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Overview

Å An estimated 55 million people globally 

are affected by droughts every year 

(WHO).

Å Soil moisture plays an important role in 

drought monitoring.

Å Relatively high -resolution gridded soil 

moisture products improve situational 

awareness.

Å SPoRT-LIS provides unique, real -time soil 

moisture information at relatively high 

spatial resolution (~3 km).

Credit: NASA

https://www.who.int/health-topics/drought#tab=tab_1
https://www.drought.gov/about/partners/national-aeronautics-and-space-administration-nasa
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Training Learning Objectives

A user will be able to apply LIS output to efficiently analyze drought over large spatial 

areas in conjunction with current practices and to integrate this capability with 

existing data.

Å Identify the NASA/LIS basics regarding the framework, input forcing, static fields, 

LSM structure, and output most relevant to drought

Å Summarize the derived soil moisture percentile products and how these are 

created

Å Apply SPoRT-LIS output and/or derived products to both complement existing 

data and overcome limitations to monitoring drought over large areas

Å Recognize ôbest practicesõ for LIS impact related to drought

Å Configure LIS output file for viewing within a GIS -based display tool and for 

tailored output products and graphics
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Prerequisites

Å Fundamentals of Remote Sensing , Session 1

Å Download and install QGIS and all accompanying software

Å Register for a Google Colab via Gmail or Gmail -enabled account

Å Basic Python experience beneficial but not required

https://appliedsciences.nasa.gov/join-mission/training/english/arset-fundamentals-remote-sensing
https://www.qgis.org/en/site/
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Training Outline

Part 2

Early and 
Established 

Applications of LIS 
for Drought Analysis 

in Operations
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Part 1

Foundational 
Understanding of 

LIS (Static, Forcing, 
Models, Output)

May 17, 2023 May 24, 2023

Part 3

Access Data at 
Organization and 
Individual Levels

May 31, 2023

Homework

Opens May 31 ðDue June 14 ðPosted on Training Webpage 

A certificate of completion will be awarded to those who attend all live sessions and 
complete the homework assignment before the given due date. 



Part 2: Early and Established Applications of LIS for 

Drought Analysis in Operations
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Part 2 Trainers

Kristopher White

Meteorologist, 

NOAA/NWS/NASA 

SPoRT

Corey Davis

Assistant State 

Climatologist, North 

Carolina State 

Climate Office

Richard Heim

Meteorologist, 

NOAA/NESDIS/NCEI

Barrett Smith

Senior Service 
Hydrologist, NWS
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Part 2 Objectives

By the end of Part 1, participants will be able to:

Å Summarize the derived soil moisture percentile products and how these are 

created

Å Apply SPoRT-LIS output and/or derived products to both complement existing 

data and overcome limitations to monitoring drought over large areas
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How to Ask Questions

Å Please put your questions in the Questions box and we will address them at the 

end of the webinar.

Å Feel free to enter your questions as we go. We will try to get to all of the questions 

during the Q&A session after the webinar.

Å The remainder of the questions will be answered in the Q&A document, which will 

be posted to the training website about a week after the training.



National Aeronautics and Space Administration

Kristopher D. White ðApplications Integration Meteorologist, NOAA/NWS / NASA SPoRT

May 24, 2023

SPoRT-Land Information System ( SPoRT-LIS) for 

Drought Analysis
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Training Objectives

Å Introduction to the United States Drought Monitor (USDM) process

Å Introduction to drought and drought analysis

Å Understanding applications of soil moisture and the SPoRT-Land Information 

System (SPoRT-LIS) for drought analysis

Å Understanding the importance of communication and the Research -to -

Operations/Operations -to -Research (R20/02R) Process: The creation of SPoRT-LIS 

soil moisture change and percentiles data

Å Understanding drought analysis from early use cases using soil moisture data, 

specifically from the SPoRT-LIS
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The U.S. Drought Monitor Process

Å Who provides input to U.S. Drought 

Monitor (USDM) can vary widely from 

state to state and region to region.

