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Outline

Sollimoeisture 104
Measuring soilimorsture

Why do'we care, Whatidees Ititell
USs?

Data ehservations at: Dana
Meadows

Extending the conceptual moedelito
the Tuelumne Basin

TThoughts aboeutfield moeniternng




SOl RPIOPERTES

o Jexture (sand; st clay)
o POrOSILY

o Bulkedensity

o Particlerdensity

s \Waterrhelding CapacIty,
o Hydraulic;conaucuvaLy,
o \\atenretention
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- SeliNWaterrRetention

\Water Potential

\Water;content


http://upload.wikimedia.org/wikipedia/commons/8/87/Wrc.jpg
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' Soil Moisture Measurements
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Measurements
— Soejlimoeisture

— Solllwater-potential
— CALIBRATIGN

Soil'water potential

— Watermoeves according torsoilwateripotential
gradients

— |Vieasurementsihave MighiresolutionieVvenRiarge
range

— Plantsirespondidirectiy torwaternpotential
— Reflects large scale proeCeSSES; regarndlessior
sollitype
o SOJlwater,content
— Usefulfor calculation eiVolume Changes
— [Lowerresolution evernsmallerrange

oo — Morelocallyirelevant; el ECISIAITENENCES
s among| sollftypeSs
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SellMeIstune Sensors

o Gravimetrc (1an)
o Neutren

o Dielectric constant
measurement



http://www.soilmoisture.com/prod_details.asp?prod_id=1087&cat_id=20

SeINAater
Poetential SENSONS

o [Drelectric constant
measurement

o Heatidissipation
* RESIStance

o Hangingwatercolumin;
LENSIGMELY.
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~ Soil Moisture Measurements

s SENSOI ACCURACYIS
dependentiona geead
calipbration

e RIgOreus testing/rsradvised

* REqUIKES |anoraterny.
calibrationrandield
Checking



Same sensor, different excitation
voltage

MPS-1 Calibration: 100N1 @ 5V Excitation MPS-1 Calibration: 100N1 @ 2.5V Excitation
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Water Potential (kPa)

HRL Cal HRL Cal
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O  Output
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Same sensor, different excitation
voltage

MPS-1 Calibration: 250N1 @ 5V Excitation MPS-1 Calibration: 250N1 @ 2.5V Excitation
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Dry down experiment

Dry-down Experiment: Set2-- 2.5V exc.

== 350N 1
o= 400N1
o= 450N 1

o= 150-02




MPS-1 Sensor Calibrations - status update 09/28/09

2.5V and 5V excitation

wetend dryend Dry-down experiment
MPS-1ID | (10 kPa) (-500 kPa) -34 kPa -100 kPa results Comments

n/a Decagon cal. ok for 5V exc. only
5V-- pass; new cal. eq. preferred (out of spec.)
5V-- fail; new test underway requires new cal. eq.
n/a new cal. eq. preferred (out of spec.)
n/a requires new cal. eq.
underway 5V-- fail; 2.5V fail requires new cal. eq.
underway 5V-- fail; 2.5V fail requires new cal. eq.
underwa 5V-- fail; 2.5V fall requires new cal. eq.
underway 5V-- pass; 2.5V-- pass TBD-- Decagon cal. may be ok
underway 5V-- pass; 2.5V-- pass TBD-- Decagon cal. may be ok
underway 5V-- pass; 2.5V-- pass TBD-- Decagon cal. may be ok
n/a 5V-- fail; 2.5V fail bad sensor
X underway 5V-- pass; 2.5V-- fail TBD-- Decagon cal. may be ok
underway TBD
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Soll moisture
MmeasuUrements
T .. .

v ° ProvidenniormatiOnito
% develop aconceptual
MOGEI o)
Understandingithe

. AV AREIeQIC Sy StEM

e . Con be usediforsonl
=700 1 and bedrock




Depth, in meters

Infiltration at Borehole UZN #4.

Active channel; 8-meter deepsoil

1984 19851 1986 1987, 19881 1989 1199071991 19927199581 99481995

0.10 0:20 0130
\Water. Content; inmeters/meter



Intiltration at Bereholer UZN=15

(V5'cm soil ever: 2 m |eWer: peresity fraciurea eUroeKs
underian by 10'm Righ poeresity fractiured BEGNGEK)

2.5

7.5

Repth, i meters

1998 19094 1985
n .
0:10 0120 0130

\Water. Content; inmeters/meter



Measurement Field Setting
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| Recommended SoiliVieisture Vienienng
‘ IRAstrumentaon

5 v - TR
\Waler-content:
ime bemain

RETEcIomEeELny,
(NIDR)

