
Non-linearity of bubble flow

• experimental framework:

– dry and adiabatic atmosphere, fully characterized by state vector

X = (p, θ, u, v, w)

– stationary background state X (resting, neutrally stratified with

θ = 300K)

– bubble shaped perturbation in initial θ field

– no initial perturbation in pressure and velocity fields

• in linear regime, doubling of initial perturbation X ′(t0) doubles the

response X ′(t)

• animation shows that this is not the case for bubble flow, as soon

as longer evolution times are concerned
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perturbation of potential temperature θ′

θ′max = −0.5K θ′max = −1.0K

GMT 2006 Jun  1 12:18:32 experiment: A100
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COLD BUBBLE TEST

init_103_cb1_eta, eta-coordinate
cy29t2
NH sl2tl, (NPDVAR, NVDVAR) = (2, 3), NSITER = 1, LPC_FULL, LPC_NESC, LGWADV
TSTEP   =    0.4 s
DELY    =     10 m     DELZ    =  10 m
P00     = 101325 Pa    THETA00 = 300 K
SIPR    =  90000 Pa    SITR    = 350 K   SITRA = 100 K
RRDXTAU =    100 1/s

min:         -0.5004
max:          386.64
step: theta_pert.cpt

perturbation of potential temperature [K], NSTEP = +0000

GMT 2006 Jun  1 12:20:12 experiment: A101
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COLD BUBBLE TEST

init_103_cb1b_eta, eta-coordinate
cy29t2
NH sl2tl, (NPDVAR, NVDVAR) = (2, 3), NSITER = 1, LPC_FULL, LPC_NESC, LGWADV
TSTEP   =    0.4 s
DELY    =     10 m     DELZ    =  10 m
P00     = 101325 Pa    THETA00 = 300 K
SIPR    =  90000 Pa    SITR    = 350 K   SITRA = 100 K
RRDXTAU =    100 1/s

min:          -1.0009
max:           386.64
step: theta_pert4.cpt

perturbation of potential temperature [K], NSTEP = +0000

∆x =∆z = 10m, t = 0s
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perturbation of potential temperature θ′

θ′max = −0.5K θ′max = −1.0K

GMT 2006 Jun  1 12:18:34 experiment: A100

-0.55 -0.45 -0.35 -0.25 -0.15 -0.05 0.05 0.15 0.25 0.35 0.45 0.55

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

1.2

he
ig

ht
 [k

m
]

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

1.2

he
ig

ht
 [k

m
]

10 20 30 40 50 60 70 80 90 100 110 120

grid point

10 20 30 40 50 60 70 80 90 100 110 120
grid point

COLD BUBBLE TEST

init_103_cb1_eta, eta-coordinate
cy29t2
NH sl2tl, (NPDVAR, NVDVAR) = (2, 3), NSITER = 1, LPC_FULL, LPC_NESC, LGWADV
TSTEP   =    0.4 s
DELY    =     10 m     DELZ    =  10 m
P00     = 101325 Pa    THETA00 = 300 K
SIPR    =  90000 Pa    SITR    = 350 K   SITRA = 100 K
RRDXTAU =    100 1/s

min:         -0.5028
max:          386.65
step: theta_pert.cpt

perturbation of potential temperature [K], NSTEP = +0050

GMT 2006 Jun  1 12:20:15 experiment: A101

-1.1 -0.9 -0.7 -0.5 -0.3 -0.1 0.1 0.3 0.5 0.7 0.9 1.1

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

1.2

he
ig

ht
 [k

m
]

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

1.2

he
ig

ht
 [k

m
]

10 20 30 40 50 60 70 80 90 100 110 120

grid point

10 20 30 40 50 60 70 80 90 100 110 120
grid point

COLD BUBBLE TEST

init_103_cb1b_eta, eta-coordinate
cy29t2
NH sl2tl, (NPDVAR, NVDVAR) = (2, 3), NSITER = 1, LPC_FULL, LPC_NESC, LGWADV
TSTEP   =    0.4 s
DELY    =     10 m     DELZ    =  10 m
P00     = 101325 Pa    THETA00 = 300 K
SIPR    =  90000 Pa    SITR    = 350 K   SITRA = 100 K
RRDXTAU =    100 1/s

min:          -1.0057
max:           386.66
step: theta_pert4.cpt

perturbation of potential temperature [K], NSTEP = +0050

∆x =∆z = 10m, t = 20s
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perturbation of potential temperature θ′

