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* To understand the shallow-to-deep
convective transition over the Amazon

* Examine how convection develops with
respect to different phases of large-scale
waves (e.g., Kelvin, WIG) during

GOAmazon

 |ldentify important factors contributing to

periods of enhanced convection related to
the waves.
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Surface precipitation

Optical rain gauge (AOSMET) - T3
Tipping bucket - T3 (TB), ~T3 (TIWA)
Disdrometer (PARS2) - T3

T3, GNSS network (PWV), SIPAM,
NOAA OLR, GOES, Variational

Analyses

Cloud fraction (by type)

W-band Radar (WACR) - T3
Radar Wind Profiler (RWP) - T3
Ceilometer - T3

Micropulse Lidar (MPL) - T3

Rain area and MCS identification

S-band Doppler Radar (SIPAM) - Manaus

Column precipitable water vapor (PWV)

GPS-MET: GNSS sites at GoAM, INPA,
CHRN, MNCP, EMIR, RDCK
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Outgoing Longwave Radiation (OLR)

NOAA/PSD

GOES IR (4km)

NOAA CLASS

Radiosondes u, v, q, T

DOE ARM site at T3
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Variational Analyses (70 km east of T3)

ECMWF Analyses and SIPAM radar,
centered on Ponta Pelada 70 km east of
T3 (Shuaiqi Tang, LLNL)

HUVA-T3
COAM O

MNCP

CHUVA-UAE-Manacapuru ‘r(ﬁa nacapuru

CHUVA-UEA~- Mandus h:Péz ”f-‘,

: ~'c|'«‘;£“w- by ¥ 3
5 B8
‘0 P . ‘. = h

_ ' Manausg CHD‘»A Ponta Pelada

.
«,

]
CEMIR

T 2% Al



Kiladis et al. 2009
a. Kelvin Activity

Wave Activity 1980-2010

. ~Kelvin activity at 2.5S, 60W
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Kelvin wave influence on rain and PWV
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- Enhanced rainfall during Kelvin active phase over neutral and suppressed phases.

- Widespread impact on column moisture throughout the region evidenced in
simultaneous PWV measurements across the GNSS network composited on Kelvin
activity at T3.



Kelvin wave modulation of column
water vapor

Radiosonde MWRP
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« Wave signal similar in magnitude to seasonal cycle
« Radiosonde and MWRP show similar composite results
« Kelvin wave shows deep moistening of troposphere within and above the boundary layer
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Kelvin wave modulation of wind fields
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Radiosonde at T3 Variational Analysis at Manaus
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« Anomalies with respect to 20-day mean with diurnal cycle removed, Kelvin activity at T3
« Upper level divergence is enhanced on Day 0 of a Kelvin wave activity (Day +1 at Manaus)
« Lower level convergence is also enhanced mainly above the boundary layer.



Kelvin wave modulation of wind fields

Variational Analysis at Manaus

- Var Anal (Manaus) Active an Var Anal (Manaus) Active
~J ~J l
— Aclive Day 0 Active Day0 | |
w— Aclive Day +1 Active Day +1
Aclive Day +2 | 7 | Active Day +2 | |

|-

J
w200 @ 200
4 ) z 7
o / o /
300 ¢ p - 300 ¢ <
\ \
400 | (\ . ant N\

o Py =
<§\ | 700 \»

3‘)
1000 L ot B Yo VY J 1000 - 1 Lz
-1 -0.5 4 05 1 -2 -1 0 1 ?
div zncm [1/= 107 samm [Pa/hr)

Anomalies with respect to 20-day mean with diurnal cycle removed, Kelvin activity at T3

Upper level divergence is enhanced on Day +1 at Manaus, similar to Day 0 at T3. Prior to this, convergence is seen to initiate at
lower levels with upward motion and weak divergence is seen at mid levels.

Following the peak in Kelvin active phase, convergence transitions to divergence at the lowest and upper levels, while mid levels
remain convergent. Vertical velocities suggest upward motion has transitioned to strong downward motion, particularly at lower
levels.



