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The main objective of this proposal is to understand the evolution of
microphysical properties of clouds when modify to become intense precipitation
events and predict these changes based on conceptual models and provide
ground precipitation datasets supporting physical and direct validation of
satellite-based GPM precipitation retrieval algorithms.

» Develop a ground-based precipitation dataset (radar, gauges, disdrometers,
radiometer, etc.) to support GPM direct and physical based ground validation
activities.

» Adapt and improve tracking tools to understand the evolution of
microphysical properties of clouds.

» Study the occurrence of lightning and how this electric activity is linked with
severe weather.

» Develop different conceptual models of storm evolution according MCS
characteristics (stratiform, shallow and deep convection) using different remote
sensing techniques (radar, satellite, lightning, etc.).
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Temporal evolution of the daily averages of different precipitation products: GPM_F (blue),
TRMM V7 (red) and brightness temperature of the GOES-13 (Geostationary Operational
Environmental Satellite) for the regions R1 (a), R2 (b), R3 ( ¢), R4 (d), R5 (e) and Brazil (f).
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# gridpeints raining
Average rain
Conditional rain
Rain volurne {mmxkm®10%)
Maximum rain

4.6 —999.0

—40 -33

n=2127 Verif. grid=0.25° Units=mrn/d

Mean abs error = 1.0

RMS error = 2.8

Correlation coeff = 0,352
Frequency bias = 0.000
Probability of detection = 0.000
False alarm ratio = —NaN
Hanssen & Kuipers score = 0.000
Equitable threat score= 0.000



CPlEC Results: Northeast

www.cptec.inpe.br

—48 _4Z —35 —30 =43 iz =3B

SHALLOW CONVECTION _
f |

—48 -42 -G -30

FREQUENCY OF OCCURRENCE
I .
0 Z0 40 B0 a0 100

Fre uency of precipitating clouds A3(eastern)

[%]

The results obtained, it was observed that the

100 b o Do ction | eastern region NEB is basically composed of shallow
4 shallo_gonvection convective clouds that are relatively warm low clouds

A
0f / but causing representative accumulated at the end of
i — the rainy season. Explained by the fact that generally
the winds are perpendicular to the coast and carry a lot
/ T of ocean moisture to the continent. Contributing to the
s |

Relative fre uency ( )

formation of clouds that do not become deep but have
a high efficiency of precipitation...

1 1 1 1 1 ——.-“ — o
0
Jan Feb Mar Apr Mai Jun Jul Aug Sep ct Nov Dec
(199 2012)

Araujo & Vila, 2017, Advances in Meteorology



CP[EC Results: North

www.cptec.inpe.br

GAUGE
GPM_E
GPM_F
GPM_L
TRMM_RT
TRMM_ V7

PRECIPITATION

JUL OCT JAN APR JUL OCT JAN APR JUL OCT JAN
2014 2015 2016 2017



www.cptec.inpe.br

25

20 -

15 -

10 A

CENTRO
OESTE

RMSE

L
.

|

NOI DESTE

_

T

12/27/2014

Results: North

... ¥15/2015 *** 1/31/2016 8/18/2016

LA

e Observed Precipitation e ¢ ¢ ¢ ¢ Bias GSMaP (smoothed) bias TMPA (smoothed)
20

15 | Bias

10 +

i s [ ] a

L

o

1

-10 -

[
L

TMPA

GSMAP-MVK

GSMAP-NRT

HIDRO

PERSIANN TMPA GSMAP-MVK  GSMAP-NRT HIDRO PERSIANN



CP[EC Results: North

www.cptec.inpe.br

I Rain gauge
| 3B42v7
e

O

. ~ Rain gauges
»‘ O':" o -0.-0 Cluster
7 Digital Elevation M

25 meters 02
3602 meters o3

0 250 km ™

}m’/':yo Amazon Basin ®4
80°0 20°0 0P Y National limits ..., @3
300 300
200 200
100 - 100 -

. 0 -
04 0 - . - :  march . iuly ember
january march  may july  september november jammary march  may july  september november Jamary ey july  september nov

