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Fig.1 The drought event identification process
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Fig.2 The multiscale SSI time series in Yichang
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Table4 Testing of correlation coefficients between
the drought characteristic variables

. S D-S D-P, S-P, r.(99%)
J7H1 n=64>40, A RFFEAS, K-S fiilii i D.=0.20, Hi Pearson 0.89 0.62 0.78
22 3, TRy T 520 E AL IEAE 1) D gy (H Y Kendall 0.67 0.42 0.70 0.32
/NF0.20, #E2R PAEI 2 KT 0.01, B8 i K-S ¥ Spearman 0.82 0.56 0.87
Fx2 HEUTEZHSITER(ZIEMZIEIEELGIEADHEIE)
Table2 Statistics of drought events at the Yichang station
P[] TRRE FHIRA CFHEE PHREEE CPYREREREA BRI BREE BomUERE
50 4FAY 13 3.08 2.16 1.51 8.92 9 8.00 2.13
20 60 471X 7 3.50 224 1.46 13.25 7 4.92 2.87
. 70 44X 13 3.85 252 1.35 8.46 11 12.76 222
80 AFAR 7 3.14 1.74 1.29 13.43 6 4.47 1.77
90 44 9 3.88 2.36 1.69 14.8 9 6.75 2.05
21 00 4FA 13 413 3.87 1.82 8.08 7 10.48 3.14
e 10 44X 2 —
At 64 —
S — 3.28 2.38 1.52 10.92 —
W8 — 11 12.76 3.14

3 FEHIZTERMEELSFTHNSHEMAITR K-SKIK
Table3 The parameter estimation and K-S test of the optimal probability distribution of the drought characteristic variables

S SMT R - ﬁﬁ” —— K-S Hsami
JEAR 24 REESH (ATE i P D o D.
SRV () LNO 0.98 — 0.64 0.18 0.13
TREUE(S) EXP 0.42 — — 0.23 0.13 0.20
FURE AR (P Weibull 3.04 1.70 — 0.60 0.09




5521

5% 3 %5 . 56T Copula BREU L E K SCT SRR BT 27

223 ZXEHRAMESAIUE

ASCH 5 i Copula RELS LG PHRRAE A & 5
SRHIEAS A G o0 A, 3R b B4R I T = XH(D-
S.D-P.S-P) P FAEAR &= (1 B Copula pREK , X =4
HF AR B (D-S-P) #4T T H.FF Copula pREHL A 19X kb
r#r, Hod Gaussian Copula 1 Student Copula X )i
(2B R, 59K Oos O FI1 O, BLI K 950 25
52/

H1 % 5 A A1 ,D-S iy & 1k & 43 4 4 Gumbel
Copula,D-P, 5 S-P, 0 LBk & 43 #i ¥ 7 Gaussian
Copula, % D-S-P B4 431 (L5 45 R AT A1, 76 1
MK 95% T, il i K-S K246 A Gumbel Copula,
Frank Copula F1 Gaussian Copula, #2 %% RMSE AIC,
Bias Hc/)MEN A W £t Copula 437 , Frank Copula [
RMSE # /)» ;Gumbel Copula f) AIC Bias % /) , B
Gumbel Copula A9 RMSE 5 Frank Copula fY) RMSE #f
ZAK, #E E Gumbel Copula 5 Frank Copula Jy D-
S-P I EARER G 3

¥l 3 J& Gumbel Copula 5 Frank Copula A% =41k
A BRI, v LA %), Gumbel Copula 5
Frank Copula [ 22 FH 43 A7 {1 bifi 45 7428 St 1) 15 K177 384
K, 56 BFRMER A0  Z W58, BTS00 5
FURE | BURE VA B RE T f R (B, Copula {EAIL #a i T
“17, {HJZ, & 3b " Copula fE#aiT T “1" (EEEL T
s —, J& T Copula SR 5345 5 M =5, X /2

i FEEA A B AR A L K Frank Copula 8145711
1R22 35, Ik, 6 Gumbel Copula & D-S-P, )%
A4 A, A R B B

v

(a) Gumbel Copula ) =4k BHERSMAR

Gumbel Copula

S IEAE

10
TEw

Frank Copula

1
0.8
106
- 5 l -
TR 5
0 0

SUPE AR

0.4

— 15 0.2
10 10
RN 0

(b) Frank Copula f) = 4EHEA B %4010

K3 Copula =4kl A BRUER S
Fig.3 The Copula 3-D joint cumulative probability distribution

