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LST Basics 
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Definition: Land Surface Temperature (LST) is the mean radiative skin temperature derived 
from thermal radiation of all objects comprising the surface, as measured by remote 
sensing ground-viewing or satellite instruments.  
 

 Benefits:  
 plays a key role in describing the physics of land-surface processes on regional and global 

scales 
 provides a globally consistent record from satellite of clear-sky, radiative temperatures of 

the Earth’s surface 
 provides a crucial constraint on surface energy balances, particularly in moisture-limited 

states 
 provides a metric of surface state when combined with vegetation parameters and soil 

moisture, and is related to the driving of vegetation phenology 
 an important source of information for deriving surface temperature in regions with sparse 

measurement stations 
 VIIRS LST EDR: Granule Product, moderate resolution, Split-window/Surface-type  (17 IGBP) 

Dependent  Regression Algorithm; 
GOES-R LST: Full Disk, CONUS, MESO, Split-window/Emissivity Explicit Regression Algorithm. 
Mission Requirement: 
SNPP VIIRS    : H = 1 km,       T = Daily,      A = 1.4 K,  Uncertainty = 2.5 K 
GOES-R ABI   : H = 2/10 km, T = Hourly,   A = 2.5 K,  Uncertainty = 2.3 K 



VIIRS LST EDR 
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Basics: Current S-NPP VIIRS LST  
Operational Product 

• Web sites  
– CLASS: http://www.nsof.class.noaa.gov/saa/products/welcome (search for JPSS 

VIIRS EDR) 
– Team site :  http://www.star.nesdis.noaa.gov/jpss/lst.php 
– NASA site: http://viirsland.gsfc.nasa.gov/Products/LSTEDR.html 

• Monitoring: http://www.star.nesdis.noaa.gov/jpss/EDRs/products_LST.php 5 

• LUTs (coefficients set) update  
– Beta (July, 2012), provision (July, 

2014)  
– Validated V1 (March 2015) 

• Production team 
– STAR Science Team : Scientific 

development and validation 
– JPSS  DPE (Data Product 

Engineering) : Production 

• Operational Products 
– Single 1.5 min granule data 
– Combined 4 x 1.5 min granule 

data 

• Production team 
– STAR Science Team : Scientific 

development and validation 
– JPSS  DPE (Data Product 

Engineering) : Production 

http://www.nsof.class.noaa.gov/saa/products/welcome
http://www.star.nesdis.noaa.gov/jpss/lst.php
http://viirsland.gsfc.nasa.gov/Products/LSTEDR.html
http://www.star.nesdis.noaa.gov/jpss/EDRs/products_LST.php


VIIRS Data: Feb. 2012 – Aug. 2014 
MODIS Data: Jan. 2012 – Jul. 2013 
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Season Samples Overall Day Night 

Bias STD Bias STD Bias STD 

Spring 1297 -0.54 2.78 -0.69 3.82 -0.46 1.97 

Summer 1403 -0.1 2.43 -0.87 3.68 0.26 1.39 

Fall 1160 -0.28 1.9 -0.32 2.04 -0.24 1.79 

Winter 976 -0.65 2.01 -0.83 1.65 -0.53 2.21 

IGBP type Samples Overall Day Night 
Bias STD Bias STD Bias STD 

4 18 -1.41 3.01 -1.82 2.66 -1.26 3.22 
6 96 -0.98 1.41 -0.5 1.88 -1.32 0.84 
7 955 -0.2 1.59 0.24 2.06 -0.61 0.79 
8 286 0.19 2.56 -1.7 2.6 1.38 1.66 

10 1048 -0.49 1.81 -0.85 2.3 -0.37 1.59 
12 1238 -0.35 2.68 -0.63 3.8 -0.22 1.91 
14 857 -0.28 2.54 -1.28 2.4 0.19 2.47 

15* 189 -1.72 4.31 -1.72 4.31 
16 149 -0.23 1.55 0.87 1.67 -1.04 0.75 

Attribute 
Analyzed 

 L1RD 
Thresh

old 

Validation 
Result 

Description 

In-situ 
Validation 
 

1.4K 
(2.5K) 

-0.37 
(2.35) 

Results are based on the VIIRS data over SURFRAD sites 
for over 2.5 years . The error budget estimation is limited by 
ground data quality control, cloud filtering procedure and 
upstream data error. 

