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Background
. ] Diurnal Cycle in Precipitation

Boreal Summer Intraseasonal Oscillation (BSISO)

creates northeastward-moving disturbances,

which interact with the strong diurnal cycle of the )

Maritime Continent, complicating sub-seasonal

forecasts.
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Key Questions
* Can we characterize the diurnal cycle of vector
winds near the west coast of Luzon using
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* How does the BSISO affect the intraseasonal “‘é"‘s 6'
variability and diurnal cycle of winds, PISTON 4w L20c) e

precipitation, and lightning near the Philippines? http://onrpiston.colostate.edu

Aeg . W3IN  Aeg

W3IN



Datasets and Methodology

RapidScat 12.5-km Climate V1.0

* Each relevant swath binned to 0.25-degree,
2-hourly grid

* Diurnal harmonic fit to dataset

Cross-Calibrated Multi-Platform (CCMP) Winds V2.0

* Includes ASCAT-A, WindSat, GMI, AMSR-2, SSMI/S,
Buoys assimilated into model

* 0.25-degree, 6-hourly grid

Tropical Rainfall Measuring Mission (TRMM)
* 3B42 Rainfall Product https://eol.jsc.nasa.gov/
* Lightning Imaging Sensor (LIS) Flashes

Primary Domain of Interest — 5 ®S to 20 ®N, 110-130 °E



Seasonal Results

May-Oct: “Monsoon”
Nov-Apr: Trade wind regime

Relatively good agreement between
RapidScat and CCMP

West of Luzon is region of relatively
weak mean winds

Several gap flows observed in both
datasets

(RapidScat filtered to remove grid
boxes with < 400 samples 2014-2016)
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RapidScat — CCMP, Seasonal Means, Whole Domain

(a) Eastward Component of Wind
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(h) CCMP 18 UTC

(d) RapidScat 18 UTC
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(c) RapidScat 12 UTC
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Diurnal Cycle — 2014-2016

(b) RapidScat 06 UTC

(a) RapidScat 00 UTC
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RapidScat 2-hourly Diurnal Harmonic
Oct 2014 - August 2016

Peak winds closer to 10 (onshore) and
22 UTC (offshore) than 00/12

Diurnal influence extends ~200 km
west

(c) 04 UTC

Grey curve:
R2=0.5

')

wind Anomaly (m s



Sampling Considerations

* Binning and averaging non-

optimal; more sophisticated
methods being explored

 However, near Philippines there

Samples - Standard Deviation / Mean

does not appear to be a major
diurnal bias in sampling
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(a) January 00 UTC

(d) April 00 UTC
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(b) February 00 UTC
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(d) Phase 4

