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Multiple Timescale Chaos Identification of Groundwater Depth and
Subdivision of Jilin City Based on 0 —1 Test
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Abstract; The 0 — 1 test method is a new binary test approach which is used for distinguishing chaotic
dynamics and applying directly to time series data without the phase space reconstruction. It was proved
to be an effective test after test for chaos of Chebyshev map. The 0 — 1 test method was used to identify
the degree and spatial distribution of chaos of 83 monitoring wells with multiple timescale (5, 10, 15 and
30 d) groundwater depth surveillance data series from 2001 to 2010 in Jilin city, northeast China. The
results showed that multiple timescale groundwater depth surveillance data series of all monitoring wells
were chaotic. The minimum K values of multiple timescale (5,10,15 and 30 d) groundwater depth
surveillance data were 0. 9673, 0.9720, 0.9210 and 0. 886 3, respectively, and the maximum K values
were 0.9995,0.9996, 0.9994 and 0. 999 2, respectively. In addition, the spatial interpolation of their
asymptotic growth rate K showed significantly spatial variability. The highest and lowest K values were
mainly occurred in northern, southern part and central urban areas of Jilin city, respectively. The chaos
characteristic of groundwater level was influenced by hydrology, meteorology, geology and so on. The
findings demonstrated that the 0 — 1 test method was effective and reliable by using chaotic inspection of
the Chebyshev maps and it can be very useful for reflecting the degree of chaos which had a better guiding
role for the forecast of groundwater level.
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Tab.1 Asymptotic growth rate K of groundwater depth within 5 d surveillance series of all monitoring wells
M K I K i K 0 K iy K 0 K M K
G001 0.997 8 G013 0.9979 G025 0.996 8 G037 0.999 0 G049 0.9989 G061 0.997 6 G073 0.996 8
G002 0.998 7 G014 0.997 8 G026 0.996 6 G038 0.968 0 G050 0.998 5 G062 0.9955 G074 0.996 2
G003 0.999 0 GO15 0.999 3 G027 0.996 6 G039 0.9975 G051 0.998 6 G063 0.994 7 G075 0.995 4
G004 0.999 4 G016 0.996 1 G028 0.996 1 G040 0.9979 G052 0.9912 G064 0.9959 G076 0.996 0
G005 0.997 6 G017 0.998 4 G029 0.998 1 G041 0.9922 G053 0.994 7 G065 0.9977 G077 0.9970
G006 0.998 8 G018 0.9979 G030 0.998 3 G042 0.9993 G054 0.998 4 G066 0.9983 G078 0.998 8
G007 0.9977 G019 0.999 1 G031 0.999 0 G043 0.9985 G055 0.996 3 G067 0.9977 G079 0.998 0
G008 0.998 5 G020 0.999 5 G032 0.998 4 G044 0.990 4 G056 0.9977 G068 0.996 1 G080 0.998 6
G009 0.998 4 G021 0.9979 G033 0.997 0 G045 0.998 8 G057 0.998 0 G069 0.9952 G081 0.9700
G010 0.997 1 G022 0.999 2 G034 0.9958 G046 0.998 3 G058 0.9958 G070 0.996 6 G082 0.9673
GO11 0.998 2 G023 0.9979 G035 0.987 6 G047 0.998 4 G059 0.9927 G071 0.997 6 G083 0.9820
G012 0.996 4 G024 0.996 6 G036 0.998 7 G048 0.997 4 G060 0.994 3 G072 0.9989
F2 FBHNHHTKIER10d ENEFFIEHHEEKE K
Tab.2 Asymptotic growth rate K of groundwater depth within 10 d surveillance series of all monitoring wells
e K e - K ) K M K ) K M K e - K
G001 0.997 2 G013 0.997 6 G025 0.9975 G037 0.998 6 G049 0.998 2 G061 0.998 2 G073 0.996 7
G002 0.998 5 G014 0.998 1 G026 0.997 5 G038 0.9750 G050 0.997 8 G062 0.9954 G074 0.9975
G003 0.9977 G015 0.9990 G027 0.9919 G039 0.996 4 G051 0.998 7 G063 0.9930 G075 0.9954
G004 0.999 1 G016 0.996 9 G028 0.997 0 G040 0.996 4 G052 0.9910 G064 0.9928 G076 0.9975
G005 0.996 0 G017 0.996 8 G029 0.998 2 G041 0.990 0 G053 0.9957 G065 0.9975 G077 0.995 4
G006 0.998 9 G018 0.996 8 G030 0.9973 G042 0.999 0 G054 0.997 8 G066 0.998 4 G078 0.996 5
G007 0.994 6 G019 0.998 8 G031 0.998 8 G043 0.997 5 G055 0.996 9 G067 0.9915 G079 0.9970
G008 0.998 5 G020 0.999 6 G032 0.9979 G044 0.9953 G056 0.9977 G068 0.994 8 G080 0.998 5
G009 0.9972 G021 0.997 4 G033 0.998 3 G045 0.9977 G057 0.997 6 G069 0.9777 G081 0.9720
