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Presentation Outline

A Introduction to the North American Land Data
Assimilation System (NLDAS) project and the
new/upgraded LSMs for the next phase on NLDAS

ANoah-3.3, Catchment/Fortuna2.5 (shown here);
SAGHTET -3.5.6/SNOW-17, VIG4.1.2.1 (in LIS7)

A Simulations with the Land Information System (LIS

A Using the LIS software framework for data
assimilation of remotelysensed water states

A Model evaluations and benchmarks using the
Land Verification Toolkit (LVT)

A Soll moisture, Surface fluxes, Snow, Streamflow
A Regression model development and evaluation,



A NLDAS Phase 2 is currently running in operations in
nearreaitime (3.Eday lag) to drive a suite of LSMs
(Noah-2.8 Mosaic, SAC/SNOW-17, andVIC-4.0.3.

A The NLDAS2 LSMs have been extensively evaluated
against many observations in papers led by Xia et al.

A For the next phase of NLDAS, new and upgraded LSI
are being run using the NA8Aveloped LIS software
framework, including the use of data assimilation.

A 1/8M-deg. centered over CONUS-E N; 12567 W).
A A 60year spifup, then simulations from 1992012.

Reference(s)Xia et al.(2012a&b)d NLDAS -2 introduction and streamflowevaluationd JGRg
Xia et al.(2013)d soil temperature evaluatiord J. Appl. Meteor.Climatol.; & numerous others.



% The Land Information System (LIS) &

A LIS is a flexible larslirface modeling and data assimilation
framework developed with the goal of integrating sateilte
groundbased observed data products with-samhce models.

1979present
NLDAS-2 Forcing
and Parameters

Parameters
(Topography, Soil
properties, vegetation
properties)

Data assimilation
of: soil moisture,
snow depth/area,
terrestrial water
storage(TWS), and
Irrigation intensity

Meteorological
Boundary Conditions
(Forcings)

Observations (Soil
Moisture, Snow, Skin
Temperature)

Land-Surface Models
Noah-3.3, CLSMF2.5,
SAGHTET -3.5.6/
SNOW-17, VIG4.1.2.]

Water and Energy
Fluxes, Soil Moisture and
Temperature profiles,
Land surface states

Data Assimilation (EnKF, EnKS)

Reference(s)Kumar et al.(2006) inEnvironmental Modelling & Software
PetersLidard et al. (2007) in/nnovations in Systems and Software Engineering




Accuracy RMSE, Bias, Correlation

Ensemble Mean, Standard deviation,
Likelihood

Uncertainty Uncertainty importance
Information theory | Entropy, Complexity

1
A range of evaluation metrics
Land model diagnostics

Data assimilation and Data assimilation Mean, variancejag correlations
uncertainty diagnostics o . . X .
Spatial scale analysis of innovation distributions
Support for non-LIS data . T .
Spatial similarity Hausdorff distance

Scale Discrete wavelet transforms
decomposition

A LVT is a NASAdeveloped opesource software framework
developed to provide an automated, consolidated environment
for systematic land surface model evaluation and benchmarkin

A Includes support for a range ofsitu, remotesensing, and
other model and reanalysis products in their native formats

Reference:Kumar et al.(20R): Land surface Verification Toolkit (LVT) d

A generalized framework for land surface model evaluatiorGeosci Model. Dev. >



WATER STORAGE IN
ICE AND SNOW

&

WATER TABLE

GROUND-WATER FLOW

CLOUDS &

Benchmarking philosophy

1y

WATERVAPOR

PRECIPITATION

Compare against available
iIndependent dataevaluating
against every component of the
water cycle, including budgets,
balances, and combination
variables (SWE/P, E/P, Q/P).

Normalize metrics to allow
Integration between different
observations/components, and
to ease comparison of the LSMs.

