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Overview

* The Global Precipitation Measurement
|[GPM] Mission
— Core Observatory
— Satellite Constellation
— Precipitation Product — IMERG

e The GPM Validation Network

— Current Status
— Update: Including IMERG

e Conclusions and Future Studies
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The Global Precipitation Measurement Mission

GPM Core Observatory

KaPR - 120 km
KUPR - 245 km

 Radar (DPR) &l 2885 km

* Mmeasures precipitation in
3D

* Microwave imager
(GMI)

* Mmeasures precipitation
column

el

Watters and Battaglia (2021)
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GPM Constellation

e GPM Core sensors
calibrate the
constellation of
passive microwave
[PMW] sensors

e Underpins NASA's
global-gridded
precipitation product
(IMERG)

GLOBAL PRECIPITATION MEASUREMENT ¢
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The Global Precipitation Measurement Mission

GPM-CO DPR
GPM-CO GMI
TEMM PR

TRMM TMI
DMSP-F16 SSMIS
DMSP-F17 55MIS
DMSP-F18 SSMIS
DMSP-F19 S5MIS
WFs-M 1 MIS
WFs-M 2 MIS
GCOM-W1 AMSR2
GOSAT-GW AMSR3
NOAA-18 MHS
NOAA-19 MHS
SHNPP ATMS
NOAA-20 ATMS
PS5-2 ATMS

P55-3 ATMS
etOp-A MHS
MetOp-B MHS
MetOp-C MHS
MetOp-5G-A1 MWS
MetOp-SG-A2 MWS
MetOp-5G-B1 MWI
MetOp-5G-B1 ICI
Megha-Trop. SAPHIR

GPM Constellation

I S E—
2014 2016 2018 2020 2022 2024 2026 2028 2030

1

12 members at present

Daniel Watters [NASA Postdoctoral Program, MSFC] daniel.c.watters@nasa.gov

1

Key:

Radar

PMW imager
PMW sounder
PMW imager
and sounder

Watters and Battaglia (2021)

7 members in 2030
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 High resolution global
precipitation estimates:

» Half-hour
e 0.1°

e Period:
 June 2000 - Present )
‘i!""*-. ¥
« Outputs: e,
= 3021/11/24 00:00:00
e Early [4h] .
e Late [14h]

» Final [3.5 months] IMERG = GPM Constellation [PMW] + IR Satellites (+ Gauges) |

D)
-
-
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Why should IMERG be validated?

) « IMERG is NASA’s most-
eSFET  F e = . widely used precipitation
product

Administered by

30

i - e Limited knowledge of
IMERG performance by:
’ —Sensor input (PMW, IR,
gauges)

— Hydrometeor type (rain,
snow, hall, etc.)

—Time of day
Continents . Africa . Asia . Europe . North America . South America _— MeteorOIOg ical reg i me

Fig. 1. Geographical distribution of IMERG validation studies across the globe. The points do not represent the extent of the study domain but rather the mean I I l I d - I t.t d t p I )
latitude and longitude of the domain. ( I a I u eS 3 ro I CS
Pradhan et al. (2022)
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How can IMERG be validated?

* By comparing IMERG against ground-

source

based radars -
OPR ka and Si:nm[:t 16 Latitudes
2A- Ku single- nadir), | orbits | 67°N-67S, 20-12? min
DPR r;':;:" 125-m per Mar 2014- {”[':: L:'; h
= = . wertical day present )
By tracing IMERG errors back to their estmates | /ecriuion
GPM 24. | GMisingle- nrihslls
GPROF [P MW] Product Lovel | GPROF orbit 11km x oer Orbital, 1h (NRT); 40 h
rainfall 18km 70°N-70°S (prod.)
e GMI 2 -GMI Etilmatﬁ day
« Constellation Satellite T —
Combined 16
: : : eMi+DPR | XM i N .
GMI’s estimates [GPROF] feed directly into IMERG vt singe obi il per e ey
: o . . : rainfa ay
grid (albeit with some calibration factors applied) estimates | _verteal
' 4-5h
Integratad (NRT/Early run)
. . GPM Multi- 14-15h
IMERG [M ulti-Satell |te] Product —< Le:el IMERG Rs::::rt:h 0.1°x0.1" nfn Eg.r::d;;s (NRT/Late run)
for GPM 3 months
(prod./Final
— run)
Daniel Watters [NASA Postdoctoral Program, MSFC] daniel.c.watters@nasa.gov Space Park Leicester, 12/15/2021 Page 8
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- Eastern,
- Brazi