G010 0.9977 G022 0.998 5 G034 0.996 6 G046 0.997 8 G058 0.9921 G070 0.994 8 G082 0.973 0
G011 0.997 1 G023 0.9975 G035 0.988 6 G047 0.996 9 G059 0.9917 G071 0.996 2 G083 0.9750
G012 0.993 4 G024 0.988 6 G036 0.9989 G048 0.996 7 G060 0.996 4 G072 0.9990
x3 FWHNFHHTKIER 15 d BillFFHEHERKE K
Tab.3 Asymptotic growth rate K of groundwater depth within 15 d surveillance series of all monitoring wells
I K M I K i K I K i K 0 K I K
G001 0.996 9 G013 0.992 6 G025 0.996 8 G037 0.999 1 G049 0.997 1 G061 0.9985 G073 0.9975
G002 0.9983 G014 0.998 2 G026 0.9958 G038 0.9250 G050 0.9315 G062 0.996 5 G074 0.9954
G003 0.9973 G015 0.998 5 G027 0.986 6 G039 0.994 0 G051 0.998 6 G063 0.994 7 G075 0.9958
G004 0.999 1 G016 0.9970 G028 0.9959 G040 0.9975 G052 0.990 0 G064 0.968 9 G076 0.996 7
G005 0.994 9 G017 0.9972 G029 0.998 6 G041 0.968 0 G053 0.997 0 G065 0.998 1 G077 0.994 7
G006 0.9973 G018 0.9935 G030 0.996 9 G042 0.998 1 G054 0.994 5 G066 0.998 7 G078 0.9973
G007 0.9970 G019 0.998 4 G031 0.998 4 G043 0.996 6 G055 0.9970 G067 0.9839 G079 0.995 4
G008 0.9975 G020 0.999 3 G032 0.999 3 G044 0.9336 G056 0.9973 G068 0.996 2 G080 0.998 6
G009 0.997 2 G021 0.9977 G033 0.997 0 G045 0.996 8 G057 0.996 3 G069 0.970 1 G081 0.9210
G010 0.9952 G022 0.998 7 G034 0.996 1 G046 0.9300 G058 0.9930 G070 0.9907 G082 0.9220
GO11 0.997 6 G023 0.996 9 G035 0.9820 G047 0.998 3 G059 0.989 6 G071 0.997 4 G083 0.9230
G012 0.9932 G024 0.9810 G036 0.999 4 G048 0.993 8 G060 0.9949 G072 0.998 4
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Tab.4 Asymptotic growth rate K of groundwater depth within 30 d surveillance series of all monitoring wells

W I K W K W K LaglIBIS K W K W K s I I K
G001 0.9779 G013 0.9930 G025 0.9913 G037 0.996 5 G049 0.9145 G061 0.9970 G073 0.9932
G002 0.999 2 G014 0.9956 G026 0.9950 G038 0.900 0 G050 0.9180 G062 0.9950 G074 0.984 0
G003 0.9200 G015 0.9989 G027 0.9627 G039 0.988 8 G051 0.918 4 G063 0.9954 G075 0.9957
G004 0.9210 G016 0.996 9 G028 0.9156 G040 0.996 2 G052 0.9300 G064 0.8863 G076 0.9951
G005 0.9150 G017 0.986 2 G029 0.989 8 G041 0.9242 G053 0.995 2 G065 0.9952 G077 0.9925
G006 0.997 1 G018 0.990 1 G030 0.9959 G042 0.9158 G054 0.994 2 G066 0.9980 G078 0.997 1
G007 0.9120 G019 0.996 7 G031 0.9950 G043 0.9819 G055 0.994 8 G067 0.934 8 G079 0.9958
G008 0.900 5 G020 0.9952 G032 0.996 8 G044 0.9163 G056 0.996 1 G068 0.994 0 G080 0.9970
G009 0.9155 G021 0.998 1 G033 0.997 1 G045 0.914 1 G057 0.988 4 G069 0.9313 G081 0.8912
G010 0.9718 G022 0.9935 G034 0.996 6 G046 0.914 7 G058 0.986 0 G070 0.959 1 G082 0.8930
G011 0.994 6 G023 0.9933 G035 0.9803 G047 0.997 8 G059 0.962 0 G071 0.986 4 G083 0.8920
G012 0.9743 G024 0.944 6 G036 0.9973 G048 0.916 6 G060 0.914 8 G072 0.996 7
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Fig.5 Groundwater depth within 5 d surveillance series of G082 tested by 0 — 1 method (K =0.967 3)
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Fig. 6  Groundwater depth within 5 d surveillance series of G020 tested by 0 — 1 method (K =0.9995)
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Fig.7 Groundwater depth within 10 d surveillance series of GO81 tested by 0 —1 method (K =0.9720)
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Fig.8 Groundwater depth within 10 d surveillance series of G020 tested by 0 —1 method (K =0.999 6)
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Fig.9 Groundwater depth within 15 d surveillance series of GO81 tested by 0 —1 method (K =0.9210)
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Fig. 10 Groundwater depth within 15 d surveillance series of G036 tested by 0 —1 method (K =0.999 4)
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Fig. 11

Groundwater depth within 30 d surveillance series of G064 tested by 0 —1 method (K =0. 886 3)
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Fig. 12 Groundwater depth within 30 d surveillance series of G002 tested by 0 — 1 method (K =0.999 2)
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