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LST images on the news
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But sometimes, fact checking is required...

60°C?!
🥵
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How do we measure LST from space?

• Land Surface Temperature (LST) is the radiative skin temperature of the land surface

• Corresponds to thermal emission from the top thin layer of a few micrometers on the surface (up to 50 μm).

• Satellite sensors can measure this skin temperature by measuring the infrared radiance emitted by the 

surface

Surface emissivity
(assumed to be known) 

The effect of the
atmosphere needs to be
corrected

Radiance of a 
blackbody at
temperature LST

Mix of Bare ground, 
vegetation canopy, 
top of buildings
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LST at the Land Surface Analysis SAF (LSA-SAF)

https://landsaf.ipma.pt/
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All-Sky LST – now a CDR!

Clear sky LST

IR retrievals for clear sky (Generalized Split-
Windows Algorithm, standard L2 LST for 
SEVIRI)

Cloudy Sky LST

Skin temperature from a surface energy 
balance model, forced by LSA-SAF products 
and ECMWF meteorological data

Inputs:
• LSA SAF: 𝐿↓, 𝑆↓, Albedo, LAI

• ECMWF: Tair, qair, u, v

• soil moisture (H-SAF) 

Outputs:

• H, LE (and evapotranspiration) and SKT

• Maximizes use of remote 

sensing data (mostly LSA-SAF)

• Scheme based on the H-

TESSEL surface model 

(ECMWF)

• Runs every 30 min

• Available from 2004-onwards
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All-Sky LST - validation 

MLSTS – in situ ERA5-Land – in situ MLSTS – ERA5-Land

All Clear Cloudy All Clear Cloudy All Clear Cloudy

𝝁 (K) 0.0 -0.2 0.2 0.2 0.1 0.3 -0.2 -0.2 -0.2

𝝈 (K) 1.5 1.4 1.5 1.6 2.1 1.3 1.7 2.1 1.2

RMSD 
(K)

2.9 2.8 2.8 2.9 3.3 2.6 3.1 3.5 2.4

• Compares very well with in situ estimates

• Statistics for cloudy sky estimates are similar to clear sky

• Compares well to ERA5-Land

• Some problems in the representation of the diurnal cycle (phase shift, amplitude)

Overall stats for the 33 stations (BSRN + EFDC + KIT)



Consider two nearby pixels, with same physiographic 
features (i.e., same land cover type, same elevation, 
etc.). One is clear-sky, the other is cloudy.

They are observed at the same time. 

Which one is warmer?

ⓘ Start presenting to display the poll results on this slide.
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TCC > 0.3

Why satellite All-Sky LST and not reanalysis?

Summer day
3pm Local Time

figure: IPCC AR6 Report

ERA5 Skin T LSA-SAF All-sky LST

ERA5: Less clouds, warmer 
temperatures

Clouds are observed. 
Surface energy balance 
scheme diagnoses lower 
temperatures 

Clouds are masked, 
no direct LST 
observation 

LSA-SAF Clear-sky LST

LST is a result of Surface Energy Budget

𝟏 − 𝜶 𝑹𝑺
↓ + 𝑹𝒍

↓ − 𝝐𝝈𝑻𝑺
𝟒 = 𝑯+ 𝝀𝑬 + 𝑮 + 𝑰𝒎𝒃
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TCC > 0.3

Why satellite All-Sky LST and not reanalysis?

Summer day
15h Local Time

figure: IPCC AR6 Report

ERA5 Skin T LSA-SAF All-sky LST

Clouds:

• Opacity (SW)

• Temperature / height (LW)
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Why satellite All-Sky LST and not reanalysis?

Summer day
15h Local Time

figure: IPCC AR6 Report

TCC > 0.3

Satellite retrievals: a more 
realistic representation of clouds

More realistic representation of 
surface energy balance by All-

sky LST
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How exceptional was 2022?
Anomalies JJA All Sky LST Daily Max (ref period: 2004-2021)

2022

2018

2021

2019

• Daily max of LST All-Sky, 
LSTmax, ref period 2004-
2022

• LSTmax Monthly means/JJA

• “Climate Normal” –
Median of monthly means 
/JJA means for 2004-2021

• Magnitude and spatial 
extent of 2022 heatwave 
was unprecedented
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How exceptional was 2022?
Monthly anomalies LST-All Sky Daily Max (ref: 2004-2021)

• Worsened throughout the 
summer

• Central Europe showed 
monthly anomalies up to 
~10°C in August
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Can we use LST to study heatwaves?

