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Why is it important to take account of diabatic
heating ?

» Any satellite picture reveals regions of intense
convective activity in the tropics

».A number of atmospheric features are closely

- connected with tropical diabatic heating

* The 40-50 day oscillation

« Tropical SST anomalies have local as well as

extratropical influence- eg. the PNA teleconnection
- pattern

« Impact of El-Nino events is well known and
documented

* The monsoon circulation
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Other aspects of tropical diabatic heating are
equally important.

» 40-50 day oscillation in which convective
processes play an important role.
(Julian and madden 1971, 1972; Knutson et al, 1986)

« Equatorial waves may also play an important role
in the oscillation

« Tropical Pacific SST anomalies have a significant
extratropical impact particularly in the Pacific
North-American sector

These aspects of tropical heating are still not
fully understood.

A number of studies have explored the connection
between tropical diabatic heating and equatorial
waves. These indicate -

. Vertical modes whose profiles have baroclinic
structure are favourably excited by tropical

heating

« Tropical heat sources excite low frequency
. gravity modes, particularly Kelvin and Mixed

Rossby-gravity modes.
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Numerical models need to take proper account of
tropical diabatic heating. This has following
implications

« Tropical modes associated with diabatic heating
need to be adequately analysed and modelled

» Divergence and moisture fields need to be adequately
- analysed and balanced

-+ Physical processes, particularly cumulus convection,
have 1o be parameterised in a satisfactory manner

« Appropriate sea surface temperatures have to be
used - given the important role of SST we might need
to do data assimilation with a coupled air-sea model

- None of these features are currently adequately
handled in models

- This could partly explain the relatively poor
performance of models in the tropics

* There are major problems in analysis and forecasts in
the tropics.

* Here we will consider
- Analysis of moisture and divergence.
- inability to include information on diabatic heating.

» Inconsistency between moisture, divergence and diabatic
- heating leads to spin-up problem.

* Moisture date base in tropics is sparce and there are no
+'direct measurements of heating.

* One possible way to alleviate these problems is to use
satellite data as proxy data.
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Moisture bogus from GMS IR Imagery
Mills and Davidson, 1987

» Compute over 50k radius circles, for given Lat/Long
locations, cloud population characteristics :

(a) areal coverage of cloud tops within layers
sfc-850, 850-700, 700-500, 500-300, < 300hPa

-this defines CLOUD DEPTH and
-CLOUD AMOUNT (scattered or broken)

(b) variability of cloud top temp in each layer :
-this defines CLOUD TYPE (Cumulus or Stratus)

« For a large sample, group data with similar cloud
+ characteristic and match with contemporary
radiosonde dewpoint depression profiles :

gives dewpoint dep. profiles for
19groups = clr, bkn below 850hPa, sct below 850hPa
+ (4 higher layers * 2 cloud types * 2 amounts)

Moisture bogus from GMS IR imagery

(continued)

* APPLICATION : For a specified Lat/Long grid, compute
cloud characteristic at each grid point,
Determine group and assign dewpoint
depression profile.

* LIMITATIONS :

(a) cannot detect moisture in non-saturated
areas (so use TOVS)

. (b) clouds are assumed to be non-overlapping

. {c) no information from below cloud
( so use surface obs.)

(d) no stratification by latitude

- (e) simple statistical techniques have been
- used

I
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Diabatic NMl as used at ECMWF

* Model is integrated for 2 hours (from uninitialised
fields) and diabatic terms are accumulated

* Time averages of diabatic terms over the two hour

period are derived
+ Resulting fields are filtered
Time filter {L hour period
Space filter M20L10

* Filtered fields are used as con;:tant forcing during

l nonlinear NMI
3
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Estimating of Heating Rates ¥

« The procedure used relies on estimates of rainfall rate. o
To illustrate the procedure the rainfall is estimated
using Arkin’s fomula |

« The rainfall rate essentially a measure of vertically
integrated heating rate at a particular location.
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INTENSITY and PROFILE
Method 1

« The vertical profile of heating is specified and
intensity is evaluated

ik 2T = I d(})
+at. (+
I sk R
C*"i

wlere

» The use of same specified vertical profile of heating is
unsatisfactory for the following reasons -

- Observational evidence indicates that profiles can vary

with location.