Investigate if the LSMs provide
additional information compared
to a regression model. Similar to
the PALS benchmarking protocol.
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USDA SCAN and ARS "CalVal" soil moisture locations

T

NLDAS-2 Mosaic ~ 0.758 0.661 - 0.025
NLDAS-2 SAC ~ 0.757 0.701 +/-0.027
NLDAS-2 VIC-4.0.3 0.592  0.495 +/- 0.029
NLDAS-2Noah-2.8 0.694 0.634 +/-0.028
Noah-3.30L 0.711 0.614 +- 0.024
R R R R R B CLSM-F250L 0581 0.493 +/-0.030

- USDA SCAN quality—controlled [O- USDA ARS experimental
123 sites watershed "CalVal" sites Anomaly R Values

4 sites

The surface soil moisture (5¢cm) was evaluated against quality
controlled soil moisture observations from the

andARSCdivalo (4 si t-e
2011) networks. Data assimilation results can be found in
Kumar et al. (2014, JHM ) T & his talk Tue 11:00am (Paper 3.1).

Reference(s):Jackson et al(202) 8 ARSO /EEE TRGS; Schaefer et ald SCANd J. Atmos.
Oceanic Technol, Liu et al. (20110 soil moisture skill with land DA &8 JHM




" Evaluation of gridded surface fluxel

Latent Heat Flux — Seasonal cycle 2001-2008 Latent Heat Flux — Seasonal cycle 2001-2008
Avea—average 25.5-49.0 North Avea—average 25.5-49.0 North
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Gridded monthly surface flux reference products (in blue, the
mean / ) based on FLUXNET surface observations, on
MODIS retrievals (MOD16 and UW ET), and on thermal remote
sensing (ALEXI). (Left) NLDAS -2 Noah and Noah-3.3; and
(Right) NLDAS -2 Mosaic and CLSM-F2.5.

Reference(s):Jung et al.(2009 6 FLUXNET 0 Biogeosci; Mu et al. (20110 MOD16 6 Rem.
Sens. Environ, Tang et al. (2009)6 UW ET 6 JGR Anderson et al(2007)d ALEXI 6 JGRa




¥ Evaluation of gridded surface fluxej

Latent Heat Flux (2001-2008) 25.5-49.0 North [ Taylor diagram using
FLUXNET product as

OALEX|
MOD 16 reference dataset.

UW ET

ONLDAS -2 Mosaic § ALEXI, MOD16, and

ONLDAS—2 VIC UW ET compared to
ENoah—3.3 OL

®CLSM—-F2.5 OL FLUXNET are shown.
xNoah—3.3 DA
+CLSM—F2.5 DA

Y

NLDAS-2 LSMs
shown with open
marks.

Noah-3.3/CLSM-F2.5
OL runs shown with
closed marks.
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Reference: gzah_ss/r?LSM-FﬁB
0.25 0.5 0.75 1 T ! FLUXNET - rl\JnS shown wit
Standard Deviation (Normalized) AnXo and

Reference(s):Jung et al.(2009 6 FLUXNET 0 Biogeosci; Mu et al. (20110 MOD16 6 Rem.
Sens. Environ, Tang et al. (2009)6 UW ET 6 JGR Anderson et al(2007)d ALEXI 6 JGRa




Evaluation of snow depth

RMSE of Snow Depth compared to CMC BIAS of Snow Depth compared to CMC
Seasonal cycle 1998-2011 25.5-49.0 North Seasonal cycle 1998-2011 25.5-49.0 North
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NLD-2 Noagh.8 MNooh-3.3 OL NLD-2 Mosqcic CLSM-F2.5 OL NLD-2 Noah.8 MNoah—-3.3 OL NLD-2 Mosqcic CLSM-F2.5 OL

Gridded snow depth analyses (GHCN, CMC, SNODAS) are usec
for snow depth evaluations. (Left) RMSE & (Right) Bias against
the CMC dalily snow depth analysis. Additional detail in Kumar
et al. (GRL, revised versionsubmitted) and Liu et al. (WRR, In

revision). And Kumar et a | présentation on Tue at 11:00am.

Reference(s)Menne et al. (2012 8 GHCN 0 J. Atmos. Oceanic Techno/.Brown and Brasnett
(2010)d CMC 6 Environ. Canada Barrett (2009)d SNODAS 6 NS/DC, Boulder, CO
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Nash-Sutcliffe Efficiency against 939 USGS small unregulated basins, 2000-2012.