‘-lf___:t..i.--‘l‘ .
N AR Gatlin et al. (2020)

A NASA software system run at Marshall Space Flight Center that geometrically
matches 3D precipitation retrievals from GPM Core sensors to ground-based radars.
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The GPM Validation Network
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Key:
GPM = Global Precipitation Measurement Mission

SOftware System Steps: GR = Ground-based radar

1. Store data for GPM Core overpasses near GRs

« VN stores all GPM and GR data [rain or no rain] where GPM Core Observatory passes
within 200km of GR

2. Quality control of GR data for GPM matchups

3. Create matchup files
e Down-select to GPM and GR data within 100km of GR site

o 20-in-100 criterion: After gridding the DPR Ku-band precipitation estimates, =20 pixels
must have rainfall for matchup file to be produced

Daniel Watters [NASA Postdoctoral Program, MSFC] daniel.c.watters@nasa.gov Space Park Leicester, 12/15/2021 Page 10
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The GPM Validation Network

GPM

Producing matchup files: GRtoDPR and GRtoDPRGMI

‘f& GPM -\

File: GRto() Satellite Available Core
Source from e
DPR Radar 8 March 2014 -
DPRGMI Radar + 8 March 2014 : g__-
Radiometer ’.”_;?_:‘
GPROF Radiometer 4 March 2014 e ey

Vertical matchup — DPR range Horizontal matchup — GR rays for each
gates averaged within GR elevation  sweep averaged within DPR field of
ray view

Temporal matchup — Select GR scan set with first sweep closest to GPM
overpass time

Daniel Watters [NASA Postdoctoral Program, MSFC] daniel.c.watters@nasa.gov Space Park Leicester, 12/15/2021 Page 11
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Producing matchup files:

File: GRto() Satellite Available
Source from
DPR Radar 8 March 2014
DPRGMI Radar + 8 March 2014
Radiometer
GPROF Radiometer 4 March 2014

Daniel Watters [NASA Postdoctoral Program, MSFC]

The GPM Validation Network

GRtoGPROF

ita GPM
'\ Core

A
~ h
\\\
-\,
0

GR

Line-of-sight matchup — GR rays for
each sweep averaged within GMI

field of view (conical scan)

-60 -40 -20 ]

Vertical profile matchup — GR rays for
each sweep averaged along vertical
directly above GMI surface footprint

Temporal matchup — Select GR scan set with first sweep closest to GPM
overpass time — note that GMI measures around 60-90s ahead/behind GPM

Core Observatory

daniel.c.watters@nasa.gov

Space Park Leicester, 12/15/2021 Page 12
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GRtoGPROF

Matchup files
for latest
GPROF version
[VO5B]

PAEC (64.5°)
PAIH (59.5%)
KMVX (47.5%)
KLGX (47.17)
KDLH (46.8°)
KMQT (46.5°)
KABR (45.5°)
KAPX (44.97)
KARX (43.8°)
KTYX (43.8°)
KFSD (43.67)
KMKX (43.0°)
KBUF (42.9°)
KGRR (42.9%)
KBOX (42.0°)
KDMX (41.7°)
KDVN (41.67)
KLOT (41.6°)
KIWX (41.4°)
KCCX (40.9°)
KOKX (40.9°)

