
Rossby wave and instability



Exercise

Question 2

A barotropic atmospheric Rossby wave propagates westwards at 45ºN. It has global 

meridional scale and a zonal wavelength of 5000 km (the radius of the earth is 6400 km). 

1) What is the phase speed relative to the prevailing wind ? 

2) How long does the wave take to go round the world ?

3) Does this result depend on the latitude ?

4) How long would it take if the meridional scale were the same as the zonal scale ?

In the ocean at the same latitude, the thermocline is 500m deep and the difference in 

density between the thermocline water and the abyss is 4 kg/m3 (the density of sea water 

is 1027 kg/m3). 

1) What is the westward phase speed for a Rossby wave on the thermocline with zonal 

and meridional wavelength of 200 km (assuming no zonal current) ? 

2) How long would this wave take to cross the Pacific between 130ºW and 150ºE ?

3) What is the fastest possible transit time for very large scale waves ?



Recap: Dispersion relations of Rossby waves

CASE1: Non-divergent barotropic CASE2: Divergent 
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CASE3: 2 active layers CASE4: Continuously stratified

The solution is the sum of a
barotropic and a baroclinic mode 

The solution is the sum of a 
barotropic and 𝒏 baroclinic modes



A barotropic atmospheric Rossby wave
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1) What is the phase speed relative to the prevailing wind ? 

𝑐 − 𝑈 = −
𝛽

𝑙2 +𝑚2

 Global meridional scale ⟹𝑚 = 0 and 𝑙 =
2𝜋

𝜆𝑥

 45°N: 𝛽 =
2Ω𝑐𝑜𝑠𝜙

𝑟
=

2×2𝜋×𝑐𝑜𝑠 45°

24×3600×6400×103
= 1.61 × 10−11𝑠−1. 𝑚−1

 𝑐 − 𝑈= −
𝛽

𝑙2+𝑚2 = −
𝛽

𝑙2
= −

2Ω𝑐𝑜𝑠𝜙

𝑟𝑙2
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2
= −10.2 𝑚. 𝑠−1

45°N



A barotropic atmospheric Rossby wave

2) How long does the wave take to go round the world ?

 45°N: d = 2𝜋𝑟𝑐𝑜𝑠𝜙 = 2𝜋 × 6400 × 𝑐𝑜𝑠 45° = 28434 𝑘𝑚

 t =
𝑑

𝑐
= 32 𝑑𝑎𝑦𝑠

𝑐 − 𝑈 = −10.2 𝑚. 𝑠−1

45°N



A barotropic atmospheric Rossby wave

3) Does this result depend on the latitude ? 

 t =
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A barotropic atmospheric Rossby wave

4) How long would it take if the meridional scale were the same 
as the zonal scale ? 

 𝑡2 =
𝑑

𝑐2
= 2 ×

𝑑

𝑐
= 2 × 𝑡 = 64 𝑑𝑎𝑦𝑠

 𝑐𝑊𝐸𝑆𝑇=
𝛽

𝑙2+𝑚2 with 𝑚 = 𝑙 ⇒ 𝑐2 =
𝛽
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=
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Exercise

Question 2

A barotropic atmospheric Rossby wave propagates westwards at 45ºN. It has global 

meridional scale and a zonal wavelength of 5000 km (the radius of the earth is 6400 km). 

1) What is the phase speed relative to the prevailing wind ? 

2) How long does the wave take to go round the world ?

3) Does this result depend on the latitude ?

4) How long would it take if the meridional scale were the same as the zonal scale ?

In the ocean at the same latitude, the thermocline is 500m deep and the difference in 

density between the thermocline water and the abyss is 4 kg/m3 (the density of sea water 

is 1027 kg/m3). 

1) What is the westward phase speed for a Rossby wave on the thermocline with zonal 

and meridional wavelength of 200 km (assuming no zonal current) ? 

2) How long would this wave take to cross the Pacific between 130ºW and 150ºE ?

3) What is the fastest possible transit time for very large scale waves ?



A baroclinic ocean Rossby wave

1) What is the westward phase speed for a Rossby wave on the 
thermocline with 𝜆𝑥 = 𝜆𝑦 = 200 𝑘𝑚 (assuming no zonal current) ? 

 45°N: 𝑓 = 2Ω𝑠𝑖𝑛𝜙 = 2 ×
2𝜋

24×3600
𝑠𝑖𝑛 45° = 1.03 × 10−4𝑠−1 and 𝛽 = 1.61 × 10−11𝑠−1. 𝑚−1

 𝑐𝑊𝐸𝑆𝑇=
𝛽

𝑙2+𝑚2+𝐿𝑅
−2 =

𝛽

2×
2𝜋

𝜆𝑥

2
+𝐿𝑅

−2
= 6.37 × 10−3 𝑚. 𝑠−1

 𝐿𝑅 =
𝑔′𝐻

𝑓
with 𝑔′ = 𝑔

∆𝜌

𝜌
=

9.81×4

1027
= 0.0382 and 𝐻 = 500 ⇒ 𝐿𝑅 = 42𝑘𝑚 and 𝐿𝑅

−2 = 5.55 × 10−10

H=500m

=1027 kg/m3

=4 kg/m3
45°N



A baroclinic ocean Rossby wave

2) How long would it take to cross the Pacific between 130°W and 150°E ?

𝑐𝑊𝐸𝑆𝑇 = 6.37 × 10−3 𝑚. 𝑠−1

 45°N: d = 2𝜋𝑟𝑐𝑜𝑠𝜙 ×
50°+30°

360
= 28434 ×

80

360
= 6318 𝑘𝑚  t =

𝑑

𝑐𝑊𝐸𝑆𝑇
= 31 𝑦𝑒𝑎𝑟𝑠

H=500m

=1027 kg/m3

=4 kg/m3
45°N



𝑐𝑊𝐸𝑆𝑇=
𝛽

𝑙2+𝑚2+𝐿𝑅
−2

A baroclinic ocean Rossby wave

3) What is the fastest possible transit time for very large scale waves ?

 𝑙 = 0,𝑚 = 0 ⇒ 𝑐𝑚𝑎𝑥=
𝛽

𝐿𝑅
−2

 𝑡𝑚𝑖𝑛 =
𝑑

𝑐𝑚𝑎𝑥
= 6.8 𝑦𝑒𝑎𝑟𝑠

 𝑑 = 6318 𝑘𝑚

H=500m

=1027 kg/m3

=4 kg/m3
45°N



Recap: Dispersion diagram

 The relationship between ω and k is called the dispersion relation.



Recap: Dispersion diagram

 The relationship between ω and k is called the dispersion relation.

 If this relationship is linear

(and of course ω=0 when k=0), 

 the wave is “non-dispersive”
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Recap: Dispersion diagram

 The relationship between ω and k is called the dispersion relation.


