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Current Operational NLDAS Land Surface Models: NCEP/Noah,
NASA/Mosaic, NWC/SAC, and Princeton/Washington/VIC

@ NLDAS Products:

water fluxes — precipitation, runoff,
routed streamflow, snowmelt,
sublimation, ET:;

energy fluxes — downward/upward
shortwave and longwave radiation,
net radiation, sensible heat flux,
latent heat flux, ground heat flux;

state variables — soil temperature,
soil moisture (liquid, frozen, total),

® NLDAS is a multi-model land modeling and data
assimilation system...

e ...run in uncoupled mode driven by atmospheric forcing
(using surface meteorology data sets)...

e ..with “long-term” retrospective and near real-time output
of

land-surface water and energy budgets.

NLDAS Configuration: Land models
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Next Phase NLDAS System — LIS-Based Framework

 NASA Land Information System (LIS) Framework

» Assimilation of soil moisture, snowpack, and GRACE terrestrial water storage

e Models: Catchment, Noah-MP, CLM4.5(??), Noah3.6, VIC4.1.2

« Addition of groundwater and dynamic vegetation module

» Output: groundwater storage, carbon flux, leaf area index and greenness fraction

(simulated)

Noah-MP3.6

\.l“’fr,

s 3 :
= /;‘wz'i{' /F"_) /

Transpiration
. ) f Canopy Water
D"i“:ﬂ"f'm"‘m-“""’ Turbulent Heat Flu o and Evaporation
and from snowpack from snowpack, soil dnd plant

Unconfined Aquifer Layer: Recharge rate is proportional to:
(water head at the bottom — water head at the water table)

Land surface pranseler processing
DAJOPTUE preprocessing

Model evalustion and benchmarking
Hydrologieal products (drought
iq_am. flood indicators)

1)
— -wnwvze%?s:rg / @ng,-w‘" —_—
: @

Meieoralogica] data
[NLDAS, MERRA,
GPM, BCMWE,)

Land surface Data Land surface Verification

Toolkit (LDT) Toolkit (LVT)
Land Information System



NLDAS Website

http://www.emc.ncep.noaa.gov/mmb/nldas;,

B —.ea More details can
I/ ® nwons Homepage <\ +

(f i .emc.ncep.noaa.gov/mmb/nidas/ C || Q search wB @O & A © @& 57 See NCEP and

Forcing Data Model Qutput NLDAS Monitor NLDAS Forecast Quick Links

The NLDAS telecon presentations can be found at NCEP ldas fip site N A S A N L D A S
30-year refrospective (1979-2008) NLDAS forcing and outputs of four models and real-time B
updates (2009-present) are at the NCEP Idas fip site NEW RELEASE: River routed hourly
data from four NLDAS models can be downloaded from the link Streamflow, and =
post-processed SAC soil moisture data can be downloaded from the link Post-Processed SAC We b S I te
Soil Moisture. NLDAS became NCEP Operational on 5 August 2014 and the Operational
Products can be downloaded from the link Products: also, see the NLDAS-2 transition Plan.
"EMC NLDAS-2 realtime and retrospective products are back online through a newly rebuild

sever. Contents of data and products included at NCEP ldas fip site can see this README
file." B
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General Information (%] NLDAS Concept/Goals =
See the |atest NLDAS News - Updated 10 Feb 2016
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Contributions of NLDAS Product to National Integrated
Drought Information System (NIDIS, drought.gov)

NLDAS Drought Monitor
http://www.emc.ncep.noaa.gov/mmb/nldas/drought/
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NLDAS Soil Moisture and Temperature

@ NLDAS Reliability: NCEP operational product with a 4-day lag
Resolution: spatial — 0.125 degree (~12-14 km), temporal —hourly (daily, monthly,

yearly)
@ \ertical Soil Depth: 0-10 cm (5¢cm at mid-soil layer), 10-40 cm (25 cm), 40-100 cm (70

cm), 100-200 cm (150cm). SAC and VIC use their post-processes to convert simulated
soil moisture to Noah soil layers. Only Noah and VIC has four layers soil temperature.
@ Covering Period: 02 January 1979 - present

Next phase NLDAS Update —NLDAS2.5 and NLDAS3.0

Achieve Actual Real-time by Closing the 4-day lag (~ 1-2 years)

Upgrade Land Surface Models: Noah-2.8— Noah-3.6; Mosaic—>Catchment Model;
VIC-4.0.3—>VIC-4.1.2; and Noah-MP . All models will include soil temperature output (~1-2
years)

Achieve Actual Data Assimilation by using remotely sensed soil moisture, snowpack and
GRACE TWS data (~2 years)

NLDAS white paper including design, plan and work schedule is nearly ready!



