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Abstract: Fluvial hydrological processes within the Poyang Lake basin are significantly altered under the influence of
human activities and climate changes. Poyang Lake is the largest freshwater lake and plays an important role in conservation
of biological diversity and also in flood mitigation in the Yangtze River basin. In this case, ecological instream streamflow is
also altered and the ecological environment is potentially affected under the influences of altered hydrological processes.
With consideration of hydrological alterations, re-evaluation of ecological instream streamflow will be of great scientific and
practical merit in terms of water resource management and conservation of ecological environment. We use the Hurst
coefficient method to preliminary analyze the degree of alterations in five major tributaries of the Poyang lake basin. Then we
use eight mutation testing methods to comprehensively investigate change points. We use 15 kinds of probability distribution
functions to fit respectively daily flow for each month before occurrence of the hydrological alterations. Finally, the monthly

optimal distribution functions and corresponding streamflow with the largest probability are determined and computed, and
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accepted as the ecological instream streamflow. Results indicate that; (1) main causes behind the hydrological alterations of
the Gan, Xin, Rao and Xiu Rivers are the climate changes such as the precipitation changes observed in this study.
However, the Hu River is mainly affected by human activities; (2) due to large amounts of water diversion irrigation
system, hydrological processes in the Hu River were significantly altered after 1962. The hydrological alterations of the Gan
and Xiu Rivers occurred in 1968. The East Asian Summer Monsoon led to anincrease of precipitation during the mid-1960s;
The Xin, Rao Rivers were dominated by significant hydrological alterations in 1991. Increase of precipitation in the early
1990s is the main cause behind this hydrological alterations that occurred in the 1960s; (3) The increase of forest coverage
and the construction of water conservancy are expected to improve the satisfaction rate of the ecological water requirement in
the dry season. The satisfactory rate of ecological water requirement in the dry season is higher than that in the wet season in
the Rao, Gan, and Xiu Rivers. However, the Fu and Xin Rivers do not follow this trend. The forestation and increased
vegetation coverage can greatly alter the spatiotemporal distribution of water or runoff and can significantly increase the
runoff during the dry seasons. Woodland has an important influence on the changes of runoff. Due to the large forest
coverage, the ecological instream flow is greatly satisfied during dry seasons in the Rao River when compared to the other
four rivers. A difference is found in the Gan River in terms of water requirements of ecological instream flow between wet
and dry seasons. The number of reservoirs in the Gan River basin is high when compared to the other four tributaries of the
Poyang Lake basin that were considered in this study. Forest coverage in the Xiu River basin accounts for 64.4% of the total
area, which is ranked the second largest in the Poyang Lake. However, the difference between wet and dry seasons is small.
The quantity and scale of the reservoir in the Xiu River basin falls far behind others. Therefore, the regulation activities of
the reservoirs in Xiu River basin is not evident than other river basins. On the contrary, the satisfactory rate of ecological
water requirements for the dry season is below that for the wet season in the Fu and Gan River. The rate of forest coverage in
those two basins is far less than in other basins. The ability to regulate the forest is limited. These results will provide an
important scientific basis for the planning and management of water resources within the Poyang Lake basin under a

changing environment.

Key Words: Poyang Lake basin; ecological streamflow; hydrological alterations
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Table 1 Detailed information of hydrology station and stream flow in Poyang lake region

KER W% KA km? OB B ORI 5 ZAE R (X108 m?)
River Stations Catchment area  Length of data Missing data period Average annual runoff
I AR 80948 1955—2005 545.4

L Mk 15811 1953—2005 186.5

iy 2R 15535 1955—2005 130.1

Gy Al 6374 1953—2005 1977—1978 4, 1981 4F () 1—8 H 69.1

(Z30) E S 3548 1955—2001 29.0
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Table 2  Results of comprehensive diagnosis for variation
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Table 3 The 15 kinds of probability distribution functions to fit respectively daily flowat the April of Waizhou station

AT K-S #45 Kolmogorov Smirnov A-D 6% Anderson Darling C-S K% Chi-Squared
Distributionfunction KA Testvalue  HEFF Rank KB {8 Testvalue  HEFF Rank KB Testvalue HEFF Rank
Johnson SB Z34fi 0.028 1 0.388 1 10.5 1
=8 Burr 4345 0.031 2 0.418 2 12.0 6
Pearson-111 %134 0.033 3 0.456 3 11.7 5
Fatigue Life 4375 0.035 4 0.571 5 10.5 2
¥ Gaussian 734 0.035 5 0.589 6 10.7 3
Weibull 437 0.036 6 0.480 4 10.9 4
J*" X Pareto 734 0.040 7 64.6 12 N/A

