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Application of improved RVA method in assessment of
river hydrological regime
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Abstract: [Objective] This paper proposed a more accurate reference on the basis of RVA to diagnose
the influence degree by analyzing the response relationship between hydrological index and river ecosys-
tem. This would help to avoid the problem caused by ignoring low and middle changing indicators in range
of variability approach (RVA) when evaluating the overall changing degree of river hydrological alteration.
[Method] The improved RVA took the response between hydrologic index and ecological system into con-
sideration, endowed each index with ecologic weight by binging analytic hierarchy process (subjective
weighting method) and entropy method (objective weighting method) , and integrated and cumulated the
hydrological weight with each index to access the overall changing degree of river hydrological alteration.

Then taking the Weihe Guangzhong section as example, the daily flow data from 1960 to 2010 at Linjiacun,
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Xianyang,and Huaxian hydrological stations were analyzed. The Mann-Kendall non-parametric test method
was also used to diagnose the abrupt changing points,based on which the runoff series was divided into two
periods representing the pre-impact and post-impact periods, respectively. The changing degree of each in-
dex was analyzed by RVA and the overall changing degree of hydrologic regime was evaluated by the im-
proved RVA. [Result] The overall changing degrees calculated by original method at Linjiacun, Xianyang,
and Huaxian were 75% ,69% ,and 67 % , belonging to high change. While the changing degrees calculated by
improved RVA at Linjiacun, Xianyang,and Huaxian were 51% (medium change),40% (medium change) ,
and 29% (low change). The improved evaluation results were closer to the overall information provided by
the river and the distribution characteristics of index changing degree through rationality analysis. [Conclu-

sion] The 33 hydrological indexes can accurately and objectively evaluate the river hydrological regime by

giving each index weight to consider the response degree between index and ecological system.

Key words: river; runoff series mutation;improve RVA method; hydrological regime evaluation; Weihe
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TR N Tk 2 ke iy i B S AR
B, JHC A= 25 ) e R A B SHOIR 9 DA 18R K SO A I AR
Ao R A5 TR, I R S AR O A 4 BR A 7 Al A
NZEE S RCE S0 T 3 ) KR A e v v i)
K A=Wy Z2 REPE R 52 3 1 AN [ R BE 18 52 M), S0 T i
BRI EIRA . K SO O T TE 7K IR A i
5 AR AR P E A T ) 5T BE Y A8 4
b A 52 0 A K AR W) 22 1) R LG 2R B G L AR B
BRFHENFTAR RGN B . Wik, & & iFm
TP 7K SN B, X678 Ak B 5 T T {0 R 4E
KA S DR IR S H B A A I

A 20 {2t 70 S ATT UG . — 26 [ 528 il 22 T )i
T AR A R G R VA B T3 2 9 i i B
PEAN BT8R AR & L AR AR 093] 1 £ B 45 22 (Estuarine
Health Index, EHD BICH] I 89 iR 45 45 £ (In-
dex of Stream Condition, ISC) . 2 [E [ ¥l i 44 37 7F
#r &2 45 (System for Evaluating Rivers for Conver-
sation, SERCON) |, 3 [ Bf {4 2 f A 358 3 B 1 45 4
(Habitat Suitability Index, HSD) 1 i Hb 510 45 %
(Index of Stream Geomorphology) %, % He {4y
FEAR AR f BE VR T I AE S R AR S8 PR H
MO /RN E LR SHRAR I 0 e = I = I 0 S L B B
S A WIS M S Y R A R R AR R . it SR A
# Richter %7 F 1996 4F 4ty T /K SC 48 5 48 45
(Index of Hydrologic Alteration, IHA) , £ 35 4 H
Uit AR g AL e A i U A AR I TR] s AR U R Y
HIAE % IE I AR A R R R R AL 5 2 33 4K
SCHE bR . BJS - Richter S50 78 THA (1 JE Rl [ 48 1
T A8 Ak 5 Bl ¥ (Range of Variability Approach,
RVA) 32 238 4o X H A [ i B 307 378 7K SO 3 9 e

