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Tropical Temperature Trough (TTT)

Tropical Temperature Trough (TTT) are troughs that connect
westerlies with tropical disturbances and brings heavy rainfall
to southern Africa.

A channel of warm, moist air and
associated deep convection extends
from the NW to the SE along South
Africa.

One of the signatures of the TTT is
strong inflow of tropical moisture by
a low-level jet at 850 hPa along the
southern African coast.

Washington and Todd (1999)
Todd and Washington (1999)

TTT system contributes 40 % of annual rainfall over the
central interior of South Africa. Harrison (1984)



Example of TTT: 22-24 January 1981
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Van den Heever et al. (1997)



Two recent heavy rainfall events over
South Africa

8-9 November 2010 11-12 December 2010

TRMM TMPA—RT Daily 08Nov2010—09Nov2010 TRMM TMPA-RT Daily 11Dec2010—12Dec2010

Accumulated Rainfall [mm)] Accumulated Rainfall [mm]

GrADS: COLA/IGES 2010-12-14-07:41 GraDS: COLA/IGES 2010-12-14-07:44




Case Study

Two extreme rainfall events:
(i) 31 December 1997 - 2 January 1998
(if) 5 January 1998 — 7 January 1998
(Chosen based on study by Hart et al. 2010)

Successive two events with in the 10 days period caused
heavy rainfall over many parts of South Africa.

This wet spell contributed to 40 % of NDJF (1997/1998)
rainfall for South Africa.



Rainfall during TTT events
31 December 1997 - 2 January 1998 5 January 1998 — 7 January 1998

TRMM Rainfal {mm} 1—Jan-1993 TRMM Rainfal {mm} 6-Jan-1993




Convection
Microphysics
PBL

Land Surface
Radiation

Model Configuration

WRF v3.2.1

2-way interactive two nested domain (27 km, 9 km)

00 UTC 30 December — 00 UTC 9 January 2002

NCEP Reanalysis2

Model Physics




Domain D1 D2

Horizontal resolution 27 km 9 km
Grid point (E-W) 215 247
Grid point (N-S) 150 199

Topography resolution 30s 30 s



Model (9 km) simulated and TRMM rainfall (mm)

TRMM Rainfal {mm} 1-Jan-1993 TRMM Rainfal {mm} 2-Jan-1993
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Model (9 km) simulated and TRMM rainfall (mm)

TRMM Rainfal {mm} 3—Jan-1993 TRMM Rainfal {mm} 4—Jan-1993
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Model (9 km) simulated and TRMM rainfall (mm)

TRMM Rainfal {mm} S—Jan-1993 TRMM Rainfal {mm} 6-Jan-1993
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Model (9 km) simulated and TRMM rainfall (mm)

TRMN Rainfal {mm} 7—Jan-1993 TRMN Rainfal {mm} 8—-Jan-1993
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Model (9 km) simulated and TRMM rainfall (mm)

(Averaged over South Africa Latitudes)

TRMM Rainfall (mm) MODEL Rainfall {mm)
9JAN1998 9JAN1993

8JAN 1998 A 8JAN1998 -

7JAN 1998 - 7JAN 1998 4

G6JAN 1998 - 6JAN 1998 -

5JAN1998 A 5JAN1998 -

4JAN 1993 1 4JAN 1998

JJAN 1998 1 3JAN 1998 1

2JAN1998 4 2JAN1998 -

1JAN19938

1JAN 195938




Sea Level Pressure (hPa)

o5 NCEF SLP {hPa) 31-Dec-1997 e NCEP SLP (hPa} 01 —Jan-1998 a5 NCEP SLP (hPa} 02-Jan-1998




Sea Level Pressure (hPa)

1o NCEP SLP (tPa} 05~Jan- 1988




- NCEP Wind 850 hPa 31-Dec-1997
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Wind (m/s) 850 hPa

