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About ARSET

Å ARSET provides accessible, relevant, 

and cost -free training on remote 

sensing satellites, sensors, methods, 

and tools.

Å Trainings include a variety of 

applications of satellite data and are 

tailored to audiences with a variety of 

experience levels.
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About ARSET Trainings

Å Online or in -person

Å Live and instructor -led or asynchronous and self -paced

Å Cost -free

Å Bilingual and multilingual options

Å Only use open -source software and data

Å Accommodate differing levels of expertise

Å Visit the ARSET websiteto learn more.

https://appliedsciences.nasa.gov/what-we-do/capacity-building/arset


Overview
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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



8NASA ARSET ðApplication of NASA SPoRT-Land Information System ( SPoRT-LIS) Soil Moisture Data for Drought

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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A certificate of completion will be awarded to those who attend all live sessions and 

complete the homework assignment before the given due date. 

Training Outline

Part 2

Early and 
Established 

Applications of LIS 
for Drought Analysis 

in Operations

May 24, 2023

Part 3

Access Data at 
Organization and 
Individual Levels

May 31, 2023May 17, 2023

Part 1

Foundational 
Understanding of 

LIS (Static, Forcing, 
Models, Output)

Homework

Opens May 31 ðDue June 14 ðPosted on Training Webpage 
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Part 1: Foundational Understanding of LIS (Static, 

Forcing, Models, Output)
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Part 1 Trainers

Chris Hain

Project Lead, NASAõs 

Short-Term Prediction 

Research and Transition 

Center ( SPoRT)

Jonathan Case 

Research Meteorologist, 

NASAõs Short-Term 

Prediction Research and 

Transition Center ( SPoRT)

Sujay Kumar 

Research Physical Scientist 

Hydrological Sciences 

Lab, NASA GSFC
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Part 1 Objectives

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

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
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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.



Part 1

Material



National Aeronautics and Space Administration

Sujay V. Kumar ðHydrological Sciences Lab, NASA Goddard Space Flight Center

May 17, 2023

NASA LIS Framework and Outputs
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Land Information System (LIS)

Å A system for uncoupled and coupled 

land modeling and data assimilation

Å Philosophy ð

ï òUse the best available observationsó 

to force and constrain the models

Å Applications ð

ï Weather and Climate Model 

Initialization

ï Water Resource Management

ï Natural Hazards Management

lis.gsfc.nasa.gov

Kumar, S.V., C.D. Peters -Lidard , Y. Tian, P.R. Houser, J.Geiger , S. Olden, L.Lighty,J.L. Eastman, B. Doty, P.Dirmeyer , J. Adams, K. Mitchell, E.F. Wood, J. Sheffield (2006), Land 

Information System ðAn Interoperable Framework for Land Surface Modeling, Environmental Modeling and Software , 21, 1402ñ1415. 
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LIS Background

Å In 2002, evolved from the North American 
Land Data Assimilation System and the 
Global Land Data Assimilation System

Å Key Requirements ð
ï Flexible system that is viable at different 

spatial and temporal resolutions
ï Able to perform explicit characterization 

of the land surface at the same spatial 
scales as that of cloud and precipitation 
processes to improve the 
characterization of land -atmosphere 
interactions

ï Support simulations at high spatial and 
temporal resolutions with high 
performance computing support

ï Support the incorporation of remote 
sensing information with computational 
tools (data assimilation, inverse 
modeling)
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LIS Timeline

LIS has evolved into a state -of -the art terrestrial hydrology modeling system with an 

unprecedented set of capabilities for remote sensing data infusion.

Kumar, S.V. et al. (2006), Land Information System ðAn Interoperable Framework for Land Surface Modeling, Environmental Modeling and Software , 21, 1402ñ1415. 
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Extent of LIS Applications

Mission Development

Science/Research

Terrestrial Hydrology

Applications

NWP

Availability

Quality

Food

Security

Extremes

Observation System Simulation Experiments (OSSEs) 

to quantify the utility of anticipated measurements

Modeling and data assimilation is a fundamental component of 

mission development, science, and application transition.

Improved quantification of 

terrestrial water budget 

components and their variability
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The òLIS/LDAS Ecosystemó

LIS-based environments support USAIDõs 

Famine Early Warning Systems Network 

(FEWSNET).

LIS-based environment at US 

Air Force Weather employs 

SMAP and GPM data to 

support NWP, transboundary 

water, food security, and 

other military applications. 

Significant investments (> 60 

million across the years) by 

NASA and the partner 

agencies have contributed 

to LIS development.

Other: NOAA, NRL, NCAR, UK met office, 

Bureau of Meteorology Australia, 

Universities..
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The LIS Modeling Suite

Å LISðThe modeling and data assimilation framework

Å LDTðSupports the data preprocessing needs for LIS (parameter data processing, 

data assimilation support, forcing bias correction, etc.)

Å LVTðEnvironment for model benchmarking and evaluation
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LIS Source Code

http:// lis.gsfc.nasa.gov https:// github.com /NASA -LIS/LISF

http://lis.gsfc.nasa.gov/
https://github.com/NASA-LIS/LISF
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Software Requirements

Å Fortran 90/95 Compiler

ï Preferred: Intel, gfortran , pgi , lahey , 

absoft

Å C Compiler

Å MPI (if parallel processing capability is 

desired)

Å Earth System Modeling Framework (ESMF)

ï 5.x or higher

Å LIS supports Grib1, Grib2, NetCDF , HDF, 

and GEOTIFF formats

ï NetCDF mandatory

ï Grib /HDF optional
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LIS Structure
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LIS Software Architecture

Driver Layer

Abstractions Layer

Model Layer
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Land Data Assimilation with NASA LIS

Å Vision ðUse all available 

information to provide 

simultaneous constraints on 

the water budget
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Coupled Land -Hydrology Support
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Characterization of Drought from Land Surface Variables

Å Precipitation deficiencies 
(meteorological drought) are 
translated into deficits in land 
surface variables 
(agricultural/hydrological 
drought) in a delayed manner.