θ′max = −0.5K θ′max = −1.0K

GMT 2006 Jun  1 12:18:37 experiment: A100
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COLD BUBBLE TEST

init_103_cb1_eta, eta-coordinate
cy29t2
NH sl2tl, (NPDVAR, NVDVAR) = (2, 3), NSITER = 1, LPC_FULL, LPC_NESC, LGWADV
TSTEP   =    0.4 s
DELY    =     10 m     DELZ    =  10 m
P00     = 101325 Pa    THETA00 = 300 K
SIPR    =  90000 Pa    SITR    = 350 K   SITRA = 100 K
RRDXTAU =    100 1/s

min:         -0.5044
max:          386.65
step: theta_pert.cpt

perturbation of potential temperature [K], NSTEP = +0125

GMT 2006 Jun  1 12:20:19 experiment: A101
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COLD BUBBLE TEST

init_103_cb1b_eta, eta-coordinate
cy29t2
NH sl2tl, (NPDVAR, NVDVAR) = (2, 3), NSITER = 1, LPC_FULL, LPC_NESC, LGWADV
TSTEP   =    0.4 s
DELY    =     10 m     DELZ    =  10 m
P00     = 101325 Pa    THETA00 = 300 K
SIPR    =  90000 Pa    SITR    = 350 K   SITRA = 100 K
RRDXTAU =    100 1/s

min:          -1.0087
max:           386.66
step: theta_pert4.cpt

perturbation of potential temperature [K], NSTEP = +0125

∆x =∆z = 10m, t = 50s
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perturbation of potential temperature θ′

θ′max = −0.5K θ′max = −1.0K

GMT 2006 Jun  1 12:18:40 experiment: A100
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COLD BUBBLE TEST

init_103_cb1_eta, eta-coordinate
cy29t2
NH sl2tl, (NPDVAR, NVDVAR) = (2, 3), NSITER = 1, LPC_FULL, LPC_NESC, LGWADV
TSTEP   =    0.4 s
DELY    =     10 m     DELZ    =  10 m
P00     = 101325 Pa    THETA00 = 300 K
SIPR    =  90000 Pa    SITR    = 350 K   SITRA = 100 K
RRDXTAU =    100 1/s

min:          -0.506
max:          386.64
step: theta_pert.cpt

perturbation of potential temperature [K], NSTEP = +0250

GMT 2006 Jun  1 12:20:22 experiment: A101
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COLD BUBBLE TEST

init_103_cb1b_eta, eta-coordinate
cy29t2
NH sl2tl, (NPDVAR, NVDVAR) = (2, 3), NSITER = 1, LPC_FULL, LPC_NESC, LGWADV
TSTEP   =    0.4 s
DELY    =     10 m     DELZ    =  10 m
P00     = 101325 Pa    THETA00 = 300 K
SIPR    =  90000 Pa    SITR    = 350 K   SITRA = 100 K
RRDXTAU =    100 1/s

min:           -1.012
max:           386.64
step: theta_pert4.cpt

perturbation of potential temperature [K], NSTEP = +0250

∆x =∆z = 10m, t = 100 s
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perturbation of potential temperature θ′

θ′max = −0.5K θ′max = −1.0K

GMT 2006 Jun  1 12:18:44 experiment: A100
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COLD BUBBLE TEST

init_103_cb1_eta, eta-coordinate
cy29t2
NH sl2tl, (NPDVAR, NVDVAR) = (2, 3), NSITER = 1, LPC_FULL, LPC_NESC, LGWADV
TSTEP   =    0.4 s
DELY    =     10 m     DELZ    =  10 m
P00     = 101325 Pa    THETA00 = 300 K
SIPR    =  90000 Pa    SITR    = 350 K   SITRA = 100 K
RRDXTAU =    100 1/s

min:          -0.508
max:          386.64
step: theta_pert.cpt

perturbation of potential temperature [K], NSTEP = +0500

GMT 2006 Jun  1 12:20:25 experiment: A101
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COLD BUBBLE TEST

