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Multi-dimensional analysis of wetness-dryness encountering of streamflow based on the
Copula function in Lake Poyang Basin
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Abstract: According to previous research there was a close relationship between the change of streamflow and the hydrological ex—
treme events in Lake Poyang Basin. Based on the Copula function the multi-dimensional joint distributions of streamflow in Lake
Poyang Basin was built. Streamflow was classified into extra dryness ordinary dryness normal water ordinary wetness and exira
wetness the problem of wetness—dryness encountering of streamflow was discussed quantitatively. Multi-dimensional joint frequen—
cies of identical probability interval of streamflow were analysed. Results showed that there were high dependences between two riv—
ers of Lake Poyang Basin. The Gaussian Copula fitted well the joint distributions of streamflow from two-dimension to five-dimen—
sion. As the dimension of joint frequency of multi-streamflow increased the number of combination of wetness and dryness encoun—
tering increased yet the joint frequency of identical probability interval decreased significantly and then the maximum joint fre—
quency of identical probability intervals tended to occur in the upper or down interval of the distribution of streamflow. The joint fre—
quencies of identical probability interval of streamflow in dry period were greater than those of annual streamflow and streamflow in
flood period and those between annual streamflow and streamflow in flood were slightly different. The joint frequencies of identical
probability interval of streamflow between northern rivers southern rivers or adjacent rivers were generally greater than those be—
tween northern and southern rivers. This study provides scientific basis for river basin resources management and drought event pre—
vention.
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Tab.1 Drainage area of five rivers and streamflow statistics in Lake Poyang Basin
/ / m /(m?/( s*km?))
km?
R1 + 11387 117.53 9230  25.23 0.033 0.026  0.007 0.320 0.385 0.633
R2 15535 172.88 127.35 45.53 0.035 0.026  0.009 0.284 0.344 0.504
R3 15811 126.31  91.75  34.57 0.025 0.018 0.007  0.307 0.368 0.564
R4 80948 629.48 444.80 184.68 0.025 0.017  0.007  0.230  0.237 0.449
RS ( ) 3548 35.00 26.32 8.69 0.031 0.024  0.008  0.305 0.353 0.411
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Fig.3 Box plot of streamflow statistics
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Tab.2 Goodness-ofit test of statistic distributions of streamflow

) 2019 31(3)

P RMSE AlIC P RMSE AlC P RMSE AlC
R1 GAMMA 0.905 0.032 =317 0.989 0.025 =342 0.635 0.037 =303
LOGN 0.682  0.036  -305 0985  0.024  -343  0.879 0031  -321
WBL 0.611 0047  -282 0798  0.040  -295 0348  0.054  -268
GEV 0.378 0.032 =315 0.912 0.023 -346 0.525 0.028 -327
GLO 0.744 0.027 =330 0.662 0.024 =341 0.844 0.024 -341
GNO 0.403  0.032  -315 0910  0.023  -346 0315 0032  -314
PII 0.396 0.032 =313 0.894 0.023 -345 0.111 0.042 -290
R2 GAMMA 0.982 0.023 =350 0.708 0.039 -300 0.702 0.025 -341
LOGN 0.958 0.026 -338 0.819 0.033 =315 0.928 0.024 -345
WBL 0.842  0.038  -302  0.557  0.048  -279 058  0.049  -278
GEV 0.799 0.023 -344 0.395 0.030 -322 0.452 0.024 =340
GLO 0.866 0.022 =350 0.180 0.039 -296 0.220 0.027 -331
GNO 0.812  0.023  -345 0490  0.028  -326  0.567  0.024  -340
Pl 0.809  0.024  -343  0.649  0.025  -336  0.804 0026  -334
R3 GAMMA 0.466 0.044 -287 0.358 0.058 -262 0.861 0.033 =315
LOGN 0.266 0.056 -264 0.173 0.067 -248 0.545 0.040 -296
WBL 0780  0.032  -317  0.859  0.041  -204 0653 0051  -273
GEV 0.182 0.031 =317 0.367 0.037 -302 0.090 0.037 =301
GLO 0.636 0.025 -338 0.099 0.043 -286 0.295 0.034 -308
GNO 0.265 0.029 -324 0.281 0.037 =300 0.069 0.038 =299
Pl 0257  0.029  -324 0280  0.037  -300  0.050  0.040  -294
R4 GAMMA 0.848 0.030 -323 0.956 0.030 -323 0.485 0.052 =272
LOGN 0.774 0.031 -321 0.904 0.032 =317 0.770 0.041 -295
WBL 0.333 0.059 -260 0.663 0.047 -282 0.223 0.067 -249
GEV 0.172  0.029  -325 0792  0.029  -325 0150 0033  -310
GLO 0.581 0.020 -358 0.462 0.034 =310 0.098 0.037 =302
GNO 0.186 0.028 -326 0.770 0.029 -323 0.208 0.033 =311
Pl 0.162  0.030  -321 0773  0.029  -323 0402  0.035  -307
RS GAMMA 098  0.020  -360 0987  0.020  -360 0999 0020  -362
LOGN 0.999 0.018 =372 0.997 0.018 =372 0.999 0.017 =375
WBL 0.680 0.039 -299 0.676 0.039 -299 0.886 0.039 =300
GEV 0.955  0.017  -374 0955  0.017  -374 0990 0017  -373
GLO 0.804 0.021 -352 0.791 0.021 -352 0.884 0.021 -353
GNO 0.952 0.017 -374 0.944 0.017 -374 0.984 0.017 -374
PII 0.959 0.017 =373 0.961 0.017 -373 0.953 0.018 =370
2.3
2~5 5~8.
1 . 0.125  0.25

