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Motivation -

OGlobal monitoring of precipitation is important because of its significant
human consequences.

OSatellite-based radiometer is a good way to monitor and retrieve global
precipitation.

OAnNn obvious challenge is that different levels of bias and calibration accuracy
for similar sensors can not be avoided.
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Dragon-4 Project

The paper develops a passive sub-millimeter precipitation retrievals algorithm
for Microwave Humidity and Temperature Sounder (MWHTS) onboard the
Chinese Feng Yun 3C (FY-3C) satellite.

Meanwhile, calibration and validation between similar instruments onboard
different satellites are also important to ensure the effectiveness of
observations and accuracy of precipitation retrievals.

In the ongoing work, we are going to carry out the calibration and validation
among a series of MWHTS on FY-3 satellites.
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2"d Generation of LEO: FY-3

No. Launch Orbit Status

FY-3A May 27,2008 M Off
Microwave instruments on board FY-3A/B/C, P8 Nov 5, 2010 A on
including: FY-3C 2013 M On
MWTS: MicroWave Temperature Sounder FY3D | 2017 A Op.
MWHS: MicroWave Humidity Sounder FYeSE 2020 (plan) i o
MWRI: MicroWave Radiation Imager BYSSG 2025 (plan) A Op.
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Ongoing progress
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1. Instrument: Satellite-based MWHTS/FY-3C

€ FY-3C: launched in 23 Sept, 2013. #) vome | ® | mn | S| asn | e een | mer | v | e

5 om |k |om| B awm | w0 mw| wn | | e

‘MWHTS (mWhS-II): Since 2013'9'30 1 80.0 V| 1500 30 I=M0 | 10 L3 200 2010 | =02% | <173dB

1) L8T008 | H | 20 30 =30 | 36 20|07 2000 | 029

3] 8702 | H | 100 30 =40 20 100|200 010 | 029

4] 187503 | H | 165 30 3=340 | 16 20|07 2000 | 2029

S0 187508 | H | 200 3 I-M0 | 16 100 |2 2000 | »02%

6 | 187511 | H | 200 30 I=M0 | 16 100|200 | 202%

1875225 | H | 200 30 I=M0 | 16 100|200 000 | >020

i § | usTss0 | H L1000 |30 | 3-M0 | L0 | 20 [a0 s0ar | o820
antenna temperature Scannlng mOde ’ : ’

0 | 1187550 | H | 2000 30 =30 L0 20 |07 2010 | =029

TB : terrain emission

ToN: atmospheric downward emission
Tup: atmospheric upward emission
Tsc: scattered radiation

10 1500 V| 1500 30 I-M0 | 10 L3 | L1° #0100 | =05% | <175dB

1] 1831 H | 500 30 =30 | L0 13 L1 #0100 | >03%

12| 1833118 | H | 700 3 I=M0 | 10 L3 LI 2000 | »05%

13 183313 H | 1000 30 3=340 | L0 13 | L1 201" | >05%

4| 1833145 | H | 2000 30 I=M0 | 10 L3 LI 200 | 050,

13| 183317 H | 000 30 I=M0 | 10 L3 11" 2010 | >05%

atmosphere

4 polar-orbiting satellites in sun-synchronous

terrain

main-lobe side-lobe 2917{? ‘orb ijZ'J 3 ﬂﬁﬂ%jﬂiﬁ ﬁ'/“\

observation area observation area 201750300 B :}4:44:&
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2. Calibration and validation

T/V calibration FY-3C----FY-3D------ FY-3(05)
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Matching results for validation

®

time satellite Pass time Raob
2008/9/9 FY3A 11: 22 10: 50 FY 3A
2008/9/9 AQUA 14: 38 14: 00 )
2008/9/10 N18 14: 45 14: 15
2008/9/11 N18 14: 34 14: 00
2008/9/12 FY3A 12: 06 11: 30
2008/9/12 N18 3: 07 2: 30
[ne  [oute [passime  JRaob [ obsenvingtime |
2010/11/11 AQUA 3:01 2:30 2:01-4:.01
2010/11/12 AQUA 14:39 14:09 12:39-15:39
2010/11/14 NA19 14:28 14:00 12:28-15:28
FY 3 B 2010/11/14 NA18 15:27 15:00 13:27-16:27
) 2010/11/15 NA19 3:01 2: 31 1:01-4:01
2010/11/15 NA18 4:00 3: 30 2:00-5:00

782yt ” TUHRSZRAF 2
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FY-3C

DATE Sensors Pass time ;?SIZ ent Raob
FY-3C/MWHTS 11:55:10 9.06 11:30

2015-12-01 NPP/ATMS 14:33:40 10.31
FY-3B/MWHS 15:29:00 2.29 15:00
NPP/ATMS 03:02:00 9.05
FY-3B/MWHS | 03:59:20 3.54 03:30
Metop-A/MHS 11:13:23 27.71

2015-12-02 FY-3C/MWHTS 11:36:30 26.83 11:10
NPP/ATMS 14:15:00 25.38
FY-3B/MWHS 15:14:00 26.24 14:40
Metop-A/MHS 22:25:23 7.89
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3. Quality control
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Quality control flow chart Calibration flow chart
-_—_———————_=—=—= .

