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Heat

• Heat cramps, and heatstroke (hyperthermia) most 

common ER visits

Heatwaves are the leading cause of death among natural disasters

Temperature anomalies on June 27th, 2021 Credit: NASA Earth Observatory/Joshua 

Stevens

Extreme heatwave events are becoming more likelyHeat accounts for most deaths amongst natural disasters

• June, 2021 Pacific NW

• 1000-year event

• 150x more likely due to climate change

• Peak temperatures at 50 °C

• ~1,400 deaths 

• ~$9 billion in damage
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Extreme heat across Europe – July 2023

• The July 2023 ‘cerebus’ heatwave brought the hottest temperatures ever across Europe

• 70,000 people died from heat related illness in 2023 alone

• Highest mortality rates in Italy, Greece, Spain and Portugal

• Milk production in Italy reduced by 10%

Copernicus Sentinel-3 LST, 

17 July 2023
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70 m resolution pixels

Observations over the diurnal cycle every 3-5 days

ECOsystem Spaceborne Thermal Radiometer 

Experiment on Space Station

8 µm 12 µm

Five thermal infrared bands

ISS JEM-EF

launch, June 2018 
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Peak diurnal and seasonal variations in temperature 
not captured by morning overpass TIR imagers
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Landsat/ASTER observation
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LST Downscaling or ‘thermal sharpening’ using Sentinel-2

Visible imagery (0.6 m)ECOSTRESS LST (70m) ECOSTRESS LST (20m)

15 35
°C

0 1 km

0 1 km

Golf course

Cemetery

Freeway

COSTCO

roof

ECOSTRESS LST sharpening 

tutorial using Sentinel-2 surface 

reflectance data
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Mapping global extreme heat across the diurnal range
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ECOSSTRESS LST, 

17 July 2023

Rome’s highest air 

temperature ever was 

recorded at 41.8 C 

on 18 July 2023, 

breaking previous 

year’s record of 40.7 

C in June 2022
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Eureopean ‘Cerberus’ Heatwave: July 2023

Airport
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(65 C)(52 C)

Image credit: PATRICK T. FALLON/AFP VIA GETTY IMAGE
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Impervious surface

Pervious surface

Lucknow , India, 2013 Lucknow , India, 2023

VIIRS 375m LST

Quantifying connections between urban heat island and urban growth in India
LCLUC, 2023, PI Hulley

ECOSTRESS 30m nighttime LST

Airport

Congested 

residential  hotspots

35 °C15
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Historic 
Redlining 
Score (HRS)
A (Best) 
B (Desirable)
C (Declining)
D (Hazardous)

Los Angeles, CA

D-grade

B-grade

A-grade

C-grade

Shreevastava et al. 2024, Nature Communication

ΔT = 𝑇𝐷 − 𝑇𝐴 (℃)
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Urban heat inequalities throughout the diurnal cycle

Temperature difference (Hazardous – Best)  ºC
A- Pasadena

D - Boyle Heights
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Inequality in urban heat exposure as reflected from 

ECOSTRESS LST: Los Angeles  
• Negative correlation between median household income and LST

• Positive correlation between income and ET (and NDVI)

Under Review, Science Advances 

Anticorrelation between LST and income  

Taking a typical mid-day observation of ECOSTRESS LST in summer (1 pm, June 4th, 2021, as 

an example), we find a significant negative correlation between LST and median household 

income across neighborhoods (r=-0.68, p<0.01, Fig. 1a). The range of ZIP Code level mean LST 

spans from 36 to 54 °C across the LA area along the income spectrum, with a difference reaching 

nearly 20 °C (Fig. 1a). Accompanying this negative correlation between LST and income, we also 

find a positive correlation between evapotranspiration (ET) and income (Fig. 1b), as ET cools the 

surface through latent heat loss. The color of each neighborhood indicates the average NDVI 

(Fig. 1), a proxy for the greenness of the land surface that has higher values in the higher-income 

areas and correlates positively with ET (Fig. S1).  

 

 
Fig. 1 (a) Observed linkage between median household income and Land Surface 

Temperature (LST) captured by ECOSTRESS across Los Angeles Metropolitan. (b) The 

relationship between median household income and instantaneous evapotranspiration. 

For reference, the downward solar shortwave radiation reaching the land surface is 963 W m-2 at 

the time of measurement (1 pm, June 4th, 2021). Each dot represents a ZIP Code Tabulation 

Area, color-coded by the Normalized Difference Vegetation Index (NDVI) representing the 

greenness of the land surface.   

 

The strong correlations between income, NDVI, ET, and LST suggest that neighborhoods with 

higher income levels are generally associated with higher NDVI, higher ET, and hence lower LST. 

We infer the slopes of LST change against income as the sensitivity of LST to income gradient 

using linear regression, a measure of the disparity. For example, a slope of -0.64 (°C/$10k) is 

derived in Fig. 1a, which indicates an increase of 0.64 °C in LST per a decrease of $10k in the 

annual household income. We also tested different administrative boundaries of the Los Angeles 

area to assess the robustness of the relationships identified here, including the larger LA 

metropolitan, the South Coast Air Basin (SOCAB) that contains all of Orange County, and the 

non-desert regions of Los Angeles County, Riverside County, and San Bernardino County, as 

well as the non-desert regions of Los Angeles County. Similar negative correlations between LST 
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ECOSTRESS measurements taken on noon, June, 5, 2021 Yin et al., in review

Quantifying urban heat inequalities

Yin et al. 2024
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LA city heat intervention plan (FY 21-23):

- 300 city blocks of cool pavement coating 

- Planting of 2,000 shade trees across 8    

underserved neighborhoods

Machine-applied coating 

Cutting of new 

tree wells
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Shreevastava and Hulley, 2024
Stephanie Dr, 05/29/2018

ECOSTRESS (30m)
~2°C cooling

HyTES (5m)
7°C cooling 

Stephanie Dr 

7C cooler!

03/26/2021

07/21/2020

Urban heat mitigation and improving quality of life

“I call this my 4, 6, 8 million dollar image”
Greg Spotts, LA City
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Earth Action: Simulating Heat Intervention Solutions

Existing conditions: Mean Radiant Temperature = 64.7°C

Maximal Canopy: Mean Radiant Temperature = 55.6°C

10°C cooling along pedestrian route after tree planting 

Mean Radiant Temperature

Thermal Comfort Index

Image courtesy: Hyphae Design Lab

Hyphae Design Lab Urban Digital Twin
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Questions?
glynn.hulley@jpl.nasa.gov

ECOSTRESS LST 

sharpening tutorial using 

Sentinel-2 surface 

reflectance data

MAICh

15 30

15 July, 2023, 10:21 pm

°C
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High Resolution Multi-spectral TIR Data Continuity

TRISHNA, SBG-TIR and LSTM are staggered in order to produce a continuous record for climate studies and applications. 
TRISHNA launches in 2026, SBG-TIR in 2028 and LSTM in 2029. This allows for a continuous record and possibly some 
periods when all 3 satellites are available which would allow daily coverage. The current earliest launch for Landsat-N is the 
end of the decade, so SBG-TIR will be operating in a period when Landsat-N data is not yet available.

Time, t

TRISHNA

2025 2026 2027 2028 2029 2030

SBG-TIR

LSTM

2031

LandsatNext

• Earliest possible launch dates shown, may launch later

• ** Shows data overlap not orbit alignment

ECOSTRESS

ASTER


