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A glimpse of JPSS and GOES-R LST products cics-l
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JPSS Missions (20:PD38):
U Next generation polaorbiting operational

NOAA Polar Satellite Programs v
Continuity of Weather Observations —

As of March 2017

ale
rhmng Paltnelshl

environmental satellite system;
U Five satellite constellatiorSUnomiNPP, JPSI32/3/4)
U SunomiNPP launched October 28, 2011,
u JPS3 will be launched November 10, 2017,

Suomi NPP

PFO/JPSS 4>
----

U Visible Infrared Imaging Radiometer Suite (VIIRS).

Continuity of Weather Observations V GOESR Missions (2012036)

As of March 2017

- Hﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ U Next generation geostationary weather satellite

LD L
U Four satellites (GOHES/T/U)

U GOESR(16) launched November 19, 2016

U Advanced Baseline Imager (ABI).

Credit: NOAA NESDIS
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A glimpse of JPSS and GOES-R LST products
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Suomi NPP VIIRS Global Land Surface Temperature - Daytime - IDPS
31 Jul 2016

Suomi NPP VIIRS Global Land Surface Temperature - Nighttime

10/17/2017

31 Jul 2016

Operational JPSS Products:
i Single 1.5 min granule da@usSHATRHEEE(eEEl[olY,

I Combined 4 x 1.5 min
granuledata

. _ ftp://ftp .starnesdisnoaagov/p
I Resolution: 750 m

ub/smcd/emb/pyu/LTM/single/
SNPP VIIRS/site/all data/valiq

Gridded L3 VIIRS LST producfisey

under development.

20150602_t1150390_e1154540_b18630 UTC

https:// www.starnesdisnoaag
ov/jpss/EDRs/products L¥ihp
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http://www .starnesdisnoaago
v/jpss/Istphp
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https://www.class.noaa.gov/
ftp://ftp.star.nesdis.noaa.gov/pub/smcd/emb/pyu/LTM/single/SNPP_VIIRS/site/all_data/validation/
https://www.star.nesdis.noaa.gov/jpss/EDRs/products_LST.php
http://www.star.nesdis.noaa.gov/jpss/lst.php

cu:s-"
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LST (Skin): LST (Skin): LST (Skin):
CONUS Full Disk Mesoscale

Geographic Coverage CONUS Full Disk Mesoscale https//wwwlclassnoaaq OV/

Horizontal Resolution 2km 10km 2km

GOES-16 Mesoscale LST Products
2017-07-25T07:00:26.8Z - 2017-07-25T07:00:32.5Z UTC

Mapping Accuracy 1km 5km 1km
Measurement Range (K) 213-330 213-330 213 -330

Measurement Accuracy® (K) 2.5 2:5 2 http//WWWQOeS

Measurement Precision (K) 2.3 2.3 2.3

Refresh Rate 60 minutes 60 minutes 60 minutes r_ClOV/reSOU rceS/dOdﬁm I#A

Vendor Allocated Ground 3236
latency ceconds 806 seconds | 159 seconds T B DS

Local

Extent Qualifier Zenith
Angle < 70

Local Zenith Local Zenith
Angle <70 Angle <70

1 The measurement accuracy 2.5 K is conditional with 1) known emissivity,

2) know atmospheric correction, and 3) 80% channel correction; 5K ftp .//ftp .Sta[neSdlsnoaaQO
otherwise.
v/pub/smcd/emb/pyu/LTM/

Steimerie s BN single/GOESR_ABI/
A Full disk 15 ming), CONUS (5mins)

A Meso(1 min), location may vary

Scan mode 4 https//www.starnesdisnoaa
A Full disk (3ning) gov/qoesr/product land gt

A CONUS extracted from full disk hp
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https://www.class.noaa.gov/
http://www.goes-r.gov/resources/docs.html#ATBDs
ftp://ftp.star.nesdis.noaa.gov/pub/smcd/emb/pyu/LTM/single/GOESR_ABI/
https://www.star.nesdis.noaa.gov/goesr/product_land_lst.php
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A timeline of JPSS & GOES-R LST products