(Left) Noah-3.3 DA and (Right) CLSM-F2.5 DA runs compared
to USGSstreamflow observations. TheNLDAS-2 LSMs use the
NLDAS router to route surface runoff and baseflow. The new
LSMs used theHyMAP router, which also provides streamflow
hei ght and I ncludes f | ood-pdsai
naturalized streamflow dataset (Mahanama et al., JHM , 2012).

Reference(s)Lohmann et al. (2004 6 NLDAS router and USGS streamflowbs 6 JGR Getirana
et al. (2012)d HYMAP router 8 JHM; Mahanamaet al.(2012)0 Naturalized streamflowd JHM,




Benchmarking system

A David Lawrence (NCAR) et al. have proposed a benchmarking
system for land models as part of The International Land Modé¢
Benchmarking (ILAMB) project. One aspect of this system is t
devel opment of a oO0Oscoreo sys
observations to normalize different error metrics. One example

NLDAS-2 Mosaic

NLDAS-2 VIC-4.0.3
NLDAS-2 Noah-2.8
Noah-3.30L
CLSM-F2.5 OL

S varies between 0 and 1; higher values show lower overall RMSE



Benchmarking system

AThis type of oO0scoreo system
(unbiased RMSE, Mean Absolute Error, etc.) all available in LV

~

A Lawrence has also proposed adding weights to this score syste
subjectively determined to represent confidence/representative
we have In a particular observational dataset as well as import:
of each water budget term.

A As an example, here we use an average weight each of O 25 fe
| atent heat fl ux product

NLDAS-2 Mosaic
NLDAS-2 VIC-4.0.3

NLDAS-2 Noah-2.8
Noah-3.30L
CLSM-F2.5 OL




Model inputs vs. Model physics &

Information fromModel Inputs vs.Model Physics

of or t he mos tindepudlisethe t |
Il nf or mat i on abanowitza2bob; GRL)

A How to measure information use efficiency?

A Abramowitz (2005; 2012) showed that regressions on the
boundary conditions often eperform physiecbased LSMs.
Implies that models do not use all available informatian

A Gong et al. (2013) measured informatisnby the model

A Nearing et alWR R ;TheAamount and Quality ainformation
| n a Kbooepted) mmeasured informapoovided by model
physics

A Use a Leave One Out (LOQO) regression model

14



Standard benchmarking approax
Missing information from Forcings, Parameters & Models (e.g., Abramowitz, 208tg a
split data record at each site
A 15-Day lagged forcing as inpu
A Single kernel density function
e ks s e (a Gaussian process regressi
trained on ~100 data points at
' all sites
A 101 SCAN sites with sufficient

trainingdata
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Explanation of Results

A First columns measure (Shannon) information missing from Forc
A Second column measures information missing from Parameters
A Model columns measure igfain (or lossfom modebphysics
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Summary/Conclusions

LSMs from NLDAS Phase 2 and from the next phase of
NLDAS are being evaluated against observations using L
Including soil moisture, surface fluxes, snow, and streamfls

Benchmarking system is being developed to evaluate cha
from new LSMs and using data assimilation, normalized a
weightaveraged between observational datasets and wate
pudget terms.

Regression model analysis was performed to show the inf
ost (or gained) from the model physics and parameters.

mproving model parameters in the new LSMs for NLDAS
may provide better simulated results for the Open Loop ar
for using data assimilation.

16
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Future steps for NLDAS

Evaluate the VI&4.1.2.| and SAEGTET-3.5.6/SNOWL17
Open Loop simulations and add/test the effects of DA.

Model parameter calibration through the benchmarking system
Further evaluations (other variables) with the regression model
Drought uncertainty analysis usingQFSI/UE subsystem.

Probabilistic modeling will be performed towards reducing the
uncertainty from the LSMs with respect to independent validati
data, instead of simply showing improvements in error metrics
from a single deterministic realization.

Add latest versions of NodP and CLM LSMs into LIS
(groundwater, etc.) and run and test over the NLDAS domain.

Transition the latest version of NLDAS using LIS and DA to
NOAA/EMC for nearreattime operational data production. .