Michot V. et al, 2016



CPlEC Results: North

www.cptec.inpe.br

Area: Areal Number pixels = 46
Max IWP_DPR  0.763000 Max IWP_GPROF 1.65750
Max LWP_DPR 1.17960 Max LWP_GPROF 1.45300
» Match GPROF and KuPR Max RR DPR  9.59390 Max RR_GPROF  5.48860

(para”ax CorreCtlon); Area: Area2 Number pixels = 189

» Compare KuPR profile Max IWP DPR  0.593300 Max IWP_GPROF  1.32880
: : Max LWP_ DPR  1.26660 Max LWP_GPROF  1.32780
Wlth CRM profile and to Max RR DPR  7.94870 Max RR_ GPROF  5.15340
estimate IWC and LWC;
. . Area: Area3 Number pixels = 570
> Select the near points; Max IWP DPR  4.02800 Max IWP_GPROF  3.19110

> Calculate the average Max LWP_DPR  3.70080 Max LWP_ GPROF 3.20330
. . Max RR_DPR 32.1430 Max RR_GPROF 9.59030
value using the grid 0.5

. Area: Aread Number pixels = 193
deg ree, Max IWP_DPR 1.75820 Max IWP_GPROF  2.53740
Max LWP DPR  3.29810 Max LWP_GPROF 1.85940
Max RR_DPR 26.7785 Max RR_GPROF 6.70690



Results: North

Density Density

60 40 60
Area2
R e e o T —— T
1.5+ - 1.5+ —
3 : ! :
£ 1 ] £ = = ]
g L - 4 g L 4
g e

g 1.0+ I @ 1
! - " - i 3 - = ]
g | - ] 3 - ]
- - R - " mm g
0.5k BIAS = Q.06 | - - BIAS = 009 |
I =-n i | - e m - ]
L - - RMSE = Q.19 4 - RMSE = 0.24 i
El- - - } J - ]
1 1 1 ] 1 | 1 ]

0.5 1.0 1.5 2.0 0.5 1.0 1.5 2.0

LWP_GPROF (kg/m2) LWP_GPROF (kg/m2)
Density Density
0 20 40 B0 80 100 40 B0 80 100
Areal Area4

5 T T 30T T T T T T T ]
E 3
™ E S 20 .
E 3 £ QAO- - .
~ 3 ~ F - ]
o ] o L N
< - E = L ]
o ] o 1.5 -
= = = L - N
9 - 9 L i
= E a - 1
] - ] 3 1op .
- " ] + - 4
) BAS = 002 3 r o - fas .05 ]
- 3 — - = —u. —
. . RMSE = 0.46 05l o= - - - ]
3 E g T RMSE = 0.32 ]
1 1 1 E i 1 1 1 1 7

1 z 3 4 5 0.5 1.0 1.5 2.0 2.5 3.0

LWP_GPROF (kg/m2) LWP_GPROF (kg/m2)



IWP_CMB (kg/m2)

IWP_CMB (kg/m2)

Results: North

Density Density
1 . 1 1
40 80 680
Areal
S T T —
1.5 - 1.5+ .
i | T [ ]
£
L 4 < L 4
o
L J g L J
1.0 . @ 1.0 .
L J 2 L 4
- - Q - -
L - ] a
- | = ]
- BIAS = —0.11 BIAS = -0.05 |
os} . 1 0.5 my "m - ]
L - - RMSE = 0.33 i - W RMSE = 0.30 4
L - - - L] 1
re - ] : -
1 1 1 1 1 1
0.5 1.0 15 2.0 0.5 1.0 15
IWP_GPROF (kq/m2) IWP_GPROF (kq/m2)
Density Density
0 20 4OA 60 80 100 0 20 40 (510 80 100
real Aread4
F E 30T T T T T ]
+F . E 25F =
: .. 3 T 20F -
3 - E S , ]
F ] g N - ]
E - 3 o 1.5 ]
2:— ) - E <_)| r - ]
- : S 1o . .
E - - < . E I - - - ]
= . . - ] + 8
1E = 2 = BAS = -0.14 [ = _ = ]
T i RMSE = 0.57 05" . = = = BIAS = —0.11 ]
P = 1- - am " = C - A" -m RMSE 0.38 ]
- 3 - - - = . -
- S 1 1 5 hl - u ul ) \ . 4
1 Z - 4 5 0.5 1.0 1.5 2.0 2.5 3.0