Gaussian Copula
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Tab.3 Parameters of statistical distribution of streamflow
( GLO) ( GNO) ( LOGN)
R1 113.777 20.692 -0.109 86.614 33.772 -0.328 3.064 0.577
R2 167.983 27.206 -0.108 119.732 41.768 -0.354 3.717 0.449
R3 125.841 21.699 -0.013 92.147 34.379 0.023 3.421 0.493
R4 614.201 77.212 -0.118 436.106 103.325 -0.167 5.137 0.398
RS 33.755 5.907 -0.126 24.622 8.690 -0.376 2.084 0.402
0.05 (a) &EERI 0.06 (b) IR 0.15 (QEIRi" iF=t
0.04 0.05 , =5-=Rl 0.12 7, SRl
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& 2 0,03 j \ =y & i -
# 0.02 5 / T # 0.06 ]
= == 0.02 ! \,~2&-R5 = :
0.01 0.01 ’ 0.03 P
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Fig.4 Curves of theoretical probability density for streamflow statistics
2 4
> > Tab.4 Dependence of streamflow for a pair of
-3 rivers and parameters of joint distributions
> > ;4 5
> Y Y Y
> 1
RIR2 0.717 0.724 0.720 0.760 0.848 0.842
A R1R3 0453 0.445 0.510 0.506 0.663 0.748
0.25; RIR4 0403 0391 0480 0488 0572 0.636
0.125; 2 3 RI-R5 0.810 0.836 0.819 0.853 0.752 0.825
4 5 R2-R3 0.800 0.795 0.833 0.798 0.884 0.936
. R2R4 0.703 0.717 0.733 0.729 0.793 0.826
5 R2R5 0.775 0.798 0.764 0.817 0.724 0.786
R3R4 0.767 0.796 0.784 0.786 0.877 0.904
R3-R5 0.553 0.563 0.567 0.588 0.666 0.763
R4R5 0.547 0.549 0.542 0.556 0.729 0.772
2 1 1 0.1
( ) 1 ( )
2 5~8
5 6.
2
0.121 0.119;
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Tab.5 Goodnessit test of multivariate 0.123;
joint distribution of streamflow 0.142
B 0.140. .
0.037.0.043
RIR2 0.881 0.896 0.963
RI-R3 0.775 0.607 0.950 0.041.0.045 0.058.
R1-R4 0.807 0.643 0.920
R1R5 0.536 0.820 0.839 ’ ’
R2R3 0.692 0.478 0.972
R2-R4 0.805 0.619 0.518
R2RS 0.975 0.873 0.346 3
R3-R4 0.862 0.802 0.947 .
R3-R5 0.704 0.944 0.550 0.058 R
R4-R5 0.935 0.973 0.725 0.056:
RI-R2-R3 0.752 0.173 0.393
RI-R2-R4 0.709 0.224 0.582 0.061 )
RI-R2-R5 0.556 0.494 0.490
RI-R3-R4 0.664 0.246 0.689
RI-R3R5 0.819 0.706 0.516 0.081
R1-R4-R5 0.775 0.698 0.930 0.073.
R2-R3-R4 0.819 0.252 0.896 .
R2-R3-R5 0.408 0.869 0.454 0.026  0.028;
R2-R4-R5 0.600 0.832 0.799 0.028  0.029:
R3-R4-R5 0.786 0.589 0.670
RI-R2R3-R4  0.117 0.183 0.399 ’
RI-R2R3-R5  0.194 0.292 0.199 0.031 N
RI-R2-R4R5  0.150 0.307 0.458 0.032.
RI-R3R4-R5  0.459 0.259 0.351 4
R2R3R4R5  0.321 0.960 0.511 .
R1-R2-R3-R4-R5  0.344 0.512 0.690 . .
0.030,0.031  0.042;
N N 0.011.0.012  0.016.
5 N
0.020.0.023  0.032 ; 0.006.0.007 0.011
( . ) ( )
( ) (
)
3
Gaussian Copula 5
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Fig.5 Joint probability of probability intervals of streamflow for two rivers
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Fig.7 Joint probability of probability intervals of streamflow for four rivers
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Fig.8 Joint probability of probability intervals of streamflow for five rives
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6