KILX (40.2°)
KFTG (39.8°)
KILN (39.4°)
KTWX (39.0°)
KDOX (38.8°)
KEAX (38.8°)
KLSX (38.7°)

NPOL_MD (38.3°)

KDDC (37.87)
KICT (37.7°)
KJKL (37.6°)

KSGF (37.2°)

KPAH (37.1°)

KAKQ (37.0%)

KVNX (36.7°)

KHPX (36.7°)

KOHX (36.2°)
KINX (36.2°)

KRAX (35.7°)

KNOA (35.37)

Daniel Watters [NASA Postdoctoral Program, MSFC]

The GPM Validation Network

GPM Validation Network
GRtoGPROF Matchup Files with Rainfall Instances
2019-2021

330
460

162

116

122

128

115

108

100 200 300 400 500 60C
No. of Files

daniel.c.watters@nasa.gov

GPM Validation Network
GRtoGPROF Matchup Files with Rainfall Instances
2019-2021

57

KTLX (35.3°)
KSRX (35.3°)
KHTX (34.9°)
KLZK (34.8°)
KMHX (34.87)
KFFC (33.4%)
KBMX (33.2°)
KJGX (32.7°)
KCLX (32.7°)
KFWS (32.6°)
KSHV (32.5°)
KDGX (32.37)
KEOQX (31.57)
KPOE (31.2°)
KVAX (30.9°)
KGRK (30.7°)
KMOB (30.77)
KEVX (30.6°)
KIAX (30.5°)
KTLH (30.4°)
KLIX (30.3%)
KLCH (30.1°)
KHGX (29.5%)
KMLE (28.1°)
KCRP (27.8°)
KTBW (27.7°)
KBRO (25.9°)
KAMX (25.6) 155
KBYX (24.67) 154
PHKI (21.9°) 155
PHMO (21.1°)
KWAJ (8.7°)
NT1 (-5.9°)
PE1 (-9.47)
MC1 (-9.6°)
SV1 (-12.9°)
SF1 (-16.0°)
ALL (-16.2°)
TM1 (-18.2°)
ST1 (-20.0°)
JG1 (-20.3%)

. 2019
B 2020
B 2021

0 100 200 300 400 500
No. of Files

60C

Space Park Leicester, 12/15/2021
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The GPM Validation Network

Producing matchup files:

Satellite
Source

File: GRto()

DPR Radar

DPRGMI Radar +

Radiometer

GPROF Radiometer

GPROFtoIMERG Radiometer

Coming in 2022

Available
from

8 March 2014

8 March 2014

4 March 2014

4 March 2014

Daniel Watters [NASA Postdoctoral Program, MSFC]

ﬁ&'ﬁﬁﬂm

Administered by
it

GRtoGPROFtoIMERG —

GR GPROF

ZAGPROF - V058

KTLX
20200116-204106-204500

20200116-203938 (Nearest Appr. to GR)
NN NENEREE Y N} L RN -4
o H 3 5

W H R
2
AW 958 v e serw  srew oW

KTLX [Il - Near. Neig. LR mean]

KTLX [ - Near. Neig. HR]
20200116-204106-204500

GLEW  OT'W  BEATW

l Backward Gridding | l

2AGPROF - VOSB [1 - Near, Neig. HR]
20200116-203938 (Nearest Appr. to GR)

o M

Backward Gridding Il l

2AGPROF - VOSB (Il - Near. Neig. LR mean)

20200116-204106-204500
W R |

20200116-203938 (Nearest Appr. to GR)
Il N L [N 4

daniel.c.watters@nasa.gov

LBW  9BIW  GIEW  GTW  G64'W 958w SHEW  9B2W  WIE'W  97°W  G64'W  §5.EW

SHE'W  9B2'W  9T.6°W aTW 96 4TW  95E'W

Space Park Leicester, 12/15/2021

Principle:
. * Grid the GPROF and
GPROF-scale GR variables

2

‘ to the IMERG grid

Process:
» Backward gridding:
1. Nearest neighbor
. interpolation at high
J resolution
2. Averaging to IMERG grid
’ scale

IMERG

IBIMERG - Final Run [Cal] - VO&B
20200116-520. E20!

e = Emn | Il
34N
° wEW 2w 916 °

Page 14
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The GPM Validation Network _;_’%%SA
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=

[SL]
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[T

=l GRtoGPROFtoIMERG

‘: The backward gridding process, used in the IMERG algorithm to incorporate GPROF

E estimates at GPM Core overpasses, allows for errors to be traced back from the IMERG

— estimates to their source.

