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LST FROM SENTINEL-3 

Sentinel-3A LST 26th June 2018 
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Product Lvl Provision of data (year) 
95 96 97 98 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 

AATSR L2                                               

L3                                               

ATSR-2 L2                                               

L3                                               

ATSR CDR L3                                               

AMSR-E L2                                               

GOES L2                                               

MERGED GEO L4                                               

MERGED LEO L4                                               

MERGED GEO+LEO L4                                               

GT MODIS (T) L2                                               

GT MODIS (A) L2                                               

MTSAT L2                                               

Himawari L2                                               

SEVIRI L2                                               

SLSTR L2                                               

L3                                               

SSM/I L2                                               

HERITAGE: GLOBTEMPERATURE LST DATA PRODUCTS 

Data Portal: data.globtemperature.info 
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HERITAGE: GLOBTEMPERATURE LST INTERCOMPARISON 

Intercompari

son Type 
Region 

Temporal 

matching 
Product 1 Product 2 

Seasonal Median (K) 

DJF MAM JJA SON 

Day Night Day Night Day Night Day Night 

IR LEO vs IR 

LEO 
Arctic 2010 - 12 

MOD11 AATSR -0.23 -0.22 -0.48 -0.42 -2.02 -1.11 -0.63 -0.44 

MOGSV AATSR 0.72 0.33 0.60 0.14 -0.78 -0.81 0.16 -0.16 

IR LEO vs IR 

LEO 
Greenland 2010 - 12 

MOD11 AATSR -0.47 -0.58 -0.52 -0.45 -0.45 -0.36 -0.38 -0.44 

MOGSV AATSR -0.20 -0.38 -0.17 -0.17 -0.37 -0.17 -0.24 -0.31 

IR LEO vs IR 

LEO 
Antarctic 2010 - 12 

MOD11 AATSR -0.25 -0.32 -0.34 -0.49 -0.34 -0.61 -0.32 -0.42 

MOGSV AATSR 0.06 -0.63 -0.22 -0.47 -0.24 -0.76 -0.17 -0.44 

IR LEO vs IR 

GEO 
Africa 2010 - 12 

AATSR SEVIR 2.52 1.53 2.96 1.78 2.99 1.99 2.87 1.69 

ATSOP SEVIR 1.31 0.25 2.14 0.79 2.50 1.06 2.32 0.59 

MOGSV SEVIR 1.67 1.21 1.70 1.30 1.66 1.44 1.72 1.29 

MYGSV SEVIR 1.46 1.43 1.19 1.49 1.41 1.70 1.31 1.59 

MOD11 SEVIR -1.99 -1.15 -2.10 -1.09 -2.08 -0.78 -2.51 -1.05 

MYD11 SEVIR -2.57 -1.13 -3.01 -1.05 -2.99 -0.69 -3.22 -0.97 

IR LEO vs IR 

GEO 
Europe 2010 - 12 

AATSR SEVIR 0.34 1.24 1.52 1.43 3.13 2.04 0.54 1.43 

ATSOP SEVIR 0.99 1.49 2.23 1.25 4.00 2.00 0.88 1.04 

MOGSV SEVIR 0.05 0.68 0.50 0.65 1.28 0.87 -0.60 0.41 

MYGSV SEVIR -0.13 0.79 0.44 0.88 1.27 1.10 -0.75 0.59 

MOD11 SEVIR -0.96 0.01 -1.15 -0.24 -1.24 -0.16 -1.90 -0.25 

MYD11 SEVIR -1.26 0.06 -1.45 -0.01 -1.54 0.22 -2.41 -0.10 

IR LEO vs IR 

GEO 
North America 2010 - 12 

AATSR GOES_ -0.20 0.95 0.96 1.22 3.75 1.60 1.07 1.41 

ATSOP GOES _ 0.13 1.23 1.73 1.39 4.48 1.63 1.02 1.18 

MOGSV GOES _ -0.13 0.73 0.98 0.69 2.58 0.43 0.44 0.53 

MYGSV GOES _ 0.16 0.70 1.53 0.86 3.32 0.78 1.15 0.79 

