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Multivariate joint design of hydrological drought and impact of water reservoirs
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Abstract: Using monthly streamflow data in Dongjiang Basin, South China, hydrological drought events were truncated on the ba-
sis of the run theory. The multivariate joint distributions of droughts were determined by using the function of Meta-Gaussian Copu-
la. An improved method for multivariate design, the most-likely weight function, was applied to select design values of drought
properties for the given Kendall joint return periods. Besides, impacts of water reservoirs in the joint design values of drought prop-
erties were quantified. Results demonstrate that the Weibull distribution fit the marginals of drought properties well. The depend-
ences of drought properties were highly positive and the Meta-Gaussian Copula effectively modelled their bivariate and trivariate
joint distributions. Despite of the bivariate or trivariate design, a set of design values of drought properties almost occurred in the i-
dentical cumulative frequencies with slight difference. The remarkable decrease in drought properties of the Dongjiang Basin was at-
tributed to the regulation of water reservoirs. The exceeding joint return periods significantly increase for a set of drought properties
under the impacts of water reservoirs. The shorter the joint return period was, the larger the change of the design values was. How-
ever, the duration, severity and peak of drought for the joint return period by 10 years still accounted for 3.89-4.04 months, 7.20-
7.97 and 2.99-3.12 hundred-million m* , respectively, provided that minimum instream flow was satisfied for water demand in the
Dongjiang Basin.
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Fig.1 Location of Dongjiang Basin, the hydrological gauging station and distribution of three reservoirs
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Fig.2 Streamflow processes and hydrological drought events
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Tab.1 Statistical characteristics of drought properties

SRR PN TR AR/ %
Div/ R SIE/AZ P Vel AZ m® iR/ SRIE/AZ m® WAz m® o TR MR UEMH

GETH R

TN 6.00 17.82 5.06 8.00 35.12 6.80 -25.0 -492  -255

I 2.37 3.91 1.81 4.07 12.63 4.15 -41.8 -69.0 -56.5
GRENRIED 2.00 2.11 1.56 4.00 12.19 4.41 -50.0 -82.7  -64.7
/MY 1.00 0.03 0.03 1.00 0.46 0.46 0 -93.3 -933
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A3 A WBL R 3 P IR T B A I /KT 0.05, L35 2. LU MBS RREME 0 — 0 X RE R
AR (B 3) IR B S R AR b 7R SR B R BT , R e 52 B0 o1 B 4D & R . WBL AR 1y SR R 4
i F(x) FERE SRR f(x) 50 50R
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Tab.2 Marginal distribution of drought properties
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Fig.3 Q — Q of empirical and theoretical cumulative frequencies of marginal distribution of drought properties
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Fig.4 Change of design value of the univariate return period for drought properties
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Tab.3 Dependence of drought properties
WEAT T %, T 3 e — g ] 70 38 8 — 068 L Pr) A O 3R 8K

WA BT T 23545 2 B A9 Kendall | Spearman I T FEMAR RIRAZTHL
Pearson M REHKT: 0.5, HIAILA T b v T ey
Z IR LA R M IE ARG (£ 3) it —3EEE  0.705 0.838 0.877 0.776 0.906 0.891

BRE DAL M BFRE Q— Q0 A2 Pim—I&{E  0.563 0.701 0.730 0.532 0.683 0.712
T S) PR R B [ S T, B SRE—IE(E  0.853 0.955 0.872 0.681 0.849 0.849
T AT IR 0 A 45 I (B Sa 5b A Sd) R ME
B4 AL HE 1) N (R B A (E L, BUBIS AR5 I Wi R T~ 20 0 A %, I 2 i PR 2 T 52 O I E AR 38 4 1 i SR (E 3K
Z. AR R TR RIS T2 SR P E R KT B AR KT 0.05( 5 4) , & Meta-Gaussian
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Fig.5 Q = Q of empirical and theoretical cumulative frequencies of joint distribution of drought properties
® 4 T RIS
Tab.4 Joint distribution of drought properties

