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The North American Soil Moisture Database (NASMD)
is a harmonized and quality-controlled soil moisture
dataset that helps investigate land-atmosphere
interactions, validates the accuracy of soil moisture
simulations in global land- surface models and from
satellite platforms, and describes how soil moisture
influences climate on seasonal to inter-annual
timescales.

The NASMD was developed and constructed at the
Department of Geography's Climate Science Lab at
Texas A&M University.

soilmoisture.tamu.edu
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North American Soil Moisture Database

* We have identified >1800 stations
 We have data from >1500 stations
« Currently 1431 stations are at:
sollmoisture.tamu.edu

« Although many of these stations are only available since the
1990s, some are available prior to the 1950s

 Includes a variety of sensors, soil water variables, depths,
sampling frequencies
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North American Soil Moisture Database Interactive Map

This interactive map allows you to view & download station data from the North American Soil Moisture Database.

Choose one or more networks from the dropdown list to see station data. Use the depth & year sliders to filter. Click the extract buttons to download station
data.
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Slide to select data year range:

Help me download this data!

1431 stations available (as of June 2, 2014)

@Alberta Agriculture and Rural Development
@AmeriFlux

@®Atmospheric Radiation Measurement
@®Automated Weather Data Network
@Central Plains Experimental Range

@CHILI

@Climate Reference Network

@Cosmic Ray Soil Moisture Observing
Station

®Delaware Environmental Observing System
©ECONET

OFluxnet Canada

©GPS Soil Moisture

@lllinois Climate Network

©ISGMN

O©MAW-Missouri

OMAWN

ONOAA HMT

OO0klahoma Mesonet

OSNOTEL

@Soil Climate Analysis Network

@Soilscape

@®South Dakota Automated Weather Network
@TW Daniels Experimental Forest

@®Water and Environmental Research Center
©West Texas Mesonet



North American Soil Moisture Database

« NASMD includes national, regional, state and local
networks. It also includes in situ soil moisture data collected

during field campaigns, and research projects.

« Comprehensive meta-data has been developed for all of the
stations including sensor, soil characteristics, surface
vegetation, and details on instrument calibration.

« All data has gone through our customized QA/QC algorithm.
Measurements failing the QC checks are flagged for further

analysis.
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North American Soil Moisture Database

Soil moisture data provided
by observation networks
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Data Quality Control

« Because each station/network performs varying levels of
data quality control, it is necessary to carefully screen all
observations using a consistent set of tests

« Multi-stage process patterned after USHCN (Menne &
collaborators), and Oklahoma Mesonet (among others)

« Four validation tests: range, streak, deviance, and step

« > 7 million values processed: streak, deviance and step
tests flagged 0.52%, 4.40% and 3.22% of the data,
respectively
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North American Soil Moisture Database

Ashton, Kansas
0.50 | I I

—Flagged by Deviance & Step Tests
—Not Flagged

0.45

I
.
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0.35 \ﬁ i
0.301 -

0.25F .

Volumetric Soil Water Content (25 cm)

0.20 Nov I2003 Dec ‘2003 Jan 5004 Feb I2004 Mar I2004 Apr ‘2004 May ‘2004 Jun I2004 Jul 2‘004
Soil moisture data from the 25 cm depth at Ashton, Kansas. Data
shown in blue were not flagged by the deviance and step tests while
data in red were flagged.
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North American Soil Moisture Database Interactive Map

This interactive map allows you to view & download station data fram the North American Soil Moisture Database.

Choose one or more networks from the dropdown list to sce station data. Use the depth & year sliders to filter. Click the extract buttons to download station

data.
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Slide to select data year range:

163 Stations have been sclected
No. ) All Station Network Location State

1 z Norman Oklahoma Mesonet Norman Oklahoma

2 - Acme Oklahoma Mesonet Rush Springs Oklahoma



North American Soil Moisture Database Interactive Map

This interactive map allows you to view & download station data from the North American Soil Moisture Database.

Choose one or more networks from the dropdown list o sce station data. Use the depth & year sliders to filter. Click the extract buttons to download staticn
data.

Choose Network . Texas _'J . . . . . select measurement depth range: lA' om '|-"U cm

. . %
Pine Springs
Network: West Texas Mescnet
Latiude: 2188
Longitude: -104.80

StartYear 2003
EndYear: 2010

DepthMax: 7Ecm
DepthMin: 5om

Show Data

163 Stations have been selected

No. 1Al Station Network Location State
1 0 Norman Oklahoma Mesonet Norman Oklahoma
2 0 Acme Oklahoma Mesonet Rush Springs Oklahoma

3 m Ada Oklahoma Mesonet Ada Oklahoma
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North American Soil Moisture Database Interactive Map

This interactive map allows you to view & download station data from the North American Soil Moisture Database.

Choose one or more networks from the dropdown list to see station data. Use the depth & year sliders to filter. Click the extract buttons to download station

data.

Choose Network ' Zooem to State ;] . . - - - select measurement depth range: r‘— m fT cm

Slide to select data year range: 1197 - 2013

32 Stations have been sclected

No. AN Station Network Location State

=
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2 ) Arnett Oklahoma Mesonet Amett Oklahoma
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Extract request queued. You will receive an email shortly.
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Ongoing Work & Applications

|. Ildentify additional stations, especially
In Canada and Mexico

The White House
Office of the Press Secretary

Wevoi Wiweet [hseae 4

For Immediate Release June 25, 2013

Il. Develop gridded observational soil FACT SHEET: President Obamts Climate Acton Plan

moisture products

DManaging Drought: I everaging the work fth National Disaster Recovery Framework for
drongl1!. the Admi.nistr tion will 1 h N tional Drought Resili Partnership
“front door” for ¢ dro\lgh!
p acts. Bylmkmgm.f Jahit

. outlooks, and early ngs)
drought preparedness and I trategies in critical sector thls effor TW ill help

IIl. Employ these data for satellite & LSM e - —->»
calibration/validation

IVV. Soil moisture applications: seasonal
climate forecasting, drought
monitoring

His
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I1l. NLDAS-2 Valldatlon
«385 sites in AL, CO, Ml, m”%_ﬁr \L\‘ P PN
NE, OK, TX and UT are ]
used to evaluate 0-10 cm o ( { ' ‘;ﬁ\
soil moisture ok A ] ’
ml
"\ .