"" b Input Radiometric (Hot Targer, Cold Space,
' ‘ Read MWHTS LO " > Scene) Counts, PRT Temperatures, Tnstrument
' : Temperature, Coefficients, Geolocation Data
1 1 i i
1 1 Mo lunar muusion Ifa lunar mtrusion
N Instrument Status 1
1 Check 1
1 1
1 1
1 1
1 .
N ‘ Scan Time Check ‘ !
' ! | Smooth Hot/Cold Counts over N Scans |

1
i | |
1 1
: Compute Instrument / : | Computs Cold Space Temperatures(bias cormections) |
1 PRT Temperature 1
1 And PRT Temperature 1
1 ('h"ckp - 1 Compute Hot Target Temperatures
1 e N (bias corrections ,band correction’)
1 1
! l ! Adwvanced Algorithm Iluleasn..l'ed R‘:ﬂiml
: ! | Compute HotCold Radiance by Plancks Law | T

1 —
1 ComputeAverage I l L Compteo i YOS Solution
: Hot/Cold Counts 1 S SO —— Reached
1 over 3 samplcs And : ‘ Compure Calibration Coefficients For Each Channel NEI— -
1 Check H
i . 1 Update
1 State WVector
. : | Compute Antenna TBs |
1 1 l
| [ sen At chek | = (ormm | = e
» - - ! [ Compute Scenc THs |
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4, Atmospheric retrievals ;

e RTSolutions  B0-D=—5 S H— i

T7..(v)= J:Oa(v, 2)T(=2) exp[—Jjoa'(v, <) dg}dz

7.0 = [ W7z T 2=t exol | e, D
N =
T, = Wiv, z,)T,A
(V) .”Zl (V ) = {.?f” Z FrLrm f’f

T,=WT T=(WW)!WT,
<
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Algorithm and operation steps

b) Mean(O B) after bias correctlon

16
. ECMWF sk
5 14
¥ _ é 13l
ARTS Correction 3 : : _ : _
‘E 111
=
L4 E X . .
1 Foomee
l 0—l —O.;S —0:5 —0.j25 0 0.i25 Oj5 0.i75 l
. mean(o — b)
retrievals _
= - Comparison between ARTS and
Simulation, retrieval and validation of TPW using mwhs-11 data using radiosondes
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Bias and standard deviation between model and observations
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Correlation coefficient matrix
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Role of background error covariance
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5. Results of retrievals
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6. Focus on extreme situations (urgent)
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Case study for hurricane Hermine(2016)

Domain 1: -75 to -35 lon, 20 to 42 lat
Domain 2: -65to -43 lon; 22 to 40 lat
time_step=90

interal time: 60, 15mins

frames per outfile: 1000

mp_physics=6 (includes 6 water particles)
mp_physics=3 (old version)

Atmospheric state:
Vars: H, P, T, ROv, ROcloud, ROrain, ROice,
ROsnow, ROgraup)
Level: 33 with surface
Time interval: 15mins,
Spation:5km
2017 DRAGON e AR 20174 “Jevkkl” DUHAZE AR 2=
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Case study for hurricane Hermine(2016)

Domain 1: -75 to -35 lon, 20 to 42 lat
Domain 2: -65to -43 lon; 22 to 40 lat
time_step=90

interal time: 60, 15mins

frames per outfile: 1000

mp_physics=6 (includes 6 water particles)
mp_physics=3 (old version)

Atmospheric state:
Vars: H, P, T, ROv, ROcloud, ROrain, ROice,
ROsnow, ROgraup)
Level: 33 with surface
Time interval: 15mins,
Spation:5km
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mwhs-II observations
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Classification of hurricane area

1. Clear-air in hurricane-eye
2. Convection in rain band (multi-state)
threshold: according to the precipitation

3. Stratiform (ice, cloud, rain)
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Results of retrievals

0 T T (n 0 F T
Test 1
100 |- N 100 Test 2
200 |- 200 Test3
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300 |- 300 Test 5
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400 - 400 7
= =
[a o
< 500 |- - < 500 -1
i} il
j=sl j=s]
600 |- . 600 -
700 |- - 700 -
800 |- . 800 -
900 |- . 900 -
1000 L r 1000 ¢ r r £ t
1 > 3 4 o 10 20 30 40
T (K) RH (%)
Hurricane area
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Precipitation retrievals between Jan,1 to Oct,31, 2016

Location Rater(er]::11 /h) Land rms/K rr;in mean

0.1-1 1.02 1.84 1.43

|Lat|<30 1-10 8.23 5.54 6.88

10-30 20.31 21.23 21.77

0.1-1 1.11 1.35 1.23

30<|Lat|<60 1-10 8.83 5.77 7.30

10-30 20.81 22.26 21.72

0-1 0.72 0.54 0.63

|Lat|>60 1-2 0.53 0.21 0.37

2-5 1.31 1.03 1.17
Correlation coefficient: 0.1-1 / 0.84
1-5 / 3.54
. —_ Typhoon/hurricane 5-10 / 6.78
Over ocean: R=0.6931 yphoon/hur - : =
Over land: 0.6245 30-50 / 2123
50-65 / 324
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Summary and further plan

BFocus on calibration, validation and Quality control of observations

BTemperature and humidity retrievals based on observations and

simulation.

BStudy case on hurricane.
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Thanks!

Any advice or comments?

Email: hejieying@mirslab.cn
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