Full
Validated

Algorithm Beta Provisional
Development Validated Validated

Satellite Coefficients
Launched Update

SunomiNPP
VIIRS LST

Prelaunch
Postlaunch
In operation

Data
Reprocessing

Algorithm Prelaunch Beta \\ Provisional
Development Validation (AHI) Validated 3 / Validated
GOES6
ABI LST
Satellite ) Moving to Full
Launched ‘7 east orbit -/ Validated
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Evolution of LST algorithm for JPSS & GOES-R

[ =C+ AT+ 4,1, —1,)+ Ae+ A,6(T), —T,)+ AA¢
Unified emissivity explicit algorithm
Q SCINECERS | ookup-table dimension: 3 TPW, 5
view angle, day/night)

Ts =C+ A&Tn t AZ(Tll B T12) + Ase"' AAE(Tll B le)(secz]- 1)
Emissivity explicit algorithm with view angle correction;
VIIRS LS Lookup-table dimension: day/night, dry/moist

Ts =C+ ALT11 + AZ(Tll B T12) T As(secr/' 1) t AA(Tll B le)2

Surface type dependent algorithm;
Lookup-table dimension: surface type, day/night

10/17/2017 NPL, Teddington, UK 7



Satellite LST (K)

Satellite LST (K)

“Point-to-area” validation: ABI LST validation

ABI GOESR vs Bondville_IL

L All: N = 356

| BIAS: 0.15; STD: 1.85
| Daytime: N = 141

| BIAS: 0.84; STD: 2.11
| Nighttime: N = 215
|-BIAS: -0.30; STD: 1.51

Ground Site LST (K)

ABI GOESR vs Goodwin_Creek_MS

L All: N = 649

|_BIAS: 0.49; STD: 2.45
| Daytime: N = 278

| BIAS: -1.20; STD: 1.71
L Nighttime: N = 371
|-BIAS: 1.75; STD: 2.13

2017027-2017149

300
Ground Site LST (K)

10/17/2017

Satellite LST {K)

Satellite LST (K)

ABI GOESR vs Boulder_CO

L All: N = 305

|_BIAS: -1.16; STD: 1.45
| Daytime: N = 91

| BIAS: -1.14; STD: 1.04
L Nighttime: N = 214
|_BIAS: -1.17; STD: 1.60

Ground Site LST (K)

ABI GOESR vs Penn_State_PA

L All: N = 204

|_BIAS: -0.30; STD: 2.37
| Daytime: N = 63

L BIAS: -0.90; STD: 2.53
L Nighttime: N = 141
|_BIAS: -0.03; STD: 2.25

2017027-2017149

Ground Site LST (K)

Satellite LST (K)

Satellite LST (K)

ABI GOESR vs Desert_Rock_NV

L All: N = 437

|_BIAS: -3.23; STD: 1.21
| Daytime: N = 126

| BIAS: -3.21; STD: 1.57
L Nighttime: N = 311

| BIAS: -3.24; STD: 1.03

2017027-2017149

Ground Site LST (K)
ABI GOESR vs Sioux_Falls_SD

L All: N = 465

|_BIAS: 0.54; STD: 2.06
| Daytime: N = 204

L BIAS: 0.86; STD: 2.41
L Nighttime: N = 261

| BIAS: 0.29; STD: 1.69

Satellite LST (K)

. y
Cooperative Institute for Glimaites
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ABI GOESR vs Fort_Peck_M

L All: N = 229

|_BIAS: -0.54; STD: 1.89
| Daytime: N = 97

L BIAS: -0.36; STD: 1.35
L Nighttime: N = 132
|_BIAS: -0.67; STD: 2.20

g

N
-]
=

Sites

Bondville

Boulder

Fort Peck

Goodwin
Creek

Ground Site LST (K)
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Satellite LST (K)

