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Time Series Analysis of Waterfowl Species
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National Chung-Hsing University, Taichung, Taiwan 402, R.O.C.

ABSTRACT

The objectives of this study were to maturate and compare two practical procedures for time
series analysis of waterfowl species in Da-du estuary, at central part of Taiwan. A multiplicative
decomposition method as well as an additive decomposition method have been adapted to determine
the species variations, including long-term (T), seasonal (S), circular (C), and irregular (I). The two
methods indicated a similar result: (1) Both showed a long-term trend (T) decreased with time (t), as
following equations, (A) T = 61.575586 - 0.04532t for multiplicative decomposition method, (B) T =
61.638312 - 0.046083t for additive decomposition method; (2) There are two seasonal high peaksin
April and November each year; and (3) A circular change, every two years. Both methods were

reasonably well to present the waterfowl species changes numerically.
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Fig.1. Investigation area of waterfowl.
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Table 1 Classification of waterfowl.
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Table 2. Seasonal variation in multiplicative decomposition method.

Hfﬁ 78 179 | 80 | 81 | 82 | 83 | 84 | 85 | 86 | 87 | 88 | 89 [ 90 | 91 | 92 | 93 | 94 | 95 | 96 I(Z? ﬂi)E
1 0.95(1.01{1.09]{1.10|1.18(1.20(1.04|1.01|0.90(1.09|0.83]0.99|0.97{1.03{0.97|1.09|1.00|1.02|1.03|1.02
2 1.00{0.99]1.03|1.08|1.08{1.03{1.05{0.95|1.07{0.89{0.88|0.91(0.95(1.00{1.04|1.01 {1.14]1.17|1.02|1.01
3 0.99(1.23(1.151.15|1.13|1.08(1.29|1.29|1.05(1.01{0.92|1.10|1.11{1.15{1.08|1.09|1.03 [1.06|1.11|1.10
4 1.43(1.18(1.16{1.10|1.20{1.31|1.18|1.48|1.18{1.11|1.30|1.35(1.20|1.21|1.22|1.32(1.23|1.27|1.25]|1.23
5 1.01{1.2211.10{1.12|10.94{1.12{1.15|1.06 |1.09{1.06 | 1.04 | 1.021.04|1.11{0.95]|0.94|0.93]0.95|1.05|1.04
6 0.63(0.57{0.71]0.69]0.75[0.65[0.59|0.600.61 {0.64 |0.730.71 {0.73 0.68|0.71 | 0.88 {0.70 | 0.71 | 0.68 | 0.68
7 10.74(0.76(0.83]0.66|0.760.73 {0.85(0.69 | 0.68 | 0.66 [0.77|0.87|0.80 | 0.84 {0.77]0.67 | 0.67 | 0.80 0.75(0.75
8 10.90/0.85|0.83(0.86(1.10{0.95|0.81|0.91{0.91|1.05|0.97{0.97|0.86|0.83|1.09(1.03|0.85{0.89 0.93]0.92
9 |1.05(1.09(1.00{1.06{1.22]|1.01{0.98(1.00{0.97|1.05(1.17|1.16|1.09|1.15{1.03|1.02]0.99|1.04 1.06|1.05
10 {1.00{0.98]0.91|1.01(1.37|0.95]0.87|1.02(1.13{0.94|1.24|1.00|1.06|1.02|0.91|1.10{0.96|1.10 1.03]1.02
11 {1.01]1.14|1.15|1.06(1.75|1.11|1.10{0.90 [ 1.20 | 1.22|1.04 {0.99 [ 1.05|1.05|1.09(1.07 | 1.16 | 0.99 1.12]1.11
12 {1.07{1.03|1.04|1.12|1.69|0.97|1.05|1.06(1.13|1.14|1.11|1.10{1.10{0.96|1.08|1.01 | 1.16|0.99 1.10{1.09
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Table 4. Seasonal variation in multiplicative decomposition method.
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Table3. Seasonal variation in additive decomposition method.

