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LERI: A measure of  Land Surface Dryness



What is LERI?

v An experimental drought-monitoring and early warning guidance tool based on a
high-resolution, remotely-sensed (MODIS) evapotranspiration response from the
land

v LERI represents the relative evaporative response from the land at 1-km

v By its design, LERI largely reflects the anomalous state of land-surface moisture
(i.e., soil moisture) that is readily accessible to plants (for transpiration) and the
atmosphere (for evaporation from bare soils and water bodies)

v LERI is available from January 2000 to the present

v LERI is available as maps (and associated data) and historical time series for a
user selected domain



Strengths of  LERI
v Direct Observations

v High Resolution (1km)

v Monitoring/Situational Awareness ability with with 1 week latency – Drought Early Warning 
potential

v Gets us “relative” soil moisture anomalies

… and potential limitations
v Shorter record (2000-present) to assess relative anomalies

v Possibility of  missing data from Remote Sensing

v Temperature calibration could be enhanced

v New --- needs more verification of  the tool





LERI: Drought Early Warning Potential

Example: LERI identifying extreme drought stress in northern Missouri in the summer of 2018 more than a 
month earlier before it get reported in the U.S. Drought Monitor



How is LERI calculated?



Reading a LERI map
Time length of ETa
accumulation. This 
map shows the 
percentiles for a 3-
month accumulated 
ETa (Jun 1 - Aug 31, 
2017) relative to the 
period of record (Jan 
2000-present)

Date or month & 
year for which the 
LERI map is 
generated

Unusually high 
evaporative 
response as 
accumulated 
between Jun 1 –
Aug 31 signifying 
unusually wet 
land-surface 
conditions  

The gray shading 
shows that no ETa is 
detected using the 
SSEBop method

These categories 
are analogous to 
D0-D3 categories 
in the US Drought 
Monitor. There is 
no LD4 category 
because of the 
short period of the 
SSEBop ETa record

Unusually low 
evaporative 
response as 
accumulated 
between Jun 1 –
Aug 31 signifying 
unusually dry land-
surface conditions. 
LD3 means that 
this dryness is 
expected less than  
5% of the time   



EDDI LERI
Spatial Resolution 12 km 1 km

Climate Variable E0 or PET
Evaporative Demand

AET
Evaporative Response

Underlying Data Gridded meteorological data NLDAS-2 
(T, Pr, Wind, Rad)

Evaporative fraction derived from MODIS 
thermal imagery

Time Period of Record 1979-present 2000-present

Application Ag, eco, flash droughts; wildfire risk Ag, eco, flash droughts; wildfire risk

Access https://esrl.noaa.gov/psd/eddi/ https://esrl.noaa.gov/psd/leri/

Coverage CONUS + Southern Canada + Northern 
Mexico CONUS + Northern Mexico

Update Frequency Daily Weekly & Monthly

https://esrl.noaa.gov/psd/eddi/
https://esrl.noaa.gov/psd/leri/


LERI (right) is an improvement on the USGS actual ET anomaly maps (left) produced by USGS EROS. The rank-
based non-parametric method used to calculate percentiles for LERI makes it more equally sensitive to both 
water-limited and energy-limited regions. LERI maps also further distinguish regions where no ET is detected 
(using the gray shading). Lastly, LERI operates as a drought indicator and identifies drought categories analogous 
to the US Drought Monitor.    









EDDI and LERI

A measure of Atmospheric Dryness A measure of Land Surface Dryness



Time

Surface water 
availability

Evapotranspiration
(ET)

Evaporative 
Demand
(E0)

Moisture not
limiting
ET ~ E0

Moisture-limited
E0 > ET

Feedback from 
drying land surface 
increases E0

Relationship 
between E0 and 
ET changes as 
land surface 
dries out

• When surface 
moisture is 
sufficient, rising 
E0 leads to rising 
ET

• When moisture is 
limited, ET 
declines, while E0
rises even more 
steeply

E0 always 
increase as 
drought 
intensifies









2017 Northern Plains (Flash) Drought



Results below 
for NE Montana

Both LERI and EDDI timeseries show record dry conditions 
for 1-month July in northeast Montana in 2017



LERI and EDDI as indicators of 
extreme dry conditions
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