MCS Composite Diurnal Cycle

ALL Wet Season (Jan Apr)
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 Features defined over 100 km SIPAM domain centered on Manaus
« Local noonis UTC - 4 (16 UTC)



Cloud Type Diurnal Cycle
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« Cloud fraction by type product from Zhe Feng and Scott Giangrande defined over T3
 Local noonis UTC - 4 (16 UTC)
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14-15 March 2014

MAO WACR+RWP 2014.03.14

< {a) WACR Reﬂectlvlty ‘ BeziBaze 20 Hwwanes
. ity 10 W-LaH
12— v - (L 1 we - .
. h WJ\, e B
g- b ~N 0 el B [[rwesen
y < oy Wy %t H-108 Pwinsin
6 . , _‘“{ - _ag™ [ |winsew
1 B e e
3 T s Ll e |
0. ) . T T AR N -0 -
13 () RWP Reflectivily congaze - [0
3 ) " %0
har ' ] W 20
9- | i '} [ B
) ‘\w‘b\' L}
S" — _,;-- — i -— '! P‘- - e 10 N
3-' e SRR R X -0
] ' T At Ny =10
15- ic) Cioud ua%‘” Hrader ctuntar
12_' ) o ‘ ‘“ [ P|ustareNoRadar
8-
: g
6 PR ad
3-3 ' — ——
0-
15~
- {c) Cloud Tym"
N AT™
9"
6
3- S
(d) LWP & Rain Rate TFAOAA |
8 wan-iwp | 107
6r l r 10°E
Y
4 : 10 5
2 “ I ’ 10*
op Lt 1 1 W IR —_— —
0 2 4 6 -] 10 12 14 16 18 20 22 24

UTC (hour)

Height (km) Height (km) Height (km) Height (km)

Ralnrate (mm/h)

MAO WACR+RWP 2014.03.15

15 (a) WACR Reflectivity Bostgoze» [0 [rweneamn
i 10 W-ooR
12— =
g T | \‘\ * " ;U N ‘ ~ -‘0% A—
6{: . o m \‘ - _go: WnS L
3 1 o =~eet] 20 Wl ehirain
- T | o, 4 L
0_ p— el % e -r"“""f""““‘f ,‘"‘% B 4-‘*?‘"" - Was
15 - (b) RWP Reflectivity CollBaze « =
12- a0
] 30
9- | i ﬁ
1 - : - NS
- oo M ; =
6 - 5’?& { ~ s]:} 10 ™
3- B2 | _ Ho
: — e S e Lt S ik, T =10
15 y (c) Cloud Mask [H|Rader Cluteer
12—_ | | UstarsNoRadar
g | [RedereNoLider
)| Lidar
6 | |Reder
3-3 -l Rader+ Lidar
0 d Clasr
18 {¢) Cloud Type [ | Cirrus
12—, . L[ Anvil
T 4 b vt AltoSt
#TY 0 ."‘ \ AltoCu
6 : Deep
3- X -l Congestus
SN CUYL . SRR b Shallow
14 H{d) LWP & Rain Rate FAD-RA
12 waw-cwe | | 107
‘: ' , - 10° E
10':
Hif | :
2 - 10°
0: ' ' e, ' v
0 2 4 6 ] 10 12 20 22 24
UTC (houn)



MAOC WACR+RWP 2014.03.28

MAOC WACR+RWP 2014.03.27
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MAO WACR+RWP 2014.11.27 MAO WACR+RWP 2014.11.28
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summary

» Kelvin and WIG waves are documented in the literature as occurring over the Amazon
region.

» Kelvin (and WIG) waves are most active during the wet season.

* Kelvin waves enhance tropospheric moisture during the wet season by a similar magnitude
as the magnitude of the seasonal cycle.

» Moisture anomalies are widespread over the GoAmazon region.

» Kelvin dynamic signature is observed in radiosonde profiles at T3 as well as in Variational




