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Outline
1. L2 products
2. QC and Cloud Masking
3. Stage-2 Validation
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SDS Long Name Units

LST Land Surface Temperature K

Emissivity Emissivity
(bands 1 -5)

n/a

QC Quality Control  (16-bit) n/a

LST_err LST Uncertainty K

Emis_err Emissivity Uncertainty
(bands 1 – 5)

n/a

EmisWB Wideband Emissivity
(8 – 12.5 micron)

n/a

PWV Precipitable Water Vapor cm

ECOSTRESS Level-2 Science Data Sets (SDS)
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Bits Long Name Description
1&0 Mandatory QA flags 00 = Pixel produced, best quality

01 = Pixel produced, nominal quality. Either one or more of the following 
conditions are met: 

1. Emissivity in both bands 4 and 5 < 0.95,  i.e. possible cloud 
contamination

2. Low transmissivity due to high water vapor loading (<0.4), 
check PWV values and error estimates

3. Pixel falls on missing scan line in bands 1&5, and filled using 
spatial neural net. Check error estimates. 

Recommend more detailed analysis of   other QC information

10 = Pixel produced, but cloud detected

11 = Pixel not produced due to missing/bad data, or TES divergence, user 
should check data quality flag bits.

3 & 2 Data quality flag 00 = Good quality L1B data

01 = Missing stripe pixel in bands 1 and 5

10 = not set

11 = Missing/bad L1B data
5 & 4 Cloud/Ocean Flag Not set. Please check ECOSTRESS GEO and CLOUD products for this 

information.

7 & 6 Iterations 00 = Slow convergence

01 = Nominal

10 = Nominal

11 = Fast
9 & 8 Atmospheric Opacity 00 = >=3 (Warm, humid air; or cold land)

01 = 0.2 - 0.3 (Nominal value)

10 = 0.1 - 0.2 (Nominal value)

11 = <0.1 (Dry, or high altitude pixel)
11 & 10 MMD 00 = > 0.15 (Most silicate rocks)

01 = 0.1 - 0.15 (Rocks, sand, some soils)

10 = 0.03 - 0.1 (Mostly soils, mixed pixel)

11 = <0.03 (Vegetation, snow, water, ice)
13 & 12 Emissivity accuracy 

(Average of all bands)

00 = >0.02 (Poor performance)

01 = 0.015 - 0.02 (Marginal performance)

10 = 0.01 - 0.015 (Good performance)

11 = <0.01 (Excellent performance)
15 & 14 LST accuracy 00 = >2 K (Poor performance)

01 = 1.5 - 2 K (Marginal performance)

10 = 1 - 1.5 K (Good performance)

11 = <1 K (Excellent performance)

Please read the User Guide and 
pay attention to QC!
https://lpdaac.usgs.gov/documents/423/ECO2_User_Guide_V1.pdf

https://lpdaac.usgs.gov/documents/423/ECO2_User_Guide_V1.pdf


MODIS cloud mask tests



Cloud Mask Challenges

• ECOSTRESS has two cloud thermal tests:
1. BT11: Band 4 brightness temperature threshold 

BT11 threshold (day/night, elevation)

2.   BT11 – BT12: Band 4 – 5 brightness temperature difference 
BT11 – BT12 (LUT based on band 4 brightness temperature)

However, ideally:
1.  BT11 threshold (location, time of day, time of year, elevation)

– Work to be completed this summer and implementation in build 
7 reprocessing
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/SDS/LST
Cloud product bit 3 = 1 
applied: result of both 
cloud tests
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/SDS/LST
Cloud product bit 2 = 1 
applied: result of both 
cloud tests plus cloud 
growing and filling
Or
Bits 1&2 in QC = 0&0
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/SDS/LST
/SDS/Emis5 < 0.95 



CEOS LST validation best practices
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1. Temperature-based validation
2. Radiance-based validation
3. Sensor LST product intercomparisons
4.  Time-series analysis