MOD11 GOES _ -1.27 -0.09 -0.54 0.00 0.19 -0.12 -1.01 -0.01 

MYD11 GOES _ -1.06 -0.06 -0.21 -0.13 0.80 -0.49 -0.54 -0.12 

IR LEO vs IR 

GEO 
Australia 2010 - 12 

AATSR MTSAT 3.94 0.91 2.62 0.78 1.69 1.06 3.59 1.13 

MOGSV MTSAT 3.13 -0.12 1.75 0.49 2.01 1.47 2.15 0.37 

MYGSV MTSAT 4.15 0.33 2.54 0.51 2.42 1.50 2.50 0.54 

MOD11 MTSAT -1.18 -1.39 -0.80 -0.81 -0.47 -0.29 -0.59 -0.87 

MYD11 MTSAT -0.66 -1.08 -0.53 -0.79 -0.45 -0.23 -0.45 -0.62 

IR LEO vs IR 

GEO 
Australia 2016 

MOGSV HMWR_ 1.55 1.05 0.41 1.32 1.00 1.75 0.69 1.28 

MYGSV HMWR_ 2.03 1.14 0.99 1.51 1.44 1.94 1.57 1.25 

MOD11 HMWR_ -2.88 -0.43 -2.57 -0.31 -1.26 -0.02 -2.40 -0.22 

MYD11 HMWR_ -2.80 -0.21 -2.32 -0.29 -1.24 0.04 -1.61 -0.16 
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HERITAGE: GLOBTEMPERATURE UNCERTAINTIES 

Uncertainties categorised by effects whose errors have distinct correlation 
properties: 

 Random 

 locally systematic 

 (large-scale) systematic 

This three-component model 
applies to all processing levels 
and LST products 

Propagation of uncertainties: 

 L1 → L2 → L3 → L4 
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Explore the issues involved in using satellite land surface temperature (LST) retrievals to augment 
information from meteorological stations [GlobTemperature Use Case Study – E. Good, Met Office] 

CDR shows consistent and strong relationship with 2m air temperature.   

Very good agreement between CDR anomalies and CRUTEM4 anomalies (r = 0.85, spatially & temporally 
matched) 

 Day: ATSR-2 warmer than AATSR - likely non-optimal temporal adjustment 
 Night: Much smaller difference 

Independent confirmation of CRUTEM4 monthly anomaly variation. 

Good et al., 2017, JGR-Atmospheres 

HERITAGE: GLOBTEMPERATURE CDR ASSESSMENT 
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LST CCI: IMPORTANCE OF LST FOR CLIMATE 

LST is an essential parameter for diagnosing Earth System behaviour and 
evaluating Earth System Models: 

 Provides a crucial constraint on surface energy budgets, particularly in 
moisture-limited states - the LST record contains the imprint of climate events 
related to water stress and availability 

 Provides a metric of surface state when combined with vegetation parameters 
and soil moisture, and is related to the driving of vegetation phenology 

 LST is an independent temperature data set for quantifying climate change 
complementary to the near-surface air temperature ECV based on in situ 
measurements and reanalyses 

 A long, stable record of LST is particularly useful for model evaluation in 
regions where few in situ measurements of surface air temperature exist and 
for attribution of observed changes in such regions to their possible causes 
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LST CCI: GCOS REQUIREMENTS FOR LST 

Item Type Value 

Horizontal resolution Threshold 0.05° 

Temporal resolution 
  

Threshold Day-night 

Target ≤ 3-hourly 

Accuracy Threshold <1 K 

Precision Threshold <1 K 

Stability Threshold <0.3 K per decade 

Target <0.1 K per decade 

Length of record 
  

Threshold 20 years 

Target   >30 years  
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LST CCI: KEY DEVELOPMENTS 