AR RR B B 4 M 52 R BE 5 ) S ) 38 K SCREAE A9 AR
oL, RVA 7k A DOk B8] TR A MK
FIIAAT A0z B L 5K Dk 50 RVA #F 58 T
FERXG Ue 15 | 7K T VAT K SCRR AR S AR AR R G5, 4
R W] 52 X8 e 5| K AR I A K SRR B R S R
5 I A, P RS T A S TR SE B, T
PEAECTRH RVA 43 M X1 52 ek | e 2 ik 9 B2 Bk 4 9
JE X B IAT L i 2 M Sl A S K SCRRAE AR R 5, 3R
B X 8 R JE 1 6 32 A7 ) BT K A A W I A A A B
WA K. Yang %R RVA JFiEBESE T /MR
JES R =] 08 7K o B 0T of R i K S B Y B e AR
JEE 25 30 3 W /N TR IS K 2 o 8 0T U K SO S 5
Wk F = 110K 2. Shiau 2550 i H RVA J5 5 4%
B 3 18 & 1) 7K SCHE ) 38 5 78 7K SCHE FR 09 A28 4B AT
T SR 22 ) ST P A S DA R AR K I Y £ A8 M9
R AR A K.

RO SEAERH RVA H T 53 M il i 52 52 e J5 A=
25K ST A B 728 5 0 LA R 3R 1) ok 8 B A K 46 b
8577 O T AR KB A DE T A B A ol AR
BB AR 3T T = B AR AR K SCHE AR AR A2 L 4
MIERRE A — A8 T B A L IR 4 R A B i e
JE W SR g R ERCAE L AT 22 TR 2 B
G B A A2 98 b B S 6 T BTN 45 SR 5 S PR AT AE 22
5o BT AR IO RVA 3 0B 47 Bk . DA i 56
CIE S DOl N T N AN E I = T
1960—2010 4F 1) H A2 5 B2 kL, X6 T a1 56 i B 32 A6
1% Bl VA AR A 52 S 0 R AR K SO ol A B AT
B AT LRGN IF 5 R RVA B0 IF M
S5 SEAEAT BAE S DAY SR YA I 7K SO SRR B o A
PEAT R4 SRR IR M TR AT RIS ) O b Bk SO



5 10 4

Bz At RVA AW K SR ST b i vz 213

1) e AR AR DA R 3k A 2 H AR 1 a2 — 20 i e FOK 5%
TE Y 5 — 5 AR LBl 22 K i .

I WIS

1.1 Mann-Kendall ES K %

H A T K SOF 51 58728 sz Wi i 7 AR 2,
HIF BEDHTE Pettitt JESERE I 7% L DL A8 55
Mk \Mann-Kendall 98 S50k 56 15 (R/S 40 #r ik
Al Mann-Kendall 4F 2 50058 75 46 56 7 3 BLE 56
Bl L 52 LR 52 i g5 20 BE AR T N — RE 1
AT AR AR R T B A A TN
o 56 91 Fl B e AL B v A 0 2 A AR PR A F 5
& ] Mann-Kendall =JE 2 506 56 7 ik %42 3 v 41
RAZ R HATIZ W .

1.2 BN ERYEE

KA AR AR (THAD J2& fy Richter %5 F 1996
AR DAY AT A T U A A A g O R O I A R
A BT TR] R AP A R R A 3 R A I AR A AR R K
AR 5 28 33 AR AR i wE B 48 bR YRR A8 4 4 T M
ST K SCAE 3. A T R IR BN OK SCHR B
325 WA JiT 06 A8 B B L Richter %00 76 THA (1) 3 A
AR T AR (RV A, Hl 56 52 5 0 Rl 45
T8 HR B AR EY 75 % K 25 Y AE K e 8 i 2 ) i AR
BFRA A IEE, B RVA B, #1548 Bk
IR SCUAE FE R A AR F]

