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Fig. 1. Distribution of external forcing wind field in beta channel: (a) The first kinds of wind field; (b) the

second kinds of wind field.
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Fig. 2. Response of oceanic flow function under the first kinds of forcing wind field (unit: 10* m?/s).
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Fig. 3. Response of oceanic flow field under the first kind of forcing wind field (arrow unit: m/s): (a) t = 0;

(b) t =T/4; (¢) t = T/2; (d) t = 3T /4.
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Fig. 7. Curve of value |e*1Z — e*2L||: (a) The first kinds of flow field; (b) the second kinds of flow field.
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Table 1. Natural cycles of the first and second kinds of flow field (unit: a).

1 2 3 4 5 6 7 8 9 10 11

MY 075 475 950  14.25  19.00 23.75 28.50 3325 38.00 42.75  47.50
B/ oMY 150 525 975 14.50  19.00 2375  28.50 33.25 38.00 42.75  47.50
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Fig. 8. Curve of ||v|]lmax value under the first kind of forcing wind field: (a) p = 0.001 x 10710 s=1; (b) u =
0.01 x 10710 571 () u=0.1x 10710 571 (d) p =1 x 10710 s~ 1,
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Table 2. Resonance period of oceanic flow field under the first kind of forcing zonal wind at different values of 1 (unit: a).

/10710 =1 1 2 3 4 5 6 7 8 9 10 11
0.001 0.75  4.75 9.50 1425  19.00  23.75 2850  33.25  38.00 4275  47.50
0.010 0.75  4.75 9.50 14.25  19.00  24.00
0.057 0.75 475  22.25
0.100 0.75 475  16.75
1.000 0.75  5.25
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Table 3. Resonance period of oceanic flow field under the second kinds of forcing zonal wind at different values of p (unit: a).

/10710 g1 1 2 3 4 5 6 7 8 9 10 11
0.001 1.50 525  9.75 14.50  19.00  23.75 2850  33.25  38.00 42.75  47.50
0.010 1.50 525  9.75 14.50  19.25  24.00
0.057 1.50 525  22.25
0.100 1.50 525  16.75
1.000 1.50  5.25
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Abstract

To illustrate the formation mechanisms for the Pacific decadal oscillation (PDO) and the North Pacific gyre oscil-
lation (NPGO) as the dominant and less dominant climate patterns of the North Pacific, and correlations between their
periods of oscillation and the length of the ocean in the East-West direction, this paper adopts a mid-latitude S channel
linear quasi-equilibrium ocean model with reduced gravity to seek the analytical solution of the ocean flow field response
to zonal wind forcing, with a special focus on resonance. Main findings include that the response pattern of the bounded
ocean resembles the PDO and NPGO modes during winter respectively; specifically, to the east of the west coast of the
ocean, the former is characterized by a gyre in an oval shape and the latter by two gyres rotating in opposite directions
in the north and the south, constituting a gyre couple; across the entire ocean, the former features basin-wide ocean
general circulation, while the latter features basin-wide general circulation in the north and the south respectively, which
rotate in opposite directions. The above situations can be forced by anomalous positions of mid-latitude westerlies to
the north and the south respectively. The frequency (period) of ocean flow field response to zonal wind field forcing is
identical to the frequency (period) of zonal wind forcing; the response is observed after zonal wind forcing while the flow
field (stream function) of the response is proportional to the zonal wind in scale. When the frequency (period) of zonal
wind forcing equals that of the natural frequency (period) of the ocean, resonance will happen, with the observation
of the strongest ocean response; while when the two frequencies differ by wide margins, rather small response will be
observed. Smaller frictions correlate with stronger resonance along with more resonance occurrences. The length of the
bounded ocean in the East-West direction has an obvious effect on the natural frequency (period), namely, the frequency
(period) of resonance, and plays a decisive role in determining such a frequency; the distance between two neighboring
resonance periods increases as the length is reduced. Different non-linear air-sea interactions lead to the complexity of
the oscillation frequencies of a random wind field, ranging from extremely low to extremely high frequencies; through
the resonance, resonance period identical or similar to the natural frequency of the ocean can be identified, at which
frequency the ocean flow response to wind fields is the strongest, thus determining the periods of the PDO and NPGO.
The final conclusion is that such a non-linear interaction, the effect of wind field forcing on flow field, and resonance are
three key factors leading to the PDO and NPGO; the analytical solution is in nature a time-varying resonant Rossby

wave.

Keywords: bounded ocean, zonal wind, resonance, Pacific decadal oscillation

PACS: 92.60.Gn DOI: 10.7498/aps.67.20172225

* Project supported by the National Key Research and Development Program of China (Grant No. 2017YFA0604500).

1 Corresponding author. E-mail: zhangm1945@Q163.com

089201-16


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.67.20172225

	1引    言
	2数学模型
	3外强迫特解的求取
	4大洋对纬向风强迫的响应
	Fig 1
	4.1 对第一种纬向风异常的响应
	Fig 2
	Fig 3

	4.2 对第二种纬向风异常的响应
	Fig 4
	Fig 5


	5有界大洋与外强迫风场的共振
	5.1 共振现象的出现
	Fig 6

	5.2 有界大洋自由振荡的固有周期
	Fig 7
	Table 1

	5.3 摩擦对共振的影响
	Fig 8
	Table 2
	Fig 9
	Table 3

	5.4 有界大洋尺寸对共振的影响
	Table 4

	5.5 讨    论

	6结    语
	References
	Abstract