* 78 79 80 81 82 83 84 85 86 87 88
1 -3.46 | 0.67 5.58 6.00 9.92 | 11.17 | 2.04 0.63 | -5.21 | 4.63
2 0.13 | -0.42 | 2.08 | 4.79 4.54 146 | 238 | -2.71 | 3.75 | -5.38
3 -0.42 | 15.00 | 9.00 9.08 7.54 | 4.13 | 1433 | 1492 | 2.58 0.58
4 26.88 | 11.63 | 9.71 5.83 | 11.46 | 16.67 | 9.17 | 2538 | 9.13 5.67
5 0.88 | 14.04 | 5.75 725 | -3.54 | 6.25 7.33 3.29 4.75 3.33
6 -23.17 | -26.71 | -17.17 | -18.33 | -14.33 | -18.46 | -20.29 | -21.63 | -20.08 | -18.33
7 -18.58 | -15.17 | -10.63 | -20.33 | -16.02 | -15.15 | -7.79 | -15.33 | -17.63 | -17.33 | -11.83
8 -7.17 | -9.33 | -10.58 | -8.46 | -2.88 | -3.00 | -9.96 | -4.21 | -471 | 2.79 | -1.38
9 3.13 6.00 | -0.08 | 3.42 | -3.50 | 0.38 | -0.96 | -0.21 | -1.50 | 2.42 8.71
10 0.13 | -1.04 | -546 | 0.63 | -442 | -2.54 | -6.67 | 0.88 6.71 | -3.25 | 12.38
11 1.00 9.04 9.21 3.83 5.00 6.04 | 496 | -492 | 1046 | 10.96 | 1.96
12 4.46 1.67 2.38 6.96 246 | -1.96 | 2.33 292 6.58 6.92 5.79
* 89 90 91 92 93 94 95 96 S B
H (SY) ®

1 -8.71 | -0.42 | 5.04 1.58 | -1.54 | 5.21 0.04 1.33 1.92 1.94

2 -6.13 | -5.13 | -0.25 | 0.00 1.96 | 0.54 | 7.83 9.33 1.04 1.06

3 -442 | 521 | 463 | 858 | 4.21 4.96 1.83 3.33 532 5.34

4 15.75 | 19.21 | -13.54 | 12.08 | 11.79 | 18.33 | 12.63 | 14.33 12.34 12.36

5 2.00 1.00 | 2.33 6.29 | -2.71 | -3.50 | -4.08 | -2.67 2.67 2.69

6 -14.25 1 -16.04 | -2.29 | -17.96 | -15.71 | -6.92 | -16.13 | -15.67 -16.86 -16.84

7 -6.92 |-10.92 | -0.92 | -12.96 | -18.08 | -18.83 | -10.67 -13.62 -13.60

8 -1.58 | -7.92 | 6.54 | 5.29 142 | -8.71 | -5.67 -3.86 -3.84

9 875 | 496 | 3.75 1.67 1.17 | -0.71 | 2.33 2.21 2.23

10 0.00 | 3.25 9.13 | 488 | 5.63 | -2.21 | 533 0.75 0.77

11 -0.33 | 254 | 058 | 4.71 4.21 9.17 | -0.67 4.25 4.27

12 554 | 546 | 033 | 417 | 0.71 8.75 | -0.67 3.60 3.62
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Table 5. Seasonal variation in additive decomposition method.
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Fig. 6. Waterfowl pathways near Taiwan.
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Fig. 7. Long term trend in multiplicative decomposition method.
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Fig. 8. Long term trend in additive decomposition method.
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Fig. 11. Circular variation in additive decomposition method.
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Table 4. Building and working schedule in the power plant.
H4H FETHE | e eH FETHEy | e
1 5EH% 75.12 80.03.03 55 6 Rk 81.10 85.05.04
52 R 75.12 80.08.25 57 SRtk 82.04 85.10.17
3 GEfk 75.12 81.06.26 ERE 83.03 86.06.27
5 4 SRk 75.12 81.10.04 59 ik 89.10 94.08.01
55 TRk 81.04 85.03.29 510 R 89.10 95.06.30
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