B SEIAR I RIRAZ I
b - - — :
Gy AR PE BRI Z 4 S AR PE MR B
3 Bsf s Meta-Gaussian 0.535 0.863 Meta-Gaussian 0.878 0.908
iliomm CX(E N Meta-Gaussian 0.809 0.689 Meta-Gaussian 0.789 0.725
i AR Meta-Gaussian 0.678 0.941 Meta-Gaussian 0.709 0.897
7 Bf i o — A Meta-Gaussian 0.775 Meta-Gaussian 0.695

ST SRR PRI A A BRI S A, T AR AR PR IS R B 2.5,10,20,50 1 100 a fAE(E
FR L P 6 (WAL bRl 4 R AT AR AL AR ) . 5 RARAR TR HE A, SEAR Ut ) - PR AR Ik 45 i o LD 46 (.
BN ) AR AR SR RS, TR — X - 51 e, JHL A4 722 G 5 o IR0 7 90 S A O 4 L 1
AR, T IR AL RS0 P A i SRR AL N 1AT 6 T i 250 )07 B, 45 2R SR T R AR AR — X 4L
P ESEA TR E (B 6 Xt ALk) B, B w, , ~u, .

TR AR IR A R DU S O AN 7 SRR S AR A 5 RARAR AR LA, S
AR ) SRR I AT BRI A5 (BRI I ) AR AR IS N RS, R[] — 2 T R4 b, e = AR R
BUIATE W SOK AR L 181 3 1 P T S AR . JRUAE = 5 o R0 45 A T 7 4 T 502 ) A
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Fig.8 Two-dimensional projection of trivariate exceeding joint return period of drought properties
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TIPS A I AT A EAS R W 5. AEREERN RS, B RS
B, AT RIS PRI E 22 RN, DIBCA B B 10 a — 8 R 5], KRB H ST 207 5 2 A
WA A 20K 7.07~7.34 H 23.92~24.77 /7. m> F1 5.94 ~ 6.04 {2, m* | 32042 35 64 W] 45 S AR 31 2 2 3.89 ~
4.04 A .7.20~7.97 {2 m*F12.99~3.12 /2 m’.

25 TR A RIHE

Tab.5 Joint design values of drought properties

) . S TR

Tetrdl A T BI85

2a S5a 10a 20a 50a 100a 2a 5a 10a 20a 50a 100 a

T3 sp i it/ A 1.33 3.09 4.01 475 554 6.21 426 580 6.67 7.34 8.16 8.70

MREE/fzm®  0.70 437  7.20 10.26 14.70 17.26 12.38 19.66 24.16 28.57 33.13 36.53

i Bsp— W (B it/ A 1.35 3.07 3.89 4.68 553 6.07 423 570 6.54 7.07 7.87 843

W(E/fZ m®  0.81 225 3.07 3.69 4.58 5.18 4.40 545 594 642 6.85 7.20

i B — A MEE/fZzm®  0.70 439  7.39 10.65 15.02 18.23 12.32 19.41 23.92 27.72 32.63 35.18

IB(E/fZm®  0.76 225 3.12 3.87 4.87 540 436 546 6.02 648 698 7.30
3 Bk — W it/ A 1.52 329 4.04 492 557 6.26 424 574 6.48 722 8.07 8.50
WEEE/fZm® 0.68 451 7.97 11.02 15.65 18.89 12.70 20.30 24.77 28.90 33.75 37.07
(/42 m®  0.62 2.03 299 3.51 451 5.03 442 549 6.04 643 6.85 7.21

REAR , TR B0 25 T B AR THE B /N T K ARAR T, 28 W AR VT3 38k 1 /K 3 48 9 4 I X 1
G M K SCT AR I . BEE M BN K AR R T R AR R A A e R B (IR HE A
X AR XA ) BT, A1 100 & — 38 Y 6 A 8 s 2 A, R 1 52 D e e B R 152 S ) K % 28 b 4 %o
1, 428 26.3% ~28.6% 48.2% ~52.7% F126.1% ~30.2% ; BEA B 2 a — 38, JJ7E 5 B R Y AH XoF
AV R (4 X {8 239 _E THK 64.0% ~68.8% 94.3% ~94.6% 1 81.6% ~86.1% (3 6) . SR EE AT /MK
YRR BE V(B0 g B

