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Part 1: Maritime Continent climate: Why
precipitation is concentrated over islands

Part 2: Multi-Scale Climate Processes
associated with the Annual Cycle of Monsoon,
ENSO, Daily Weather Types and Diurnal Cycle:
e.g., ENSO related dipolar patterns of rain
anomalies over Java Island & Borneo Island



Multi-scale climate processes
(spatially and temporally)

ENSO (year-to-year)
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MJ O (sub-seasonal)
Diurnal CYCle (24-hourly)
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Weather Types (WTs) and Climate Variability
over the Maritime Continent

Processes:

€ Monsoon

4 ENSO

& MJO

@ Daily WT

@ Diurnal Cycle
(sea-breezes)

Multi-Scale Process Study by Using Synoptic Daily WTs:

1.  Monsoonal Damping Effect on the Diurnal Cycle (Qian 2008; Qian
et al. 2010)

2.  Wake Effect on the Diurnal Cycle (Qian et al. 2013)
3. MJO and ENSO Impacts on WTs (Moron et al. 2015)



Part 1: Why precipitation is
concentrated over islands in the
Maritime Continent?



CMORPH satellite observation (.25 x .25 degree):

Rainfall 1s mostly concentrated over the islands in
the Maritime Continent. Why?

Fig.2 The averaged (2003-2005) CMORPH seasonal precipitation (mm/day, shaded), and the climatology (1971—2000)
of the NNREP horizontal winds (vector) and divergence {contour) at 925 hPa in the Maritime Continent.



Satellite observation: diurnal cycle of 3-hourly rain rate

1N W - P 10N J0G , I
R Nl P fe T N S N e
EQ', £q

55 ‘ -- 55 JERS

LER i R J 108

=
100E 110E 120E 100E 110F 120E 130F
06 —09 UTC d) 09—12 UTC (16—19 LT

..... . 3 AT . I
10N j 10N f‘:{;’%: ;
\ . 3 : . : R
5N .-T A o A .. . '.AA-.. I.. s~ 5N ‘
5 .
58 o 58
108 .' ........ ' ....... '.A‘ .' 108 IAA
100E 110E 1R0E 130E 130E
12—15 UTC (1g—22 LT 0O1 LT
10N .4‘ o - L ‘.’l)’?.%\}«. . .Mk .. 10N /’ .{}w.
S, " gl Vi ﬁ}..:;_ . L -
5N 4 x :'7--~\-,-',-.-§»,----"f: 5N =N
r v
© = '
5S_ ..-".I. .,Qu. 5S
: ; A2 e : :
= I T e s T~ S 108 IR M- an- ot R S
100E 110E 120E 130E 120E 130E
4—-07 LT

i6—21 UTC (01-04 LT

10N ,;‘F‘v,---~f;'<% 10N = 0fC 7 : o
5N e R ol ¢ e A A 5N Ry s f
EQ EQ
58 58
10S al s T "y S 108 SR .= -1 "N . Y,

100E 110E 120E 130E 100E 110E 120E 130E

| | | l I [ -
0.26 0.5 1 2 2 4 -] B 10 12

Fig.3 Diurnal cyecle of CMORPH precipitation (mm/day) in DJF in the Maritime Continent.
The loceal standard time is denoted by LT, which is seven hours ahead of the UTC,
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GCM Implication
Observed global precipitation & 200hPa velocity potential

The eastern Indian/western Pacific warm pool and the
Maritime Continent is the largest rainy region over the world
—a “boiler box” for large-scale atmospheric circulation
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Climatology (1982—-2002) of CMAP Seasonal Precipitation (mm/day; shaded), and
NNRP Velocity Potential {(contour,1e¢6) and Divergent Wind (vector) at 200hPa



Global Implication

Regional model results: Underestimation of terrain and 1slands
results in underestimation of precipitation
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Question: What if islands and terrain in SE Asia are
under-represented in GCMs?



Systematic Errors: Under-representation of topography in coarse-grid
global models systematically under-estimates rainfall in the Maritime
Continent and then causes errors in the atmospheric general circulation

() CMAP rain and NNEFP 200hPa chi,
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Fi1g.10 (a) Climatology (1282—2002) of the observed CMAP monthly precipitation (mm /day, shaded),
and the NNEP 200hPa velocity potentiml (contour, interval 1e68) in January. (b) Land—sea
marks In ECHAM4.5 T42 model (red contoura). (¢) Climatology (19282—2002) of the simulated
ECHAM4.5 precipitation (mm,/day. shaded). and the 200hFa welocity potential (contour).



Summary of Part 1

Rainfall is concentrated over islands
because of

(a) Sea breeze convergence
(b) Mountain-valley breeze, and
(c¢) cumulus merger in the sea breeze convergence zone

That also explains why more rainfall is over
mountainous regions.