Satellite LST (K)

“Point-to-area” validation: Enterprise

ABI GOESR vs Bondville_IL

[ All: N = 356

|_BIAS: 0.57; STD: 1.83
L Daytime: N = 141

L BIAS: 1.16; STD: 2.08
L Nighttime: N = 215
|_BIAS: 0.19; STD: 1.52

2017027-2017149

260 280 300 320
Ground Site LST (K)

AB| GOESR vs Goodwin_Creek_MS

L All: N = 649

[ BIAS: 0.91; STD: 2.47
L Daytime: N = 278

| BIAS: -0.88; STD: 1.70
| Nighttime: N = 371
[-BIAS: 2.26; STD: 2.06

2017027-2017149

280 300
Ground Site LST (K)

10/17/2017

Satellite LST (K)

Satellite LST (K)

ABI GOESR vs Boulder_CO

ABI GOESR vs Desert_Rock_NV

All: N = 305
|_BIAS: -0.95; STD: 1.44
Daytime: N = 91
| BIAS: -1.13; STD: 1.01
| Nighttime: N = 214
| BIAS: -0.88; STD: 1.58

2017027-2017149

Satellite LST (K)

All: N = 437
|_BIAS: -2.94; STD: 1.21
Daytime: N = 126
| BIAS: -3.30; STD: 1.51
| Nighttime: N = 311
| BIAS: -2.80; STD: 1.04

2017027-2017149

300 320
Ground Site LST (K)
ABI GOESR vs Penn_State_PA

280 300 320
Ground Site LST (K)

All: N = 204

|_BIAS: -0.16; STD: 2.34
Daytime: N = 63

| BIAS: -0.82; STD: 2.45
| Nighttime: N = 141
|-BIAS: 0.14; STD: 2.24

2017027-2017149

Satellite LST (K)

ABI GOESR vs Sioux_Falls_SD
— —

All: N = 465

| BIAS: 0.58; STD: 1.99
Daytime: N = 204

| BIAS: 0.79; STD: 2.29
| Nighttime: N = 261
|-BIAS: 0.41; STD: 1.72

2017027-2017149

ABI GOESR vs Fort_Peck_MT
Mkt

LST validation cics-
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L All: N = 229

L_BIAS: -0.61; STD: 1.91
L Daytime: N = 97

L BIAS: -0.51; STD: 1.33
L Nighttime: N = 132
|_BIAS: -0.68; STD: 2.24

Satellite LST (K)

2017027-2017149

300
Ground Site LST (K)

Sites

Bondville

Boulder

Fort Peck

Goodwin
Creek

280 300
Ground Site LST (K)

300
Ground Site LST (K)
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“Point-to-area” validation: Enterprise LST validation cics-md
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Ground LST {BSRN)

LST (SURFRAD) VIIRS 5

VIRS.sGMD | ~ RN

1

AD

“ 00/2013- 06/2015

w Night

08/2012-07/2015

ASM 201501 TTE 2015

7 STD=2.20 ,Bias=0.48 N =326 - 8TD=243 Bias=-167N =350
STD=2.47 Bias=1.62 N =162 / STD=3.05 Bias=-0.84 N =177
7 STD=1.02 Bias=-0.64,N = 164 - 8TD=1.02 Bias=-2.52N =173
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%50 260 270 20 200 300 310 320 330 30 2% 280 270 20 20 0 3o 30 B0 340
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“Area-to-Area” validation: LEO v.s. LEO cics-
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AQUA LST on 2016003.1950 VIRS LST on 20160103_t1948376_e1951272_B21685 Enterprise AQUA  LST ve VIIRS LST at 2016003.19501249344)

-108 —104 -100

340

SAMPLES: 249344
[ STO(K): 1.49
- BIAS(K): 0.20
| RMSE(K): 1.50

AQUA LST(K)

240
240 260 280 300
260 270 280 290 300 310 0 VIRS LST(K)