NiiN(,
N

XD AR A s N, I i AN R FR 2
WSS AT IE T RVA A FE P9 52 B 08 i 47 %505
N, HH8RZ 5% W 5 W% T RVA B {E 8 F Wi
BN, =rNp, Hop r HZ52 W HT 8 AR 7% T RVA
I 91 BN 1 EG A6, N Sk 4 B 32 52 W s 11 S AR
M 0% < | D, | <<33% N JC ek AF o A% B kA
BN D, | <<67% I E®RAE 674 <|D | <
100 %6 Sy ey B U AE
1.3 BHEYETE
1.3.1 RVA 3% Shiau 251 5ty 7 % Kk S ok A28
JE D, » BIVF] 25 48 A5 08 7K SC RIS BE DL = 58 Rk 1 7
ORI K SO Bk A R B BAR S M LUE
3 Pl .
(D AN 4 46 b 09 2 A (5 347N F 3304, I 4% {4
BUAE B Ry 33 A D, fH R YE L JP

Ly
Dofﬁl:]D;o (2)

D,= X 100% . (D

. Dy B AR AR JE

(2) 2t 33 DRI BUE B /N T 6700, HE
AT AR AR Y O BE R T A T 3306 U)K SR
PR B A R

D, =33% 4430 (D,~33%). (3)

XH N, ID; B FFERZTHANE.

(3) R 33 M e AEEYEDA 1A
FRE PR AS BE R T BEE T 67 %6, M 7K S0 3% 4R ol 25 3 11
TR AKX N

Do:67%+31—3§<1),.—67%)0 1)
KN, R D, J& T 5 B AR A5

TR F T 33 MR AE Z [ 1) 22 5 (1
o T AL AR A B R B K SCHE An T 2% T R 280K
CAE AR5 A R G 2 (A AR R DRk el AR B
KIFEFRA — & XA B R G o F2 B K. Wb
SR S IX B DL = A5 Gk 1) 7 X0k Ak TR I ) B A ol AR
B A 2R A B
1.3.2 #itey RVA 3 BT HEINE WA A 33
AN IK SCHE b o 22 78 T I A9 PR AR 1 O S ZE A R T
TEBESKNE.SEFZESERSESRZREZ
(] oy o o 2 R . AE L FERE L, TR 45 1 ) W T 2K SC
THRMLEA AR . BRTEIT .

D E S TEPRAE . 8 bn AU 8 2 T kA
UL AS 725 R0 26 A 7 {HL 2 B R AL 7 v 2% H R
FHRBRE: . T BE T & L4 T M Sz W FE AR A X T
a7 N O ER S O N LA o V) =2 R
5 % WU AR 5 A R LI E KT8 PR IS A A E

2 YR A3 BT A O P T B A8 R A A W A B e R
SEAEAE FURFE [0] 5, DL o 38 A AB X T 5 = J2 0 HE
B AL T) . HAR T vk R S B L SOk [18 1. i A
IR I B Ok I &R g P s B AL R
B A R R R T AR R T AR R
A BT S 0 0 (RN BV R g B S
MR R 2Z 988k . BARLBRIE .

OWAH m PDFEAR CREE LD BAFEAR CREE &)
H on RS A8 2 TG B X = (X)), 88 )5
XX AT IH— AL A BRAS RIS f

fijiL (i:1,2,“',m;]':1,29'”

Bx,
A iy A — AR B B R B ey by DR B B
HRAE R AR R BAR R AR

OWER j RS H, o TR A

971)0 (5)



214 PG b AR ARRE B R 27 2= 4 (A SR B2 D %43 %
Hf:*% if,,ln i) ) )1 THA (f 5Ll I, ok H A8 53 [l 7k (RVA)
o T A K SO 3 S W R 1 S E
QW E VEM 8 AR BRI AL ) o TR AR 3) 43 5157 ) 3 I VA 4 W 22 SO0 AR 3 T T
W= (1) AR O R4 LR A R 75 A
n—2H, ﬁéqﬁ%@m%ﬁﬁmf?é*ﬂﬁﬁxnﬂﬁ
! SO AR BE L SR VR IR AE NSRS B AR
L RS & ) N :
2) 1 i 454K b 1 25 ﬁ%@ AR N XS A
0, =2, (8) .
Sww! 2 SEHISR
P o, P EWRATOALTE of HEWRAORE. 2.1 ETEdEER
Rl 220, =1. ST X o B 3 B PG4 159 3 o Ak 3T e
L e LA IR S S5 R PR O v S JB0) Oy = 4 R B L 28 0
3) B K SO B i B AR S B D L IR AR
.. Bl = ! EAF BRI LTI R L B
' ) AR CPE 1), F1 PG i 25 A8 BT S0 L P L 7 2 O
D, :20-D- (9)