- Profiles also vary according to the stage in the life
cycle of a convective system.

- The specified profile may not be consistent with the
parameterization used in the model.




INTENSITY and PROFILE
Method 2

* Heating rates are derived from convective
parameterization used in the model.

* For the KUO parameterization the procedure is as
follows-
- Evaluate R
- In the KUO scheme , .
+ Set moisture convergence to R # 24t
+ set moistening parameter to 0

» the scheme will now generate a heating rate that is
consistent with both KUO parameterization and rainfall
data

T T ey rww.-n,l * gt

Mecn Hrote TI06
An Dote: 8702012 Un k. .J,
ol Ll -y ey way  gwn -;'! -t Wr wre  ere  ave e pew s e |l
m%— ’; —t !
f") = &51 e o A ™
e | J =2 T L s =
- z g S 7
4 - - i L had
- S el oA 4 s &
- SN A AN S8 7
. . ' - _ ! -
XV W A X 2t -
- AR Jﬁ . 5 i = H Ty
- A "§ob] gl 0 d F
; ; ﬁ i ¢ ’ ol = _F
| g U2 7 J -
L o L] Z 1 ’( e
- S
N — 0
2] - - WT ST T RET W RET R B e e o~ '—'—'"
AAGICS L) - DANPPNT 12 Octeber RE7 130:34
ot "
gm0 - .
wt -y -t Wt WET WY T T WP mrv ey - F‘... ..:1
:mr,—— - jp I -
ot G P > e s R AW S
- G173 I ”
ST &z 5 Y, =
YA N I I | AN [ Z |
. \*’. 5 Ol D T {
~ h o =) \--
\ \" I [ - H e —‘-ﬁ
AP 2 N -
Al 2V 3
- - \ w1
- ¥
17T 24 -
- h"N
— 1{‘-‘
- . Einadl .
T A T i e P S

AAGICS LT ~ DANPPNT 17 Ocioher WET 1L3E9




N
b1 -yt wi [ L, S S > we - LTI LN L s T
PO e T =L 1 I )
—'A;,r"'_- = e T o
- £} _;? s M) ‘hr 33 Kiw‘p -
. , c}' ] N ¥ \'\P \ &-
r X Bk A < - -
ol - B b LVEMER A LA =
w5 =z 1 LSNA & 7 1"
T2 HANS n T alil ek {
Tt b C. \-‘
'% ok, o o/ \"ﬁ
'(\ -
Al 2TV ! ol -
| = q i I] e
2 Ml =l ’{ [~ )
Lt .
_— - X
jud ~ ;..../-‘,._F#{h_ i i
AGICS L = DANMPL I7 Seplormbar NGT 04 .= [ o]
200hFa Fit Hrate TI06
Date: 87020112 Faunj.o -
Dt _wt i W e on wn sr e on e wev e wnwy
- e el e, | ;#m
" ? il "y i P ‘.)f'p -
/ =]

i
i
g?

: w et iy
. > 1
2 b (\._

¥ a,' 7 o)
) Pl ‘ N ¢
- Lo
- W“\../’JU ‘ﬁ‘( ,] A
- %
o Z Iz
:. = = ﬂ_____,“_,:rz:df w
R [ T N R R ey R ™ )
JAGICS L] - DANPPEX 17 Seplamber 107 K831 [ v

