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1998-2012 mean large circulation in January near Guam (ERA-Interim)

pressure (hPa)
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Warm color upward, cold color downward motion



January precipitation (TRMM radar climatology)
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February precipitation (TRMM radar climatology)
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Definition of different types of clouds
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CloudSat
distribution of clouds in
different types

Cirrus or anvil clouds

bottom > 6 km

Deep clouds
Bottom < 3 km
Top > 10 km

Shallow clouds
Top <8 km

Black dots are clouds with
horizontal size > 150 km

cloudsat clouds in Jan-Feb (#)
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Cloud fraction in 4 different regions over ocean

CloudSat cloud fraction at 12.5-13 km in Jan-Feb
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Definitions of cloud types from TRMM

Thunder clouds
systems with lightning observed by LIS
Deep convection

radar reflectivity echo top (precipitation size particles) reaching
12 km

Intense convection

radar reflectivity of 40 dBZ at 6 km (likely hail)

Congestus clouds

Cloud top temperature < 0°C and > -38°C, with surface rainfall
Non-raining ice clouds

Cloud top temperature < 0°C but without surface rainfall
Warm rain

Cloud top temperature > 0°C with surface rainfall
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Lightning

Lightning occurrence in Jan-Feb (#/1 degree box/sec)
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normalized precipitation fraction (%)

CloudSat cloud fraction at 12.5-13 km in Jan-Feb
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Depth of
convection

(20 dBZ echo top)

No change over ocean

Deeper in afternoon
and early evening
over land

LT 00-06 locations of RPFs categorized
by maximum height of 20 dBZ (km)
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CloudSat cloud fraction at 12.5-13 km in Jan-Feb

Rain area vs. Local time (2D histogram)
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raining area are slightly bigger during night in B3 region



MJO

VS.
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CloudSat cloud fraction at 12.5-13 km in Jan-Feb

Cold cloud size vs. MJO phase (2D histogram)
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Summary: large scale circulation and clouds near Guam
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Contrast: Land vs. Ocean

Cloud and precipitation over land an ocean near CONTRAST region in Jan
and Feb are quite different:

T T Jocean

Convective intensity Strong Weak

Lightning Frequent Rare

Diurnal variation Strong, peak Wealk, slight peak in
afternoon early morning

Cirrus/anvil Same/close to Same/close to

MJO Relatively less Weak period in
variation phase 4, stronger in

phase 6-7



Contrast: north vs. South ocean

Focus on ocean, cloud and precipitation over north and
south of Guam are quite different.

Cloud Depth

Cirrus/anvil at high
levels (> 10 km)

Deep convection
Non-rain cloud
Congestus
Warm rainfall

Diurnal variation

Lightning

Shallow Deep

Rare Relative frequent
Rare happens

More Relatively less
More Relatively less

Mainly near Guam

Typical oceanic weak  Weak diurnal cycle,

diurnal cycle peak in but with some land
early morning convection influences
rare but sometimes Very rare

over ocean



Contrast: Southeast vs. Southwest Ocean

deep over both regions

Cloud Depth
High clouds

High cloud detached
from convection

High cloud attached to
convection

Tot precipitation
Shallow clouds
MJO

Diurnal variation

Land impact

Higher fraction

Relatively lower
fraction

about the same at 10% occurrence

More (15%)

Relatively less
Day = night
6-7 active

Slight diurnal peak of
cold cloud area in
early morning

More

Less (10%)

Relatively more (20%)
Day < night
6-8 active

Very weak diurnal
cycle

Less



?

Questions

(eqy) ainssaud

latitude




altitude (km)

clou
20

Difference between B1 and B2 in vertical profiles of clouds
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LT 00-06 locations of RPFs categorized LT 06-12
by maximum height of 40 dBZ (km)
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Cold cloud size vs. Local time (2D histogram)
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Depth vs. MJO phase (2D histogram)
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Rain area vs. Local time (2D histogram)
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Precipitation depth vs. Local time (2D histogram)
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No much variation in the depths of precipitation



2000

mean precip rate (mm/hr 10°S- 20°N)
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mean precip rate (mm/hr 10°S-20°N)
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mean precip rate (mm/hr 10°S-20°N)
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2005

mean precip rate (mm/hr 10°S-20°N)
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mean precip rate (mm/hr 10°S-20°N)
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mean precip rate (mm/hr 10°S-20°N)
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mean precip rate (mm/hr 10°S- 20°N)
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2010

mean precip rate (mm/hr 10°S-20°N)
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mean precip rate (mm/hr 10°S- 20°N)

2011 Mar 011~ IS BT UL
-n_ o/ x .
= ~ '

2011.25

2011

2011.20¢

2011 Feb 01 :
et
%
2011.15+ ok
)
|
N
r_r
I
L
|
|’d
I
2011.10} ,‘
2011 Jan 01 . | 'I —— ml
60 80 100 120 140 160 1 2 3 4 5 6 7 8
Longitude MJO index

00 02 05 08 1.0 12 15 1.8 20 22



2012

mean precnp rate (mm/hr 10°S -20°N)
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Precipitation systems categorized by rain volume