" NCEP Wind 850 hPa 0(—=Jan-1998
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Wind (m/s) 850 hPa

NCEP Wind 850 hPa 05-Jan-1998 NCEP Wind 850 hPa 06-Jan-1998 NCEP Wind 850 hPa 07-Jan-1998
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o NCEP Wind 500 hPa 31-Dec-1997
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Wind (m/s) 500 hPa

o NCEP Wind 500 hPa 0l —Jan-1998
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Wind S00 hPa 01 -Jan-1838
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Wind (m/s) 500 hPa

s NCEP Wind S00 hPa 05-Jan-1998 (5 NCEP ‘:\;lld 500‘;;{0 ?ﬂ-Jon-IQQB s NCEP W‘nd 500 I'Po 0?-Jon-1998
M -.‘jﬁ:‘f.‘ ‘.I‘.- taar? REEN } ‘. ) T » %A vo
m:::.é.q.f‘: ol E w220 x,

AL LN =t K . A
m’\\\. Nyl emon m t.. . s v\]‘ - m'\
R : NERNIt s IV AT
R T T SRS EE O P S SN - Bk
\\M\t 1 \ 'A,,“%,‘ % W q Yy Per b
ko R jg ropw ey m"/f’l"" S .f"\' J}‘v“r k119
"h"“‘”*‘i{f}_ka'?]i\““ v A \\'\,g,_—.ﬁ?—.,j :.!'f
mw*' 'l‘,..,.-e‘ffsy..,,,, m‘%’mr» [a——y s" )/‘f m -
\\\.1-;01’/’/./'44-*.,-04-&4_;- ',./#_.»‘_'_ e “vpgey .;-N//
4 - T e SRR A D
48 MG Tt onserd prvy . ST et 408
.-,._,-.""'_'

Wind 500 hPa 05-Jan-l§98

a5 T et A
gl as
fee arnj*"’" (46 Ly
.f >
m Jr:;:';’. o’dr 78
- 9; ]
.“':;:,: (PP 25 zos
TIAES -
\-,.-0 - /h" & !
J' /.c R T T T R gerery HS/ 'M" A ] as
s "'*'"‘ 4l "l" /f""‘\‘\'\\k > ""?‘ A 2 ’--:‘\:-::::: 4, L ::;a%::\%
gttt vy Ay yo—‘s\\'\\"'\" . m/ﬂff_.,pa. Byt B e A LN m-"/":/ . 40\ .\%
MEXERERE | s = )" = NIOREE R
[-gvn 7 A ;.-w\ 44 AR R YT EARE R S \\f0f¢a~\
5 \“,\\\\‘w/‘l:r’r/,fr‘ a-"‘.f"‘u\_\%_‘ ﬁtrk{‘ \\\‘,;.,.,\\fa = \
SNy \-..-u-*r‘/'/’//;,j-df M5LTr- a 1 s
el
4«8
418 18




Indian Ocean Dipole

Negative Dipole Mode




SST Anomaly

S5T Anomaly 31-Dec—-1997

SST Anomaly 01-Jan-1993

S0E  I120E 180  120W  60W

SST Anomaly 02-Jan-1993

S0E I120E 180  120W  60W

SST Anomaly 03-Jan-1993

S0E  I120E 180  120W  60W

S0E 120E 180  120W  60W




SST Anomaly

SST Anomaly 04-Jan-1993 SST Anomaly 05-Jan-1993

60E 120 180 1208  6OW 60E 120E 180  120W  6OW

SST Anomaly 06-Jan-1993 SST Anomaly 07-Jan-1993

180 1208




Model simulated

Moisture Transport (g kg's-') 850 hPa
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Model simulated

Moisture Transport (g kg's-') 850 hPa
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Summary

WRF model is able to reproduce the tropics-
temperate link and associated rainfall over
Southern Africa.

Model simulated active and weak phases of the
rainfall system agrees well with the observations.



Thank You