R-based 
Validation 

1.4K 
(2.5K) 
 

0.47(1.12) 
 

A forward radiative transfer model is used, over 9 regions in 
globe, representing all 17-IGBP types over the seasons. The 
error budget estimation is limited by profile quality, cloud 
screening procedure and sampling procedure. 

Cross 
satellite 
Comparison 

0.59(1.93): 
daytime 
0.99(2.02): 
nighttime 

The results are based on comparisons to MODIS LST, over 
100 scenes, over low latitude, polar area and CONUSThe 
error budget estimation  is limited by the spatial and 
temporal difference, sensor difference, angle difference etc.   

Validation summaries of the LST EDR are shown 
in Table (right); validated 1 maturity approval in 
Dec. 2014. Marginally meet the requirement 
with limited “in-situ” data 
 

Validation details of the VIIRS LST comparisons 
against the SURFRAD station data are shown in 
the plots (bottom-left) and in the tables 
(bottom-middle, bottom-right). 
 

 

U.S. SURFRAD stations  

 Validated V1 review – 
December, 2014 

Validation Status 



Towards Comprehensive Validation 
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10/2012 - 07/2015 

09/2013 - 07/2015 

Validation with BSRN 

Gobabeb, 
Namibia 

Cabauw, 
Netherlands 



09/2013 - 06/2015 

02/2012 - 06/2015 

SGP_CF1 

GMD, Summit, Greenland 

Towards Comprehensive Validation 
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Cross-satellite LST comparison 
is used in VIIRS LST evaluation.   
 
Caution:  Time difference is a 
significant impact; granule 
level comparison is needed. 

Date: 4/19/2014 

VIIRS - LST 

MODIS_LST 

VIIRS - MODIS 

VIIRS/MODIS - MODIS 

Cross-satellite Comparison: dataset 
difference 
 

MODIS LST 

VI
IR

S/
M

O
DI

S 
LS

T 

Cross-satellite Comparisons 



Geo-Leo LST comparisons 

Bias = 1.86 
STD = 1.98 

Bias = - 0.51 
STD = 2.04 
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Bias = 3.02 
STD = 4.57  

Bias = - 0.95 
STD = 1.86  

AUS 

CHN 

Cross-satellite Comparisons 



JPSS LST for EMC model evaluation 

• Performed comparison of VIIRS LST data and 
NAM model data 

– Period: March 2012 
– Resolution: 0.05 deg 

•  Results  
 VIIRS LST and NAM LST agree with each other 

better in nighttime.  
 The monthly mean biases are 0.47 and 3.76 during 

nighttime and daytime, respectively. 
 Granule level comparisons show that the VIIRS-

NAM difference  over west region is higher than 
that over east region. 

• Current effort: new data format needed  
– Gridded 1 km data 
– Projection and data format matches to the EMC 

model run needs 
– Time label and QFs for each grid 
– Tools to convert a popular L3 LST data format into a 

rather specific EMC requested data format  
– Analysis of the JPSS and Model LST differences 

Project on-going: Incorporation of near-real-time S-NPP 
JPSS Land Surface Temperature data into the NCEP Land 
modeling suite 

Day and night, March 2012 
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VIIRS L3 LST development  



VIIRS L3 Global Gridded Daily LST 
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•  Current VIIRS LST EDR: granulized instantaneous 
product;  
•  Regular-grid LST product is highly demanded; 
•  Level-3 VIIRS Gridded LST features: 

–  Global coverage with 0.01 degree spatial resolution 
–  Gridded with tile system management 
–  Gap-filled at invalid pixel 
–  Daily product at daytime and nighttime 

Index for 
tiles 

VIIRS  
Granule LST 

VIIRS 
Geolocation 

VIIRS View 
Geometry 

VIIRS Granule 
LST QF 

Daytime and 
nighttime LST Tiles 

Map 
Projection 

Gap filling 

LST 
Composi-

tion 

Intermediate 
LST Tiles 

4 by 2 tiles (90D * 90D) 

Data fields of VIIRS Gridded LST 

Processing Diagram 



VIIRS L3 Global Gridded Daily LST 
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Two-bytes QC Field 

Example data  



GOES-R LST development 
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GOES-R ABI LST Product 
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Full Disk 