Log-Logistic 437 0.046 8 1.31 7 11.8 6
Log-Gamma 43 0.078 9 4.92 8 29.2 8
Hyper Secant 73 #i 0.108 10 6.76 9 29.4 9
Frechet 3 0.139 11 17.0 10 67.2 10
Pareto — R34 0.246 12 41.0 11 132.0 11
Pareto — 25317 0.393 13 93.0 13 623 12
Dagum 43 4fi 0.513 14 148 14 N/A

VUS4 Burr 304 N/A N/A N/A
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Fig.2 Probability distribution functions and Probability Difference for the respectively daily flow at the April of Waizhou station
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Table 4 Optimal probability distribution functions and ecological flow for each month at every station

FRWE 153 Mtk Al S
\ s L 25 L e L s L oy
o BRI O R EE e g e o
Function 5 Function 5 Function 3 Function 5 function 3
(m’/s) (m’/s) (m’/s) (m’/s) (m’/s)
1 Burr(3P) 72 Burr(4P) 17 Log-logistic 49 Dagum 18 Dagum 349
2 FatigueLife 89 Burr(3P) 19 Pearson-I11 105 Burr(4P) 17 FatigueLife 392
3 Welbull 141 Burr(3P) 26 Pearson-II1 196 Burr(3P) 68 Johnson SB 867
4 Welbull 141 Dagum 40 FatigueLife 296 Burr(4P) 121 Johnson SB 1733
5 Pearson-111 523 1% Gaussian 52 FatigueLife 329 Pearson-111 159 Johnson SB 2810
6 Wi Gaussian 373 Dagum 55 Dagum 327 Pearson-III 102 Johnson SB 1970
7 Dagum 112 Burr(3P) 19 Dagum 119 Burr(4P) 14 Frechet 769
8 Log-Gamma 91 Loglogistic 21 Burr(3P) 103 Burr(3P) 37 Log-logistic 620
9 Burr(4P) 66 Dagum 15 Burr(3P) 88 Burr(3P) 28 Pearson-111 379
10 Log-logistic 79 Burr(4P) 21 Burr(3P) 89 Log-Gamma 17 i Gaussian 356
11 Burr(3P) 79 Burr(3P) 19 Dagum 60 Burr(4P) 16 ¥ Gaussian 417
12 Frechet 65 Burr(3P) 18 Burr(4P) 45 Burr(4P) 14 ¥i Gaussian 329
x5 SHEESEKATEAELE
Table 5 Compare with other calculating methods of ecological streamflow
AR SCA A Tennant %55 /N B B H F/N o A AR B H IR
U Ecological Tennant/ Mininum monthly Monthly mininum Mininum monthly Monthly frequency
Station streamflow/ 3 average flow method/ streamflow method/  frequency method/ calculation method/
(m?/s) (/) (m?/s) (m®/s) (m®/s) (m*/s)
A1l 50.8 ok 27.8 37.5 11.4 59
s 150.4 & 30.3 120.6 36.9 162.8
FRE 152.4 U 50.4 40.1 25 66.4
S 915.9 b 506.3 619.7 299 846.8
UE 26.9 T 25 26.1 13.2 37.7
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Table 6  Assurance of Ecological Flow before and after hydrological variation

T J 4% Month
Station 1 2 3 4 5 6 7 8 9 10 11 12
B A5 ST/ % 76 90 96 100 82 83 72 74 79 66 72 74
ARSI/ % 63 57 69 84 64 65 19 32 68 40 54 58
935 A S/ % 73 80 78 80 85 84 67 81 75 68 74 67
A5G/ % 82 83 92 75 92 79 94 92 93 86 82 87
Hps A ST/ % 83 81 86 81 86 81 81 74 76 71 78 83
A5/ % 89 72 94 95 89 78 88 97 91 93 97 97
Al ARSI/ % 80 94 80 82 81 83 83 76 73 88 86 83
A5/ % 95 91 76 91 82 89 100 97 87 100 97 100
S A S/ % 76 86 74 69 66 78 79 75 85 85 74 79
A5G/ % 84 88 61 60 61 72 79 95 97 100 93 94
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