&

NLDAS & LIS websites

A NLDAS at NASA:
http:// Idas.gsfc.nasa.gov/nldas/

A NLDAS datasets at the NASA GES DISC:
http://disc.gsfc.nasa.gov/nydrology/

A NLDAS at NOAA/NCEP/EMC:
http://www.emc.ncep.noaa.gov/immb/nldas

A LIS website at NASA.
http://lis.gsfc.nasa.gov/

A LVT website at NASA:
http://lis.gsfc.nasa.gov/LVT/

18



Additional slides
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#< NLDAS Land Surface Models (LSI\/Is):*f?
NLDAS-2

Mosalic

VIC-4.0.3

SAC/

SNOW-17 At ncludes

Major LSM changes
A Common code by
NCAR/NCEP

A Warm season updates
A Snow physics upgrade

Noah-3.3

A Topographic catchments
instead of 1D soil
moisture layers

A 3 soil moisture regions:
saturated, subsaturated,
and wilting

Catchment/
Fortuna-2.5

(CLSM-F2.5

A Canopy energy balance
A Snowpack improvements

VIC-4.1.2.

A Distinct soil layers for

soil moisture/temps (HT) SAC'HTET =
the 3.5.6/

evapotranspiration physics

(ET) SNOW-17

Next phase of NLDAS

Chen et al. (1996,
JGR)Ek et al. (2003,
JGR); Wei et al., 201.
HP);Livnehet al.,
2010, Hydromet)

Kosteret al. (2000,
JGR);Reichleet al.
(2011, J. Climate);
same version of code
as for MERRALand

Liang et al. (1994,
JGR); Gaoet al.
(2010, book chapter)

Burnastet al., (1973);
Anderson (1973);
Korenet al. (2007,
2010, NOAA Tech
Memos)




A ECV (Essential Climate

Moisture Variable), merged product
from multiple platforms
A AMSR-E LPRM product

A ASCAT (SMOPS) product

A Snow depth from SMMR,
SSM/I, AMSE-E

A Snow-covered fraction
(SCF) from MODIS and
IMS

A Terrestrial waterstorage
(TWS) anomalies from
GRACE

Irrigation A Irrigated areas
intensity determined from a
MODIS climatology

ECV (19792002)
AMSR-E (20022011)
ASCAT (2007)

SMMR (19791987)
SSMI/I (19872002)
AMSR-E (20022011)

MODIS (2000 )
IMS (1997 )

GRACE (2002)

Demand-driven
during 19792012

Microwave soil moisture not assimilat:
in locations/times with heavy vegetati
precipitation, snow cover, frozen grou
RFI. Observations are scaled to the

LSMdés climatol ogy

Passive microwave snow depth-bias
corrected using tiéressmamethod
using irsitu observations from the
Global Historical Climate Network
(GHCN). Visible SCF data used as a
additional constraint during data
assimilation.

Ensemble Kalman Smoother (EnKS)
used only with the CLSKR.5 LSM.

Demandd r i gpeinke6o s c hem
based oi®zdogaret al., JHM, 2010.
Triggered when root zone soil moistul
falls below a specific threshold.
Irrigation requirement computed as at
amount of water and added to the
precipitation forcing.




Regression
Training

Leave-One-Out
Regression Analysis

Site i-1

Site i

Site i+1

Run Models l Mutual Info
v

Bnd Cnd Reg 7/ Reg Pred / Mutual Info

o ]

With observations dats Ared tSiotuds ,ofSitthee it r ai ni
uses the inputs and observations at each other site. After training, the inputs and observations
at 390 terd used to determine i nformation obt
model, and the physics ofthelands ur f ace model (s) . This 1s r




Regression analysis

If LSM Info is Higher than If LSM Info is Lower than
Regression Info Regression Info

Total missing Information missing
Information from inputs

Information Information lost

from Physics by Model Error

Obs Entropy I(Obs; Reg) I(Obs; LSM) Obs Entropy I(Obs; Reg) I(Obs; LSM)

The X-axisi I(X;Y) 1 is Shannon's mutual information between X and Y; it is equal to the

amount of information that Y gives about X and vice versa. Mutual information measures

predictability . If the Info obtained from the LSM is than from the regression model,

then the physics from the LSM has . If the Info obtained

from the LSM is than from the regression model, then the physics from the LSM has
through model error.