CONUS 

Product Accuracy Precision Range Refresh 
Rate Resolution 

LST (CONUS) 2.5 K 2.3 K 213 ~ 330 K 60 min 2 km 

LST (Full Disk) 2.5 K 2.3 K 213 ~ 330 K 60 min 10 km 

LST (Mesoscale) 2.5 K 2.3 K 213 ~ 330 K 60 min 2 km 

Product Temporal 
Coverage 

Product 
Extent Cloud Cover Conditions Product Statistics 

LST (CONUS) Day and Night LZA < 70 Clear Conditions associated with 
threshold accuracy 

Over specified 
geographic area 

LST (Full Disk) Day and Night LZA < 70 Clear Conditions associated with 
threshold accuracy 

Over specified 
geographic area 

LST 
(Mesoscale) Day and Night LZA < 70 Clear Conditions associated with 

threshold accuracy 
Over specified 

geographic area 

Qualifiers 

Products 

● The ABI Land Surface Temperature (LST) algorithm 
generates the baseline products of land surface skin 
temperatures in three ABI scan modes: Full Disk, 
CONUS, and Mesoscale; 

● Has a good heritage; will add to the LST climate data 
record; 



PLPT Zoom-In Schedule 
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LEGEND 

Launch 
& Orbit 
Raising 

Operations - 
Post-launch Testing (PLT) - 180 Days 

Outgas 
System Performance Operational Test (SPOT) 

12 Days 30 Days 60 Days 6 Mo 

Post-Launch Assessment Review (PLAR) 
and Handover Readiness Review (HRR):  

Handover  S/C Ops to OSPO 

30 Days 

PLPT 

Ex-
tended 

Val 

<=5yrs Storage + >=8.4 Yrs Ops 

Beta Stage 
Testing 

Provisional Stage Testing Validated Stage Testing 

Peer-Stakeholder L1b & KPP Product 
Validation Review  

Handover L1b & KPP Products to NWS Peer-Stakeholder L2+ Product 
Validation Reviews  

Handover L2+ Products to NWS  

L+70Days  

PLT End + 15Mo 

ABI (L1b&KPP) 

ABI (Other L2+)@ 

GLM (L2+) 

SpWx (L1b)@ 

Products Not Yet 
Available to 

Public Beta Validated 
Product 

Provisionally 
Validated Product 

Fully Validated 
Product 

L+192Days 

PLT Cal/INR 

32 Days* 28 Days 

L+87Days 

L+ 86(MAG), 95(SUVI), 107(EXIS), 130(SEISS) Days L+192Days 

PLT End + 4Mo 

L+103Days 

L+139 Days 

L+77Days  

L+73Days  

3-17 November 13, 2014 
@ Maturity level may vary for each product, as product availability is driven by maturity of  
     algorithm implementation, as well as, the existence of science phenomena and associated ground-truth data. 

9 Mo 

PLT End + 12Mo 

PLT End + 12Mo 

PLT End + 12Mo 

L+70Days  



GOES-R ABI LST Validation 
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Components of LST Validation 
 In-situ measurement comparisons and analyses 
 Cross-satellite comparisons and analyses 
 Successful applications –users promotion  
 

Strategy of In-situ measurement comparisons and analyses 
 Existing ground station observations (e.g. SURFRAD Network), as 

long-term data source 
 Field campaign data plays three important roles 

 High quality observations for direct comparison and analysis 
 Calibrating co-site ground station observations  
 Characterizing heterogeneity feature of co-site ground station  

 Towards the field campaign readiness  
 Platform: low altitude, small unmanned aerial vehicle (UVA)  
 Instrument readiness : accurate infrared radiometers covers ABI bands   
 Site selection: better to cover SURFRAD/CRN station 
 Data processing and algorithms: noise filtering, spatial characterization, 

calibration to station data, etc. 
 Coordination with the Field Campaign Team. 



LST Validation Tool 
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Preprocessing 
Module 

 Modularized design: preprocessing and validation modules 
 Reader: Reads satellites, ground sites, and auxiliary data 
 Spatial and temporal match-up 
 Apply satellite cloud mask if available 
 Satellite and ground site LST estimation/extraction 
 Preprocessed data set (relevant  variables; 33 variables) 
 User friendly, efficient 
 Multiple sensor, in-situ, algorithm; ease of extension 
 Additional cloud filtering option 
 Easy to be combined with the monitoring system and the 

algorithm generation tool 
 

START 

User input 

Ground 
data 

reader 

Geo-location 
matchup 

Time 
matchup 

Read TPW, 
Emiss, etc. 