R5 CopulaZ#fhit RUE MR EKRE
Table5 Copula parameter estimation and goodness of fit test

K-S £ (=0.05)

Copula SHUE RMSE AIC Bias
D o p
D-S Gumbel 3.027 0.112 0.151 0.042 -361.812 2.581
D-P, Gaussian 0.613 0.195 0.093 0.082 -315.081 19.423
S-P, Gaussian 0.894 0.056 0.187 0.029 -384.137 1.539
Clayton 3.353 0.184 0.051 0.077 -326.621 18.280
Gumbel 2.677 0.093 0.130 0.064 -351.211 2.951
Frank 8.588 0.106 0.111 0.063 -348.914 3.010
0.654
D-S-P, Gaussian 0.788 0.137 0.142 0.072 -335.202 5.941
0.935
0.654
Student 0.788 0.196 0.083 0.073 -333.913 6.641

0.935




28 K 3L

40%:

23 ZTENHEHESLTEN T EHMXILL S

6 A TAHFEINAMT, ARy
A4 DL OB 1 = A5 i Copula BG4 A S A BT,
X T SRR R e, MR E I T, Z4E A
S3A0 PR T R B T R R AR AR 3 15 T AR bR
BT E , B Rl 22 B KRR, 2 5%
W, Hean, e BN 2a i, AR B4 A e
A TR 2.6 D H , P BHIBEA o0 A Ak
TR IR 3.4 A H, ZASEERA A A Al T RS2
3.7 4 H Y EHYIKFIRE] 100 H4— B, AR Al
TTSREIIN 134 H, BASRECE AT 1ok
Piltik 131 AN, ARSI Ao A Al TS T 5
Pitstik 27.2 A~ H, TRELE 550 (A G HA
—HINLEL

F7THN T RETHAM Copula #4 8 iy — A4S F1T=A>
T EARFIE AR IS U R R L, PR Y
I HISE (T) R T = =4 R4 U (7o) i

*6 MHEREAHTE WM=ALE

N ) ) B LA (T°) , B 22732 e i K5 B S
R[] 30 B AT AR S SR T 5 R e U X
Fl T BRAN R, RAPEAR B B b IXAS ]+ AR
TR TR R AR XY Ay i T B B
WAE (T) BN AR 106 & 21 IR Al 1 52 R iy 2R AR
o T L L LA AR

M7 BRI LIF Y, S4EAs RS F I (T0)
ANT AR R R HECG F U (T2 i R 0 B (T°)
FFHAINE A 2 A 4 [ BEE B0 (T°) , ol , 24 s
WK 2a B, FLARXT R ) =48 1 (D-S-P) IR &
HEIWIH 1.46a, 15200 =X A5 5 (D-S.D-
P S-Po) MG SR 1.63.1.49 1.64, KT
1.46; 1M — 72 & (D-S-P) Wy [A| B HL Iy 3.3%, HZ
Xof o7 9 =% W A5 e (D-S . D-Py . S-Py) 1 [ B0 8 I 4k
K 2.58.3.02,2.56, ¥)/hF 3.39, W] LIFRH  FEH
A5 i T U IR A (R AR O, = 4R [ B
P (TO) 118 35 i B S 5 AH L (R 36 S (T°), 14d

WEXA 2 HilE T R4 EEX

Table6 Comparison of drought characteristic values under the same return period between one-dimensional distribution, double-
and three-dimensional joint distribution fitting