IWP_GPROF (kg/m2)

IWP_GPROF (kq/m2)



CPIEC Results: North

www.cptec.inpe.br

Density Density

40 B0
Areal
———————

14 . L i
12 - B m m - .
¥ ] | ™ |
< 1op - = € ¢ .
E I ] £ °R ]
' B = 4
L : e [ = a -
= + 1 = - _
S &L ] <9 -

v 6_ - i v
o N - ] @ - -
Wb 3 ]
[ = - BIAS = 1.21 ] BIAS = 1.27 _
2F:. = - - RMSE = 1.66 ] RMSE = 1.87 A
. 1 1 1 1 ] 1 " 1 1 3
z 4 6 8 10 z 4 6 8 10

RR_GPROF (mm/h) RR_GPROF (mm/h)
Density Density
6o 40 50 20 100
Area3 Area4
— ] -— e

7 141~ ]
E i -
€ E € - 7
- p E £ 8 _ E
- o L - -
3 . = [ = ]
@ ] e = ]
i3 b x [ ]
" - ] = - - J
] 4_—- - - - -
1 e = BIAS =  0.81 ]
BIAS = 1.08 4 . - RMSE = 243 ]
] 2 - = < .
RMSE = 2.91 ] == = -
L 1 1 I 7 - - L . . ]
8 10 12 14 2 4 6 8 10

RR_GPROF (mm/h) RR_GPROF (mm/h)



CPlES Results: North

www.cptec.inpe.br

r
E
-
0
o)
1]
73
o
L
o)
®
o
°
il
L

-
—
c
@
O
c
o
(&)

Esta¢ao chuvosa
5000 ' ; 200 _
4500 180  In the rainy season the
4000 160 E,

0e  average daily aerosol

g concentration is ~ 980 cm -
. 3, ranging from 100 cm -3
to 2,000 cm -3, and
precipitation occurs almost

3500
3000
2500
2000
1500
1000

500

AT T P T T T
-d
n
o
a

H
o
Precipitagao di

gllll llll"']"'lIlllllllllllllllllllllllllll

20
ok ol nd B} nl, bf every day.
01-Feb 13-Feb 24-Feb 08-Mar 19-Mar 31-Mar
2014 2014 2014 2014

530 Estagao seca 200 In the dry season the
8. 4500 iz  average daily aerosol
(2] . .
5 4000 160E  concentration is ~ 2,400
@ 3500 140.8 .
S 3000 1208 €M -3, ranging from 1,000
2 2500 100 o cm -3 to 5,000 cm -3, and
S 2000 N 80 > . t t . hl
S, 1500 60 5 precipitation is much less
£ 1000 40 9 frequent than in the rainy
8 500 J_l“_l H 20 @ "
s 70 [l _ . nn allll 0 season but it is more
© 20-Aug 31-Aug 11-Sep 23-Sep 04-Oct 15-Oct intense

2014 2014 2014 2014



CPIEC

www.cptec.inpe.br

Results: North

== Direction of airflow

Ice and snow crystals
Graupel or small hail
Raindrop
Larger cloud droplet
Small cloud droplet

*  Smaller cloud droplet
“# Aerosol particles

00 AX

Mature

Dissipating

Rosenfeld, 2008, Science

Fracao de CRCs com CG

CRCs Leve Chuvoso: 614 Seco: 702 Numero de CRCs: 1316
% CG 0.2% (1) 0.4% (3) 0.3% (4)
CRCs Moderada Chuvoso: 3494 Seco: 2116 Numero de CRCs: 5610
% CG 1.5% (52) 2.9% (62) 2.0% (114)
CRC:s Forte Chuvoso: 3516 Seco: 2099 Numero de CRCs: 5615
% CG 5.6% (197) 10.3% (216) 7.3% (413)
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