Layer 2

NLDAS Noah Soil Temperature Validation

J. Appl. Meteorol. Climatol.,52, 455-471 , 2013

Validation of Noah-Simulated Soil Temperature in the North American Land
Data Assimilation System Phase 2

YOULONG XIA,*" MICHAEL EK," JUSTIN SHEFFIELD,” BEN LIVNEH,” MAOYI HUANG,® HELIN WEL*"
SONG FENG,** LIFENG LUo," " JESSE MENG,* " AND ERIC WOOD"

N T T T T T T T T T T T
T25W 1200 115W 110W 105W 100W 95W 90W 85W B8OW 75w 70W 6

Longitude

137 US cooperative station

and 72 Oklahoma
stations

Mesonet

. Errors < 3°C for most cases

2954
290 4
285
280 1
2754

odel E| et

79-02 monthly mean soil temperature comparison

78 B0 B1 B2 B3 B4

85 B6 87 88 B9 90 M

260
92 93 94 895 96 97 98 89 00 D1 02

JFMAMJII ASON

D

300

295
290
285
2804
2754—7-
270"

265

78 B0 B1 B2 B3 84

83 B6 B7 88 B9 90 M

260
92 83 94 95 96 97 98 89 00 D1 02

JFMAMJIDIASON

D

300

295 -
290
285
280
275 +—-
27047

265

-6
79 B0 B1 B2 B3 84

85 B6 87y 83 B89 90 M
Year

260
92 93 54 95 96 97 98 99 00 01 02

JFMAMUJJASON

Month

D

To

p 10cm Soil Temperature (K)

310
305
300
295 4
290 4
285
280
275
270

04

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

10—40cm Soil Temperature (K)

310
305
300 1
295
290 4
285 1
280

2754

270

40

310

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOW DEC

—100cm Soil Temperature (K)

305
300
295
290
285
280 1
275 A

97-99 daily soil temperature

270 T T T T T T T T T T
JAM FEE MAR APR MAY JUN JUL AUG SEP OCT NOY DEC

Month



NLDAS soil temperature helps control NASMD data

J. Appl. Meteorol. Climatol., 54, 1267-1282, 2015

Automated Quality Control of In Situ Soil Moisture from the North American Soil
Moisture Database Using NLDAS-2 Products

YOULONG XIA, TRENT W. FORD, YIHUA WU, STEVEN M. QUIRING, AND MICHAEL B. EK
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NLDAS soil moisture evaluation in
North American Soil Moisture Database (NASMD)

J. Hydrometeor., 16, 1962-1980, 2015

Comparison of NLDAS-2 Simulated and NASMD Observed Daily Soil
Moisture. Part I: Comparison and Analysis
YOULONG XIA, MICHAEL B. EK, YIHUAWU, TRENT W. FORD, AND STEVEN M. QUIRING
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In model parameterization, the differences due to transpiration formula using
liquid or total (liquid + ice) soil moisture. Soil physics plays an important role in

articular spring time.
P prng Outputs for Tenderfoot Creek

(Lat: 46.95, Lon-110.89, Elevation 2255 m)

1-4: four Noah soil layers Liquid SM difference Total SM
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Improvement of NLDAS soil moisture via (1) upgrading
model physics and (2) adding actual assimilation process

Parameters

(Topography, Soil

1979_present properties, vegetation Land-Surface Models )

Noah-3.3, CLSM-F2.5,

NLDAS-2 Forcing SAC.HTET.3.5.6/

SINOW-17, VIC-4.1.2.1

‘Woater and Energy
Fluxes, Soil Moisture and

and Parameters : Temperature profies.

