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Fig. 2 from Price [1983]
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Fig. 2 from Price [1983]

Rankine vortex with

backround flow;

Rr = 40 km,U = 7 m
s

exponentially decaying

stratification;

N = N0 exp
(
− z

2d

)
6 vertical levels

I 25 % of inferred energy is radiated

away from control volume

I main vertical energy transport is

caused by inertial pumping and the

corresponding pressure field
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Fig. 1 from Niwa and Hibiya [1997]

Rankine vortex moving

across domain;

Rr = 40 km,U = 5 m
s

constant stratification;

N = 0.5 · 10−2 rad
s

40 vertical levels
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Fig. 1 from Niwa and Hibiya [1997]

Rankine vortex moving

across domain;

Rr = 40 km,U = 5 m
s

constant stratification;

N = 0.5 · 10−2 rad
s

40 vertical levels

I energy transport is caused by

inertial internal waves

I non-linear triad interactions

generate superharmonics with

frequencies 2f and 3f and low

vertical wave numbers
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based on Mcmillan and Sutherland [2010]

and Holdsworth and Sutherland [2013]
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∂tω = −ru∂r
(ω
r

)
− w∂zω + ∂z

(
v 2

r
+ fv

)
+ Dν(ω)

∂tv = −u∂rv − w∂zv −
uv

r
− fu + Dν(v)

∂tρ
′ = −u∂rρ′ − w∂zρ

′ − w∂z ρ̄ + Dκ(ρ′)

∆rψ =
ψ

r 2
− ω

notation:

u = ur w = uz

v = uθ ω = ∂zu − ∂rw
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wind stress coupling

10-point flow relaxation scheme
Jensen (1998)

free slip
condition
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Snapshots of vertical velocity for the control run at model time a) 12h b) 22.5h c) 50h and d)

150h. For scaling reasons the vertical velocity was multiplied by the radius.
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Bottom pressure in early stages of the control run close to the critical radius Rr .
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Time series of the bottom pressure at the critical radius Rr .
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pressure oscillation.
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Hovmoeller plot of the radial energy flux 2πru′p′ as a function of time and radius for

control run. The maximal value in depth is shown.
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Same as before but with MLD = 500m. The radiated wave packets have lower radial

wavenumbers and group velocities.
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Vertical wavenumber - frequency spectrum of vertical velocity. Spectrum is averaged

in depth.
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0 = Φwind − Ev + (ΦIW + D)
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Φwind =

∫∫∫
τ · u rdθdrdt
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ΦIW =

∫∫
u′p′ R dθdz
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Ev =

[∫∫∫
(Ekin + EAPE ) rdθdrdz

]
t=T
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MLD φwind Ev/φwind φIW /φwind D/φwind

(m) (TJ) ( %) ( %) ( %)

25 410.16 12.86 -0.0158 -87.12

50 401.41 11.63 -0.0152 -88.36

100 387.07 9.78 -0.0132 -90.21

200 370.81 7.56 -0.0101 -92.43

500 354.44 5.20 -0.0062 -94.79

1000 347.72 4.11 -0.0038 -95.89

3000 340.40 3.73 0.0000 -96.27

I assume ∼ 103 storms a

year [Condron and

Renfrew, 2012]

φwind (GW) 11.03− 13.01

D (GW) 10.57− 11.34

φIW (MW) 0.42− 2.06
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I two generation mechanisms

I periodic inertial pumping

I oscillating bottom intensified

pressure field

I energetics

I wind power: 11.03− 13.01GW

I IW flux: 0.42− 2.06MW

I most IWs are radiated due to

the movement of a storm
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APPENDIX I

Dissipation Operators

Wind Stress

Parametrization

Surface Velocities

Dν(x) = νr

(
1

r

∂

∂r

(
r
∂x

∂r

)
− x

r 2

)
+ νz

∂2x

∂z2

Dκ(x) = κr
1

r

∂

∂r

(
r
∂x

∂r

)
+ κz

∂2x

∂z2

τr =
∂u

∂z
= ρairCd (u10 − usurface)2

τθ =
∂v

∂z
= ρairCd (v10 − vsurface)2

usurface =
∆z

2νzρ0
τr + un

vsurface =
∆z

2νzρ0
τθ + vn
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APPENDIX II

APE following Kang and

Fringer [2010]

Ekin =
ρ0

2

(
u2 + v 2 + w 2

)
EAPE ≈

g 2ρ′2

2ρ0N2
+

g 3∂z(N2)ρ′3

6ρ2
0N

6
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APPENDIX III Long Pulse

I longer forcing time scale

I reduced inertial pumping

I very much reduced low mode radiation
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APPENDIX III Double Radius

I increase in both spacial scales

I depth smaller relative to vertical scale

I more dominant higher modes
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APPENDIX III Double Wind Speed

I very similar structure

I very much increased radiation

I meaning of singular strong storms?
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