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The Land Information System (LIS; http://
lis.gsfc.nasa.gov)is a common land data
assimilation infrastructure for NASA/DoD/NOAA

1. Observations

2. Modeling and
Data Assimilation

3. Applications
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Uncoupled or

Analysis Mode

Background: LIS subsystems

LIS - OPT/UE

LIS - DA

Optimization and Uncertainty Estimation
(LM, GA, RW-MCMC, DEMC)

States (Soil Moisture,
Snow, Skin
Temperature)

___________

Parameters
(Topography, Soil
properties, vegetation
properties)

___________

___________

Meteorological
Boundary Conditions
(Forcings)

___________

Data Assimilation (DI, EnKF)

LIS - LSM

Land Surface Models (Noah,
CLM, Catchment, JULES,
TESSEL, HySSIB, Sacramento,

©

Observations (Soil
Moisture, Snow, Skin
Temperature)

___________

Water and Energy
Fluxes, Soil Moisture and
Temperature profiles,

Land surface states

___________

Coupled or
Forecast Mode

LIS -\WRF
Intejface

Hydrologic
Forecasts




LIS at AFWA
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Experimental Setup:

* Domain: Global

* Resolution: 0.125 deg.

* Period: 2014-

* Forcing: AMPS CDFSII+GFS
« LSM: Noah 3.3

N AR LY A Data Assimilation:
1§0W 120w 60 W 0 60 E 120E 180 € ° SMOPS ASCAT SOiI moisture
SMOPS (ASCAT) Soil Moisture « SNODEP snow depth
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SMOPS ASCAT DA Evaluation over CONUS

Model domain: Continental United States (CONUS) at 4th degree spatial resolution
Forcing data: AGRMET retrospective forcing

Land surface model: Noah LSM version 3.3

Data assimilation method: Ensemble Kalman Filter (EnKF). The observation error standard
deviations were defined in the climatology of the datasets and were scaled (locally) into the Noah
model climatology by the ratio of the model and observation time series standard deviations. A
CDF-scaling approach was used to scale the observations into the Noah model climatology.

Time period: Jan 1,2007,to Jan 1,2012

Quality control: Data screened for dense vegetation, snow/rain, frozen soil, and using the
estimated soil moisture error flag provided with the ASCAT data.

Evaluation: using SCAN/ARS networks. 60 SCAN sites and 3 ARS calval sites were used.




«  SCAN stations

CalVal stations
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Marginal, but
statistically significant
improvements in
surface soil moisture
and root zone soil
moisture as a result of
RTSMOPS/TUW

Anomaly R increases,
Anomaly RMSE

reduces and unbiased
RMSE reduces with

assimilation.

ARS CalVval
(surface soil
moisture)

Anomaly R

Anomaly RMSE
(m3/m3)

ubRMSE (m3/m3)

SCAN (surface
soil moisture)

Anomaly R

Anomaly RMSE
(m3/m3)

ubRMSE (m3/m3)

SCAN (root zone
soil moisture)

Anomaly R

Anomaly RMSE
(m3/m3)

ubRMSE (m3/m3)

Soil moisture DA : Evaluation of soil moisture fields

Open loop (no DA) TUWein DA

0.53 +/-0.01

0.037 +/-0.001

0.046 +/-0.002

Open loop (no DA)

0.53 +/-0.02

0.048+/-0.002

0.062 +/-0.003

Open loop (no DA)

0.54 +/-0.02

0.040 +/-0.002

0.052 +/-0.003

0.56 +/-0.01

0.036 +/-0.001

0.044 +/-0.002

TUWein DA

0.56 +/-0.02

0.047 +/-0.002

0.058 +/-0.003

TUWein DA

0.55 +/-0.02

0.039 +/-0.002

0.050 +/-0.003

RTSMOPS DA

0.55 +/-0.01

0.035 +/-0.001
0.044 +/-0.002
RTSMOPS DA

0.56 +/-0.02

0.047 +/-0.002

0.060 +/-0.003

RTSMOPS DA

0.56 +/-0.02

0.039 +/-0.002

0.050 +/-0.003
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Soil moisture DA : ARS watershed locations