(c) Phase 3

(b) Phase 2

(a) Phase 1

CCMP Winds by BSISO Phase — July-September 1997-2013, Magnitude > 1

i A E T T
SAHAA AN i I QRN RO 5 &N ~ie - -
yETY Y . >
P yoriv . - 4444444/@& » s =,
rrive v i v wivwowiww RPN o ™
prviv ey ke
AR . 5 o - eigh ¥ IV SIS . . el >y Y- .
seesnpebes s " 204 ol L I "
T 7 3 3
"““““-. n - ﬁ\W,.AA P ((a Vlll‘ -
s i .'“m.uhm?. W > v ) v aie -
G z : AF AAA;»;‘% N m.:... Hmm-
o 7 ’ a» vy » ~ie e aia adadfis
»rir » ¢ v, 00 b b iy - 7V Sy S
~m. )\\wﬁV b b7 1@ ] $w v i > 5
v Iw. . G- ﬁul\. b ¥ . el = . »
g S
;- qJ-78 }J. o <% .J.!MKJ .Wnl A Al‘A\‘Q“A:. »
Svie e . < vie o . VIR Y Y N e . A — ¥ ¥ - Vit N v
HFE PRNEE SRR SR SR S\ ¥ ST = < G
CA LT LT £~ X,
A Y
P oris s i e -« wiv Y MYy >y A
O A D 11 :,rm\/). 37 N 4«&‘/fj
L & - »>
v rir s daadewivwRAE b, A iy
rois o da s b < wiNINENIREERRE Ny | | A (R
Porir s e s ~vvyvESH vvvv-.’.r s .ﬁﬂ..'d .vc'f
N ir p sa s A A N T rEy > Miey iy,
¢ PRI vvvvvv.»N r ¥ ¥ e 02 ....f{w..«.«N
7 “"“"“.”n“ B ieasis N -ia
eeeni? né:v&\...b. Y.
g - bg\ R
rrirr e ryor i e A c"
P A R L P M X
P 7 S e ) Fwﬂ . “ .:._vxr .n.
S X % ] AT L H H H
A pin s 2o s ..!n €): - e, o b b b Ly (i,
= I A A P " _:».ﬂm AR A AL ER B
. s . , A H e .. -
. § ALY~ B 1.!!“%;.,,#.:.
. ‘(\.\Vv . . .VJ\ - e—"m -4 i T,
’ S o n L i "OM
—
3 1 “kﬂ G = v“ - 5
] ! Hoh, { g A Uy
SR — > H
2 S »iw
- . - wieow v viv o »w ¥ N
SRS ] ] v ﬂd\frz
SV I T v Y 5
- aie e wiwwd v vy Y My yviv *
- aie e aiaswwIN Y My AN LY
it 2 T A i jlfr_
Anill‘;“?l((v >y
PR Py llfldv« ................. >
PRIy v F T T - T pprir - a
5 oo o U o 7NN EEE ORCEE SCRCH | pir = MY
S a4 RS
s sis » s s a aiaa = i e
S TP P
S B [ 17 e . Sl AN > Y
P e sel g A by T
PRI, . h@ \vnvﬁ v v ci- > XN i ~
s 230 s s s ol &\ . B ., S Y H .lddA
T R - P A . o TS
.....‘.Au.. » R » \s»\ 1 . W ”“lllt“ -
2 © e ) A
A ../\'\Mv P e Wv‘u\ ., e‘.m ~ v .Vu
. N s D b WUy = >4
I o t.ﬂzm:. - =
: G - - 5 Ny e = W
. 1 ¢ 1ot TS TR0 Ah
¢ o RN 0. TN A S—hovo D H
- - 5 R P .vf/uu\ B .u H
o h 3 e N
AT ] JR I
CID) PRI D SR fmllr).rﬂ by v vie - Y l!r).J
w TR S 4 ooy JRNREE
- e . aia - - wie el oe y AR L
- 4w aia - o oo : BN o1 .
e I R N . fr TR 4
AABLAAAAA:4¢,, o z/.». 4
R S s T TR X £t
TIIT T Kb v A 2 s g —— ™ —
RN IR R e A .nss.gm‘\\w\ ““"“ VKRN TAlNu
PR LR T LT T TR0 e S ) H Y [ Y ®
[T Y ViV W wiw - - e - R 3 LR 2
L AER L E Y b by uiv e e As““; > "“n” N L ..r“.kl
[ g
Loaiv i «h“um.ﬂ&f/  aiaa -, AR -
RS @ s s s 3 » A
RS 7 7 A 1573 A RIS
. .-.n.' PR RN » »is AR -
4, LR L Mk, mn Ya.x
s P
W S R . das ') viv o~ 5
y-h »VD-..'A adaa v ﬂrh S““m v v ﬁrv
(18]
spoeaghesgeeey FE R N B
(OIS TS v ...}.4 2 i o e %““..A - SRR R
Moviv v s w -',..ﬂ. . a - o y s - - .1“
I I 2 O 6 N P O FEUESS o
IR DR SR SENNG N S v B S A
RRRE TR0 C 5 Th 0 T L E 5 3
TYIN YWY Y Y Y VIS v o+ TS TIEEE B
VYN YWY Y YYIY v o y r Pir » ~ %Y
Wiy ey Tt
YN YWY YIYVYYN Y vy o v rir s iv ¥ ¥
YINI=ISINENY VY o e el
AAIAA“;.ﬂ.ﬁ..Mdivv y oy rir s i Y
i B R T T S N viv e -V
SRl A RN N L3 KN
3 2 S ¥ A Sl i T SRR SSSE




TRMM and ECMWF
3B42 Rainfall and 850mb Wind vs. BSISO Phase, JAS 1998-2013 [mm/d]
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TRMM LIS Flash Density by BSISO Phase, JAS

-

-
Y
LR .
L :,»
> % N ~
~ a =
. o
N .

