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Station Time scale Number  Average  Standard  Max Min Skew
of data (m3/s) deviation (m3/s) (m3/s)
(m3/s)
Eskandari Daily 15340 4.26 5.90 105 0 4.01
3-Day 5148 4.29 5.79 64.38 0 3.61
5-Day 3084 4.28 5.73 60.12 0 3.47
7-Day 2208 4.28 5.60 59.06 0.001 3.33
Ghale Daily 15340 39.09 39.72 974 0.4 3.70
Shahrokh 3-Day 5148 38.92 38.30 470 4.55 2.73
5-Day 3084 38.92 37.78  406.68 4.65 2.51
7-Day 2208 38.92 36.58 32097 4.68 2.17
Pole Zamankhan Daily 15340 43.42 43.58 4080 08 53.95
3-Day 5148 42.81 26.28 266 4 1.43
5-Day 3084 42.81 26.16 261.2 4.08 1.40
7-Day 2208 42.85 25.56 2288 434 1.32
Pole Kaleh Daily 15340 37.96 27.65 318 0.19 141
3-Days 5148 38.08 2757 29133 0.37 1.39
5-Day 3084 38.13 27.42 278.4  0.60 1.36
7-Day 2208 38.05 26.83 240.88 0.61 1.27
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Relationship between chaos theory indicators in monitoring of river
flow at short-term time scales

Mahsa Boustani, Hojat Karami", Sayed Farhad Mousavi’ Saeed Farzin®

Abstract

This study was carried out to study and analyze the effect of time-scale changes on chaotic range
of discharge of upstream and downstream stations of Zayandehrud Dam Reservoir, trend of
changes in the correlation coefficient of flow and forecast horizon for 43 years (1971-2013). Also,
the relationship between correlation dimension and forecast horizon is determined over time. For
this purpose, discharge of hydrometric stations of Eskandari, Ghale Shahrokh, Pole Zamankhan
and Pole Kaleh have been used in four daily, 3, 5, and 7-day time scales. As a first step, the time
delay and embedding dimension of the system are calculated using the method of average mutual
information and the nearest false neighbors. Then, fractal dimension of the system is estimated
using the correlation dimension method. Then, using the Lyapunov's exponent, the prediction
horizon is estimated in the chaotic series. Results revealed that flow rate at a 5-day scale has a
random behavior at Pole Zamankhan station and at a 7-day scale at the Pole Zamankhan and
Eskandari stations and is chaotic in other time scales. Eskandari, Ghale Shahrokh and Pole
Zamankhan stations have low chaos at all chaotic scales. At Pole Kaleh station, the flow rate is
low in chaos at daily scale and has average chaotic domain at 3, 5 and 7-day scales. According to
the other results, by increasing the time scale, the correlation dimension increases and the forecast
horizon decreases. On the other hand, according to the Lyapunov exponent, the upstream stations
of Zayandehrud Dam Reservoir have more prediction horizon than downstream stations in all
time scales.

Keywords: Flow Monitoring, Chaos Theory, Time Scale, Chaotic Domain, Prediction
Horizon.
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