Global, regional and local implications

(Q1an 2008 J. Atmos. Sci.)



Part 2: Multi-scale Interaction

2a. Java Island

A local dipolar structure of precipitation
anomaly over Java Island associated with
El Nino



Large scale climatology and ENSO impact on rainfall

ITCZ over Java in DJF

<. DJF Climatology

ITCZ in the north in SON
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Fig.1 Climateology (1979—2000) and (El Nino — climatology) composite of CMAP precipitation
{(mmm,/day; shaded), and NNRF winds (vector) and divergence (red contours with interval

of 0.8e—8/sec, divergence iz thin =solid, convergence thin dash, zero—curwves thick =solid)

b)), and DJF (e, d4). El Nino vears used for the compogite are:

at P25hPa, for SON (a,.
az,/82, 8s,/8v7, 8v,/88, 91 ,/92, 94,/95, 27,/68. El Nino developing veers are denoted by (0O)



In SON (left), spatially coherent dry anomaly in El Nino years.
In DJF (right), dipolar pattern of El Nino impact: dry anomaly on
north coast, but wet anomaly on south coast.
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Canonical Correlation Analysis, CCA (ERSST & GHCN rainfall)
1922-1975 Dec-Feb (DJF)

SST ENSO pattern Java rainfall dipolar pattern



Inverse relationship between
monsoonal wind speed and diurnal cycle
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Fig.7 Diurnal oyolea of RegCM3 ralnfall (mimm  day., thiok) and wind apeed (thin, i/ s) over the whole area of
Jave Island in 30N (e} and DJF (b) for climatcoclogy (kleck), El Nine yesar composite (red long desh), and
La Ninm year composite {(greemn mhort dmmh). "LT"” dencotea the looal atmandard time at Jakartm.
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Dry easterly
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monsoon WT3
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variability:
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Fig.8 Climeatology of CMORPH (2004—200%7) precipitation WT1—5 (mm  /day; shaded)

and NNRP reanalysir winds at 8580 hpa (m,//s).



Frequency of Weather Types (%)

Blank bar: Climate, Red bar: El Nino, Green bar: [La Nina
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Diurnal cycle of observed and simulated rainfall for the 5 WTs
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SUMMARY of Part 2a

MULTI-SCALE PROCESSES (for Java Dipole):

El Nino (with southeasterly wind anomalies)
Weaken northwesterly monsoon in DJF

—> Strengthen diurnal cycle of winds
-> Strengthen sea-valley-breeze convergence,
Produce more rainfall over mountains and less

rainfall over plains.

Key: Inverse relationship between monsoon
intensity and diurnal cycle !!!

(Qian et al. (2010) J. Atmos. Sci.)



2b. Wake Effect: What is the mechanism for an ENSO-related

Dipolar Pattern of rainfall variability over Borneo Island?
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(Qian et al, 2013,
J. Climate)
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Rainfall & 850hPa Wind Anomalies of Weather Types (WT 1 —5)

() WT1 [+*%

2b. Wake-Effect:
more rain on the
wake- or lee-side
of the 1sland — for
every W1

(Qian et al. 2013
J. Climate)
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10 Anomuoalous CMQEFH precipitation (mm/dey) and anemealous NNEF 850hPa windr (m/®) for the & weather types,
WT—Irequeoy—welghted averaged climatologles have been substraoted to show the anomalle for the WTa.



Conclusion

1. Rainfall is concentrated over islands because of

(a) Sea breeze convergence

(b) Mountain-valley breeze, and

(c) cumulus merger in the sea breeze convergence zone

2a. Monsoonal Damping Effect: /nverse relationship between the
monsoonal wind speed and the diurnal cycle of land-sea & mountain-

valley breezes.

2b. Wake-Effect: \More rainfall on the shielded wake-side of the
Borneo Island caused by the strengthened sea-breeze convergence.

(Multi-scale processes associated with MJO - talk at NTU on 23 Sept)



ENSO Impacts on seasonal rainfall in Western MC

a) SON Climatologyv b) DJEF Climatology
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MJO Impacts on the MC rainfall

a) PHASE 1

Fig. 4 Comporite anomalier of the CMORFH precipitation (mm /day; shaded) and the
NCEP—DOE reanalvasils winds at 850 hPa (vector) in MJO phases 1—8 in DJF.



MJO Impacts on the MC rainfall
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Singapore 1s wetter
in MJO phases 1-3
and drier in MJO
phases 4-8. It 1s on
the margin of
positive and
negative rainfall
anomalies in MJO
phase 4.



Is 1t beautiful?!