= GPROF IMERG

S PMW Pre-Gauge-Calibration Gauge-Calibrated

- i e ) 150200116 5203000-£205955 _ 1 0200116.5203000.£305959 | **202001165203000 £205959 S
= 36.4°N 3 36.4°N|-

= 36°N a 36°N|- 4
a 35.5°N 35 35.6°N ....:.. 3%
o 34Is M - . 3 ’ E 3—1:8"N E : WENE ’
L N it - X N o :
m 34.4°N . T i i .. 34.4 ” E

ﬂ. 34903‘.;3:\0‘: 9B 2°=W=_'g;.=6°iﬂ' arew 96.4”\0‘; .3 W 0 349'? “ . ‘( I l.!"l o
=2

<

-+

o GPROF-GMI estimates adjusted No change in VO6B as estimates Gauge calibration

o with calibration factors are not input to Kalman filter

(L)

Daniel Watters [NASA Postdoctoral Program, MSFC] daniel.c.watters@nasa.gov Space Park Leicester, 12/15/2021 Page 15
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E Administered by
fes Space Research A
Ly
= GRtoGPROFtoIMERG — Case Study: Norman, OK [KTLX] - 20200116
= y' 1 L o
w 2AGPROF - VOSB [l - Mear. Neig. LR mean] 3BIMERG - Final Run [PMW] - VOEB KTLX
20200116-203938 (Nearest Appr. to GR) 20200116-5203000-E205959 , 20200116-5203000-E205959
| | ] I H H 5 : j ; ; 5 /,’
: 36.4°H |- 36.4°N e L BRSNS S S WS ,/
|11 6 7
- A
E 36N 4 36°N F] “:E' I 1/,
Es . S 40
_ i - L
- m s
35.6°N |- I5.6°N = . /, g
(=] - E [}
z - 3 3 =4 i 30 %
g g E @
] _ £ £ = . y b
o 352N |4 i i £ ss.2en |\ 5 g N s 250
A g°? - 20E
—_ : sl : I :
oM oo i it . = Lroan e actor=2. 1.5
b= N e N _ g20 "L Bias=103%
» ) : . o SD=218% 10
= saaon [ : . T ! . = 1 L Corr.=0.85
. . ; i — 1 - . n=26
I ¥ - I 1 .
- : | SREREREE "5 ¥ B
. i 0 P i T ] I o N
98.8°W 98.2°W a7.6°W 57w 36.4°W 95.8°W 98.8°W 98.2°W aT.6"W 9T W 96.4°V1 95.8°W o 1 2 3 1 A A 7
o 3BIMERG - Final Run [Cal] - VOGB
20200116-5203000-F205959 . 20200116-5203000-E205959
— deiid 5 ’I'
36.4°N |-+—+— . ”
o How do the IMERG . ' -
il I . h . 36°N 4 E // . ;
o algorithm adjustments : a N
.. 35.6°N §3 . ", sy
. compare to the original : : s
i £ < Tl A L2
GPROF inputs? sl P R
a - - o
. =, s e 20E
=2 p : g . Factor=1.6 Z
. Ity . " ata’s actor=1. 1.5
< e 3 g o Bias=62%
. i i = R SD=182% 10
Pre ] , e g : 1 R B Corr.=0.85
N s L - = P n=26
1 1 Mt )
o ; i ! s
e | Hobeow 98.2°W 97.6°W 97w 96.4°W 95.8°W o © o H 3 3 2 5
2AGPROF Precipitation Rate [mmjh]
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The GPM Validation Network

