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Abstract: Under the current severe water ecological crisis exacerbated by climate extremes, population growth, and economic
development, in order to effectively meet the demands for different ecological environmental functions, the ecological flow property of
the river should be consistent with the regional hydrological characteristics of the study area. In this paper, various hydrological
methods such as the Tennant method, the improved flow duration curve (FDC) method, and the improved annual distribution method
were selected to calculate the minimum, appropriate, and optimal ecological flow levels of the river. The Pearson correlation coefficient
and deviation coefficient were used as evaluation indexes to assess the consistency between ecological flow and the natural hydrological
rhythm of the river flow. Combined with the indicator of ecological flow satisfaction rate, the adaptability of the ecological flow of the
river calculated by different hydrological methods was evaluated. A study of the ecological flow of the Sicha River in Yunnan Province

was conducted as a case. The research results indicate that the Tennant method for the ecological flow does not take into account the
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dynamic variations in monthly runoff of the river, due to its oversimplified classification into wet and dry seasons throughout the year.
As a result, the ecological flow exhibits the lowest correlation coefficient and the highest deviation coefficient compared to other
methods’ results. The ecological flow of the Sicha River calculated by the improved FDC method has a lower deviation coefficient with
the natural hydrological rhythm, and the ecological flow satisfaction rate in dry years is higher and more stable, but its correlation
coefficient is relatively small in normal and dry years compared with the other methods’ results. The ecological flow of the river
calculated by the improved annual distribution method achieves the highest correlation coefficient with the natural hydrological rhythm,
and its deviation coefficient shows a decreasing trend from wet year to dry year, demonstrating the best fit to the natural flow process of
the river. Considering various hydrological scenarios and the diverse adaptability results of the ecological flow of the Sicha River
calculated by different hydrological methods, this paper recommends integrating the comprehensive research results derived from both
the improved FDC method and the improved annual distribution method for determining the ecological flow of the Sicha River. The
research achievement provides a scientific basis for coordinating water resources development and utilization and ecological health
conservation in the Sicha River basin, and offers a valuable reference and practical guide for confirming the ecological flow and
carrying out the rational ecological regulation of the rivers in other similar basins.

Keywords: graded ecological flow; adaptive evaluation; improved FDC method; improved annual distribution method; Sicha River
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Fig. 1 Statistical natural flow and corresponding ecological

flow processes determined by various hydrological methods

in wet years
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Tab. 2 Ecological baseflow processes under different hydrological years and ecological flow processes determined from

various hydrological methods

Ff  ms

Ay TiH 1H 2 A 34 45 54 6 7H 8 H 9H 104 11H 12H
A 1.07 1.07 1.07 1.07 107 322 322 322 322 322 107 1.07

Tennant 2.17 2.17 2.17 217 217 562 562 562 562 562 217 217

K Mt FDC 12 4.11 2.85 2.03 220 289 513 929 1006 881 674 641 424
BCHEAR N A 2.50 2.36 1.89 249 311 343 624 777 659 415 518 338
A 0.73 0.73 0.73 073 073 209  2.09 209 209 209 073 073

N Tennant % 1.08 1.08 1.08 1.08  1.08 468  4.68 468 468 468 1.08  1.08
K Mt FDC % 2.42 2.15 1.39 115 093 194 450 561 495 437 372 273
AR N S AT 12 2.04 1.64 1.32 138 178 345 577 631 520 338 327 226
S 0.46 0.46 0.46 046  0.46 1.04 1.04 1.04  1.04 1.04 046 046

Tennant 0.36 0.36 0.36 036 036 281 281 281 281 281 036 036

K Mtk FDC % 1.64 1.19 0.96 083 063 107  2.18 337 339 241 223 193
AR Y S AT 12 1.62 1.44 1.08 124 185  1.89 442 443 352 261 244 185

RI ARAKFEEZGSKXFAFTEESRESRARERXRZHIMBEZRH

Tab. 3 Correlation coefficients and deviation coefficients between ecological flows determined from various hydrological

methods and natural flows under different hydrological years

Kk FIKEEMH KA MK ARy
LB i 25 AL LB i 2 AL LB i 2 AL
Tennant 0.77 0.54 0. 82 0.55 0. 80 0. 66
M FDC % 0.93 0.34 0. 86 0.43 0.70 0.41
WCHEAE N JR A 12 0.94 0.47 0.99 0.37 0.96 0.25
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