ot based Leoti

S{.cuful MU?M-&

i
i

al L] -t Josd -y -t W Aaw alw Hew v .|:- “wre arw _.:.'
é'—f\ﬂ""—-— e 2ot = ’"L\. Ty,
IR - =5 ‘}ﬁﬂl& A i =
a ol P o i1 L . Tk Y &
v 29 ,. uy . T
e I a3 2 S S =
- =TT X XICE 7
ol S A YA E Q‘g -] {
"H\ f/ ﬁ u ‘.D 3 f \,] ' > "‘.,1 ]
e B NPT L % .
L \\_/J) L= . ‘-"‘*’ ‘ — _’f_ . rg
& 7217 F
- Y -
» = > P___,.,_,_,':.:d“ o
- R A L I L T I S = ] [ B> T B -
LAGICS L1 ~ DANPPUS | Novernber 1987 20:43:23 [+
200nPg Fil Hrate TI06 .
Andlysis ™ bl 8702012 Filtesed
It ey -t -y » Fe aww  wew II'I_I‘I'-:--‘ .
- I =1 ;ll_ = ::L\-K - E
v} B -+ F ulil 230 I
o rr_-n = e" ’ll__a . \\Q gh
o L s - T ’ﬁ}
& ~ = 2 .
» P N \ f_ : R { -
wr N ) 7 \[ - Ty g |
= i p. * my ]
TN~ Y £ o
N ( At - il \ .
T 3 e -
- — 7 Wy 3 /
" il I |4
" - b -~
s = —— > ‘_-___‘_,.u__f::ndf

Wi WL Wt e -
WAGKTS L) = DANPPY | Novermber W87 20:44:7

3]

oLk Deied .lu.tu-? rodes u.s.,‘.a Kuwo +um|.'c-n'ut.'m



Data Assim experiments

* Period 11z Jan 11 to 11z Jan 15 1990
« EXPERIMENTS
- CNTL : Control as in Operational system
- GMSQ : CNTL + Moisture bogus data at 11z and 23z

- GMSI : GMSQ + Diabatic NMi with heating rates
specified as above

- GMSQ : GMSI + Heating rates specified during first 2
hours of model integration

» FORCASTS iy
From 11z Jan,and 11z Jan 15

BMRC PREDICTION SYSTEM

GLOBAL / HEMISPHERIC SPECTRAL MODEL

9 LEVELS

G = 0.991, 0.925, 0.811, 0.683, 0.500, 0.336, 0.189, 0.074, 0.009.

RHOMBOIDAL WAVE No. ,OPERATIONAL R21
THUNCATION<

EXPERIMENTAL R31

TIME INTEGRATION SEMI IMPLICIT

'BHYSICAL PARAMETERIZATIONS

1. HYDROLOGIC CYCLE.

2. STABILITY DEPENDENT. MONIN - OBUKOV ¢
CONSTANT FLUX LAYER PARAMETERIZATION.
.- {DELSOL ET AL,1972).

3. +VERTICAL DIFFUSION (LOUIS,1979),
SHALLOW CONVECTION (TIEDTKE,1984).

- 4. *"KUQO CONVECTIVE PARAMETERIZATION {KUO,1974, ANTHES, 1877)

5. * RADIATIVE TRANSFER. VIA.
GFDL VERSION OF LACIS AND HANSEN
.\ (1974) SHORT WAVE
- & FELS AND SCHWARZKOPF
* (1975) LONG WAVE.

CLIMATALOGICAL SPECIFICATION OF SST, LAND ALBEDO,
SEA - ICE EXTENT,



BMRC _ASSIMILATION SYSTEM

NUMERICAL ANALYSIS

(a) UNIVARIATE STATISTICAL INTERPOLATION
OF INCREMENTS TO
SURFACE PRESSURE
TEMPERATURE
MOISTURE MIXING RATIO
ZONAL & MERIDIONAL WIND
WITHIN THE SIGMA,GAUSSIAN GRID

CO - ORDINATES OF THE SPECTRAL MODEL.

®  GEOSTROPHIC CORRECTIONS TO THE WIND
" FIELD ARE DERIVED FROM INCREMENTS TO
BOTH SURFACE PRESSURE & TEMPERATURE.
(© - MODEL SIGMA CO - ORDINATES ARE
" . REDEFINED FOLLOWING SURFACE PRESSURE

INCREMENTS.