Data assimilation
of: soil moisture, Motsmure, Smow; Skin
snow depth/area, e
terrestrial water
storage (I'WS), and
irrigation intensity

Data Assimilation (EnKF, EnKS)
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Energy and Water Fluxes Evaluation in NLDAS

Price
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(a) NSE fur ET and 12 RFCs
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Daily streamflow evaluation in NLDAS
Nash-Sutcliffe EfflClency (NSE)
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Terrestrial Water Storage (TWS) Anomaly Evaluation

(TWS=SMC+SWE+GWS), SMC-soil moisture content,
SWE - snow water equivalent, GWS-ground water storage
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SWE Evaluation in LIS-Based NLDAS

CLSM-F2.5 has too little SWE when compared with SNODAS SWE. The reason is large
sublimation. Further investigation (leading to large sublimation) is ongoing.
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the 11-yr period of 2004-14 (thin black line with open circles, SNODAS; purple line, CLM4.0; red line, Noah-MP; blue line, CLSM-F2.5). FIG. 9. Spatial distribution of 11-yr (2004-14) averaged February SWE (mm) derived from (a) SNODAS
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Xia et al, JHM, 2017



GWS Evaluation in LIS-Based NLDAS

Xia et al., JHM, 2017
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2011 Texas Drought (different options for Noah-MP)
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2011 Texas Drought

RootMoist — Texas 2011 Drought
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2011 Texas Drought

SoilMoist - Texas 2011 Drought — Noah-MP-3.6 SoilMoist = Texas 2011 Drought — Noah-MP-3.6.WRF
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These figures now show the 4 soil moisture layers for (LEFT) dynamic vegetation and
(RIGHT) WRF default vegetation. The top layer SM is generally similar, but the 2"d and
3" layers differ significantly between the runs. In the dynamic vegetation, there is
little drying of the SM, while in the WRF default runs, the soil moisture drops
significantly in the late summer.



Future work plan

To enhance the collaboration with NSMN scientists to use observed soil data to
Improve NLDAS product quality and model physical processes understanding

To efficiently use NASA/NCEP joint NLDAS science and evaluation testbed to
help R20 task via O2R experiments

To achieve real-time (zero day lag) NLDAS system to meet the public
requirements — NLDAS2.5

To transition L1S-based NLDAS system developed at NASA to NCEP to move
toward operational implementation (R20) -NLDAS3.0

To extend NLDAS to North America and 1/8% degree to 1~3 km (NLDAS 3.5
and beyond)

To unify NLDAS with GLDAS to form a unified LDAS system at NCEP

To improve surface forcing, to upgrade soil and vegetation parameter datasets,
to add irrigation, vegetation dynamics, groundwater dynamics, lake model ,
ecosystem processes, biochemistry, carbon and nitrogen dynamics, etc.



Useful Datasets from NSMN
for NCEP/NASA NLDAS team

Several example datasets have liquid and frozen soil moisture measurement separately. This will
help our model team to check if model physical processes are correct for frozen soil simulation.
More soil moisture measurements in middle to east Texas will help us to check if our models can
correctly capture soil moisture variation, such as 2011 Texas drought.

Harmonized and QC soil moisture and temperature measurement is helpful for NLDAS product
evaluation/validation in future.

Human management impacts. There should be focused effort to capture the impact and
seasonality from human management processes as part of NSMN (from Sujay Kumar)

Biases: Right now, the global soil moisture climatology is unknown. The NSMN should consider as
part of its core mission to close this gap by bringing the in-situ, model, remote sensing
communities together (from Sujay Kumar).

Potential contributions to NSMN from NLDAS Project

1.

w

NLDAS is going to provide spatially and temporally continuous soil
moisture estimates from latest models and remote sensing datasets

12 km and high-resolution NLDAS (1-3 km) soil product, snow water
equivalent, terrestrial water storage, groundwater, simulated/predicted LAI,
greenness fraction, and ET

NLDAS soil products with reasonable soil physics explanations

Gridded data in national, North America, and global domain



Comments/Suggestions to:

Youlong.Xia@noaa.gov

David.Mocko@nasa.gov
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