Algorithm development 

 Bias and time difference corrections of level-1 
data for CDRs 

 Retrieval algorithm consistency across LST ECV 
products and CDRs 
 

Ensure consistency of uncertainty approach 

 Components that are separated according to 
their differing correlation properties 

 Validation of uncertainties 
 

Optimisation of best cloud clearing detection 

 Best cloud clearing approaches for long-term 
CDR and for Merged CDR 
 

Website: cci.esa.int/lst 
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LST CCI: MERGED IR CDR 

Work builds on the advances made for LST 
product merging in GlobTemperature 

 The significant step forward here includes: 

 Bias correction of the Level-1 data 

 Consistency in algorithm and cloud clearing 

 Advancements in correction for anisotropy 

 Full characterisation of the consistent uncertainty 
budget 

Merged IR CDR will be produced on a global scale eight UTC times daily: 
00h, 03h, 06h, 09h, 12h, 15h, 18h 

Nominal spatial resolution: 0.05° equal angle latitude-longitude grid 

 

GlobTemperature 3-hourly Merged GEO + 
LEO LST Product (1st Jan 2013 21:00) 
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LST CCI: ATSR-SLSTR CDR 

Work builds on the on the Prototype ATSR 
LST CDR in GlobTemperature 

 The significant step forward here includes: 

 Bridge and fill the gap between AATSR and SLSTR 

 Use the bridging information to intercalibrate the 
gap-filling instrument (in this case Terra-MODIS) 

 Characterise the temporal mismatch between 
instruments 

 Consistency in algorithm, uncertainty approach 
and cloud clearing 

 
Nominal spatial resolution: 0.05° equal angle latitude-longitude grid 

Nominal temporal resolution: Day / night, Daily and Monthly 

Dataset length: 25 years (1995 to 2020) from ATSR2-AATSR-MODIS-SLSTR 

 

GlobTemperature ATSR LST CDR Product 
(September 2002) 
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LST CCI: SSM/I TIME SERIES 

Production of 1998-2020 twice per 
day all-weather LST 

 ~6 am/pm and ~25 km resolution 

 Start from CM SAF FCDR of multi-
sensor SSM/I-SSMIS inter-calibrated 
MW radiances 

 

Current LST processor based on a neural network algorithm calibrated 
with a database of accurate MW radiance inversions 

Example of 19 GHz H emissivity (July) 
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LST CCI: ECV DATA PRODUCTS 

Instrument Satellite(s) Window Comments 

AVHRR/3 NOAA-15-19 1998-2016 GAC (4km) 

Metop-A-C 2007-2020 FRAC (1km) 

ATSR-2 ERS-2 1995-2003 

AATSR Envisat 2002-2012 

SLSTR Sentinel-3A + B 2016-2020 

MODIS Terra 1999-2020 

Aqua 2002-2020 

SEVIRI MSG-1-4 2004-2020 MVIRI being done by CM SAF 

Imager GOES 12-16 2004-2020 

JAMI MTSAT-2 2009-2015 

SSM/I DMSP F-8,11,13,17 1993-2020 

ATSR-MODIS-SLSTR CDR ATSR, MODIS, SLSTR 1995-2020 ATSR-2 through to SLSTR 

Merged IR CDR LEO+GEO IR above 2009-2020 3-hourly Merged GEO+LEO 

Experimental IR+MW Select IR + MW [1 year (2010)] Global diurnal cycle (clear+cloudy) 
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LST CCI: PRODUCT VALIDATION KEY POINTS 

Implement community established protocols 

 LST Validation Protocol (Schneider et al., 2012) 
 CEOS LPV Best Practices (Guillevic et al., 2017) 

 

Multi-sensor Matchup Database (MMDB) 

