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TRMM rain map for October-January with proposed sounding network

TRMM 3B43 rain [mm./duy] for Oct-Jan 1999-2009
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What is the best sounding configuration for estimating large-scale
budgets when only one ship is available?



Procedure: use high resolution (hires) ECMWF reanalysis from Year of Tropical
Convection (YOTC) dataset to compute budgets for different array configurations.

*Create simulated soundings by sampling YOTC analysis at discrete sounding
locations.

*Analyze simulated soundings (just as we would actual soundings) by interpolating
the data onto a uniform grid, then compute budgets on this grid.

*Average budgets within sounding array with both hires YOTC analysis and
simulated sounding analysis.

*Then compare two analyses.

Quad. sounding nefwork
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YOTC ANALYSES

‘used ECMWEF 4-D variational data assimilation system

Input assimilated datasets include 3 hr TRMM 3B42 rainfall

resolution is 0.22 near equator, 91 vertical levels, every 6 hours

sreanalyses are available from May 2008 to April 2010

large suite of reanalysis fields.

sreanalyses can be obtained from: htip://data-portal.ecmwf.int/data/d/yotc_od/

In this study YOTC data over the DYNAMO/CINDY region for Oct-Jan period
for 08-09 and 09-10 is used.

An important, yet unproven, assumption is that the YOTC analysis is good
representation of the true conditions (e.g., does it contain a realistic spectrum
of equatorial waves).



Wheeler-Hendon MJO index
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OLR (7.5N - 7.5S) 10/2008 — 01/2009
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ARRAY CONFIGURATIONS EXAMINED

Quad. sounding network
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When only one ship is present which TRIangular
array provides the smallest budget errors?
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Analysis for QUAD

Quad. sounding network
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*Errors in Q, are somewhat larger than Q, due to
greater spatial variability in the moisture field.

» Simulated QUAD captures all significant rain
events; the addition pt n makes little difference



TRle sounding network

Analysis for TRle
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» Magnitude of Q, and Q, is largest for this region
due to its proximity to core of ITCZ convection.

» Simulated TRIs network does a good job of
representing mean budget profiles (with errors
comparable to QUAD array)

« Significant rainfall events are well captured.



Analysis for TRIn

TRIn sounding netwaork
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Summary Tables

area True Sim. Area Sim. area + ptn

<Q,> <Q,> <Q,>

QUAD 8.7 8.5 ( 2%) 8.6 ( 1%)
TRIle 6.7 3.0 (55%) 3.8 (43%)
TRIc 8.5 3.1 (63%) 3.8 (55%)
TRIs 9.4 9.6 ( 3%) 10. (6%)
TRIn 3.7 - 1.8 (51%)

area Sim. Area Sim. Area + ptn

QUAD 5.4 5.4

TRIe 10.7 10.4

TRIc 10.7 10.4

TRIs 9.2 9.4

TRIn - 9.0

Mean heating magnitude

* QUAD array does an excellent
job of capturing magnitude of
mean heating.

* TRIs array yields next best
results followed by TRle
*TRIc array shows poorest
performance

*Heating in TRIn is about half
the magnitude of other arrays.
*Pt n reduces errors in all but
TRIs networks.

<Q,> RMS errors
*QUAD array does a good job
of capturing individual rain
events; RMS errors are nearly
double in other networks
*Additional pt n helps reduce
errors in TRle and TRIc
networks.



TRIn sounding network

Recommendations
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*QUAD or QUAD+pt n networks should provide
excellent estimates of mean heating profile.

' *QUAD + pt n would allow us to capture heating

north of the equator particularly in the early
months of the experiment.

| *Errors in mean heating profiles are on order of a

few percent with QUAD network but increase
rapidly to ~50% when ship is at Eq. or 4° S.

| olf budget errors were the only consideration, this

analysis suggests that TRIs configuration would
provide the best budget estimates when only 1
ship is present®.