USDM Information:

The U.S. Drought Monitor is jointly 

produced by the National Drought 

Mitigation Center at the University of 

Nebraska -Lincoln, the United States 

Department of Agriculture, and the 

National Oceanic and Atmospheric 

Administration. Map courtesy of NDMC.
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The Drought Monitor Process

Å At the National Weather 

Service Levelé
Å Incorporating the SPoRT-

LIS into the USDM Process
Å From the State Climate 

Officeé

State Climate 

Office

NWS Regional 

Office

USDM Author
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So, what is drought?  

Itõs actually very complicated! There are 

many possible definitions.

Drought isé

Å an imbalance between water supply 

and demand.

Å dependent on the time of year and 

location.

Water Supply Water Demandhttps://www.drought.gov/

https://www.drought.gov/
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Hydrologic Components of Drought Analysis

Å Water resides in different components 

of the hydrologic system.

Å Physical storage systems for water can 

respond differently to weather and 

other environmental phenomena and 

inputs of water.

Soil

Groundwater

Rivers

Lakes/Reservoirs

Snow/Ice
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Drought Analysis: Convergence of Evidence

Å These factors can complicate the 

drought analysis process.

Å Thus, the USDM works on a principal of 

convergence of evidence.  

Å This module will focus on water 

storage in soils.

Drought Analysis

Groundwater

Soil Moisture Streamflow

Lakes & 

Reservoirs
Snow/Ice
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Background Information ð

Early Applications of NASA SPoRT-LIS for Drought Analysis 
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?
Clay Soils

?
Sandy Soils Silty Soils

?

Rain Gauge: 1.35ó

Radar: 1.40ó

Soil Moisture for Drought Analysis
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USDA Soil Climate Analysis Network sites (SCAN, 
red dots, left), and example SCAN site data 
(above). 

Climate Prediction 
Center (CPC) 1 m Soil 
Moisture Ranking 
Percentile 

In-Situ Sources such as the 

USDA Soil Climate Analysis 

Network (SCAN)

Soil Moisture for Drought Analysis

Soil Moisture Analyses 

from the Climate 

Prediction Center
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3-km SPoRT LIS Relative Column Integrated 
(0-200 cm) Soil Moisture (%) ðòINT-RSOIMó

3-km SPoRT LIS Relative Column Integrated 
(0-200 cm) Soil Moisture (%) ðòINT-RSOIMó

Cullman County

SPoRT-LIS Soil Moisture for Drought Analysis
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Weekly Rainfall (mm) 

Ending 1200 UTC 4/26/2023

Å Multi -Radar/Multi -Sensor 

(MRMS) Weekly Rainfall

Å Rainfall was highly variable 

across the Continental U.S. 

(CONUS).

Å Swaths of heavy rainfall 

over portions of the 

country, but a good 

gradient across the 

Southeast CONUS.  

SPoRT-LIS Soil Moisture Data for Drought Monitoring
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Weekly Rainfall (mm) 

Ending 1200 UTC 4/26/2023

Å MRMS 7-day precipitation 

indicated a maximum over 

portions of E. Arkansas.

Å Precipitation amounts were 

lesser to the East.

How would soil moisture 

respond to these inputs of 

precipitation over the 

weekly period?

SPoRT-LIS Soil Moisture Data for Drought Monitoring
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SPoRT-LIS Soil Moisture Data for Drought Monitoring

Precipitation vs. Changes in Soil Moisture

MRMS 7-day Precipitation Totals (mm) Ending 12 UTC 26 April 2023 SPoRT-LIS One Week Change in 0 -200 cm Relative Soil Moisture (%)
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SPoRT-LIS Soil Moisture Data for Drought Monitoring

Precipitation vs. Changes in Soil Moisture

MRMS 7-day Precipitation Totals (mm) Ending 12 UTC 26 April 2023 SPoRT-LIS One Week Change in 10 -40 cm Relative Soil Moisture (%)
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U.S. Drought Monitor 

Depiction for Alabama ð5/1/2012

Å D1 (moderate) drought 

extends across portions 

of Northern Alabama on 

May 1 st, 2012.

