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Tab. 1 Comparison of traditional index and the index system
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Tab. 3 Statistics of RE and Emap results of complex

change index of simulation sequence %
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Fig. 1 The relative errors of the simulated series of each station in annual average, wet, normal and dry years
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Tab. 4  Comparison of accuracy analysis results of different

angles of simulation sequence
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Tab. 6 Statistics of RE and Enap results of optimized sequence
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Tab. 5 Correlation degrees of simulated sequences

section indexes of three evaluation indexes %
) AT 51 (A=K
WFFE 0k 5 Eniap
BAUES EMiEE 0 & G o on
1-10 (0 2 —12 —20 —5 —1 8
By 18 EN ] 8§ —5 —4 —4 —13 7
15 #rP-E4&tE 5 —1 —6 —4 —16 6
2-10 f&4: 2 —3—18 9 2 7
BHu 29 A 3 —5 —22 6 —4 8

2-1  BH-EE —2 2 —21 —7 —3 7

3-1 &5 6 —4 —14 —9 —7 8
FEA R 2 —5 —16 —3 —10 7

37 HO-EZME 2 1 —4 —6 —22 7

®TO3IMITMIERNIERF T E R EIEIRH
HEIHRE R B B RG1T

Tab. 7 Statistics of RE and Emap results of complex change index
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Fig. 2 The relative errors of three evaluation index optimization series in annual average, wet, normal and dry years
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Tab. 8 Percentage of the maximum 4-month continuous

runoff of three runoff series in non-flood season
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Tab. 9  Analysis of annual distribution index of three runoff series
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Optimization method for monthly runoff stochastic simulation sequence
LIU Xinxin' , MA Xixia'”? , CHENG Xu' , WANG Qianli' ,ZHANG Jingwen'

(1. School o f Water Conservancy Engineering , Zhengzhou University , Zhengzhou 450001, China; 2. Yellow River Institute

for Ecological Protection & Regionally Coordinated Development s Zhengzhou University s Zhengzhou 450001, China)

Abstract; Hydrologic stochastic model can provide a scientific and decision-making basis for alleviating water resources problems
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by simulating a large number of random sequences for hydrologic system. However, the simulation series generated by the same
stochastic model was quite different in time and process changes and the traditional statistical parameter test method ignored the
variation characteristics of runoff as a time series, which can not fully reflect the complex variation characteristics of flow in time
series distribution,and failed to select the most suitable runoff simulation series for engineering planning and design and risk a-
nalysis. Therefore,a set of evaluation index system of monthly runoff random generation series is proposed, which incoporates
statistical characteristics of runoff simulation series at different time intersections and the complex variation characteristics of
runoff series. Three hydrological stations in the main and tributary streams of the Huaihe River basin are taken as the research
object to establish a seasonal autoregressive model, three evaluation methods are selected based on constructed index system and
multiple sets of randomly generated monthly runoff simulation sequences. The sequence comparison aimed to provide a more ac-
curate and reliable new way to identify the random simulation sequence of monthly runoff.

Starting from the nonlinear and complex characteristics of runoff series,indicators such as concentration, uneven coefficient
and sample entropy based on traditional test indicators,and a set of index systems is proposed that characterize the statistical
parameter characteristics and complex changes of the runoff series. The accuracy of the simulation sequence was analyzed, and
the simulation sequence was optimized by the gray correlation analysis method. The fitting results of the three evaluation meth-
ods (traditional index, minimum entropy index of sample and index) were compared and analyzed to illustrate the rationality of
the index. Moreover, the advantages of the proposed evaluation index system were further verified from the two aspects of the
abnormal situation of the year allocation and the difference of annual time history distribution (process) of runoff.

Comparison results of the optimized sequences of the three evaluation methods showed that: (1) In the evaluation of statis-
tical characteristics of runoff simulation series at different time intersections, the difference of the average absolute percentage
error of the simulation sequence optimized by the three indexes was small,and the maximum error was 2%. (2) In the evalua-
tion of complex change characteristics, the difference of average absolute percentage error was large. The maximum error differ-
ence between the optimization sequence based on the index and the traditional index was 8% ,and the maximum error difference
between the optimization sequence based on the index and the sample entropy index was 4%. The selected sequence performed
well in the evaluation of statistical parameter characteristics and complex change characteristics,and the most significant differ-
ence was in complex change characteristics compared with the other two evaluation methods. (3) The results showed that the
performance of the series selected was good in the annual distribution characteristics of each level, and the relative error was
generally smaller than that of the series selected by traditional index and sample entropy index,and the difference between the
relative error in normal and dry years was the most obvious.

In conclusion, the three evaluation methods were effective in maintaining the characteristics of the runoff series, but the
previous index system can not comprehensively evaluate the simulation series, which may omit the important details of the run-
off series,thus affecting the accuracy of the simulation series. In this index system. the indexes which represented the complex
change characteristics can simply and effectively distinguish the ability of simulation series in maintaining the complex change
characteristics of measured series. The selected series can better reflect the change process and complex characteristics of the
measured series,and the overall fitting effect of annual distribution was also the best. The order of merit and demerit of the
three methods was the proposed index of this paper™the index of sample entropy>the traditional index. The results showed
that the proposed index system comprehensively considered the statistical parameters of the section and the characteristics of
complex changes was feasible. The abnormal situation of the year allocation and the difference of annual time history distribution
(process) of runoff were analyzed, the results showed that the advantage of proposed index, which is beneficial to a comprehen-
sive evaluation of runoff simulation series and realizes the random simulation comparison and optimization among different
series, thereby provided more accurate hydrological simulation sequences.

Key words: random simulation; simulation test;index system;grey correlation analysis; sequence optimization
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