Ko, jv%?’éﬁﬂi;:.ﬂﬁ D, b 4 46 b 1 2 A2
.
WAL 2 0% <C| Dy | <<33% b JC ok 728 SR B 2t
A5 33300 <Dy | <<67 % I AR ;67 0| Dy | <
100 %0 g o B BC2E
L4 HHAFMTR
1) 2% A Mann-Kendall Xt H 4% ¥ & 3 JE 17 & 48
W AR BT AR AR RIR R T Y 91, 2872
“iz}ﬁﬂﬁiﬂﬁﬁi‘%i%ﬂmﬁB‘Jhmﬁ?ﬁuo
N
A {j\l

fﬂkufﬂ

%%ﬁiﬂi

Linjiacun station

e
Baoji

SETTCXO JF, T OCHY s AT, HARZ 5.5
Ti km® 25 A BB 26. 9%, K 24T
AKBEIR R 82, 0342 m® AL i 44 M F K B IR
I L7. 706 0 MRGERT RLBH 7K SO 43 S 2 T R O
B v il A0 U B0 2 S A Bl R R R RV A
B P . 3 50 ARk . i TR AN Bh A AL

SR TR O rp BE R R SCHE S5 e A T R U B
o 30 3582 2 PR S5 AN WAk - 3 O AN W /b L K B
IBARAR kW5 I I B L R R v R AR

& 1
Legend

v K3k

Hydrologlcal station

Clly

R Ay

\ P
TN

i B 3 Huaxlan statlon

Xianyang station W 5

W/%% -~/
eman
,@ch ¢
BE P

P T 56 o B S M 32 B K SOk i Y 3 A

0 100
L se— ¥}
Fig. 1

2.2 HEERERZT RIS

¥ H Mann-Kendall =E 2 £ 55 12 %8 1] 56
BE L o R AR SO R AR R R LA K S
u 1960—2010 414 H A2 RN AT T R4 S 12 W,

Location of Weihe Guanzhong basin and the distribution of main hydrological stations

ZERMFE 1 R, 3wl s, AR AE A B A2 Bl
A 1970 A0 1990 EA4h, Hi4y 2 4wl Sk 1970 A
1985 4F , X BEAE iy & AE 28 78 1Y Jit (A AT g 55 e A8

R A RS A — & X R B EZEIL R HKEEZ



5 10 4

Bz At RVA AW K SR ST b i vz 215

11 HEIX 51K A N8 605 3 20, 1970 485
B KR L, 1972 A G e v X T 4R 517K, 1982
SIS K BB AT 1989 4E A7 Sk UK JE 3R T
£ 1 ETF Mann-Kendall ES R EH
BHAUXPEHERRETIICHER
Table 1  Abrupt points of runoff in the Weihe Guanzhong

section by Mann-Kendalll non-parametric test method

i & Station 2848 15 Abrupt point

1970,1985
1970,1985
1970,1990

MZEH Linjiacun
Ji FH Xianyang
48 H. Huaxian

745 ] B 2 75 &5 % 1970, 1985 1 1990 48, 4%
A VATE R 52 B SR ok B ) o6 T BE AR I R R

x2 BAXPERIANKNGEAZENERHAIBLTERENE

Table 2

three stations in the Weihe Guanzhong section
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Hydrological changing degree and weight of each evaluation index at

S & TP

Group of THA 547 WA/ % Change degree A HE Weight

hydrological IHA parameter MREAS JFH e EM % W LR
index Linjiacun Xianyang Huaxia Subjective Objective Synthetic

