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Chaotic Disaggregation of Daily Rainfall Time Series
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Abstract

Disaggregation techniques are widely used to transform observed daily rainfall values into hourly
ones, which serve as important inputs for flood forecasting purposes. However, an important limitation
with most of the existing disaggregation techniques is that they treat the rainfall process as a
realization of a stochastic process, thus raising questions on the lack of connection between the
structure of the models on one hand and the underlying physics of the rainfall process on the other.
The present study introduces a nonlinear deterministic (and specifically chaotic) framework to study
the dynamic characteristics of rainfall distributions across different temporal scales (i.e. weights
between scales), and thus the possibility of rainfall disaggregation. Rainfall data from the Seoul
station (recorded by the Korea Meteorological Administration) are considered for the present
investigation, and weights between only successively doubled resolutions (i.e., 24-hr to 12-hr, 12-hr to
6-hr, 6-hr to 3-hr) are analyzed. The correlation dimension method is employed to investigate the
presence of chaotic behavior in the time series of weights, and a local approximation technique is
employed for rainfall disaggregation. The results indicate the presence of chaotic behavior in the
dynamics of weights between the successively doubled scales studied. The modeled (disaggregated)
rainfall values are found to be in good agreement with the observed ones in their overall matching
(e.g. correlation coefficient and low mean square error). While the general trend (rainfall amount and

time of occurrence) is clearly captured, an underestimation of the maximum values are found.

keywords : rainfall disaggregation, chaos, weights, correlation dimension, local approximation
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Table 1. Characteristics of Rainfall Data with Different Resolution

Resolution 24h 12h 6h 3h

Number of data 1461 2922 5844 11688
Mean 3.64 1.82 091 0.46
Standard Deviation 13.31 8.33 4.98 2.86
Variance 177.27 69.35 24.80 8.15
Maximum value 233.8 203.1 112.3 69
Minimum value 0 0 0 0
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Table 2. Correaltion Coefficient(Seoul, 1992~1995, 24h—12h)

Embedding Dimension

1 2 3 4 5 6 7 3 9 10
0.6606 | 0.692 | 0.7175 | 0.7411 | 0.733 0.729 | 0.7192 | 0.7333 | 0.7393 | 0.7639

2 107384 | 0.7598 | 0.7922 0.77 0.7711 | 0.7799 | 0.7739 0.77 0.7697 | 0.7869

Number 0.7971 | 0.795 | 0.8131 | 0.8248 | 0.8343 | 0.8355 | 0.8381 | 0.8339 | 0.8363 | 0.8328

of 10 | 0.8133 | 0.8217 | 0.8298 | 0.8373 | 0.8368 | 0.8369 | 0.8317 | 0.8297 | 0.8305 | 0.8317

Nearest 20 | 0.8135 | 0.8249 | 0.8214 | 0.8253 | 0.8253 | 0.8264 | 0.8258 | 0.8252 | 0.8251 | 0.8263

Neighbor | 50 | 08214 | 0.8247 | 0.8254 | 0.8263 | 0.8262 | 0.8245 | 0.8231 | 0.8217 | 0.8219 | 0.8213

100 | 0.8213 | 0.8263 | 0.8231 | 0.8241 | 0.8246 | 0.8245 | 0.8256 | 0.8256 | 0.8241 | 0.8239

200 | 0.8118 | 0.8181 | 0.8201 | 0.8178 | 0.8193 | 0.8178 | 0.8179 | 0.8175 | 0.817 | 0.8172

Table 3. Root Mean Square Error (Seoul, 1992~1995, 24h-12h)

Embedding Dimension

1 2 3 4 5 6 7 8 9 10
6.6622 | 6.1927 | 59509 | 5.6837 | 57376 | 57521 | 5.846 | 56962 | 56386 | 5.3794

1
2 5.719 5441 | 50732 | 53145 | 52957 | 51985 | 5.2646 | 5.3071 | 53076 | 5.1198
Number 5 | 5.0225 | 50435 | 4.8249 | 4.6826 | 45668 | 4.5532 | 4.5203 | 4.5721 | 4.5424 | 4.5862

of 10 | 48202 | 47196 | 4.6221 | 4.5316 | 4.538 | 4.5371 | 4.6003 | 4.6247 | 4.6153 | 4.6004

Nearest 20 | 4817 | 46822 | 47243 | 46794 | 46802 | 4.6675 | 4.6754 | 4.6829 | 4.6836 | 4.6706

Neighbor | 50 | 4.7241 | 4.6849 | 46773 | 46674 | 46696 | 4.6897 | 4.7062 | 4.7235 | 4721 | 4.7283

100 | 4.7246 | 4.6677 | 47061 | 4.6948 | 4.6888 | 4.6904 | 4.6781 | 4.6777 | 4.6959 | 4.6986

200 | 4.8383 | 4.7676 | 4.7444 | 477705 | 47535 | 4.7706 | 4.7706 | 4.7749 | 477799 | 47778
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Table 4. Disaggregation Results (Seoul)

12h(24h~12h) 6h(12h~6h) 3h(6h-~3h)

Delay Time (1) 1 1 1
Correlation Dimension 1.01 0.5 0.16
2d+1(d:Correlation Exponent) 3.02 2 1.32
Optimal Embedding Dimension(m,,,) 4 2
Optimal Number of Nearest Neighbor 10 50 100
Maximum Value of Observation(a) 139.8 116.4 90.3
Maximum Value of Model(b) 91.9 76.38 63.2
b/a(%) 65.71% 65.62% 70.00%
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