Status: LST instrumented validation Sites
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NEW
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Lake Tahoe operating 24x7 since 1999
Salton Sea since 2007

JPL Cal/Val sites: Lake Tahoe and Salton Sea, CA
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07/2018 – 02/2020
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07/2018 – 02/2020
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Safehold
2/3/19

Safehold
3/21/19

Safehold
11/23/19

Each safehold = warmup deicing cycle

TES 5-band algorithm TES 3-band algorithm
Filestreaming
start
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JPL Cal/Val sites: Russell Ranch, CA



JPL validation tower at Russell Ranch, CA

• Crops are sown in ~April (usually tomatoes)
• Harvesting occurs in late September
• Tower has a visible camera taking daily snapshots of field 

condition
• Two radiometers pointing perpendicular to crop rows

Radiometer obs at 20, 25, 
30 degrees off nadir







*Only matchups with field in 
fully vegetated state 
selected to minimize 
emissivity correction issues









Atmospheric 
Profile (ECMWF)
(Tair, RH)

Retrieved Temp (T1)
Measured Emissivity

Radiance-Based Temperature Validation

Sensor Radiance 
(CALC1)

Compare radiances:
CALC1 – OBS?

T2 = T1 ± 2 K
Measured Emissivity

Sensor Radiance 
(CALC2)

Tr = interp1([CALC1 CALC2], 
[T1 T2], 
OBS);

Terror = Tr – T1

Requirements:

Ø Accurate Emissivity 

Ø Accurate Profile:
Td(calc) = Tb(11µm) – Tb(12µm)
Td(obs) = Tb(11µm) – Tb(12µm)

Td(calc) – Td(obs) <0.5 K 



Great Sands, CO Killpecker, WY Algodones, CA

White Sands, NM Kelso, CA

Little Sahara, UT

Moses Lake, WA

Stovepipe Wells, CA

Coral Pink, UT
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Algodones Dunes, CA
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White Sands, NM
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ECOSTRESS 3 vs 5-band TES accuracy

07/2018 – 3/2019 05/2019 – 02/2020

0.1 K higher error for 3-band TES, 
negligible change in Bias
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LST error vs atmospheric water vapor
(Algodones dunes, CA)

Fire smoke 
contamination
(08/17/2018)
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Fire smoke 
contamination
(08/17/2018)

LST error vs satellite view angle
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CEOS LST Validation Recommendations
1. Temperature-based validation

– Ground instrumented sites
– Sensor LST matched to ground temperature 

measurements with NIST traceable standards

• Advantages:
– Most direct and accurate method of validation
– Can also be used for calibration purposes

• Disadvantages
– Requires accurately matched measurements
– Site and instrument maintenance is costly
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CEOS LST Validation Recommendations

2. Radiance-based validation
– Radiative closure simulation experiment
– Requires accurate site emissivity data and atmospheric 

profiles (NWP or radiosonde)

• Advantages:
– Can be used to validated coarser resolution sensors
– Can be applied on global scales day and night

• Disadvantages
– Requires accurate atmospheric profiles and emissivity 
– Requires sensor with at least two bands at 10-12 micron
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CEOS LST Validation Recommendations

3. Sensor LST scene intercomparisons
– Comparisons with contemporaneous LST from 

other well calibrated/validated sensors
– e.g. Landsat vs ASTER, or Landsat vs GOES-16

4. Time-series comparisons
– Comparisons between LST products over time to 

identify sensor drift, calibration, cloud detection 
issues
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CEOS WGCV Validation Stages





• Spatial representativeness is key
• Sites should be homogeneous at a scale 

of at least 3x3 satellite pixels

ECOSTRESS
pixel

Bondville SURFRAD site measures different proportions of vegetation 
depending on time of year making it unsuitable for LST validation



LST validation good practices 
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• Observing & understanding 
various surface temperatures of 
Earth

• Describes progress by domain 
(air, land, sea, lakes and ice)

• Rigorous validation chapter

‘EarthTemp textbook’