8 ASCAT-DA Little Washita -
AR S in-situ

CAT obs
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AFWA SNODEP DA Evaluation over CONUS

Model domain: Continental United States (CONUS) at Y4th degree spatial resolution

Forcing data: AGRMET and NLDAS?2 retrospective forcing

Land surface model: Noah LSM version 3.3

Data assimilation method: Ensemble Kalman Filter (EnKF) and Direct Insertion (DI)
Time period: Jan 1,2007,to Jan 1,2012

Evaluation: using CMC, MODIS
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AFWA SNODEP DA: gj@
Snow Cover POD vs. MODIS
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@ AFWA SNODEP DA:
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@ LIS at NOAA: NLDAS

CFS-LDAS and GFS-LDAS (not discussed)

Parameters
(Topography, Soil
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et '/'\‘ == — Noah-3.3, CLSM-F2.5, SAC-
present Y € E HTET-3.5.6/ SNOW-17, T
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NLDAS-2 ___________ VIC-4.1.2 Fl;xes. Soil Moiswr: and
. emperature profiles,
Forcing and Meteorological Land surface states
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Soil AT Drought
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Data Assimilation (EnKF)

Kumar, S.V., C.D. Peters-Lidard, D. Mocko, R. Reichle, Y. Liu, K.A. Arsenault, Y. Xia, M. Ek, G.
Riggs, B. Livneh, M. Cosh (2014), “Assimilation of remotely sensed soil moisture and snow depth
k retrievals for drought estimation” Journal of Hydrometeorology, in revision /
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Data assimilation for the next phase of NLDAS

m J10.4 Benchmarking the next phase of the North American Land Data
Assimilation System (NLDAS) using the Land Verification Toolkit (LVT)

by Mocko et al.

m J12.6 Assimilation of passive microwave-based soil moisture and snow
depth retrievals for drought estimation by Kumar et al.

March 2011 SWE Mean v+
Percentile from LPRM =
v5 — NASA Aqua/
T T — AMSR-E EDR .

" Percentiles  (2003-2011). March 2011 GRACE- s
based Groundwater
Percentile from GRACE
TWS EDR (2002-
present).

March 2011 Surface
SM Percentile from
LPRM v5 — NASA
Aqua/AMSR-E EDR
(2003-2011).
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@ Soil moisture and snow depth DA:
Evaluation of streamflow
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The improvements are
expressed using an
Normalized
Information
Contribution (NIC)
metric that measures
the skill improvement
from DA as a fraction of
the maximum possible
skill improvement
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Minor improvements in all skill metrics (RMSE, R and NSE) are observed in streamflow estimates with soil moisture data
assimilation. Snow DA indicates a slight overall degradation.

Skill improvements from soil moisture assimilation are mostly over parts of the Mississippi, Missouri and Arkansas-Red

basins and parts of Southeastern U.S. Notable degradations due to snow DA are observed over Colorado headwater region
and over Northwest U.S.
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JCSDA Land Data Assimilation Objectives
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Figure 1: Snow water equivalent (SWE)

based on Terra/MODIS and Aqua/AMSR-E.

Future observations will be provided by JPSS/ I\
VIIRS and DWSS/MIS.

Figure 2: Annual average precipitation from 1998 to
2009 based on TRMM satellite observations. Future
observations will be provided by GPM.
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Figure 5: Current lakes and reservoirs monitored by
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Figure 3: Daily soil moisture based on Aqua/ OSTM/Jason-2. Shown are current height variations
AMSR-E. Future observations will be Figure 4: Changes in annual-average terrestrial relative to 10-year average levels. Future
provided by SMAP. water storage (the sum of groundwater, soil water, observations will be provided by SWOT.

surface water, snow, and ice, as an equivalent height
of water in cm) between 2009 and 2010, based on
GRACE satellite observations. Future observations

K will be provided by GRACE-II. /
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