«Additional sounding at pt n would help analysis
particularly in TRIe configuration (i.e., ship on
the equator).

*These recommendations are based on the unproved assumption that the YOTC
analyses is a good representation of reality in the DYNAMO region.
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Large-area map for Indian Ocean
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Supposed core area for CINDY2011
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Simulated sounding array

s ©
£ °
65
b ]
8's -3 < <
1 0 SS . s , s . ! . s . ! . ‘ s . s . s . . \ \
66°E 68E 70 IYE 74E 76E 78E  BOE  B2E 66'E 68°E  70E TXE T4E T76E 78E 8OE 8°E 84 66°E 68 T70E 7E T4E T6E 78°E BOE 8YE  B84°E

65 75E "85

TOGRICOAREIFA: - oo SIM-C: (824km)7, | .| Sim-D: (5321
(A7 AR romeoe

Kapingamarangi N o o 1 ™7 K

R.V.[Shiyan #3
R.V. Mbana Wave

rs -

o W
lieng % I sl ws| °
J} R.V. Kexue #1
E::) N &s |- ., B 6°S |-
Solomon Js#anc:‘sLH L I s | ° - 1 est °

¥ 1 U‘S 1 Il 1 Il 1 1 L 1 L 10°s 1 1 1 1 L 1 L Il
‘j \.__..-"’"— 66°E 68°E 70°E 72'E 74°E 76°E 78°E 80°E 82°F 84°F 66°E 68°E 70°E 72°E F4E 76°E 78°E 80°E 82°F 84°E
DE Misima 1600E 70

L., Vessel with Island with Island with '""‘-_Possible radar o Raingauges
special sounding operational sounding special sounding  *, jcoverage (r=200km) (moored / float)

-
g
0
N
O}
.
*
*



Given wind field (at 850hPa)
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Simulation for Pattern-A [ Triangle with (4S, 80E) |
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Simulation for Pattern-B [ Triangle with (Eq,80E) |

WH T ¥

T Sim-B: (Shvl\ 1 \2
. ‘% O

H-E H-4S

850 hPa divergence y0 = 0. dt = 6h 850 hPa divergence y0 = -450. dt = 6h
'-ID 2 T T T T | T T T T T | T T T T | T T T T
o 0
A -2 i
s (-4 (234 ?U.'L e E ki1 e T L34 LY Tm - 4 ;_ array ;_ array _;
— -6 domain avg. | - domain avg. | | full solution E
— 8 - 1 1 1 1 C 1 1 1 1 1 1 1 1 1 1 1 1 |
e 2 | I AR
o 0 =]
- = ry S
X - e X - ol ] 1 2
e 2: "Tappaunnt® {1 - 2: fEmmms 1
w AF 1 T, T4f E
— -BE rossby component3 ~ -6F rossby component
- C 1 1 1 1 | 1 1 1 1 I 1 1 1 1 7 - C 1 1 1 1 | 1 1 1 1 | 1 1 1 1 1
8 8
l-? 2 T T T T | T T T T I T T T T L|I3 2 T T T T | T T T T | T T T T
o 0 o 0
;,—5\ _9 v ;)—5\ _9 R
T -4F E To-4F E
(1] E 3 73] E 3
— =B kelvin component] ~ -6[ kelvin component
—_ B - 1 L L L | L ! L L I l L 1 ' - —_ 8 C ' L L L | 1 l L L | ! L 1 1 -
'-ID 2 T T T T | T T T T I T T T T LID 2 T T T T | T T T T | T T T T
c 0 o 0
X -2 X -2|
Tm -4F E Tw -4F :
~— -B gravity component — -BF gravity component
—- 8 C 1 1 1 1 | 1 1 1 1 I 1 1 1 1 1 —- 8 C 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |
40 50 40 50

time(days) time(days)



Simulation for Pattern-C [ Rectangular ]
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Simulation for Pattern-D [ Diamond ]
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Simulating budget analyses |
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