Linking extreme precipitation in Southeast
Asia and equatorial waves
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Low-level convergence (1e-6)

Equatorial Waves
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Wave datasets, ERA-Interim and TRMM precipitation (1997-
2016) are used to examine statistical relationship between
high amplitude waves and mean and extreme precipitation

in SE Asia

Wave activity is found by averaging low-level
convergence/divergence (or vorticity for R1) over longitude
ranges in the region and a single latitude, depending on

wave structure.

‘high amplitude’ >95t percentile/<5t™ percentile



Wave activity over SE Asia

a) Precipitation b) Precipitation c) Precipitation
(Kelv; djf; 2.5°S - 2.5°N) (R1; djf; 12.5-17.5°N) (WMRG; djf; 7.5-12.5°N)
— T~ 7 12 = 7 -

Time

gy IS

_12 T T T —12 T T T — - I. T f
90°E 105°E  120°E 90°E 105°E  120°E 90°E 105°E  120°E
d) Precipitation e) Precipitation f) Precipitation
(Kelv; jja; 2.5°S-2.5°N) (R1; jja; 12.5-17.5°N) (WMRG; jja; 7.5-12.5°N)
1 12 e i 3 12 F

— T T T - T T T 2 T T T
90°E 105°E  120°E 90°E 105°E  120°E 90°E 105°E  120°E

-l [ | ] ] ] e
-16 -8 -4 -2 -1 1 2 4 8 16
mm day~!

Hovmollers of composite
precipitation anomaly (TRMM) and
wave convergence (wave datasets)
prior and following a high amplitude
wave over longitude 100E-105E

- Increased mean precipitation
coincident with wave
convergence/positive vorticity

- Changes in precipitation
associated with R1 waves much
stronger in JJA

Ferrett et al. (submitted)
Linking Extreme Precipitation in Southeast Asia to Equatorial Waves.



Mean precipitation changes: Kelvin
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Extreme precipitation likelihood
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Wave phases: Kelvin
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Kelvin wave phases (by divergence & zonal wind),
filled contours show 850 hPa divergence
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Kelv Phase Diagram (December 2018)
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For more detailed
statistical analysis
we expand on
divergence metric
by creating
localised wave
phases based on
standardised
convergence and
zonal wind

As waves propagate
eastward moves
through phases
Distance from
origin indicates
amplitude of wave



Wave phases: R1

R1 Phase Diagram (December 2018)
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N=1 Rossby wave phases (by equ. zonal & NH meridional wind),
filled contours show 850 hPa vorticity
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For R1 and WMRG
waves use zonal
and meridional
winds

As waves
propogate
westward moves
through phases



Wave phases: WMRG
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WMRG wave phases (by NH zonal & equ. meridional wind),
filled contours show 850 hPa vorticity

WMRG Phase Diagram (December 2018)
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Extreme precipitation likelihood by wave
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Extreme precipitation likelihood by wave

ohase: Indonesia
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Extreme precipitation likelihood by wave

* Large increases in likelihood of
extreme precipitation in
Philippines associated with R1
and WMRG waves

* Aresult of tropical cyclones in
JJA.

ohase: Philippines

I SP (R1; djf) NP (R1; djf) SP (WMRG; djf) NP (WMRG; djf)
3 southerly 37 37
2 : 2 2
115 14, 1> 1> . ’ 8
- - ™ [
048~ 048 048 048 ~ .p%
o o o o 3
_1 Jo _1Jo _1 43 143 <
PN g
5 pr \\‘7<///’ 5 5 5 \\
27 4 3 2 3 2 3 2 3 <
_3 4 northerly 3 northerly 3 northerly 3 northerly S
T T T T T - T T - T T T
=2 0 =2 0 2 =2 0 -2 0 2
SP (R1; jja) NP (R1; jja) SP (WMRG; jja) NP (WMRG; jja)
3 " southerly 37 3 " southerly 37
5 1 \\ 1
24 . 2 24 \ 2 1
N\ A
11> 19> 1> 1>
: : [ [
[T [
048 048 02N 0 &
a & o o
14 149 -1—; _1_3
7/ 7
-2 e 3 =27 3 29 3 —27 3
7/ V4
31 northerly 3 northerly OO S northerly _3 : northerly
- T T - T T T
-2 0 -2 0 2 -2 0 -2 0 2
I T T T T T T T m
0 2 3 4 6 7 8 9 10 11 13 14



Waves-precip relationship in UKMO global
forecast
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summary

* High amplitude wave activity linked to increased mean and extreme
precipitation in regions of SE Asia, including Malaysia, Indonesia and
the Philippines

* Likelihood of extreme precipitation increases, and can be up to three
times more likely, during high amplitude waves.

* Work has begun on assessing statistical relationship in global and
regional UKMO forecasts



Regional precipitation changes
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e All three waves linked to increased DJF
precipitation in Malaysia

* WMRG has the strongest influence, in
Peninsular Malaysia.

80 A

mm/day

20

80

/day

540-

20

60 +

£ 40 A

60

a) DJF PM c) JJAPM
80
60 +
------------------------- - 95th 40 4
i l | gl AL} o TR ]Ll:lél,llilé |
Hdr- gLl L L e ) Ll 1L
KeIIV Rll WMII:{G+ WMIRG- Kelv WMRG+ WIVIRG
b) DJF EM d) JJA EM
80
60 +
gl[ glﬂg Q &L o
il Tk E&LL LI
- 75th L
. - 50th g - B
Kelv WMRG+ WMRG Kelv WMRG+ WIVIRG
— 90-95 — 100-105 — 110-115 — 120-125

95th

Z3th

95th

75th
50th



* Kelvin wave most influence Indonesia
region rainfall, Sumatra when over 100-
105E, Kalimantan and Java when over
110-115E, Sulawesi when over 120-120E

 Java rainfall also linked to negative phase
of WMRG wave
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Regional precipitation changes
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* Tropical cyclones account for a portion of
increased DJF rainfall during R1 and
WMRG waves

* South Philippines rainfall may still be
influenced by waves alone
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