Å D0 (abnormally dry) 

conditions existed across 

much of the rest of 

Northern Alabama.

DeKalb County

SPoRT-LIS Soil Moisture Data for Drought Monitoring
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Å Rainfall amounts for the 

weekly period ending 1200 

UTC May 8, 2012 were ~1ó 

and greater across much of 

the area.

Å Lesser rainfall amounts 

occurred in NE Alabama.

Å Questions Remain: 

ï How will soil moisture 

respond?

ï Where should I focus my 

attention?

Stage IV Weekly Rainfall (in)

Ending 1200 UTC 5/8/2012

SPoRT-LIS Soil Moisture Data for Drought Monitoring
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U.S. Drought Monitor 

Depiction for Alabama ð5/1/2012

U.S. Drought Monitor Depiction 

for Alabama ð5/8/2012

0-10 cm Volumetric Soil Moisture % 

5/8/2012

DeKalb County

DeKalb County

Notice the expansion

into Southern DeKalb 

County and adjacent 

areas.

DeKalb County

Moderate Drought (D1)

0-200 cm Relative Soil Moisture (%)

5/8/2012

0-200 cm Relative Soil Moisture (%)

Weekly Difference Ending 5/8/2012

SPoRT-LIS Soil Moisture Data for Drought Monitoring
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U. S. Drought Monitor depiction 

for Alabama ï5/8/2013

U.S. Drought Monitor Depiction 

for Alabama ð5/8/2012

SPoRT-LIS Soil Moisture Data for Drought Monitoring

DeKalb County

Notice the expansion

into Southern DeKalb 

County and adjacent 

areas.

DeKalb County

0-200 cm Relative Soil Moisture (%)

Weekly Difference Ending 5/8/2012
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SPoRT-LIS Soil Moisture Data for Drought Monitoring

Å R2O/O2R activities 

led to additions in 

the SPoRT-LIS data 

suite:

ï Soil moisture 

change values

ï Soil moisture 

climatology and 

ranking 

percentiles
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SPoRT-LIS Soil Moisture Data for Drought Monitoring

Å R2O/O2R activities 

led to additions in 

the SPoRT-LIS data 

suite:

ï Soil moisture 

change values

ï Soil moisture 

climatology and 

ranking 

percentiles
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SPoRT-LIS Soil Moisture Data for Drought Monitoring

Å R2O/O2R activities 

led to additions in 

the SPoRT-LIS data 

suite:

ï Soil moisture 

change values

ï Soil moisture 

climatology and 

ranking 

percentiles

We need a climatology 
and soil moisture 

percentiles for proper 
drought analysis

U. S. Drought Monitor 
Depiction for Alabama ð

5/8/2012
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SPoRT-LIS Soil Moisture Data for Drought Monitoring

In April 2016, dry conditions 

began to develop in portions 
of the Southeast, which 

would eventually worsen into 

summer and fall.
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SPoRT-LIS Soil Moisture Data for Drought Monitoring

Å On April 26 th, SPoRT-LIS RSM 

values indicated 
comparatively drier soils in 

portions of the Coastal Plain, as 

compared to the Tennessee 

Valley.

Å However, soil moisture 
percentiles put these data into 

climatological perspective. 
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SPoRT-LIS Soil Moisture Data for Drought Monitoring

By April 26 th, SPoRT-LIS was 

already indicating 0 -200 
cm RSM values around 

the 10 th percentile in 

some areas of Northern 

Alabama.
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SPoRT-LIS Soil Moisture Data for Drought Monitoring

28-Day Avg Hydrologic Unit Streamflow Percentiles 
26 April 2016
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SPoRT-LIS Soil Moisture Data for Drought Monitoring

Relatively dry conditions continued into May, with deterioration in soil moisture conditions. 