• Differences between All-sky LST and 
ERA5 SKT increase throughout the 
summer;

• 2 m temperature (T2m) traditionally 
used to study heatwaves. Longer 
data records. Observations have less 
spatial coverage.

• LST Anomalies >> T2m anomalies in 
certain regions

ERA5 underestimates SKT



What could cause increased differences between LST 
and T2m anomalies?

ⓘ Start presenting to display the poll results on this slide.
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Connection to drought
Monthly anomalies (ref: 2004-2021)

• FVC – fraction of vegetation 
cover (0-1); LSA-SAF data

• SWI – Soil Wetness Index 
(0=wilting point; 1= field 
capacity); H-SAF data

• Independent data showing 
that largest LST-T2m 
differences may be associated 
to more severe drought

Soil MoistureVegetation LST – T2m
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The role of soil moisture

𝝀𝑬
Soil moisture does not 
limit evapotranspiration

Plants control their 
temperature -> Excess 
energy is used mainly for 
evapotranspiration

LST is kept low

In case there is 
increased net 
surface radiation 
(e.g., sequence of 
clear-sky days)…
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The role of soil moisture

𝝀𝑬
Soil moisture is depleted / drought –
evapotranspiration is limited

Increased Sensible Heat Flux
Increased Longwave Flux

Increased LST
Heatwave 
amplification (see 
Ryan’s talk)

In case there is 
increased net 
surface radiation 
(e.g., sequence of 
clear-sky days)…
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Heat Wave Magnitude Index (HWMI)

• Heatwave: 3+ days LSTMax above 𝑇𝑝90;

• Daily heatwave magnitude, 𝑀𝑑 (e.g., Russo et 

al., 2015):

• Heat Wave Magnitude Index (HWMI):

• Sum of heatwave days, in terms of a 

fraction of the IQ range of the LSTMax

distribution 

• Sum performed over any period of 

interest (e.g.: one heatwave, one summer

or a whole year)

𝑀𝑑 = ൞

𝐿𝑆𝑇𝑀𝑎𝑥 −𝑝25
𝑝75−𝑝25

, 𝐿𝑆𝑇𝑀𝑎𝑥 > 𝑝25

0, 𝐿𝑆𝑇𝑀𝑎𝑥 ≤ 𝑝25

𝐻𝑊𝑀𝐼 = ෍

𝑑=𝑑1

𝑑2

𝑀𝑑
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2022 – a truly exceptional year

Greatest JJA LST 

anomaly

Greatest average area 

under extreme 

temperature 

conditions

Greatest number of 

hot days (T>p90) Greatest average 

HWMI
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Take home messages

• LST and 2 m temperatures may tell different stories about extreme heat events. Both are useful.

• The new All-Sky LST CDR (2004-present) allows monitoring of extreme heat events (even for cloudy 
scenes), providing information on magnitude as well as on spatial and temporal scales. 

• Satellite observations provide more realistic view of surface energy balance quantities, due to better 
representation of clouds when compared to models and reanalysis

• LST responds directly to the surface energy balance. With drought conditions, LST anomalies are 
increased and are greater than T2m anomalies.

• Summer 2022 was exceptional in terms of:

• Mean LST anomaly

• Area under extreme temperature conditions

• Number of hot days

• HWMI magnitude
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Questions?

joao.p.martins@ipma.pt
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Summer hot days in 2018

LST all-sky

SKT T2M

LST clear-sky
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2018 Monthly anomalies
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LST at the Land Surface Analysis SAF (LSA-SAF)

Main LST product at LSA SAF:
• LSA SAF LST is generated on an operational basis with  

15 min frequency from 2004 onwards (almost 20 
years!), with 3 km spatial resolution at nadir

• Based on SEVIRI observations (onboard Meteosat 
Second Generation)

• Climate Data Record 2004-2015, compatible with NRT

Retrieved for clear-sky conditions only 
(Infrared sensors are not able to see through clouds)  

most LST products are limited to clear sky pixels)
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