100 110




(a) 00 UTC 250 (b) 06 UTC
PPV IVITE SOE S T T ‘o ‘ R . . .. 290
17 ‘4 ‘\\\\; 6“ . B NN NN NN N R TR - i -
VA A e i SR G S SR T R G St S PG T St
° VN ST SR Jsee 2.25 NS SR i s ot K o == 2.25
it AAAAN - L | g N D AEY I
nactive amw.  memnsl . =5 REES
PRI VANA NN L, ¢ eic 4 & o . e » e e 2.00
iz Ry ‘:‘:‘::””""""Piw‘)‘_‘j"'“‘
PR B \\\\\ﬂ 71‘ “a Y L7s Bl el el 1 e O
N SIS Vi ow wmim S L IR T . N = - 1.75
Mov VNIRRT S v P Lo - PR
. R aoxis i - PR -
@r 1.50 * R 1.50
ases - SR \\r/..‘\.. 1N - - = ..
N Y Vs siwoe A E
- ‘- \4 By )4_.‘ ; ~
. B TN 8 4125 s 1125
agnitude > 1 2N el (4.2 5
— o~ e S T
H- S, -1.00§ 41.00
> sl ~ i >
~ A S G W VL U )
VN N NN 1075 {075
CCMP SR
—r_ - 3
........... _0‘50
Bl . < 4 0.50
ﬁn.\ \5%\\-
JAS 1997-2013 NEENGE
- RS ~N . A 40.25 ~40.25
zo‘\--Ojﬁ‘:
L L SR RN ~ L o0.00 L1 o.00
PR P VA Y - 2.50 T 2.50
Forir 4 ’ S S W s L s v s r/\\\\\\-‘-,-,.na.
PIRERIRIY. N s Y s L A A D I e s I LI s o
Vi P A P 2.25 NEAEARMIR BRI Sty epeps = R I e 2.25
'i\\‘ e o St S s \\\.._, P | < L. .
YENY \\“,.. % P
1IN
Povin g E P2 Py S 2.00 AT I . A SRl . .
o«\\KPi;\////tt ’ oy bSO "”’k“P E . |/ . 2.00
VT <) D S o %{, :
o'«\vix A S 2 S AL EUNR S 5oalts oo A B 4 5
SN oy TR N Y P 175 = ‘- 5 o N oS 1.75
.
"""'}' P S — ol H . - . . . .
;;'érvv P S - - - - 5 é.p%\
e e 150 7 : : - {7// ook 1.50
; ";JGS\"‘” “ /JW;{:A\,
, 3 8 E BRIV 48 I A" T
s ° .
i 11553 » e ]
g"f“.\> o - - 8 = 1oadai ey <‘°‘)\“ 1.25
v.vkv\\\ ~ - g e o od. . <isss 7. * N Wl o
N B T ° S 3 T =5
. NEe e 41.00 £ N
s S < IR Y NNR < 1.00
P S o %
e 9 pir - i 1 E =4 N
e - M ] §| 0-75 ] E 1075
4 4 - 2 ;
£t N i\ T N 5 h
== f«\\z [S~<H_fﬁum~.iﬂ.
R A A, 1 0-50 | A A 40.50
ﬂ\\-\\.\ - \\L/\T.\\\
A & N (LN
=N A VNV Y 40.25 N AN J0.25
NN N o g NN e -
b“_ SR ’\'}t\"‘\ it Qk\\\\
NVEV NS - S NPV
4N D e I I B I L oo

Wind Speed (m s 1)

Wind Speed (m s 1)



2.50

(15 w) paads puim (15 w) paads puim

(b) 06 UTC

2.50

(a) 00 UTC

n o n o n o n o n o o n o n o n o n 1=} n o
~ S ~ N ~N o ~ ro] ~ S ra} ~ S ~ N ~N S ~ N N S
o~ o~ — — — — [=] [=] [=] [=] o~ o~ o~ — — — — [=] [=] [=] [=]

T 7 7 7 ] HEEEST 0 0 7]
T FT:7 ¢ & ¢ ¢ 7 7 7:7 7 R 3

b 4 P E 4 e PR UAE A S S R R S NONIN -

b 4 44 4 44 4 44 ¢« o i 4 #5344 & o w W iW w S Lo

U P VR S R | o o ey . R

4 i .‘.\...‘.O)Y.VIJW..\\\ ttu.,...'..”.\/.wk“l)\W\Hs

SR \«qinm.@v <U»‘ ~ win o N nmu. A\Vn

L R IR ~ . €\ >I\’4._ ~ N N NN N . €\ )

TR p gy = 7 Ll B B St [ et | e o g

RN, - totit ot oKy aa..‘..,,\m@/ﬂ

o T O H,\ \\lf&—*. = .A N ;

i )\.\v\“:ﬂﬁﬁ‘ O - i ST i

vz AN WIEE R / » mv . L ﬁl

;A Lol A > e W RN =

e S TS ; z

vy “\q\\\\\}....\ \ S w..‘.,... ,,R}... 'qw,_ﬂfiﬂ/

t 1 1/ VA A ’ . i o~ =B - ., SR o olle o PN (SN .