T AR R TR R =R R
(DR FrprD)A  FREAES)  SUEIREPR) D-P, S-Ps D-S-P,
2 26 15 1.4 3.4 1.9 33 1.7 1.8 1.8 3.7 21 1.9
5 46 33 19 5.3 46 5.2 24 39 25 7.2 6.3 21
10 6.2 5.2 2.2 6.8 6.4 7.2 26 5.7 2.9 13.2 12.8 2.4
20 7.6 7.9 25 8.3 8.5 8.4 3.1 8.0 3.1 145 13.1 2.7
50 10.6 138 29 10.8 138 115 33 14.0 32 20.3 21.5 32
100 13.0 20.8 3.2 13.1 211 148 3.7 21.3 36 27.2 25.1 3.8
xR —EENM=TERAENPENEHNHA LR ($NL:a)
Table7 Comparisons of joint return periods and coincident return periods between
double- and three-dimensional Copula joint distribution
PR e I 1A B (T°) [FIEEE B (T°)
(T) D-S D-P, S-P, D-S-P, D-S D-P, S-P, D-S-P,
2 1.63 1.49 1.64 1.46 2.58 3.02 2.56 3.39
5 3.29 2.98 3.11 2.55 10.39 15.55 12.68 31.21
10 6.69 5.36 5.73 4,59 19.76 73.96 39.02 132.59
20 12.56 10.31 11.37 8.66 49.11 336.59 82.91 652.74
50 29.11 26.58 27.61 20.72 176.99 419.45 264.80 15797.79
100 61.46 51.61 54.32 4156 268.16 1 605.65 629.33 263 157.89
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Table8 Comparisons of the return period,
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Application of New Instruments for Hydrological Flow Monitoring and Improvement
Methods: a Case Study in Fujiang Province

MA Fuming

(Fujian Province Water Survey and Design Co., Ltd, Fuzhou 350000, China)

Abstract: The application of new technical instruments for discharge monitoring has entered a period of rapid development. Many
instruments were installed, but few used, or very few used practically. The fundamental reason is that there is a big
misunderstanding in the application of the technology, that is, mistaking the velocity measuring instruments for discharge measuring
instruments, and lacking full comparing test and analysis before installation. This paper analyzed the application of some widely
used instruments based on the basic principle of discharge measurement, and then discussed existing problems in the usage of
those instruments. Some improvement methods and measures were proposed, which could provide effective references for the
application of new technical equipment for discharge monitoring in the current hydrological sector.

Key words: discharge monitoring; ADCP; point-velocity method; representative vertical-velocity method; calibration of comparing test
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Analysis of Hydrological Drought Characteristics in Yichang Based on Copula Function
FENG Ruirui, RONG Yanshu, WU Futing
(College of Hydrology and Water Resources, Hohai University, Nanjing 210098, China)

Abstract: Based on the measured monthly runoff data at the Yichang Station during 1951 -2014, this paper adopted the
standardized runoff index (SSI) and run-length theory to identify drought, and made used of the Copula function to construct a
multi-dimensional joint probability distribution between drought characteristic variables. The analysis results show that: (1) Yichang
experienced alternating changes in the number of droughts from the 1950s to the 1980s. Since the 1990s, especially after entering
the 21st century, the increase in the duration of drought events in Yichang has increased the severity of droughts and peaks. There
is a tendency of aggravation; (2) Copula function could well describe the joint probability distribution between drought characteristic
variables in Yichang region, and the multivariate joint return period and coincident return period can be used as actual univariate
recurrence interval estimates. The lower and upper limits were used to evaluate the frequency of drought events represented by
different values of drought variables in Yichang; (3) Two severe drought events occurred at the Yichang Station in the past 60
years, one occurred from September 1978 to July 1979. In March, the drought duration and drought intensity of the event reached
historical extreme. The joint return period of these two variables is about 32 years and the coincident return period is about 110
years. The drought return period is 9 years, and the coincident return period is about 115 years. Another drought event occurred
from June to December 2006, and its peak intensity reached historical extreme. Its return period is close to 90 years; joint return
period of the drought drought and peak intensity of the event is only about 13 years, and the coincident return period exceeds 231
years.Key words: standardized streamflow index SSI; Copula function; run-length theory; joint return period; coincident return
period