«Simulation skill is 1200 110W  100W  90W 8OW 70w

*Spatial averaged SM in
each of state is compared
to reduce noise

assessed using anomaly
correlation and Taylor
Skill Score

Xia, Y., EkK, M. B., Wu, Y., Ford, T. W. and S. M. Quiring (in review) Comparison of
NLDAS-2 Simulated and NASMD Observed Daily Soil Moisture. Part I: Comparison and
Analysis. Journal of Hydrometeorology.
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Daily Anomaly Correlation

(a) 5 cm soil moisture
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Figure 3: Daily anomaly correlation for Mosaic, Noah, SAC, and VIC model at (a) 3 cm, (b) 25
cm, and (c) 70 cm soil layer m AT, CO, NE, OK, TX and UT.



INl. NLDAS-2 Validation

Oklahoma
 [Noah  |Mosasic |SAC___|VIC MM
RMSE 0.035 0.078 0.103 0.050 0.042

Bias -0.029 -0.073 -0.100 0.043 -0.040

R Bias (%) -11.0 -27.8 -38.1 16.4 -15.2

*Overall Mosaic, MM, and SAC have the highest simulation skKill

*VIC has the lowest simulation skill, and Noah’s performance is in
between

*Noah and VIC have wetter soils, Mosaic and SAC have drier soils than
the observed soil moisture

*Noah and VIC have lower evapotranspiration than the other models
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V. Predicting Extreme Temperatures

All Months

70

Objective: Quantify relationship . | + D i
. . _— uantie
between soil moisture and 60 —25th Quantile|”
. ° —50th Q il
percent hot days (%HD) using | 75th Quantie
—95th Quantile

guantile regression

I~
(=]
:

[ON]
o
T

Hot days are defined as the days
with a maximum temperature

greater than the 90" percentile of
all days within that month 10

Percent Hot Days (%)

. 0 .
Based on temperature and soil 010 005 000 005 010
. Soil Moisture Anomaly {cm™ cm™)
moisture data from 56 Oklahoma Figure 2. Scatter plots of monthly %HD and soil moisture

Mesonet sites (1998-2013) anomalies from (a) all months, (b) spring, (c) summer and
(d) autumn. The regression lines represent the fit at the
95th, 75th, 50th, 25th and 5th quantiles.

Ford & Quiring (in review) Observed soil moisture strongly coupled with extreme
temperatures. Geophysical Research Letters.
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Predicting Extreme Temperatures

Summer (JJA) Autumn (SON)
70 T T T T T 70 T T T T T
e Data Points ¢ Data Points
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Soil Moisture Anomaly (cm° cm™) Soil Moisture Anomaly (cm” em)

Figure 2. Scatter plots of monthly %HD and soil moisture anomalies from (a) all months, (b) spring, (c) summer
and (d) autumn. The regression lines represent the fit at the 95th, 75th, 50th, 25th and 5th quantiles.
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Predicting Extreme Temperatures

Quantile 5 25" 50 75 95th

All Months 0.00 -1.02* -1.63* -2.02% -3.93%
Spring (MAM) 0.00 -1.18* -1.86* -2.69% -4.53%
Summer (JTA) 0.00 -0.96* -1.84% -2.68% -4.37*
Autumn (SON) -0.65* -1.34% -1.56* -2.16% -4.25%

* Statistically sigmificant at a = 0.05
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Predicting Extreme Temperatures
—

Conditional %HD Distribution

Monthly Soil Y = mx+b (5% Quantile) 300
Moisture 250
Anomalies Y = mx+b (25t Quantile) oo

Y = mx+b (50" Quantile) ) 150

100}

Monthly %HD

Y = mx+b (75" Quantile

W
Quantile Regression

Y = mx+b (95" Quantile) 0

€—
<
—
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le—

/ g g
5 X T X| 5 X
c = 3 EQ|l=zR
Prediction: . =S .
= ED x| ¥ X
Below Normal oL Lliol
a 0
om =L
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V. Predicting Extreme Temperatures

Season Spring Sumimer Autumn Overall

Heidke Skill Score 28.13 15.63 21.88 22.83

*When the quantile regression model predicts that the %HD will
be below normal or above normal, these predictions are correct
approximately 86% and 79% of the time, respectively.

*Heidke Skill Scores vary between 15 (summer) and 28 (spring)

*Heidke Skill Score of CPC 1-month temperature forecast is 2-
week lead time is ~15

G THE COLLEGEOF ’T‘ | TEXAS A&M

UNIVERSITY

E®SCIENCES



Other Applications of NASMD

|.  Drought Monitoring. South Central Climate Science Center
& National Coordinated Soil Moisture Network

Il. Land-atmosphere interactions. Comparison of observed
and LSM-derived land surface feedbacks; precipitation-soill

moisture feedbacks

lll. Validation of Satellite Soil Moisture. SMOS, AMSR-E, etc.
More details in Trent’'s presentation.
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