% 6 TR B AR A AZ 1 (% )

Tab.6 Change in joint design values of drought properties

o I3 I ] SR s
RN B R BT W gREE R IR MREE EEfd
2a -68.8 -94.3 -68.0 -81.6 -94.3 -82.5 -64.0 -94.6 -86.1
Sa -46.7 -77.8 -46.1 -58.7 =77.4 -58.8 -42.6 =77.8 -63.0
10 a -39.9 -70.2 -40.6 -48.4 -69.1 -48.3 -37.7 -67.8 -50.4
20 a -35.2 -64.1 -33.8 -42.5 -61.6 -40.4 -31.9 -61.9 -45.4
50 a -32.1 -55.6 -29.7 -33.2 -54.0 -30.2 -31.0 -53.6 -34.1
100 a -28.6 -52.7 -28.0 -28.1 -48.2 -26.1 -26.3 -49.0 -30.2
3 &g

ARILFIBOKSCT DI SR BEFIEE R SR e R4 5 ¥k WBL 2 fii. KRR IEATEH T, T 548
P AR ST E B AR /N, 2 BB O, K R R e AR B R M . DI SR BERIAE 2 o —BIRTHEM T
WA BE A3 B 249K 72.7% (94.2% Fi1 83.7% , 100 a — 3B 4> BIRE IR F] 29K 28.7% .49.5% Fi1 26.4% .

IR ST R AT 2 ) B 0 (0 IE M 261 , Meta-Gaussian Copula SEREAR I iR 81 7K S0 T 5A 48 4 19 25 2 1
SARRICA A [F T R AR AR, AR R = AR RIS R I 2K R R B AR K. TR R
AEAL R RS TTH 25 3R R, K SO T AR bR (0 P AR A = A48 o i 41 A (I L AR Y 07 T IR0 07 B RO 3 AT 3
WIS AT N = AR I A, S T AR R B 22040/ 06 T M T SRS | K RS A
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WA F 5 I FR R

FEKIERZ T B B R 2 B HD) 100 a — 38 (4% [ B 5 J3 AR 0ee (1 152 1B A3 0 T I T 2 26.3% ~ 28.6%
48.2% ~52.7% F126.1% ~30.2% ;2 a — B4 B T T 29 64.0% ~68.8% 94.3% ~94.6% F1 81.6% ~ 86.1%.
SRR RE RN/ MR Ay i BE | W1 0 g B

EAR R R, RS B AR RS TR 25 20 R VAT N B/ VS B i AR IR A B T R 10 a — 38
B 7 B B 35 AR AR SR IA B T 44 3.89~4.04 [ 7.20~7.97 /2, m* 11 2.99~3.12 . m’.

4 S35 3Tk

[ 1] Zelenhasi¢ E, Salvai A. A method of streamflow drought analysis. Water Resources Research, 1987, 23(1) . 156-168.
DOI:10.1029/WR023i001p00156.

[ 2] Tallaksen LM, Massen H, Clausen B. On the definition and modelling of streamflow drought duration and deficit volume.
Hydrological Science Journal, 1997, 42(1) . 15-33. DOI. 10.1080/02626669709492003.

[ 3] Dong QJ, Xie P. Advances in hydrological drought research. Journal of China Hydrology, 2014, 34(4) . 1-7. [ # ik,
WP KT ST HERE. JK3C, 2014, 34(4) : 1-7.]

[ 4] ChengL, JinJL, Li JQ et al. Advances in the study of drought frequency analysis. Advances in Water Science, 2013, 24
(2):296-302. [ 5%, AR, WPAESRAE. T RIURDITHIAGEE. AKREHEE, 2013, 24(2) : 296-302. ]

[ 5] Xiao MZ, Zhang Q, Chen YQ et al. Hydrological drought frequency analysis of east river basin based on trivariate Copulas
function. Journal of Natural Disasters, 2013, 22(2) : 99-108. [ F 4% H., ko, Bk #h%E. 3T =755 Copula AL
ARILTBOR ST BHR BT, AR K E 4R, 2013, 22(2) : 99-108. ]

[ 6] Chen YD, Zhang Q, Xiao M et al. Evaluation of risk of hydrological droughts by the trivariate Plackett copula in the East
River basin ( China). Natural Hazards, 2013, 68(2) : 529-547. DOI. 10.1007/s11069-013-0628-8.

