 32.71% 6.85% 18.75%
LB K R 385  83.33% 65.40% 68.23% 85.63% 77.63% 50% 50.46% 57.9% 54.91% 56.29%
FE ik T (d) 28.06  83.33% 65.26% 64.49% 85.86% 76.03% 50% 55.07% 52.76% 56.55% 54.81%
i N 2R (%) 7.49 50% 41.84% 46.49% 54.23% 50.67% 100% 75.19% 77.55% 100% 89.67%
TR 2 (%) 429  66.67% 45.17% 45.67% 7151% 59.62% 0  33.30% 39.91% 7.74% 22.54%
MR IR 84.13  100% 68.64% 73.29% 100% 87.71% 100% 83.71% 91.25% 100% 95.98%
AR UL 57.73% 43.37% 48.48% 61.46% 55.10% 72.56% 57.92% 68.66% 74.33% 71.33%
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