}%iﬂﬁfﬁﬁﬁ January 97. 6 (I 4.0(L) 4.0(L) 0. 030 0.029 0. 030
iiﬁfiﬁ?% February 97. 6(H) 6. 4(L) 6. 4(L) 0. 030 0.029 0. 030
j\ifg%i%ﬁ March 35, 2(M) 14. 4(L) 35, 2(M) 0. 030 0.029 0. 030
iiﬁg%ﬂo%% April 27.2(L) 68. 8CH) 58. 4(M) 0. 030 0.015 0.015
?\iﬁiiﬁﬁ May 27.2(L) 16. 8(L) 14. 4(L) 0. 030 0.015 0.015
%/[?nﬁi;qj Zi;)?gjf?lzofﬁ June 45, 6 (M) 45, 6 (VD 35.2(M) 0. 030 0.015 0. 045
flow ;ifffjfﬁﬁ Tuly 6.4(L) 58. 4(M) 16. 8(L) 0.030 0. 004 0.004
iiffifﬁ August 68. 8(ID 33.8(M) 6. 4(L) 0. 030 0. 004 0. 004
Ziﬁfﬁﬁﬁ September 68. 8(ID 37.6(M) 27.2(L) 0. 030 0. 004 0. 004
X)ngziﬂfﬁﬁ)mbcr 58. 4(M) 58. 4(M) 48. 0(M) 0.029 0.095 0. 030
}\lvifeﬁffwwfhjovember 58. 4(M) 68. 8(H) 37.6(M) 0. 030 0.015 0.015
Kifﬁfﬁfmcembﬂ 45. 6 (M) 16. 8(L) 14. 4(L) 0.031 0.029 0.031
fn‘iﬂ\l ﬁi‘q‘fi?ﬁm fow 100(HD) 6. 4(L) 14, 4(L) 0.034 0.003 0.003
fn"’fﬁl ii‘a‘fifﬁm flow 100(H) 16. 8(L) 14. 4(L) 0.034 0.008 0.009
fffﬁl égaf’ffﬁﬁm flow 100(H) 6. 4(L) 4.0(L) 0.033 0.013 0.015
*j{"jﬁi ﬁ:ﬁl i%i"jifﬁm o 97.6(H)  16.8(L) 14, 4(L) 0.033 0.019 0.021
e fnﬁz{q\l %%i;’yﬁiflﬁm flow 45. 6(M) 6. 4(L) 6.4(L) 0. 030 0. 024 0. 024
fjﬁlﬁ ii‘ffﬁﬁum flow 37. 6(M) 27.2(L) 18.0(M) 0. 030 0.003 0.003
fnﬂ?ﬁ zi‘ﬁiﬁfm flow 37.6(M) 48. 0(M) 27.2(L) 0. 030 0.008 0.008
AR 7 fi 37.6(M) 48. 0(M) 37.6(MD 0. 030 0.013 0.014

Annual 7-day maximum flow
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4k 2 Continued table 2

K SCHE bR 43 20 ASFE /Y .
~ B E Cha d Weight
Group of THA $5%5 RAEJE/ %6 Change degree W E Weig
hydrological THA parameter MRS Jak A HEH FEMm SV oy
index Linjiacun Xianyang Huaxia Subjective Objective Synthetic

