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Fig. 1 Water system distribution in the Tangyu River Basin
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Tab. 1 Analysis results of characteristic flow at Manwancun Hydrological Station (1966-2022)
PAAT :m/s
LEENRIEN 1A 2 A 3H 41 5H 6H 7H 8 A 9H 104 11H 123 &%
%R bk s 0.130  0.120 0.180 0350 0410 0360 0.440 0290 0410 0330 0280 0.170  0.290
5% M H PR 0563 0584 1.360  5.020 5780  4.630 7.420 7.400 11.300 6.870 1.780 0.875  4.480
95% WiF A F¥m 0152 0123 0.182  0.728  0.805 0.464 0.744 0456  0.607 0.423 0326 0.186 0.434
EZC RS i 0.312 0290 0.653 2460 2.800 2.070 3.330 3.010 4480 2.790 0928 0.477 1.970
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Tab.2 Intermediate variables and results of minimum ecological flow at Manwancun Hydrological Station (intra—annual

distribution calculation method)

i 1A 2A 3H 4 5H 6H 7H 8H 9H 105 11H 12H A
[R5 He 0.147  0.147 0.147 0.147 0.147 0.147 0.147 0.147 0.147 0.147 0.147 0.147 0.147
/MVESFRE/(m®-s™) 0046  0.043  0.096 0362 0412 0305 0490 0442 0.659 0410 0.136 0.070  0.290
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Tab.3 Intermediate variables and results of minimum ecological flow at Manwancun Hydrological Station (improved

intra—annual distribution calculation method)
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Tab. 4 Summary and comparison of minimum ecological flow at Manwancun Hydrological Station
PALT  mfs
WIRES 1H  2H 3H 4H  s5H 6 7H 8H4 9A 10A 1A 124 Ap
SO A R AT TR 0.134  0.128 0216 0.678 0.776 0542 0.584 0.485 0.733 0.429 0292 0.199 0.434
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/N g 0.130  0.120 0.180 0350 0410 0360 0440 0.290 0410 0.330 0280 0.170 0.290
S EUN=R7S 0.130  0.130 0.190 0.644 0.700 0.410 0.630 0.570 0.780 0.430 0.300 0.180 0.426
BRI (95% 47 ) 0152 0.123  0.182  0.728 0.805 0464 0.744 0456 0.607 0.423 0326 0.186 0.434
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Fig. 2 Comparison of minimum ecological flow calculated

by improved intra—annual distribution calculation method

and intra—annual distribution calculation method
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Fig. 3 Comparison of minimum ecological flow calculated
by improved intra—annual distribution calculation method

and several hydrological methods
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Tab. 5 Evaluation criteria and proportion of ecological

flow for Tennant method %

TETARE (AR R B L))

HEAMBE g A0 AE R
W3 H) (4—9 1)
TN 200 200
Tt 60~100 60~100

Wby 60 40
AR 50 30
b 40 20
i 30 10
7 10 10

e 22 0~10 0~10

BB i R/ ESR ER Tennant 7K 45 R

Tab. 6 Evaluation results of minimum ecological flow at Manwancun Hydrological Station by Tennant method
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3H 3301 ARE—REF 147 h—dF 27.6  W—IEELF 29.1 AR5 27.9 H—IAER
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Fig. 4 Analysis results of minimum ecological flow

guarantee degree at Manwancun Hydrological Station
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Research on Minimum Ecological Flow in Small Seasonal Watersheds Based on Improved

Intra-Annual Distribution Calculation Method
DU Juan', HAO Zeyang', LU Jianyu', LU Baohong®
(1. China Water Resources Beifang Investigation, Design and Research Co., Ltd., Tianjin 300222, China; 2. College of Hydrology and
Water Resources, Hohai University, Nanjing 210098, China)

Abstract: In order to improve the applicability of the traditional intra-annual distribution calculation method in small watersheds with
significant seasonal variations, this study took the Tangyu River in Baoji City as an example to conduct methodological improvements
and validation. The Tangyu River Basin exhibits considerable seasonal differences in runoff, making it difficult for the traditional intra-
annual distribution calculation method to effectively adapt to small watersheds with pronounced seasonal runoff patterns. Therefore,
improvements to the intra-annual distribution calculation method are necessary to ensure that the calculated minimum ecological flow
process better aligns with the actual hydrological processes of the river. Based on the monthly flow data from 1966 to 2022 at the
Manwancun Hydrological Station on the Tangyu River, the study fully accounted for the river’s eco-hydrological processes and the

varying demands of intra-annual wet and dry runoff changes and first refined the intra-annual periods by dividing the entire year into
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four representative periods: December to February, March and November, April to June, and July to October. On this basis, two key
improvements were made to the traditional intra-annual distribution calculation method: First, the minimum monthly average flow was
replaced with the monthly average flow at a 95% frequency to reduce the impact of extreme low-flow values on the overall calculation;
second, the annual average monthly flow was replaced with the annual average monthly flow within the 5%-95% frequency range to
eliminate the interference of extreme hydrological events on the average value calculation. Additionally, the results of the improved
calculation method were compared with those of the minimum monthly average flow method, the second-minimum value method, the
monthly frequency calculation method (at 95% frequency), and the Tennant method to comprehensively evaluate its rationality and
applicability. The results show that whether during general water use periods or peak water use periods, the minimum ecological flow
process calculated by the improved intra-annual distribution calculation method is relatively more favorable for the ecology of the
Tangyu River. The minimum ecological flow values obtained by the improved method are higher than those of the original method in
every month and are generally greater than the results of the minimum monthly average flow method. Based on ecological suitability
evaluation using the Tennant method, the minimum ecological flow process calculated by the improved intra-annual distribution
calculation method is more beneficial to the river's aquatic ecosystem than other comparative methods. Furthermore, the guarantee
degree of the minimum ecological flow at the Manwancun Station is relatively high across all months, ranging between 91. 2% and
98.2%. The actual ecological flow assurance status of the Tangyu River is good, consistent with the local river health assessment
results, further validating the applicability of the improved annual distribution calculation method in this region. By introducing
frequency-constrained monthly average flow and segmentally characterizing the intra-annual process, the improved intra-annual
distribution calculation method effectively enhances the scientific rigor and adaptability of minimum ecological flow calculations in
small watersheds with significant seasonal variations. This study can provide a technical reference for determining the minimum
ecological flow in small watersheds with similar hydrological characteristics in northwestern China and has practical significance for
balancing water resource development and utilization with ecological protection.

Keywords: improved intra-annual distribution calculation method; seasonal; small watershed; minimum ecological flow; Tangyu River;

Manwancun Hydrological Station
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