 Baseline is existing MMDBs (GlobTemperature MDB + S3MPC MDB) 
 Powerful and flexible capability built on core matchup code and 

harmonised data format for ingesting and processing multiple data 
streams 
 

Product Validation 

 “Category-A” LST Validation vs. “Gold Standard” in situ measurements 
 Validation of product uncertainties at the sites 

 

Product Intercomparison 

 “Category-C” LST Validation (satellite vs. satellite intercomparison) 
 Polar matchups (LEO vs. LEO) 
 Intercompare LEO products with respect to GEO Reference Products 
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LST CCI: USER CASE STUDIES 

ID Team Title Description 

UCS#1 Met Office 
Hadley Centre 

Regional and Global 
Trends in LST 

To assess if the temporal stability of the LST CCI products are 
sufficient to detect climatic temperature trends. 

If present, to determine how well do these trends agree with 
existing near-surface air temperature analyses used in the 
IPCC reports. 

To compare trends detected for all-sky (microwave) and clear-
sky (infrared) LSTs 

UCS#2 DMI Assimilating Greenland 
ice sheet surface ice 
temperature into 
atmosphere and ice 
sheet models 

Using LST data to assess performance of the regional climate 
model HIRHAM5 in calculating the surface energy budget 
over the Greenland ice sheet and extent of surface melt. 

LST data will also be integrated into a snow and firn model 
derived from HIRHAM5 and run offline as part of the 
Retention model intercomparison project to assess the 
impact of using observation data to improve simulations 

UCS#3 U. Hamburg Characterisation of 
Surface Urban Heat 
Islands 

The long daily 1 km LST data series will allow a globally 
consistent SUHI monitoring over time capturing the spatio-
temporal patterns and dynamics of SUHI globally 

Analysis of the diurnal and annual characteristics of the 
SUHI at different points in time 
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LST CCI: USER CASE STUDIES 

ID Team Title Description 

UCS#4 MPI Biosphere-atmosphere 
exchange of sensible 
and latent heat 

To assess the data-driven upscaling of biosphere –
atmosphere fluxes 

Comparison to in-situ LST estimates to address ecosystem 
physiological questions 

The comparison can understand whether remotely sensed 
LST can adequately detect temperature changes occurring in 
extreme conditions, e.g. in periods of water stress 

UCS#5 MeteoRomania Intercomparison and 
integrated use of LST in 
urban climate studies 

To perform an extended intercomparison between the LST 
CCI outputs and other products: i) satellite-based LST 
products; ii) gridded and reanalysis data; and iii) near-
surface air temperature  

To explore the possible application of the Merged IR CDR in 
urban climate studies  

UCS#6 LIST Integration of LST into a 
physically-based surface 
energy balance model 

Integration of CCI LST in a surface energy balance (SEB) 
model for simultaneous estimation of evaporation, 
transpiration and water stress, and validation across aridity 
gradient and multiple biomes 

Evaluation of SEB model in the context of multi-sensor CCI 
LST data uncertainty and spatio-temporal stability 
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LST CCI: ADVANCEMENTS TO CURRENT LST CAPABILITY 

Requirement Current Capability for Global LST Expected LST CCI Phase-I 
Advancement 

Horizontal / temporal resolution: 
Global 0.05° / day-night (daily, 
monthly, seasonal, annual) 

GlobTemperature Prototype ATSR is 
0.05° and monthly day-night 

GlobTemperature Merged Product is 
0.05° and 3-hourly each day 

Copernicus Global Land Services LST 
are 0.05° / hourly but GEO only 

All IR LST ECV products and CDRs 
will ≤ 0.05° and day-night for daily, 
monthly, seasonal and annual 

ATSR-SLSTR CDR, LEO products, and 
the Merged IR CDR all global 

Merged IR CDR will be 3-hourly 

Accuracy and precision: < 1 K GlobTemperature and operational 
LST products have accuracy and 
precision generally 1 to 2 K 

GlobTemperature Merged Product 
these values are higher and not 
regionally stable 

Expected accuracy and precision of 
all the LST ECV Products will be < 1 K 

Most challenging for the Merged IR 
CDR and the passive microwave 
time-series, but still targeted 

Stability: < 0.3 K per decade Not assessed First assessment of stability of CDRs 
and LST ECV Products 

Length of Record: ≥ 20 years No operational or GlobTemperature 
product has a record length greater 
than ~16 years. 