AR 30 H B E

. 58. 4(M) 79.2(H) 58. 4(M) 0. 030 0.019 0.019
Annual 30-day maximum flow
K 90 H R R HME
Annual Annual 90-day maximum flow 79. 2(H) 79.2(H) 48.0(M) 0. 030 0.022 0.023
extreme e 32 = 3
flow B KA 4.0(L) 0(L) 0(L) 0.029 0.084 0.082
Number of zero-flow days
i i Base flow 100(H) 79. 2(H) 37. 6(M) 0.033 0.025 0.028
e 3ty O e = 5w g
% 1 I 1] ;f:i:; ifum‘i'r“lil/y‘miin?ﬂ?m flow 14. 4(L) 6.4(L) 6.4(L) 0. 030 0. 004 0. 004
Timing of
o P s
annual IR R I TR 4.0(L) 58. 4(M) 22.9(L) 0.029 0.095 0.098
extreme flow Timing of annual maximum flow
AR S M ARG I A T Bk .
FHEFRI  Low pulse count 19. 11(L) 33.3(M) 14. 4(L) 0.029 0. 042 0.043
A B S 5 LS 4 7
Frequency ﬁ"xfujlifjd%ﬂion 33. 7(M) 34.0(M) 15.5(L) 0.029 0.061 0.063
and duration } °
= o 2 92 2L v/ fd
of high AR LA K 68. 8(H) 58. 4(M) 14.9(L) 0. 029 0.034 0.036
High pulse count
and low
. B a2 L At S P 4T [
purses i UL 19 - 9 SE ] 44, 0(M) 37.8(M) 13.3(L) 0. 029 0.053 0. 055
High pulse duration
e B i 925 LS A /> 2%
it bk A Ak e ;‘Effmﬂf’{$ el 81. 1(H) 79. 2(H) 58. 4(M) 0. 030 0.074 0. 079
/lyt}r‘&ﬂww%: all rates ol average tlow
v V25 B S At et =
Change i ik 1 2558 fjn ¢ 68. 8(H) 58. 4(M) 58. 4(M) 0.029 0.069 0.072
rate and Rise rates of average flow
frequency fg 5 o B 3 1 YR .
of flow Number of hydrologic reversals 58. 4(M) 30.6(L) 71. 6(H) 0.029 0.047 0.048

R R (i G Y W 0 G SR (e & I S L
Note:“L” represents low change,“M” represents medium change and “H” represents high change. The same below.

22 L3 MG A AREYEA T SEMTIK JIOK S B0 R & A S Bh vk
AT R B o AE oA R R 0 1.2 AR SOt As Wit BTSRRI kg £, B
FERE BRI Z0 A8 BURE PH O A AR R R K. BV AR SRT LR PH L A B O e AR R B R
e i 7 FE AR A AR RGN AR RO 1 B A A B el A oA AR S R AL R BRI A
8] [ J3i BH 328 Ay v B AR Ah Ay 2 Sl B O AR B AR U BROR 0 A ORI R R A
A5 AR HZE A BUE N 0. 098, X Az 48 R 85 5% i AR K 2.4 KXBREEUTESN
RIS Bl /N ) A A Al AT BB B H MRS fE % . MK FEF 2 TPA LS R SERE AR YR Shiau 257 $2 1
b R PR AR R AR T R B T AR LA R IAOK SRR B Dy P A S BT DR B R T
SL O I B A 5 R A A A A B A AR B Y RPE AR B S s o U T 7 S AR K SO Bl () T
MM B L MUEE N 7L 6% AR X ISR R R AR SO SRR AR D . R TRDY
BT AZ T W G b B R iR KR R AR BT R An IR AS BT I OG h BEK U B PR 45 SR L 3,

F3 BAREIENFEBSHNETLRRALERERRTEMNLLE

Table 3 Comparison of overall changing degrees by different methods in the Weihe Guanzhong section %
WA 7k MRE AT Jak R L H
Evaluation methods Linjiacun Xianyang Huaxian
RVA #: (Do) -
RVA method 75(H) 69(H) 67(H)

ik RVA (D¢ )
Improved RVA method

Hi# 3 T RLA . RVA Jrik it 83 58] 3 A RSBy 6700, WE T s, Ml WL, ix
K SCHE BRSO B =67 00 R TR R X SRR TRE AR LW TR A2 S e R R R R R Y
Jel T RVAERARFZ D T 33 NIRRT 328 R 20 T HAl R 2 80h R RE ez i
25 AR TEAARCE BRI K SCIRAR . Wnfe B FEAR L RO BE 8 b DA 15 AR 25 28 48 =2 () ) i oz 7 2
W K SCRE AR S8 BE R A BLAUA 1 ANSEGER R RS I i B Ok B AR k. R
BOJBTHEBERE. 2 RVAEGUU) TR BulE RVA JrEH G RGN i K SCR i B 1k ik
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