ï Meteorological Drought 
(Precipitation)

ï Agricultural Drought (Soil 
Moisture)

ï Hydrological Drought 
(Streamflow)

Å Anthropogenic processes (e.g., 
agriculture) also impact drought 
propagation.

Changnon (1987)
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Estimating Drought from Land Surface Model Outputs

Å Evaluate the time series of the 

geophysical variable of interest (soil 

moisture, TWS) and categorize time 

periods where the conditions are 

abnormally drier than average 

conditions.

Å U.S. Drought Monitor categorizes 5 

different levels of drought.

Percentile < 30%

Percentile < 20%

Percentile < 10%

Percentile < 5%

Percentile < 2%



30NASAõs Applied Remote Sensing Training Program

Assimilation of soil moisture data improves drought estimates.

Improvements in Streamflow Drought Percentiles (Southern US) from Soil Moisture 

Data Assimilation

USDM

no DA with DA

Kumar, S.V et al. (2014), 

Assimilation of remotely 

sensed soil moisture and snow 

depth retrievals for drought 

estimation, J. Hydrometeror .
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Assimilation of GRACE data improves drought estimates.

Å 2011 ðOnset of the 

drought is improved 

by GRACE DA

Å 2012 ðGRACE DA 

improves drought 

severity 

representation over 

Texas, Kansas, and 

Oklahoma

Drought 

Estimate with 

GRACE Data 

Assimilation

Land Model -

Based Drought 

Estimate (no DA)

(Sep 2012)

US Drought 

Monitor

(Jan 2011)

Kumar, S.V. et al. (2017), Assimilation of gridded GRACE terrestrial water storage estimates in the 

North American Land Data Assimilation System, J. Hydrometeror .
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Assimilation of Remotely -Sensed Leaf Area Index (LAI)

Å Systematic and consistent improvements over the Central Plains, Lower Mississippi, and 
Central California Valley. Larger improvements over agricultural areas of maize and 

soybean.

Change in RMSE (W/m2) Warm 

colors indicate improvements; 

cool colors indicate degradations 

from DA 

LAI estimates from AVHRR/MODIS were assimilated into the Noah -MP land surface model during 1980 -2017.

Kumar, S.V., D. Mocko , S. Wang, C.D. Peters -Lidard

(2019), Assimilation of remotely sensed leaf areas 

index into the Noah -MP land surface model: Impacts 

on water, energy and carbon fluxes and states over 

the Continental U.S., J. Hydrometeror .
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LAI Assimilation Impacts on GPP

Å Strong improvements in GPP 

over irrigated agricultural 

areas

Change in RMSE (g/m2) 

of GPP and NEE 

compared to FLUXCOM. 

Warm colors indicate 

improvements; cool 

colors indicate 

degradations from DA.
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LAI Assimilation Impacts on Streamflow

Å Streamflow skill is improved 

over several river basins (Upper 

Mississippi, Ohio, Columbia, 

Upper Missouri, South Atlantic)

Normalized 

improvements in 

streamflow NSE and 

RMSE (using USGS 

streamflow as the 

reference)
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Average annual irrigated water use (mm/year) from NCA-LDAS (Kumar et al. 2018, JHM)

LAI Assimilation Improves Drought Estimation

Å Irrigated area in NCA -LDAS is determined by MODIS. Areas with both high irrigated amounts and 

improvements in the raw correlation of soil moisture percentiles against USDM from LAI data 

assimilation include:

ï Central California Valley

ï Nebraska

ï Lower Mississippi Basin

ï Northwest Texas

Mocko et al. (2021): Assimilation of vegetation conditions improves the representation of drought 

over agricultural areas, J. Hydrometeor., doi:10.1175/JHM -D-20-0065.1
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Capturing the Impact of Vegetation Disturbances

(2019-2020 Australian Bushfires)

Å SMAP VOD captures the vegetation disturbances from the 2019 -2020 bushfires.
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Kumar et al. (2021): The 2019 -2020 Australian drought and bushfires altered the 

partitioning of hydrological fluxes, Geophys . Res. Lett., 48(1), 10.1029/2020GL091411
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Impact of Bushfire Disturbances on the Water Cycle

Å Removal of 

vegetation leads to 

increased runoff, 

increased bare soil 

evaporation, and 

reduced transpiration.

SMAP VOD retrievals are 

assimilated into NoahMP LSM 

to examine the impact on 
evaporative and runoff fluxes.

dET (%) dQ (%)
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The 2020 Pantanal Fires

Å Pantanal ðThe largest contiguous 

wetland in the world with the 

highest concentration of wildlife in 

South America.

Unprecedented 

drought and 

extreme wildfires in 

Pantanal, particularly 

over the natural and 

conserved areas

~29% of the region 

burned in 2020.

Kumar et al. (2022), Changes in land use enhance the sensitivity of 

tropical ecosystems to fire -climate extremes, Sci Reports