.(d) NON -LINEAR NORMAL MODE

 INITIALIZATION.
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Preinitializotion
lilb Data Seis

Sotellite ond Roin Gouge
Rainfall {R) Anolysis
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Modify Divergent F'::ﬁ,"';’ Pumidity
wind Consistent With Advective -Radioli
With Kuo's Scheme \ggkm:-e adialive

Dynamic Initiolizotion

« o

i idi Modify Humidity
Fx::h? E:nn;:::::t _Field q Consistent _
With Kuo's Scheme With “g::;ec;ﬂndtmwe

~~

Spectral Prediction

Figure 20
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Batts « Mcller add'u.d'mcuf scheme
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Moisture adjustment scheme

&

Preciprate fromADJ = | 4% #p  : zeazw
L }

Precip rate from OLR z ZOsR

The technique requires computation of new reference
profile such that

j(l" -3) ? ~  ZOBR

The change @:-d)is then added to g to give an
adjusted moisture profile §'so that

- "' ~ 2OLR
L. : 5'# oE

From direct inspectionof T- ¢ diagram, it is
possnble to deduce a simple relation between § $(e5),)
and”® q




The following procedure is used
» Given ZRAIN, ZOBR (both>0) we compute
AR = ZRAIN - 2081

« Convert 8Rto sPusing empirical form

+ Use linear profiles of A% such that maximum changé

in |a®| is at freezing level and no change at cloud
top or bottom.

-Computeq: using (’: . Q' + of

» The modified moisture is

-‘ -

Yoty e

Following combinations can occur

«ZRAIN 2 ZOBR

— % Y F Y
+ZRAIN <O

ZOBR =0

— No change made to q

« ZRAIN = 0 ie no convection in model

ZOBR >0
— Current scheme cannot cope with this

— L2
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Some features of the scheme should be noted

» Only the moisture field is modified - the temperature
remains unchanged.

« 'Observed’ rainfall is assumed to be convective
rainfall. This is approx. true in the tropics but

KKP.BOJK1411
not in midlatitudes.
NMOD DAY 1LiT--ﬂ.S‘A:iBLDN- 7501800 e 500.0P
« Scheme is only applied in the tropics - this is P PR AL S AL (U U L I

consistent with above assumption and the use of
OLR based rainfall which is only valid in the tropics

« Moisture adjustment will only occur in regions where
convection is diagnosed in the model
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be sorted out.

Conclusions

- The use of bogus moisture data has a positive impact
on model precipitation in the tropics.

« The use of bogus moisture data and satellite based
diabatic heating eliminates spin-up in the two forcasts

. Moisture initialization has a small positive impact on
model spin-up and precipitation patterns.

. However some problems with the technique need to




Future work

|+ Refine moisture initialization scheme.

« The procedures described in this talk rely on a
knowledge of precipitation rates

. Data assimulation centres should consider analysing
precipitation routinely using model first-guess plus all
all rain gauge date,
satellite estimated precipitation and improved retrieval
techniques for SSMI data.

« Note that GEWEX has already proposed an
intercomparison study of satellite estimated
precipitation

Nudging a Tropical Model With Satellite-

1 Detined Convective Heat Sources and a Cyclone Bogus

Noel Davidson and Kamal Puri
Bureau of Meterology Research Centre
Melbourne,Australia

e
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NUDGING A TROPICAL MODEL W]TH SATELLITE~DEFINED
CONVECTIVE HEAT SOURCES AND A CYCLONE BOGUS

t=-24 t=0
D=t =Dt ——t -} PP ———— +
>>nudge model towards ~ >>>>> forecast
target analysis (t=0) ~

-~

target analysis

>>target analysis : re-analysis of all data +
TC bogus + GMS moisture data;
first guess from global 4-D
assimilation system

>>nudge to preserve the observaticnally-
reliable rotational wind component
in the tzrget anaiysis

* >replace kuo heating during nudging with satellite-
defined heat sources ,updated every 3 hours
(forces divergent wind component)

>>perceived advantages
spins model up , forces convective heating

in the right place at t=0 , reduces initial
position errors for TC's , improves mass—wind |
balance (and retenlion of bogus information)
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