ATSR-SLSTR CDR will be > 25 years 

Passive microwave time series will 
have a record length of > 22 years 

Longest single-sensor LST ECV 
Products will be ~20 years 
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LST CCI: ADVANCEMENTS TO CURRENT LST CAPABILITY 

Requirement Current Capability for Global LST Expected LST CCI Phase-I 
Advancement 

Multi-sensor CDRs The GlobTemperature Prototype CDR 
is for ATSR-2 and AATSR only. The 
level-1 data has not been 
homogenised and the basic time 
difference correction is based on a 
limited overlap period 

The GlobTemperature Merged 
Product cannot be classed as a CDR 
since there is no consistency in the 
algorithms and no time correction is 
made for acquisition time differences 

ATSR-SLSTR CDR will intercalibrate L1 
data for ATSR-2, AATSR, Terra-MODIS 
and SLSTR to create a CDR bridging 
and filling the Envisat / Sentinel-3 
gap with better time difference 
correction and a consistent algorithm 

The Merged IR CDR will bias-correct 
the L1 data, employ rigorous 
correction for different acquisition 
times, and apply a consistent 
retrieval algorithm 

Algorithm consistency No consistency in algorithms across 
products in GlobTemperature 

Selected IR and MW algorithms from 
the Round Robin will be applied in a 
consistent manner across the LST 
ECV Products and CDRs 

Uncertainty characterisation Explicit uncertainty breakdown for 
GlobTemperature ATSR and MODIS 
products only 

Consistent approach to uncertainty 
breakdown into random, locally 
correlated, and systematic 

Identification of additional error 
sources following FIDUCEO protocols 
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LST CCI: ADVANCEMENTS TO CURRENT LST CAPABILITY 

Requirement Current Capability for Global LST Expected LST CCI Phase-I 
Advancement 

Improved cloud clearing GlobTemperature CCRR shows 
adequate performance of leading 
algorithms but also limitations. 

No consistency in cloud clearing 
between products. 

Best algorithms will be advanced and 
applied to new instruments to 
support cloud clearing consistency 
for example for the ATSR-SLSTR CDR 
and for the Merged IR CDR 

Demonstration of ECV pre-
operational production systems 

Existing processing chains in 
GlobTemperature / other projects 
constructed for research purposes. 

Operational systems are designed for 
NRT processing 

Modification of research software 
and infrastructure to demonstrate 
seamless end-to-end LST ECV 
production for complete multi-
mission archives in a pre-operational 
context 

Independent and rigorous product 
validation and intercomparison 

GlobTemperature has most 
comprehensive LST validation / 
intercomparison to date but limited 
in different land cover types covered 

Validation / intercomparison not 
truly independent of data providers 

Expansion of the in situ validation to 
cover all possible land cover types 
where representative stations exist 

Segregation of the data for algorithm 
developments, and for validation / 
intercomparison for independence 

Product maturity Maturity level for GlobTemperature 
products generally between 2 and 4 
with some at 1 

Target will be a maturity level of at 
least 4 for all components for each 
LST ECV Product and CDR 
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LST CLIMATE REQUIREMENTS 

Please fill in the questionnaire (designed for everyone not just current 
LST users) in the Workshop pack and hand to Ines or leave at registration 
desk 

More detailed requirements will be gathered from on online user survey 

 

Further questions: 

• Are there any missing components in the CCI Workplan for LST ? 

• Do the proposed ECV Products meet the requirements of the land surface 
modelling community ? 


