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Announcements

HW1 and PA1 are uploaded. They are due on Feb 20.

Feel free to send me pictures ot cool tropical clouds if you have any.



Today in the tropics

IRMM I, RMM2] forecast for Feb-08-2023 to Feb-22-2023
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Diabatic heating table

Continuous atmosphere

0=0.+0, Diabatic Heating
Q. =L(6 - &)+ L(F — M)+ L(D - S) Convective Heating
Q,=—0,Fsyw—0,F 1y Radiative Heating
Q=0+ L(F - M+D—-3S5)—-V - -LF, Equivalent Heating

Area-averaged heating

0, =0—-0,0'DSE Apparent Heating (overlines are area averages)

Q,=-S,+L0,0q Apparent Moisture Sink



Radiative-Convective Equilibrium




Last Class: Radiative Convective Equilibrium
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Diabatic heating in the tropics can be decomposed into a cloud component
and a residual.



Radiative Convective Equilibrium
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When we look at all points in the tropics,
we see a large scatter with regions of
heating and cooling.

However, the mean (centroid) of the
cloud of points lies at a value of Q4 that is
close to zero.

This is especially true for oceanic points.



Radiative Convective Equilibrium
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These results imply that the apparent
200 heating averaged over the tropics is nearly
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Radiative Convective Equilibrium
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Linear regression:
y=mx+b

(@) =LA +nNP+(0Q,)

(Q,,) = clear sky radiative cooling

r = cloud-radiative feedback parameter

Diabatic heating in the tropics is a linear
function of the mean raintall with a
constant clear sky cooling term.
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Radiative Convective Equilibrium
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These results imply that the apparent
heating averaged over the tropics is
nearly zero, i.e:
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Radiative Convective Equilibrium
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The Mean Meridional

Circulations are often
described by a Mass

Streamfunction
0¥
—_— = -
dy

Show at home that the vertical velocity averaged within the boundaries ot the Hadley

cell (¥ = 0) is zero.
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Radiative Convective Equilibrium

It the tropics are in WTGQG balance, the vertical DSE gradient should be roughly the
same everywnere.

Following mass continuity, the amount of mass that rises must equal the amount
of mass that’s sinking within the tropics.

oDSE
0 ~ (),

op
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Wait a minute ...

How do we get to this balance in the first place??

GOES-13 22039 090000 09651 09361 01 .00

McIDRS
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Wait a minute ...

How do we get to this balance in the first place?

Let us consider the adjustment towards RCE

o T
o D)
ot

= L,P(1+1r)+(0,)

Let’s assume that (Q, ) can be qualitatively understood using Newton'’s Law of Cooling.

The convective heating, in turn, heats the atmosphere until it reaches the temperature of
the convection itself, i.e., the temperature you get from moist adiabatic ascent T.

K1) (T)—(T) (T)
or T

C

Ly
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Radiative Convective Equilibrium

The first-order ODE has a solution of the form

(T) = (T) (z.+7,) exp ( H(t.+ 1) )

Tty Ty

s there a way to simplity this? Which timescale is shorter?

https://presenter.ahaslides.com/presentation/3938534?presenting=true
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Radiative Convective Equilibrium

NSA analyses

|
]

|
|
|

I §

:
"
-

|
|

3 1 | | | ]

6 Bl
s [ <QR>/ ox
> 4 =
‘8 2 L i
N I I
& B

2

4

Johnson et al. (2014)

(T) = (T.) (TC: 7)) — exp (_ 1, + Tr)> s there a way to simplity this? Which

C

T timescale is shorter?
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Radiative Convective Equilibrium

The tfirst-order ODE has a solution of the form

(T) = (T) (z.+ 1) . (_ H(t.+7.) )

(1 Ty

f 7. < 7, and wait a really long time, we get the following answer

(T)(t = o0) =(T,)
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Radiative Convective Equilibrium

The mean temperature of the tropics is the mean temperature of deep convection
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Radiative Convective Equilibrium

Radiative-convective equilibrium has

been applied to understand the global
lapse rate.

3
3
)
3 4

g

[ 34
: RADIATIVE EQUILIBRMION
|

But it can also be used to understand

the tropics specitically since it behaves
ike a closed system.
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Radiative Convective Equilibrium

['(t—> c0)=T,

The mean tropical lapse rate is a moist adiabatic

96935 WRSJ: Surabaya
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So you're telling me that the temperature and lapse rate

are determined by convection everywhere, even over the
dry areas?




Convective Quasi-Equilibrium




Quasi-Equilibrium

It the tropical lapse rate is a close to a moist
adiabat, what does this mean tor CAPE?

Do you think this is true always ana
everywhere?

https://presenter.ahaslides.com/presentation/3938534?
presenting=true
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Exception

65578 DIAP Abidjan
100 :

SLAT 5.25
SLON -3.93
SELY 8.00
SHOW 0.54
LIFT -4.76
LFTY -5.36
SWET 179.7
KINX  26.50
CTOT 19.30
VTOT 25.30
TOTL 44.60
CAPE 2001.
CAPY 2209.
CINS  -43.1
CINY  -23.7
EQLY 140.0
EQTY 139.7
LFCT 836.6
LFCY 8621
BRCH 46.71
BRCY 51.57
LCLT 2956
LCLP 3453
LCLE 3543
MLTH 3004
MLMR 15.53
THCK 5778.
PWaT 52.57

\ \

200

300

100 b XXX XA

000

500 KN AN X NS
7200 Kiesin S
800 PSZ N7 XK 7 R _R77 TXXL 2 75

900 >
1000 Z

-40 -30 -20 -10 0 10 20 30 40
00Z 08 Feb 2023 University of Wyoming

AN
N
e

i

™
S
>X
O
x><§
>>\<
N

R

)
R

.
\
-
\\

A

<

R

N
S
X
1

g

"\
b

\\
S
S
\

IX

%\

R
> /|
S e

25



Convective Quasi-Equilibrium

Deep convection is more

widespread in the deep
tropics than anywhere else

on Earth

How is so much
convection sustained in
the absence of
widespread instability?




Convective Quasi-Equilibrium
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Convection quickly eliminates convective
instability from the column, resulting in os |
small CAPE values that vary little in time.
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