MJO Phase 1-2 locations of RPEs categorized MJO Phase 3-4

by volumetic rainfall (mm/hr*km?)
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Rain volume

LT 00-06 locations of RPFs categorized LT 06-12
by volumetric rainfall (mm/hr*km~)

.......... ,“*as.ﬁ* e A K e Ko
SR S

90.00% (141974  PRsD0% (14196 PFs)0.90% (1420 PFs) 0.0900% ‘142 PFSE .0101% (16 PFs) : A 90 PFs)0.92% (1328 PFs) 0.1204% ‘174 PFSE .0111% (16 PFs)

10-2263  2263-47065 47065 - 287952287952 - 61004610047 - 886765 10-2263  2263-47065 47065 - 287952287952 - 61004610047 - 886765
LT 12-18 LT 18-24

89.18% (131241 PRs96% (14652 PFs)0.78% (1149 PFs) 0.0754% ‘111 PFSE .0041% (6 PFs) g 89.86% (126595 PBs)9% (12945 PFs)0.87% (1229 PFS 0.0717% ‘101 PFSE .0092% (13 PFs)

10 - 2263 2263 - 47065 47065 - 287952287952 - 61004610047 - 886765 10 - 2263 2263 - 47065 47065 - 287952287952 - 61004810047 - 886765



Cold cloud size

LT 00-06 locations of RPFEs categorized LT 06-12

by number of
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Depth

MJO Phase 1-2 locations of RPFs categorized
by maximum height of 20 dBZ (km)

B e TN N p—

90.64% (7489? PF8.47% (6995 PFs) 0.81% (672 PFs) 0.0690% (57 PFs) 0.0097% (8 PFs
0.00-7.25 7.25-13.25 13.25 - 16.0016.00 - 17.2517.25 - 19.75
MJO Phase 5-6

92.06% (110317 PRs34% (8797 PFs) 0.53% (640 PFs) 0.0567% (68 PFs) 0.0108% (13 PFs)

0.00-7.25 7.25-13.25 13.25-16.0016.00 - 17.2517.25 - 19.75

MJO Phase 3-4

90.69% (96607 PF8.50% (9058 PFs) 0.71% (756 PFs) _0.0836% (89 PFs) 0.0004% (10 PFs)
0.00-7.25 7.25-13.25 13.25-16.0016.00 - 17.2517.25 - 19.75

MJO Phase 7-8

91.62% (114311 PRs§3% (9521 PFs) 0.68% (850 PFs) _0.0561% (70 PFs) 0.0104% (13 PFs)
0.00-7.25 7.25-13.25 13.25-16.0016.00 - 17.2517.25 - 19.75




Convective intensity

MJO Phase 1-2 locations of RPFs categorized
by maximum height of 40 dBZ (km)

"

90.75% (74985 PF8.31% (6864 PFs) 0.85% (704 PFs) _0.0823% (68 PFs) 0.0085% (7 PFs
0.00-2.50 250-550 5.50-6.75 6.75-8.00 8.00-9.25

MJO Phase 5-6

91.19% (109280 PFs90% (9470 PFs) 0.82% (984 PFs) _0.0751% (90 PFs) 0.0050% (6 PFs
0.00-2.50 250-550 5.50-6.75 6.75-8.00 8.00-9.25

MJO Phase 3-4

13
&
&
+

1§ﬂ 115 1$ﬂ 11& 11?

" I
L o7 f

90.05% (95925 PF#)98% (9570 PFs) 0.88% (940 PFs) _0.0695% (74 PFs) 0.0056% (6 PP
0.00-2.50 250-550 5.50-6.75 6.75-8.00 8.00-9.25

MJO Phase 7-8

90.99% (113519 PR&00% (9986 PFs) 0.89% (1105 PFs) 0.1018% (127 PF2D.0160% (20 PFs)
0.00-2.50 250-550 5.50-6.75 6.75-8.00 8.00-9.25




Cold cloud area

MJO Phase 1-2 |ocations of RPFs categorized
by # pixels with TB,,<235 K

ot PR S e e e e g e b ]
LJ AU EERT S L
: *
v e

%

M

90.02% (2080!": PF5).98% (1844 PIFS} 1.80% (416 PFs) 0.1817% (42 PFs) 0.0216% (5 PFs
4-195 195 - 1660 1660 - 6327 6327 - 12380 12380 - 21798

MJO Phase 5-6

89.59% (2928? PF5).95% (2597 PIFS} 2.06% (672 PFs) 0.3518% (115 PFSE‘USH% (18 PFs)

4-195 195 - 1660 1660 - 6327 6327 - 12380 12380 - 21798

MJO Phase 3-4

89.88% (2846? PFS).77% (2460 PIFS} 1.93% (611 PFs) 0.3789% (120 PFSE‘U316% (10 PFs)
4-195 195 - 1660 1660 - 6327 6327 - 12380 12380-21798

MJO Phase 7-8

e

89.70% (2?94[? PF5).82% (2436 PIFS} 2.10% (654 PFs) 0.3467% (108 PFSE‘U321% (10 PFs)
4-195 195 - 1660 1660 - 6327 6327 - 12380 12380-21798
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