Sensor 
data read 
& cloud 

Surfrad 

KIT 

Others 

Ancillary 

Preprocessed 
Dataset 

MODIS 

SEVIRI 

VIIRS 

AHI 

Validation 
 Module 

Sensor In-situ 

LOGOs 

Additional cloud 

Document 

Feedback 

Time 

Algorithm 

Plots 



Algorithm Evaluation – VIIRS proxy 
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No Formula# Reference 
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Wan & Dozier (1996); 
Becker & Li (1990). 

6 )1)(sec()( 1211312112111 −−++−++= θε TTDATTATACTs  
Ulivieri & Cannizzaro 
(1985). 

10 )1)(sec()(
)()(
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εε

TTDTTA
TTAATTATACTs  Ulivieri & Cannizzaro 

(1985) modified 1. 

11 )1)(sec(
)()(

12115
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−−+∆+
−++−++=

θε
εε

TTDA
TTAATTATACTs  Ulivieri & Cannizzaro 

(1985) modified 2. 
#Note:    
T11 and T12 represent the top-of-atmosphere brightness temperatures of ABI channels 14 and 
15, respectively; 
ε=(ε11+ε12)/2 and ∆ε=(ε11-ε12), where ε11 and ε12 are the spectral emissivity values of the 
land surface at ABI channels 14 and 15, respectively; 
θ is the satellite view zenith angle. 
C,  A1, A2,  A3,  A4,  A5,  A6,  and D are algorithm coefficients. 
Modified versions: )1)(sec( 1211 −− θTTD  is removed and the retrieval is carried out in 
different satellite view zenith angle ranges,  i.e., [0, 25, 45, 55, 65, 75] 

 

Alg BON TBL DRA FPK GWN PSU SXF Overall 
IDPS 0.06/1.79 -0.23/1.34 -0.59/1.63 0.37/1.89 0.99/2.03 0.64/1.74 -0.02/2.07 0.05/1.87 

1 0.27/1.75 -0.64/1.50 -0.82/1.70 0.20/1.81 0.77/2.06 0.36/1.75 0.25/1.67 -0.05/1.84 
1’ 0.32/1.72 -0.59/1.44 -0.72/1.59 0.24/1.76 0.79/2.04 0.37/1.72 0.29/1.65 0.00/1.79 
6 0.26/1.75 -0.62/1.50 -0.87/1.73 0.22/1.80 0.78/2.07 0.36/1.75 0.26/1.68 -0.06/1.86 
6’ 0.31/1.73 -0.56/1.45 -0.77/1.64 0.26/1.76 0.80/2.05 0.38/1.72 0.31/1.66 -0.00/1.81 
10 0.26/1.74 -0.64/1.49 -0.89/1.67 0.20/1.80 0.77/2.06 0.36/1.75 0.25/1.67 -0.07/1.84 
10’ 0.32/1.72 -0.58/1.44 -0.78/1.58 0.24/1.76 0.80/2.04 0.37/1.72 0.30/1.65 -0.01/1.79 
11 0.27/1.75 -0.64/1.49 -0.88/1.68 0.20/1.80 0.77/2.06 0.36/1.75 0.26/1.67 -0.07/1.84 
11’ 0.32/1.72 -0.59/1.44 -0.79/1.58 0.24/1.76 0.80/2.04 0.38/1.72 0.30/1.65 -0.01/1.79 

Algorithm Candidates 

Validation results with three years VIIRS  data as proxy and AWG emissivity  

ABI 
Emissivity 

• VIIRS data as proxy 
• Replacement of the 

ST-dependent 
algorithm 

• Common retrieval 
algorithm for 
different sensors; 

• Emissivity 
Development 



Algorithm Evaluation – AHI proxy 
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Himawari-8 AHI GOES-R ABI 
Channel Wavelength Bandwidth Wavelength Bandwidth 

1 0.47 0.04 0.47 0.04 
2 0.51 0.03 0.64 0.1 
3 0.64 0.08 0.865 0.04 
4 0.86 0.03 1.378 0.015 
5 1.61 0.04 1.61 0.06 
6 2.26 0.04 2.25 0.05 
7 3.88 0.2 3.9 0.2 
8 6.24 0.82 6.19 0.83 
9 6.94 0.4 6.95 0.4 

