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An improved trend analysis method for hydro-meteorological time series based on ITA
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Abstract ; Based on the innovative trend analysis (ITA) method, this paper improved the parametric test method of trend significance,
proposed a quantitative index to describe the average trend of time series, and used the bootstrap method to test the significance of the
trend. After the Monte-Carlo numerical simulation, the detection results of the new method on the artificial data sequences were
compared with the classic Mann-Kendall (MK) method and ITA method respectively, from which its feasibility was verified. Finally,
the new method was applied to the trend analysis of four kinds of time series with different lengths, in different regions, and about
different hydro-meteorological elements. The results showed that at the 5% significance level, there was a significant increasing trend
in series of the annual runoff in the upstream of Heihe River, the number of storm days per year in Fukuoka, Japan, and the annual
average temperature in Qionghai. Meanwhile, there was a significant decreasing trend at a significant level of 10% in the maximum
daily precipitation in Beijing.
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Table 1 Comparison of simulation results of the new method with MK and ITA

ERIH—FR/% BEER-HE/%  HEHE% RRER—FOR % BEN TR/ % BH—HE/ %
P MK ITA MK ITA MK ITA ! P MK ITA MK ITA MK ITA
0.9 100 100 100 100 100 100 0.9 100 100 100 100 100 100
-0.5 100 100 100 100 100 100 -0.5 100 100 100 100 100 100
-0.1 100 100 99.9  99.9  99.9  99.9 -0.1 100 100 100 100 100 100
-0.09 0 100 100 100 100 100 100 |0.01 0O 100 100 100 100 100 100
0.1 100 100 100 100 100 100 0.1 100 100 99.9  99.9  99.9 99.9
0.5 100 100 100 100 100 100 0.5 99.9 100 99.1  98.9  99.1 98.9
0.9 100 100 100 100 100 100 0.9 9.6 100 87.8  88.2  85.2 88.2
0.9 100 100 99.8  99.8  99.8  99.8 0.9 100 100 100 100 100 100
-0.5 100 100 99.5 99.5  99.5  99.5 -0.5 100 100 100 100 100 100
-0.1 100 100 99.0  99.0  99.0  99.0 -0.1 100 100 100 100 100 100
-0.05 0 100 100 99.2  99.2  99.2  99.2(0.05 0 100 100 100 100 100 100
0.1 100 100 98.9 98.9 98.9  98.9 0.1 100 100 100 100 100 100
0.5 100 100 99.1  99.1  99.1  99.1 0.5 100 100 100 100 100 100
0.9 100 100 98.7 98.7  98.7  98.7 0.9 100 100 100 100 100 100
-0.9 100 100 100 100 100 100 -0.9 100 100 100 100 100 100
-0.5 100 100 100 100 100 100 -0.5 100 100 100 100 100 100
0.1 100 100 100 100 100 100 -0.1 100 100 100 100 100 100
-0.01 0 100 100 100 100 100 100 [0.09 0 100 100 100 100 100 100
0.1 100 100 99.9  99.9  99.9  99.9 0.1 100 100 100 100 100 100
.5 99.8 100 98.9 98.9 98.8  98.9 0.5 100 100 100 100 100 100
0.9 946 100 88.5 83.6 85.4  88.6 0.9 100 100 100 100 100 100
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Fig.2 A series with big differences between ITA and MK results

3 LHINFE
5 B3 A A U 2 7 P TR R X R R B S [T K S/ 5 B 28 0 O 1) % HE R 9 7T 472



5511 SRR, —RhEET ITA SO MK SO F 9 o Pk 5

P AR EE B0 B 52 B FK SCR R B R B RN E, X BB | 3% (1891—2008 4F ) FUAEAS it . H ASHR X
(1948—2019 4F) 4 X2 KA AL 5T 406 (1952—2019 4F) AR R H /K BRI BT < 4 06 (1954—2019 4F)

AR RAL 4 R RS BEAT AT . R B R AR AR *2 HEFIERER
WEEBIERE T B K ok ) % b B2 503 o Table 2 Basic information of time series
(http ://www. nede. ac. en) 3 H A5 K] vl () B0CPE R U7 T wo# RE/(°) GE/(0) WH/m BHEKE/a
Tutiempo Network ( https://en. tutiempo. net ) , /1 1] &l 2 %4 B ﬂ LiF  100.17  38.82 3500 118

42 2 Ve RS N2 b B L v R A 4 gy RMEECHA) 130,44 33.58 9 72
422 3 VAL T AhSE Lo g gy M) e s

BHRETE R IER 288 0 (http://data. ema. en) . gogsest 11028 19,14 2 66
4 IR R A B MG E R R 2 % 3,
*3 HEFIISFITHETEER
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Table 4 Trend test results of four time series
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