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About ARSET

A ARSET provides accessible, relevant,
and cost -free training on remote
sensing satellites, sensors, methods,
and tools.

A 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

o Io Do Do Io Do

A

Online or in -person

Live and instructor -led or asynchronous and self
Cost-free

Bilingual and multilingual options

Only use open -source software and data
Accommodate differing levels of expertise

Visit the ARSET websiteto learn more.

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

Overview



Overview

A An estimated 55 million people globally
are affected by droughts every year
(WHO).

A Soil moisture plays an important role in
drought monitoring.

A Relatively high -resolution gridded soil

moisture products improve situational Legend
awareness. 0-100 cm Soil Moisture Percentile
. : . . G |0 )

A SPORTLIS provides unique, real -time soil 0 2 5 0 2 2 w0
moisture information at relatively high ( T T
spatial resolution (~3 km). 70 80 % 05 %8 100

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

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.

A Identify the NASA/LIS basics regarding the framework, input forcing, static fields,
LSM structure, and output most relevant to drought

A Summarize the derived soil moisture percentile products and how these are
created

A Apply SPoRTLIS output and/or derived products to both complement existing
data and overcome limitations to monitoring drought over large areas

Recogni ze Obest practiceso for LIS i mpact

Configure LIS output file for viewing within a GIS  -based display tool and for
tailored output products and graphics

o I
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Prerequisites

A Fundamentals of Remote Sensing , Session 1

A Download and install QGIS and all accompanying software
A Register for a Google Colab via Gmail or Gmail -enabled account
A Basic Python experience beneficial but not required
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https://appliedsciences.nasa.gov/join-mission/training/english/arset-fundamentals-remote-sensing
https://www.qgis.org/en/site/
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Homework

Opens May 31 0 Due June 14 0o Posted 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.
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Part 1: Foundational Understanding of LIS (Static,
Forcing, Models, Output)



Part 1 Trainers

Chris Hain Sujay Kumar Jonathan Case
Project Lead, RebeAréhAhysical Scientist Research Meteorologist,
Short-Term Predlct_lqn Hydrological Sciences N A SAOs -T8rimor t

Research and Transition Lab. NASA GSEC Prediction Research and

Center ( SPoRY) Transition Center ( SPoR)

|
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Part 1 Objectives

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

A Identify the NASA/LIS basics regarding the framework, input forcing, static fields,
LSM structure, and output most relevant to drought

A Summarize the derived soil moisture percentile products and how these are
created
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How to Ask Questions

A Please put your questions in the Questions box and we will address them at the
end of the webinar.

A 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.

A 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.
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NASA LIS Framework and Outputs

Sujay V. Kumar 9 Hydrological Sciences Lab, NASA Goddard Space Flight Center
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Land Information System (LIS)

lis.gsfc.nasa.gov

A A system for uncoupled and coupled
land modeling and data assimilation

A Philosophy 8

i oUse the best avail
to force and constrain the models \

A Applications 8 RN\ :

I Weather and Climate Model
Initialization

I Water Resource Management
I Natural Hazards Management

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 & An Interoperable Framework for Land Surface Modeling, Environmental Modeling and Software | 21, 1402f 1415.
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LIS Background

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

A Key Requirements &

| Flexible system that is viable at different
spatial and temporal resolutions

I 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 on

. Interactions | | & J Land Information

|  Support simulations at high spatial and ‘ g
temporal resolutions with high ystem
performance computing support

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

VQ'wf o Y Oof
@ LIS-based LIS as the
Strategic v GRACE informed M foundation for #? w
partnership with .. LIS in operations drought ‘ Earth Information
AFWA/SST 9§A'Q 2t AFWA/557 indicators System (EIS) ;
2002 2006-2008 2010 2019 2022
® ® ® ®
Cf | 2009 \ 2012 | o S
SMAP dat peratlonal LIS-
NASA funded LIS enables the LIS in routine use L caa QIS based Global
! transitioned to 557
computational LDAS ecosystem at NASA SPoRT operations Hydro Intelligence
technology p— SP@RT system
project NASA software of (expected)
the year
)\ FEWS NET

FAMINE EARLY WARNNG SYSTENS NETWORK

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 & An Interoperable Framework for Land Surface Modeling, Environmental Modeling and Software |, 21, 1402/ 1415.
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Extent of LIS Applications

Terrestrial Hydrology
Applications

Modeling and data assimilation is a fundamental component of
mission development, science, and application transition.