May 3, 2016

SPoRT-LIS

RSM Percentiles

May 10, 2016 May 17, 2016 May 24, 2016
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SPoRT-LIS Soil Moisture Data for Drought Monitoring

28-Day Avg Hydrologic Unit Streamflow Percentiles 
26 April 2016

28-Day Avg Hydrologic Unit Streamflow Percentiles 
31 May 2016
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SPoRT-LIS Soil Moisture Data for Drought Monitoring

Relatively dry conditions 

continued into May, with 
deterioration in soil 

moisture conditions. 
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SPoRT-LIS Soil Moisture Data for Drought Monitoring

28-Day Avg Hydrologic Unit Streamflow Percentiles 26 April 
2016

28-Day Avg Hydrologic Unit Streamflow Percentiles              
31 May 2016

~D1 ~D1-D3 ~D2-D3
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Important Items To Mention

Å Drought analysis is a complicated process! Not only is convergence of evidence 

important, but discussion and consensus of opinion can be a part of that process. 

Å The focus of this lesson was largely about soil moisture and how it can fit into an 

overall drought analysis. However, other factors may have more relevance at 

times, for your situation. 

Å This lesson focused on specific soil moisture variables that were available and 

used for analysis at the time. Since then, other soil moisture variables that address 

water availability in the root zone are available and should be considered for use. 

These would include the 0 -100 cm level, which is often used for drought analysis. 

However, other more shallow layers are available, such as 10 -40, and 40 -100 cm. 

Å Please visit the USDM òAboutó webpage to see valuable information about the 

USDM and the process: https://droughtmonitor.unl.edu/About.aspx .

https://droughtmonitor.unl.edu/About.aspx
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Key Takeaways

Å Drought Analysisé

ï A multi -faceted process

ï Requires multiple datasets and coordination 

Å Soil moisture analysis is important for drought analysis because:

ï Soils are an important source of water

ï Precipitation analyses alone may not account for water in soils 

Å Soil moisture can be measured directly (in -situ, satellite sensors, etc.) or modeled. 

Å R20/02R activities are important for application and produce development.

Å SPoRT-LIS data were shown to be an effective component as a tool for drought 

analysis, especially percentiles and soil moisture change data.



Thank you for your time!  

Kristopher White

kris.white@noaa.gov

mailto:kris.white@noaa.gov


National Aeronautics and Space Administration

Richard R. Heim Jr. ðMeteorologist, NOAA/NESDIS/NCEI
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Utilization of the NASA SPoRTLIS Drought Product in U.S. 

Drought Monitor Operational Drought Monitoring
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Utilization of SPoRTLIS Drought Product in USDM ðOverview

ÅBackground

ÅU.S. Drought Monitor (USDM) 

Methodology

ÅDrought Indicators

ÅSoil Moisture

ÅSPoRTLIS Soil Moisture Examples
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Background

Drought Equation:

ÅDrought is an imbalance between 

water supply & water demand.

ÅSoil Moisture = òstorage termó

We have good measurements for 

water supply and water demand, 

but until recently soil moisture 

estimations were not as good.

Water

Supply

Water

Demand

Soil Moisture

òStorage"
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Background: Palmer Drought Severity Index (PDSI)

ÅDeveloped in 1965

ÅFirst index to incorporate water supply, water 

demand, and a soil moisture component

ÅBecame the official drought index for US

ÅDeficiencies

ÅOther drought indices and indicators developed 

1980s-1990s

ÅUSDM developed in 1999 as a composite index 

that incorporates the strengths of everything that 

has come before and after

Heim, Jr., Richard R., 2002: A review of Twentieth -Century drought indices used in the United States.  

Bulletin of the American Meteorological Society, vol. 83, pp. 1149 -1165.  

https:// journals.ametsoc.org /view/journals/ bams /83/8/1520 -0477-83_8_1149.xml

PDSI

PHDI

Z Index