init_103_cb1b_eta, eta-coordinate
cy29t2
NH sl2tl, (NPDVAR, NVDVAR) = (2, 3), NSITER = 1, LPC_FULL, LPC_NESC, LGWADV
TSTEP   =    0.4 s
DELY    =     10 m     DELZ    =  10 m
P00     = 101325 Pa    THETA00 = 300 K
SIPR    =  90000 Pa    SITR    = 350 K   SITRA = 100 K
RRDXTAU =    100 1/s

min:          -1.0216
max:           386.65
step: theta_pert4.cpt

perturbation of potential temperature [K], NSTEP = +0500

∆x =∆z = 10m, t = 200 s
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perturbation of potential temperature θ′

θ′max = −0.5K θ′max = −1.0K

GMT 2006 Jun  1 12:18:47 experiment: A100

-0.55 -0.45 -0.35 -0.25 -0.15 -0.05 0.05 0.15 0.25 0.35 0.45 0.55

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

1.2

he
ig

ht
 [k

m
]

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

1.2

he
ig

ht
 [k

m
]

10 20 30 40 50 60 70 80 90 100 110 120

grid point

10 20 30 40 50 60 70 80 90 100 110 120
grid point

COLD BUBBLE TEST

init_103_cb1_eta, eta-coordinate
cy29t2
NH sl2tl, (NPDVAR, NVDVAR) = (2, 3), NSITER = 1, LPC_FULL, LPC_NESC, LGWADV
TSTEP   =    0.4 s
DELY    =     10 m     DELZ    =  10 m
P00     = 101325 Pa    THETA00 = 300 K
SIPR    =  90000 Pa    SITR    = 350 K   SITRA = 100 K
RRDXTAU =    100 1/s

min:         -0.5349
max:          386.64
step: theta_pert.cpt

perturbation of potential temperature [K], NSTEP = +1000

GMT 2006 Jun  1 12:20:29 experiment: A101
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COLD BUBBLE TEST

init_103_cb1b_eta, eta-coordinate
cy29t2
NH sl2tl, (NPDVAR, NVDVAR) = (2, 3), NSITER = 1, LPC_FULL, LPC_NESC, LGWADV
TSTEP   =    0.4 s
DELY    =     10 m     DELZ    =  10 m
P00     = 101325 Pa    THETA00 = 300 K
SIPR    =  90000 Pa    SITR    = 350 K   SITRA = 100 K
RRDXTAU =    100 1/s

min:          -1.1286
max:           386.65
step: theta_pert4.cpt

perturbation of potential temperature [K], NSTEP = +1000

∆x =∆z = 10m, t = 400 s

7



perturbation of potential temperature θ′

θ′max = −0.5K θ′max = −1.0K

GMT 2006 Jun  1 12:18:50 experiment: A100
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COLD BUBBLE TEST

init_103_cb1_eta, eta-coordinate
cy29t2
NH sl2tl, (NPDVAR, NVDVAR) = (2, 3), NSITER = 1, LPC_FULL, LPC_NESC, LGWADV
TSTEP   =    0.4 s
DELY    =     10 m     DELZ    =  10 m
P00     = 101325 Pa    THETA00 = 300 K
SIPR    =  90000 Pa    SITR    = 350 K   SITRA = 100 K
RRDXTAU =    100 1/s

min:          -0.578
max:          386.64
step: theta_pert.cpt

perturbation of potential temperature [K], NSTEP = +1500

GMT 2006 Jun  1 12:20:32 experiment: A101
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COLD BUBBLE TEST

init_103_cb1b_eta, eta-coordinate
cy29t2
NH sl2tl, (NPDVAR, NVDVAR) = (2, 3), NSITER = 1, LPC_FULL, LPC_NESC, LGWADV
TSTEP   =    0.4 s
DELY    =     10 m     DELZ    =  10 m
P00     = 101325 Pa    THETA00 = 300 K
SIPR    =  90000 Pa    SITR    = 350 K   SITRA = 100 K
RRDXTAU =    100 1/s

min:           -1.396
max:           386.65
step: theta_pert4.cpt

perturbation of potential temperature [K], NSTEP = +1500

∆x =∆z = 10m, t = 600 s
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