10 7.35 0.19 7.34 0.2 
11 8.59 0.37 8.5 0.4 
12 9.63 0.38 9.61 0.38 
13 10.4 0.42 10.35 0.5 
14 11.24 0.67 11.2 0.8 
15 12.38 0.97 12.3 1 
16 13.28 0.56 13.3 0.6 

• Himawari-8 AHI data as proxy 
• Similar sensor characteristics with 

GOES-R ABI 
• Preliminarily validated using Australia 

ground measurements 
• Multiple algorithms: 1) ABI; 2) 

Modified SZA correction; 3) emissivity 
difference 

Alg #1： 
R: 0.96 
Bias: 0.68 
STD: 3.40 

Alg #2： 
R: 0.95 
Bias: -0.56 
STD: 3.06 

Alg #3： 
R: 0.95 
Bias: -0.22 
STD: 3.10 



Algorithm Evaluation – AHI proxy 
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• Proposing new coefficients 
for different satellite 
zenith angle 



Emissivity product development 

23 



Land Surface Emissivity  
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ASTER 
GED(2000-2009) 

MODIS Mean 
Emissivity  

Dataset Evaluation & 
Synthesis 

2003-2014 
UWBFEMI 

Quality Flag 

Background Emissivity 
Climatology 

Mean GVF 

Spectral Library 

Vegetation Variation 

Snow  Coverage Effect 

ST
AT

IC
 E

M
IS

SI
V

IT
Y

 
D

Y
N

A
M

IC
 

Emissivity Priori 

Surface Type 

Dynamic Emissivity  QF&Error 

Granule/Gridded 
GVF 

Snow Fraction 

Background Emissivity 
εbare = (εA - εveg*f)/(1 – f) 

Spectral Conversion 
AST/MOD to VIIRS/ABI 

Algorithm Flowchart 

Purpose: 
 Enhance LST retrieval and 

validation 
 Support the forecasting model 
 
Method: 
 Dividing a land pixel into three 

components (soil, vegetation and 
snow ). 

 Using historic emissivity product 
to generate background (soil or 
snow) emissivity climatology 

 Using real time vegetation and 
snow information to adjust the 
static emissivity. 

 
Main Features: 
 Daily global gridded dataset 
 VIIRS Swath and GOES-R full disk. 
 Up to 1 km resolution 
 QF for each grid 



Static Emissivity 
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Dynamic Emissivity 
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Emissivity 
Products 

Spatial 
Resolution 

Temporal 
Resolution Spectral coverage Uncertainty 

Global Gridded 0.01º x 0.01º 8-day, 2 days latency 8.55, 10.75,12.0 μm, BBE <1.5% 

VIIRS Granule 750m @nadir Swath, daily 8.55, 10.75,12.0 μm <1.5% 

GOES-R Full disk 2km @nadir Full disk, daily 8.4, 10.3, 11.3, 12,3μm <1.5% 

Future work:  
Incorporate the emissivity into LST retrieval and evaluate the accuracy.  
Investigating the soil moisture impact on the emissivity and add this effect to the dataset. 
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LST Long Term Monitoring  



VIIRS LST LTM – Site 
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Cron start 

Data aquirement 

Geo-location & 
temporal matchup 

VIIRS 
SURFRAD 

QC & Cloud 
Screening 

Graphics, Data 
table, & log 

FTP/Web 
server 

Email to users 

End 

ftp://ftp.star.nesdis.noaa.gov/pub/smcd/emb/pyu/VIIRS_monitoring/current/year/ 

Desert Rock: 2015001-2015311 



VIIRS LST LTM - Global 

29 http://www.star.nesdis.noaa.gov/jpss/EDRs/products_LST.php# 

 Near real-
time;   

 Daytime 
Nighttime; 

 Global 
composite; 

 5 km 
resolution; 
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Monitoring  -- Animation of Time Series 



Summary 

• S-NPP VIIRS LST EDR  
– reached V1 validated status  
– more comprehensive validation with extended in-situ observation is 

ongoing 
• GOES-R LST 

– Flexible validation tool has been established 
– Retrieval algorithm is tested with multiple proxy sensors, e.g., Himawari 

AHI 
• A high resolution emissivity data is being developed 

– Global coverage 
– Algorithm for different satellite sensors 

• A Level-3 daily global 0.01° gridded LST product is being developed 
• Sophisticated LST monitoring system for multiple sensors was 

constructed 
– In-situ validation alerting/notification 
– Cross satellite comparison, single sensor product monitoring 
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Thank You! 
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