GRtoGPROFtoIMERG — Case Study: Norman, OK [KTLX] - 20200116

GLOBAL PRECIPITATION MEASUREMENT

36.4°N |-

2AGPROF - VOSB [l - Mear. Neig. LR mean]

20200116-203938 (Nearest Appr. to GR)

35.2°N |-t |l

34.8°N [oni—

344N |-

34°N
98

B W a8.2°W ar.6"W arw

95.8"W

Calibration factors to
GPROF increase the
precipitation rates by a
factor of 2 on average

Daniel Watters [NASA Postdoctoral Program, MSFC]

3BIMERG - Final Run [PMW] - VOEB

202001156-5203000-E205959

36.4°N

36°N

35,2°N [t Lo

8N
34.4°N . : |
H =t HI B
B i ; T
98.8°W 98.2°W 97.6"W 97T'W 96.4°W 95.8°W
3BIMERG - Final Run [Cal] - V0GB
20200116-5203000-E205959
36.4°N |1
36°N ]
35.6°N
35.2°N it i
3.8°N
AN
1 - 1 )
i i i
- i
98.8"W 98.2%W 97.6"W TW 96.4"W 95.8°W

daniel.c.watters@nasa.gov

3BIMERG [PMW] Precipitation Rate [mmih)

3BIMERG [Cal] Preciptation Rate [mm/h]

202001156~ 5203000 E205959

.ﬂ.l-'.(

j‘t’

+
61 ,f"
I’I
5 s a0
. o 35,
. /’ =
4 . 4 30 E
l- gﬁ
. ™ 25%
- e 20 E
_— _,;'/ =
an P 15
24 .t I// |as- Yo
s SD= 213% L0
T Corr.=0.85
14 - < n=26
T
N~ .
0 1 2 3 a 5 6 7
LX
5 20700116-5203000-E205959
I,'
- ”
4)’
a ,”'
e 4.0
-
- 35w
u
3 a
- # 3.0 E
4 A
. P 256
- )’- “_'
5 S 20E
i 2
et et Factor=1.6 15
e Bias=62%
A . SD=182% Lo
1 . ,/ Corr.=0.85
n=26

1

2 3 4 5
2AGPROF Precipitation Rate [mm/h]
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45 The GPM Validation Network S
= Wi
pEL|
= dy: N OK |IKTLX] - 20200116
= GRtoGPROFtoIMERG — Case Study: Norman, | |-
m 2AGPROF - VOSB [l - Mear. Neig. LR mean] 3BIMERG - Final Run [PMW] - VOEB
20200116-203038 [Nearest Appr to GR] i . 20200116-5203000-E205959 — s 20200116- 5203000 E205959
q 36.4°N H — - ' , A _, i _, ...... b 5 364N |bde . 1 s i ‘-...______-_““ S T O O 5
0000 R B e N
E 36N 4 36N 4 ES a0
35.6°N 35.6°N § . ) “%
z 3 - 3 _ E 4 - “’E
o 35,200 | AL b it g 3s.2om [ Lo ai E E -\'._ . 75?
=3 - 208
L - 2 2 g_ s _,;'/ . =
— 3N o 34.8°N gz_ :; _‘_' |//’ E%C;%}Z‘%Eﬁ 1:
. u . 1 al| =7 Corr.=0.85
= 384N |- 34.4°N - - a i n=26
NN P
— VU 0 A O sen 0] i ; mm -v:il'
— 98.B"W 98.2°W 97.6"W 97°W 96.4°W 95.8°W 0 98.8°W 98.2°W 97.6"W 97°W 96.4°W 95.6°W 0 0 1 3 3 H M & 7
a 3BIMERG - Final Run [Cal] - VOGB KTLX
20200116 5203000-E205959 5 20200116-5203000-E205959
— . . 36.4°M |- L
o Further calibration to
s e FEE »
. gauges reduces the ‘ :
. = 354
o IMERG/GPROF BN TR bl . 20f
precipitation rate factor | s AL S
J 2 Ez 8 E
= to 1.6 - does this factor 2 ,
= R SD=182% :
H H —— L A T =0,
0 increase improve the o anilaE"IE ZatE 1 : ; -
o . | = : o : H{ -
5 | '- d eZeth F
i Comparlson to the GR " Mab g 98.2°W 9;.6w|v 97w 96.4°W 95.8°W o ° H 3 3 2 5
6 2AGPROF Precipitation Rate [mmjh]
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The GPM Validation Network