Mission Development

FORMULATION IMPLEMENTATION

LIFECYCLE : Phase'B: Phase D: PhaseE: | Phase F:
PHASES : Concsipt & n Des System Assembly, | Operations & | Closeout
lo; i Integration & Test, | Sustainment

Launch & Checkout

Science/Research
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FROM THE AMERICAN PEOPLE LISbased environment at US

NASA Soil Data Joins the Air Force
Juy1,2019 Air Force Weather employs

When Drought Threatens Crops: [ f [w]in| 2|+ SMAP and GPM data to

NASA’s Role in Famine Warnings
support NWP, transboundary

NASA's satellite imagery and model forecasts regularly
help agricultural and aid agencies to monitor the
performance of crops worldwide and prepare for food
shortages.

water, food security, and

other military applications.

“In the 1970's the U.S. realized that drought impacts
on global agriculture were severely affecting trade and
food aid decisions, while ground based information
and forecasting of drought was very limited," said
Brad Doorn, water resources program manager in the
Earth Science Division at NASA Headquarters,

Follow the Freshwater: By predicting droughts and floods and
Washington. “Earth observations from space provide tracking blooms of algae, NASA's view of freshwater around the

LISbased environments support

Famine Early Warning Systems Network "
(FEWSNET).

USACE,__ Significant investments (> 60

Other: NOAA, NRL, NCAR, UK met office,
Bureau of Meteorology Australia, P

million across the years) by
NASA and the partner

agencies have contributed

5 Mg
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= ESEARC
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The LIS Modeling Suite

A LIS The modeling and data assimilation framework

A LDT® Supports the data preprocessing needs for LIS (parameter data processing,
data assimilation support, forcing bias correction, etc.)

A LVT® Environment for model benchmarking and evaluation

Model evaluation and benchmarking

0
Land surface parameter processing i e
DA/OPTUE preprocessing 3 , ydrological products (drough

Downscaling support

A Forcing adjustments (bias correction)
Restart/ensemble generation
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LIS Source Code

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

nasa LIS Framework
iy Land Info

LINASA-LIS / LISF @ uUnwateh ~ 24 W Unstar 29 YFork 85
About ~ [ ~ Source ~ TestC Pubs Blog
<> Code Issues 52 Pull requests 10 Actions Projects 1 Wiki Security Insights Settings
Land Information System Framework Edit

Manage topics

P 717 commits ¥ 2 branches [ 0 packages © 3 releases A1 14 contributors gz View license

" Home / Software Suite

Soﬁware SUIte Branch: master~ | New pull request Createnew file  Uploadfiles = Find file

Latest Release
E sujayvkumar Merge pull request #473 from sujayvkumar/fix/472 - Latest commit fde9316 2 days ago

The Land Informatlorl System (LIS) is a S.Oﬂware framewt?rk. for high LDT 7.2r, LIS 7.2r, and LVT 7.2r m docs Merge branch 'support/lisf-557ww-7.3'
performance terrestrial hydrology modeling and data assimilation developed Roleaso
with the goal of integrating satellite and ground-based observational data e Mo 2017 LDT sublic releass 7.2 i Idt Merge pull request #460 from karsenau/fix/410_ldtbuffer 13 days ago
products and advanced modeling techniques to produce optimal fields of land Y ) 2 o

5 months ago

LIS public release 7.2r, and LVT public i lis cleaned up leftover debugging statements 2 days ago
surface states and fluxes. release 7.2r became available for release
to the general public as open source vt Fixed the issue of incorrect lat/lons in the LVT output 2 days ago
The LIS development is led by the Hydrological Sciences Laboratory at NASA's under the NASA Open Source & gitignore Add gitignore file 16 months ago
Goddard Space Flight Center. Agreement (NOSA). Please see the
Releases page for information about the [E] LICENSE.adoc Add README.adoc and LICENSE.adoc files 16 months ago
IntrOdUCing the L|S Framework new features in this release and the

Source page for information about
obtaining both this release and older

Land Information System (LIS) modeling and analysis suite releases.
1D7” | LIS Read More News

Mg,

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

Software Requirements

A Fortran 90/95 Compiler

I Preferred: Intel, gfortran , pgi, lahey,
absoft

To

C Compiler

To

MPI (if parallel processing capability is
desired)

A Earth System Modeling Framework (ESMF)
I 5.x or higher

A LIS supports Gribl, Grib2, NetCDF, HDF,
and GEOTIFF formats
I NetCDF mandatory

I Grib/HDF optional
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Uncoupled or
LIS Structure | aeevode LIS - OPT/UE Coupled or
Forecast Mode