[ 71 Salvadori G, Michele CD, Durante F. On the return period and design in a multivariate framework.Hydrology and Earth
System Science, 2011, 15(11) ; 3293-3305. DOL; 10.5194/hess-15-3293-2011.

[ 8] Huang Q, Chen ZS. Multivariate flood risk assessment based on the secondary return period. J Lake Sci, 2015, 27(2) .
352-360. DOI:10.18307/2015.0221. [ #3, B4, LT R TS0 248 ok USRS, . iRl , 2015, 27
(2): 352-360. ]

[9] LiTY, GuoSL, Yan BW et al. Derivative design flood hydrograph based on trivariate joint distribution. Journal of Hydroe-
lectric Engineering, 2013, 32(3) . 10-14, 38. [ Z=XJ0, 34 %, EEMH5%. T L BEE AR K
FRERHH T 2. KA 2#4i, 2013, 32(3) : 10-14, 38.]

[10] Tu XJ, Chen XH, Zhao Y et al. Responses of hydrological drought properties and water shortage under changing environ-
ments in Dongjiang River basin. Advances in Water Science, 2016, 27(6) : 810-821. [ 4345, Mrles:, X B 4%, AR IR
BN AR IOK SO SR R ok iy . KRk ig , 2016, 27(6) « 810-821. ]

[11]  Yin ZJ, Huang W, Chen J. Impacts of reservoir flow regulation on hydrological drought. Journal of China Hydrology,
2009, 29(2) : 41-44. [FHIEA, WG, BRifk. K EARGIA Y XK ST R8240, 7K 3C, 2009, 29(2) : 41-44.]

[12] Ma M, Song S, Ren L et al. Multivariate drought characteristics using trivariate Gaussian and Student t copulas. Hydrologi-
cal Processes, 27(8) . 1175-1190. DOI. 10.1002/hyp.8432.

[13] Dobri¢ J, Schmid F. A goodness of fit test for copulas based on Rosenblatt’s transformation. Computation Statistics and Data
Analysis, 2007, 51(9) : 4633-4642. DOI. 10.1016/j.csda.2006.08.012.

[14] Tu X, Singh VP, Chen X et al. Uncertainty and variability in bivariate modeling of hydrological droughts. Stochastic Envi-
ronmental Research and Risk Assessment, 2016, 30(5) : 1317-1334. DOI. 10.1007/s00477-015-1185-3.

[15] Tu XJ, Du YL, Chen XH et al. Modeling and design on joint distribution of precipitation and tide in the coastal city. Ad-
vances in Water Science, 2017, 28(1) . 49-58. [ HrZE, MZE R, BRIEZE4E. VRV T FE 18 M e A - i i 40l 5%
i KBRS, 2017, 28(1) : 49-58.]

[16] Tu XJ, Chen XH. Characteristics variability study of regional river runoff time series based on change point recognition.
Journal of Natural Resources, 2010, 25(11) ; 1930-1937. DOI; 10.11849/2rzyxbh.2010.11.012. [ 4514, BEReZ:. 3T
78 R YU B DS AR B AR AR AR S0 5. E R BEURA 4R, 2010, 25(11) : 1930-1937. ]

[17] Tu XJ, Chen XH, Zhang Q et al. Streamflow annual distribution and its influencing factors in Dongjiang River, South Chi-
na. Advances in Water Science, 2012, 23(4) : 493-501. DOI: 32.1309.P.20120614.2158.007. [ 845, MibeZ:, skim
A RULARAT N WO AE B R 2R STk k. K R=2ik i, 2012, 23(4) : 493-501.]