=) rr <Py y E s o=

LA A A A S 7 B S S\ W Sy p el TPUIS PO A N DR - e’ T S v e

AT P A A ;ﬁa\ o pir » oo i . PN é\ ;\\\

L Lttt LA 4 4ig g a4 ! .

11ttt LAV ¢ 4 , N T ¥ ] 2B

P Bl _

o VAV RV RV e i v i ..|J(/. 3 . i - < i - mﬁwm.\lf\( A

oo ododon B S Aot 3 5 S g g g T 3 .ﬂ)l

Gl Gl TS S S M R 0k . LT R R S ia

VL i ) T S T | B - L TR el B

Wl v - PSS ——

\/qcc\\\\\\\\ltn‘\\-..1n Fd.. ,: \ﬂ\\"/ Vo .\\\\“f\#- ~

o o TR f i DR L o,y v ~ i
(;-5 ) paads puim (;-5 ) paads puim

n o n o n o n o n o o n o n o n o n o n o

~N S ~ " ~N IS) ~ ro] ~N S n ~N IS ~ " ~N IS) ~ I} ~N ]

o~ o~ — — — — [=} [=} =} [=] o~ o~ o~ — — — — =} [=} [=} [=]

BT~ ° 0000 000000 0

D pl v NP
[ [ ~ P i ris

ORI , ng.\.m. SRS EN
SO, o o

. + ML ‘\\‘%W..d\&\@. | r““““
Loy SIENERER . .., \\\\O‘.

§ B SN S G S S et S S A
‘ S N ()
A - L ~— LI

m - VoV AR

A A B o > R Vo hoehobd

" kil N»m 5 74 peules T 4 R
a} Semy,

. o M & - gy /s vy i

T ¢ e :
.h }\\V\\\ J \ _Flu..A:
4 \w. s s s Q D v ey
TEENT? 4 Vg R
R A 4 I A 4 \\\% ~ fa W o
A LA PR ) \ Tlhossi-
R I s 2is » g e o8 aie
c sda s M, s ala » o Y von AP s

o “ie . . ﬂ RN

- .. ~ R
N g 2 VNN
p T AR ARY
ey A ‘ (WRUR LR
LANLI ORI ORI 777 S0, e maat i
“...p g, S s N P ///
3 R L HANAY

Active BSISO
Phases 5-7
Magnitude > 1
CCMP

JAS 1997-2013



Inactive BSISO

Phases 1-3
Magnitude > 1

TRMM 3B42
JAS 1997-2013

< ]
= “C-' > N e S g
(vl ™, ot e~ i

P - a
M - o NN (

87, 3B42, Inactive BSI

2 o —

00Z, 3B42, Inactive BSISO, [mm/h]

SO 42, Inactive BSISO
P ¥ 3 &5 - IRRRT Aersy Apiovg '’
- ""..‘5:}-.) > ¢ ‘ 4 g

: 0.8

20} -
0.6

151"

1 0.4
59 0.2
; 0.0



Active BSISO

Phases 5-7
Magnitude > 1

TRMM 3B42
JAS 1997-2013

(a) 00Z, 3B42, Active BSISO |  (b) 03Z, 3B42, Active BSISO | (c) 06Z, 3B42, Active BSISO  [mm/h]

| ot o ] 1
(J OOZ 3B42, Actlvq: BSISQ I[mm/h]




Inactive BSISO

Phases 1-3
Magnitude > 1

TRMM LIS Flash Density
JAS 1997-2013

Inactive BIO, FLD, [fi/

20

10

0

yrpem]



Active BSISO

Phases 5-7
Magnitude > 1

TRMM LIS Flash Density

JAS 1997-2013

(2) 00Z, gctive BSISO, FLD

304

B




Conclusions

CCMP and RapidScat agree on many basic characteristics of the seasonal and diurnal
cycle of ocean vector winds near the Philippines

Offshore flow near Luzon peaks at 22 UTC (06 L), and onshore flow peaks at 10 UTC
(18 L) — Corresponds well to behavior of precipitation and lightning

CCMP shows diurnal cycle amplitude near Luzon peaks in April, as trade wind regime
is transitioning to monsoonal flow

Active BSISO phases associated with weaker diurnal cycle of ocean vector winds —
Consistent with more cloud cover/precipitation suppressing sea breeze

“In situ” study of winds/precipitation will occur during PISTON 2018

[ Funded by:
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