O ptimization and Uncer tainty Estimation ¢ “
(LM, SCE-UA,GA, RW-MCMC, DEMC) @

LIS - DA
DataAssimilation (EnKF, EnKS EKF) LIS 1 WRF

Viap +

— Interface

P

e

O bservations (Soil
. . Moisture, Show, Kin
Statesgf(]Sall Moisture, Temperature, TW )
ow, Kin
— Termperature) - ;
A Land Surface Models (Noah, i ‘A’&)\ %
| /_’ E L JILES Noah-MR VIC, & "
! i Catchment, CLM, CABLE), Lake
----------- models (FLake)
Parameters
(Topography, Soil
properties vegetation Water and By
— r[:_nr_ci;?e_r_t ) : Fluxes, Soil Moisture and
: ! Temperature profiles
AN : Land surface states

[N gy ——mmmmmm=—a

E i? i Hydrologic
: i Forecests

Meteorological
Boundary Conditions

» (Forcings)

___________

1
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LIS Software Architecture

Driver (Core) Layer

Abstractions Layer

Driver Layer

Time Logging and High , Geospatial le]
Management Diagnostic Performance Cm_fl'_lg::':tmn Transformation Management
Tools Tools Computing Tools

Abstractions Layer
[ dand Surface Runni ) ) — [~ ] =
] unoing Meteorological @l imizati Uncertainty i
] LK - Parameters - SHEE — - Assimilation -l' ptimization - Estimation WLl

Model Layer

Lat/lon | |
Landcover (UMD, USE S,
ol NLDAS

: Clauzsy . ! Landslide
Hyssib Forecast s?:ig?fp-hwuﬁgs‘;’ Lambert Conformal Direct Insertion

Sacramento LAT(AVHRRIMO DIS] Mercator EnKF
oW 17 . Greenness (AVHRR/MO DIS) Polar Sterzographic Crop models NDHMS

Catchment Analysws

router

models HYMAP

HTESSEL Albedo (AVHRR/MO DIS)

UTM™
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Land Data Assimilation with NASA LIS

S

:IMS/wndap mous

SHlIA¥espue
‘ZUSNY ‘I-YSY ‘I/WNS

SHIIA ‘Siaop
‘ HYHAY :Opaq'v

Precipitation-based Rodell et al. 2004,
LDAS (NLDAS, GLDAS) Mitchell et al. 2004

Soil moisture DA @)———® Kumar et al. 2009

Liu et al. 2015,

SWE, snow cover DA Kumar et al. 2015

Skin temperature DA Reichle et al. 2010

. Kumar et al. 20186, Li
Terrestrial water storage DA @—- ot al. 2019

Vegetation DA Kumar et al. 2019, 2020

Albedo DA @)@ Kumar et al. 2020

Water level DA Ongoing
Multivariate DA Kumar et al. 2019 Jasinski
et al. 2019

A Vision & Use all available
iInformation to provide
simultaneous constraints on
the water budget
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Coupled Land -Hydrology Support

LIS - OPT/UE

NASAGs Applied

LIS

Remote Sensing Training

Optimization and Uncertainty Etimation -
(LM, SCE-UA,GA, RN-MCMC, DEMC) @
LIS - DA
Data Assimilation (EnKF EnKS EKF)
S ‘iﬂ y—— %
States (Soil Moisture, LIS -LSM Obsenatiors (il
Ser’ SQn N'Diﬂure, QDW, S(ln
Te t Temperature, TWS)
| [omperalure) Land Surface Models (Noah, = 3
A\ JULES Noah-MR VIC, P =)
' ! Catchment, CLM, CABLE), Leke & "
"""""" models (FLake)
Parameters
(Topography, Soil
properties, vegetation
properties) Water and Energy
I e Huxes, Soil Moisture and
: ! Temperature profiles,
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Characterization of Drought from Land Surface Variables

Atmospheric evaporative demand

A Precipitation deficiencies
(meteorological drought) are
translated into deficits in land e

surface variables e
(agricultural/hydrological \/\/\ VN W\ /v A T
drought) in a delayed manner.

I Meteorological Drought
(Precipitation)

I Agricultural Drought (Soil
Moisture)

I Hydrological Drought S i W i ey (e -
(Streamflow) 7 Groundwater

A Anthropogenic processes (e.g., S B W R SR, T—
agriculture) also impact drought .
propagation. T0 T1 T2 T3 T4

Time periods Changnon  (1987)
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Estimating Drought from Land Surface Model Outputs

A Evaluate the time series of the gy | et
geophysical variable of interest (soill
moisture, TWS) and categorize time @ | "5 | Percentie < 30%
periods where the conditions are
abnormally drier than average
conditions.

A U.S. Drought Monitor categorizes 5
different levels of drought.

Moderate

= Drougnt Percentile < 20%

Percentile < 10%
Percentile < 5%
Percentile < 2%

01/01/1932 01/01,/1988 OL/01/1934 OL/OL/2000 0140142006 01/01/2012
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Assimilation of soil moisture data improves drought estimates.