\Waterpoetential:

[Heat Dissipation
Prele
(HDP)




Datalogger
i

TDR

Bedrock

HDP

— 0 inches

— 14

— 28

— 34
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Water Availalility, anc
Springtime Snowmelt

* FOrecasting
— ypIcally hasedion SWE
MEAaSUEMERLS
* Climate change=>changing
[iIMiNg e sneWmelt
* [LOSSES canrhe dueto

— lncreases in Edrand
sublimation

— Replenishmentieisenl
moEIstureprefle



Three Year Average Ratio of Sublimation to PET
Sublimation data from Michele Reba (ARS. Boise. ID)
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Three Years of Monthly Sublimation Data Versus PET
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 Spowmeltin the Siefras

* RUneffifremrsprngtme
snowmelt isnit just a function of:

energy: melting thie:snewpack
* |n fallfeif 2007 snewi el lFenran,
SOIIS

o Availlaple sollisterage can
PreVvide adelay, andevenrallGss
1o streamfieows



Soil Moisture Processes
INn Forest Solls




Snowpack
and soil
moisture
monitering

Streamflow
gages

Tuolumne at

Grand Canyon i
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Dana SWE
= Gin SWE
—e— TGC flow

Discharge, cfs

Snow water equivalent, inches

4/11/2007 5/31/2007 7/20/2007

Dana SWE
= Gin SWE
—e— TGC flow

Discharge, cfs

Snow water equivalent, inches

1/1/2008 2/20/2008 4/10/2008 5/30/2008 7/19/2008

= N
ievee ,U el Results subject to USGS approval and modification




Dana SWE
= Gin SWE
—— TGC flow

Discharge, cfs
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Dana Soil Water, Contentiand Stageatiivolimne atiGE
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Dana Soil Water, Content:and \Water;Potential

Onset of snowmelt

Lag time to rise in flow (days) 18

Soil water potential at onset (bars) -1.5--1.8 -0.1--2.7

Soil water content at onset (v/v) 0.04-0.06 0.05-0.07

# weeks to full saturation
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Tuolumne

SOIISIONage
(mm)

High : 1854.6

Low: O
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B 1-10
10 - 50
50 - 100
100 - 300
300 - 500
500 - 700
700 - 1,490




Percentage ofi SWE
oSt to)sollfsterage
during;snewmeltin
a yearwith dny,
preceding fall

Loss of SWE= - 54

fer rureOrr

(percent)

T o-2

[ 2-5
Tuolumne 7% |:|5-_1(1)5
Merced 12% 20
_ -25
San Joagquin 139% 20
Kings 1296 0

-70

Kaweah 1995







Drought




Eeldicapacity,
(meters)

Ereldi Capacity,

Jihickness
(meters)

SolllThickness
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SollNVater Sterage Capacity,

Storage Capacity.
(meters)

0-0.1
B 0.1-0.2

B 0:2-0:3
B 03-04



Viodeled basin'discharge and seiiWaternstorage
Upper luelumne Basinrabeyvenlice

—a— Measured discharge

——o— Modeled basin discharge

—e— Soil water storage
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Soil water storage, Mm3

Maximum Soil Storage  Annual
Snowpack at Onset  Discharge
(Mm3)
2007 239 36 183
2008 482 36 350
2009 396 38 457




Viodeled basin'discharge and seiiWaternstorage
Upper luelumne Basinrabeyvenlice

—a— Measured discharge

—— Modeled basin discharge
—O— Revised basin discharge
—e— Soil water storage

—0— Revised soil water storage
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Soil water storage, Mm3

Maximum Soil Storage  Annual
Snowpack at Onset  Discharge
(Mm3)
2007 239 36 260
2008 482 33 267
2009 396 38 536




Summary. for Seilfivieisture
Measurements

o |Lalborateny calivration
necessary for every SEnsor;

Lk coupled withifield checks
s« Recommended
configuration includes

ool AR duplication, Water content
and water; potential, and
RS ek b multiple deptins
W e Consider what you are
N 2 e a trying| te answer




Ongoeing Work and Sell
Moisture Considerations

\ o Snowpack Is critical but net always
\ the whoele story.
N . | = Point measurements help us
‘q\ \‘ y understand the state oiithe system
7w\ owsc R atthatlocation
H e LA e E o Need a model to distribute and
"' KoRe g Y guantify. precesses for watersheds
1 \/\, SIS pAl » Continuing model refinements rely.
p S 4,\1\ bl neavily en field GhSER/atiens
W, Dally time step IS necessary. te
z 3 reflect snewmelt anadl sell moisture
L@ PrOCESSES at the Watershed seale