VIIRS LST on 20160210_t0138180_e0139421_622213 Enterprise YIRS LST vs AQUA LST at 2016041.0140(90023)

340

SAMPLES: 90023
STD(K): 1.59
BIAS(K): —0.41

| RMSE(K): 1.64

e

AQUA LST(K)

h
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|
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i

VIIRSIsAQUA
Q\i\ORS LST(EV%O 0 0
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VIIRS LST(K)
LST vs VIIRS LST at 2016050_0200(39862)

VIRS LST(K)

VIIRS vs SEVI

LEO

LST vs VIRS LST at 2016050_1330(42987)

1.80
2.47
: 2.89
0.69
: 1,681

1.46

EK:

SAMPLES: 42987
)
(K)

T STD(K):

S

SAMPLES: 39862
r STD(K%
(K3

[ ]
320 BIAS(K):
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L RMS
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VIIRS LST on 20160219_t1321238_e1325387_b22348

red

VIIRS LST on 20160218_t0158361_e0202511_b22341
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“Area-to-Area” validation: GEO v.s. LEO cics-

Cooperative Institute for Cli
UNIVERSITY OF MARYLAND

GOES-16 CONUS ABI LST (2017-05-23 UTC 20:03) Aggregated VIIRS LST (2017-05-23 UTC 20:01) ABI LST - Aggregated VIIRS LST (2017-05-23 UTC 20:02)

| 4

109 8-76-5-4-3-2-10123452¢867 8 910

T -

213 223 233 243 253 263 273 283 293 303 313 323 333 343

ABI LST -Aggregated VIIRS LST (2017-05-23 UTC 08:46)

v
i

109 8-76-54-3-2-1012345@867 8910

213 223 233 243 253 263 273 283 293 303 313 323 333 343
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Mean LST Differences (K)

LST Standard Deviation (K)
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BT11 Standard Deviation (K}

STZ diff <10 ABl v.s, VIIRS

cavitiont || Al [ll Day [l Night

Mean LST Differences (K)

STZ diff < 10 ABlv.s. MYD11
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Challenges and future plans

Locations of ground stations for LST validation

ADistribution of stations
IS remarkably biased,;

ALack of standard
protocol for
measurement and
quality control;

AMissing validation

praCtICe prOtOCOI 180  150W  120W  90W  60W  30W 0 60E 90E  120E  150E 180
across missions. (Data are extracted from previous publications using in situ measurements.)

Protocol for high quality in situ measurement is essential for LST validation.
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Challenges and future plans

(Krishnan et al., RSE 2015)

AAccounting for heterogeneity
of station is challenging;

AThe heterogeneity could
Increase the uncertainty of |
situ based validation;

AAlthough challenging, it is
necessary to characterize
heterogeneity of ground |
stations for future validation o RS,

activity; Comparison of temperature measurements from station,
aircraft and satellite (MODIS).

Latitude(®)

10/17/2017 NPL, Teddington, UK 16



Challenges and future plans

AViewing geometry across sensors could create challenges for cross
satellite comparison;

ADifferent standard for cloud masking increase the inconsistency:.

ABI match with VIIRS ABI match with MODIS (Aqua)
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Clear POES pixel ratio (3x3) Clear POES pixel ratio (3x3)
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Concluding remarks

ALand surface temperature are critical environmental data record for
continuous JPSS and GEHERIIssIoNsS;

ACurrent LST validation activities for JPSS and BOESsions mainly
rely on in situ measurements (e.g., SURFRAD) and cross products
comparison;

AStation distribution, data quality, station heterogeneity, and sensor
difference create challenges for LST products validation;

AProtocols for data collection and validation practice are necessary for
generating consistent and reliable conclusions;
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R ¢ Suomi NPP VIIRS Global Land Surface Temperature - Daytime - IDPS
: 31 Jul 2016
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Ocean No Data 220 260 280
ST Temperature (K)

MNOAAMNESDISISTAR
AHI LST Date: 20160612 UTC: 0000
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