50°N @ﬂ
45°N s
40°N —
35°N — s : ¥ .
30°N ‘ - g S with DA
25°N < : oﬁl

. 105°W 90°W 75°W 60°W

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

Data Assimilation

UL Kumar, S.V et al. (2014),
100 F DA-SNOW ——— _|  Assimilation of remotely
DA-SM ——— sensed soil moisture and snow
USDM —— depth retrievals for drought
80 | - estimation, J. Hydrometeror .

60 H

40 §

20

i M

2002/0 2004/01 2006/01 2008/01 2010/01 2012/01 .
30
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Assimilation of GRACE data improves drought estimates.

Drought
Land Model - Estimate with
US Drought Based Drought GRACE Data
Monitor Estimate (no DA) Assimilation

| (an 2011) A 2011 8 Onset of the
‘ drought is improved
by GRACE DA

(Sep 2012) A 2012 8 GRACE DA
Improves drought
severity
representation over
Texas, Kansas, and
Oklahoma

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)

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

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

Soybean ' FLUXNET MTE GLEAM

Change in RMSE (W/m2) Warm
colors indicate improvements;
cool colors indicate degradations
from DA

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

A 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. -8e-6 406 0 4e-6 8e-6
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LAI Assimilation Impacts on Streamflow

A 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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LAI Assimilation Improves Drought Estimation

A Irrigated area in NCA -LDAS is determined by MODIS. Areas with both high irrigated amounts and
iImprovements in the raw correlation of soil moisture percentiles against USDM from LAI data
assimilation include:

I Central California Valley
I  Nebraska

I Lower Mississippi Basin
I Northwest Texas

Improvements in the correlation of drought intensity estimates -

2\ TOPER U - ot ~— =
48N 0 0. A, ¥ R
. y 44 ¢ o - Ny J B » ~0) :
A B o "™ -
St . WG . o ! — \E
o = DR | A LT 3 ¢ %5
. ! -y " . .

Average annual irrigated water use (mm/year) from NORS (Kumar et al. 2018, JHM)

45N — +

40°N -

35°N -

30°N —

26 3 25°N
- ’[;?:f S '°-”"‘ . ”'t u;‘o y [5’: N OL]”" i 120°W 110°W 100°W 90°W 80°W 70°W
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=05 =-0.3 -0 0 0.1 0.3 0.5

Mocko et al. (2021): Assimilation of vegetation conditions improves the representation of drought
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Capturing the Impact of Vegetation Disturbances
(2019-2020 Australian Bushfires)

A SMAP VOD captures the vegetation disturbances from the 2019 -2020 bushfires.

How big are the Australian fires?

An estimated 10 million hectares (100,000 sq km) across
Australia since 1 July 2017/01/22 2018/01/22 2019/01/22
UK ) S T 1, * ST .
> ~ .
us ®© (o
ST R & | !
Albanyg ) g - SN 0.4
0 springfieldo C 3505 f‘: 30°S f 30°S Y 30°S '@? ‘
) el R < g ‘ 5/ ' Ry e
_OScranton )/é W% a) ~ o I
R, A 4 2 - .
TESA N S ) 0.0
ﬁeﬁﬁ&k O ks e 4 S
X N > 35°S : 35°S| ey 35°S 35°S > -0.2
s Sy . grit . oL} 1 ;m .
D— .,“,,' T ¢ L e - ‘,.“ -
<E x 2 - N b5 ‘z}-/ y N = " :?‘“ -0.4
z o o o A aA0°
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Kumar et al. (2021): The 2019 -2020 Australian drought and bushfires altered the
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Impact of Bushfire Disturbances on the Water Cycle

| cmatony @otsasie SMAP VOD retrievals are
350 | assimilated into NoahMP LSM
E 300 to examine the impact on
: :Z | evaporative and runoff fluxes.
E 150
100
I A ales
50 f | LVAY . outh W
ol . AL in New S
11/15 11/30 12/15 12/31 01/15 01/31
A Removal of dET (%)
vegetation leads to f X
Increased runoff, L f,
increased bare soil e S |
evaporation, and b
. . 35°5 SRR L e 35°S
reduced transpiration. Bl
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-8 -4 0 4 8
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The 2020 Pantanal Fires

A Pantanal & The largest contiguous
wetland in the world with the
highest concentration of wildlife in
South America.
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f)ar tuse

nhance the sensitivity of
ate extremes, Sci Reports

Unprecedented
drought and

extreme wildfires in
Pantanal, particularly
over the natural and
conserved areas

~29% of the region

burned in 2020.
@