GRtoGPROFtoIMERG — Case Study: Norman, OK [KTLX] - 20200116

Does the factor increase from source GPROF to final IMERG precipitation rate estimates
improve the comparison to the GR? — In this case, no!

3BIMERG Precipitation Rate [mm/h]

IMERG v GR

KTLX
20200116-5203000-E205959

Bias=100%
SD=183%
Corr.=0.64
n=134

GR Precipitation Rate [mm/h]

Daniel Watters [NASA Postdoctoral Program, MSFC]

3 4 5

E=3 w [+ -~

Number of Samples

w

2AGPROF Precipitation Rate [mm/h]

L]

daniel.c.watters@nasa.gov

GPROF v GR
KTLX
20200116-5203000-E205959
LI
- ~
4
] 4
I’,
Bias=43%
SD=101%
Corr.=0.72
n=134
3 4 5

GR Precipitation Rate [mm/h]

Space Park Leicester, 12/15/2021
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Number of Samples
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Precipitation Rate

36.4°N fos

35.6°N |-

35.2°N |4

34.8°N|-

34.4°N [

97.6°W

Dual-Pol. Differential Reflectivit

36.4°N

36°N |-l g

35.6°N |- friie

35.2°N &

34.8°M [-i-i)

P
ey

TR

34.4°N

g &
HI,.\}I_ <

L

¥ iy g
Py o e

e ta !
P TSN,

34°N

98.8"W

GLOBAL PRECIPITATION MEASUREMENT

Prec. Rate [mm/h]

Daniel Watters [NASA Postdoctoral Program, MSFC]

36.4°N -4

36°N [ bl

Non-Uniform Beam Filling

W ] Qé.Z"W a7.6°W

Du

35.6°N |--f- il

35.2°N |-

34.8°N

34.4°N

34°N

2o Ha

R

TS
B8N SN

AT
Ty

9B.8°W 98.2°W a97.6"W

- ~
w o

SD in PR [mm/h]

=
(=]

0.5

KDP [deg/fkm]

36.4°N

35.6°N -.. .

35.2°N |- 1%

34.8°N

34.4°N

daniel.c.watters@nasa.gov

Hydrometeor ID

HID

iyt S

-Pol. Normalized Intercept Para

GRtoGPROFtoIMERG — Case Study: Norman, OK [KTLX] - 20200116
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Conclusions and Future Studies

 The GPM Validation Network offers a novel opportunity to Global
validate IMERG against ground-based radars scattered across June 2014 - May 2018
the Americas and Pacific Islands

IMERG-Cal

GPROF [GM
CORRA [DPR-GMI] V05
GPCP V2.3

« Upcoming update to the Validation Network: Inclusion of IMERG

— 45

O 30

» Tracing errors — the Validation Network will enable errors to be > 15

traced back through IMERG to the original GPROF estimates o |
retrieved from the GMI on the GPM Core Observatory o

= -15

5 -30

 Future research: 8 4

— Updated Validation Network to be used to assess the 60

oceanic performance of IMERG across island sites s

— Assessment of best method for gridding other GR variables '90

such as hydrometeor classification, vertical profile of 0 > 4 6 3

reflectivity, etc. Accumulation [mm/d]
— Better understand IMERG's diurnal performance Watters - Thesis (2021)
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