Tab.6 Joint probability of identical probability intervals of streamflow for multiple rivers

5

RIR2 0.064 0.104 0.087 0.104 0.064 0.064 0.105 0.087 0.105 0.064 0.080 0.130 0.109 0.130 0.080

R1R3 0.041 0.081 0.070 0.081 0.041 0.045 0.084 0.072 0.084 0.045 0.058 0.097 0.081 0.097 0.058
RI1-R4 0.037 0.078 0.068 0.078 0.037 0.043 0.082 0.071 0.082 0.043 0.050 0.089 0.075 0.089 0.050
RIRS5 0.075 0.121 0.100 0.121 0.075 0.076 0.123 0.102 0.123 0.076 0.068 0.109 0.091 0.109 0.068
R2R3 0.073 0.119 0.099 0.119 0.073 0.078 0.126 0.105 0.126 0.078 0.086 0.142 0.120 0.142 0.086
R2-R4 0.062 0.102 0.085 0.102 0.062 0.065 0.106 0.088 0.106 0.065 0.072 0.117 0.097 0.117 0.072
R2R5 0.070 0.113 0.094 0.113 0.070 0.069 0.112 0.093 0.112 0.069 0.065 0.105 0.088 0.105 0.065
R3-R4 0.069 0.112 0.093 0.112 0.069 0.071 0.115 0.096 0.115 0.071 0.084 0.140 0.118 0.140 0.084
R3-R5 0.049 0.087 0.074 0.087 0.049 0.050 0.088 0.075 0.088 0.050 0.059 0.098 0.082 0.098 0.059
R4-R5 0.048 0.087 0.074 0.087 0.048 0.048 0.086 0.073 0.086 0.048 0.065 0.106 0.088 0.106 0.065

RIR2R3 0.036 0.049 0.035 0.049 0.036 0.040 0.052 0.037 0.052 0.040 0.054 0.073 0.053 0.073 0.054
RIR2-R4 0.031 0.042 0.030 0.042 0.031 0.035 0.044 0.031 0.044 0.035 0.046 0.061 0.043 0.061 0.046
RIR2-RS 0.050 0.058 0.039 0.058 0.050 0.050 0.058 0.039 0.058 0.050 0.051 0.060 0.041 0.060 0.051
R1R3-R4 0.026 0.037 0.026 0.037 0.026 0.030 0.040 0.028 0.040 0.030 0.042 0.055 0.038 0.055 0.042
RIR3RS 0.032 0.042 0.030 0.042 0.032 0.034 0.044 0.031 0.044 0.034 0.040 0.046 0.031 0.046 0.040
RIR4RS 0.030 0.042 0.030 0.042 0.030 0.032 0.043 0.030 0.043 0.032 0.039 0.047 0.032 0.047 0.039
R2-R3-R4 0.048 0.056 0.038 0.056 0.048 0.052 0.061 0.042 0.061 0.052 0.063 0.081 0.057 0.081 0.063
R2-R3RS 0.042 0.053 0.037 0.053 0.042 0.044 0.056 0.039 0.056 0.044 0.049 0.061 0.042 0.061 0.049
R2-R4RS5 0.038 0.047 0.032 0.047 0.038 0.039 0.048 0.033 0.048 0.039 0.047 0.054 0.037 0.054 0.047
R3-R4-R5 0.033 0.041 0.028 0.041 0.033 0.034 0.042 0.029 0.042 0.034 0.049 0.060 0.042 0.060 0.049
RIR2-R3R4  0.024 0.023 0.014 0.023 0.024 0.028 0.025 0.015 0.025 0.028 0.040 0.042 0.025 0.042 0.040
RIR2R3RS  0.029 0.027 0.016 0.027 0.029 0.032 0.029 0.017 0.029 0.032 0.038 0.035 0.020 0.035 0.038
RIR2-R4R5 0.026 0.024 0.014 0.024 0.026 0.028 0.025 0.014 0.025 0.028 0.036 0.032 0.019 0.032 0.036
RIR3-R4R5  0.021 0.020 0.011 0.020 0.021 0.024 0.021 0.012 0.021 0.024 0.033 0.029 0.016 0.029 0.033
R2R3-R4R5  0.030 0.025 0.014 0.025 0.030 0.031 0.027 0.015 0.027 0.031 0.042 0.037 0.022 0.037 0.042
RIR2R3R4-R5 0.020 0.013 0.006 0.013 0.020 0.023 0.014 0.007 0.014 0.023 0.032 0.022 0.011 0.022 0.032

Gaussian Copula

Copula
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