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COsmic-ray Soil Moisture Observing System
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Data Assimilation
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X = state variable (e.g., soil moisture)
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Data Assimilation
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normalization factor
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Data Assimilation

P(X | OBS) = P(OBS | X).P(X)
normalization factor
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Data Assimilation

P(X | OBS) = P(OBS | X).P(X)
normalization factor
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Soil Moisture and Measurement Depth

“Effective” measurement depth depends on soil moisture
Can reach several individual layers of a typical land surface model
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Therefore, direct assimilation of neutron

intensity is more desirable!!!
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Can We Assimilate Neutron Counts?

GOAL

to update LSM soil moisture

Land Surface Model (LSM)

profiles by assimilating the
cosmic-ray fast neutron count

Requires an accurate model to

interpret modeled soil moisture

profiles in terms of the above-
ground fast neutron count

Modeled
Soil

Moisture
Profile

Monte Carlo Neutron
Particle model (MCNPX)

does that but it is too slow
for use in data assimilation
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COsmic-ray Soil Moisture Interaction Code (COSMIC)

COSMIC is a simple analytic model which:
= captures the essential below-ground physics that MCNPX represents

= can be calibrated by optimization against MCNPX so that the nuclear
collision physics is re-captured in parametric form

Exponential reduction in the Isotropic creation of fast Exponential reduction in the number of the

fast neutrons created at level “z” before
their surface measurement

number of high energy neutrons from high energy
neutrons with depth ons at level “Z”

—> high energy neutrons —> ff‘st ”ej}t"ons lev Resouvces JR ’




COsmic-ray Soil Moisture Interaction Code (COSMIC)

COSMIC is a simple analytic model which:
= captures the essential below-ground physics that MCNPX represents

= can be calibrated by optimization against MCNPX so that the nuclear
collision physics is re-captured in parametric form
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Exponential reduction in the Isotropic creation of fast Exponential reduction in the number of the
number of high energy neutrons from high energy fast neutrons created at level “z” before
neutrons with depth neutrons at level “Z” their surface measurement
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Calibrating COSMIC

Fort

Hypothetical soil water profiles
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COSMIC Performance at Santa Rita (AZ)
Using COSMIC to estimate COSMOS counts from

measured soil moisture profiles (TDT sensors)
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Data Assimilation Framework

Fortran

Observations namelist

Data

FETiFE

initial state

another
cycle?

5
B NCAR

NATIONAL CENTER FOR ATMOSPHERIC RESEARCH

\

Yes

¥\
Assimilate
==

SN,
%%

XY

i "-.\ -
N "
state vector

state vector

T
Unified Noah/OSU Land Surface Model

og? RY—

Transpwation  Ewaporation Turbulent Heat Flux to/from

Precipitation Snowp aclem‘(Plam Canopy model

Condensation

Depostion)
Direct Soil Subbimation

v toffrom
Evaporation s
: y

Evaporstion T / *
¥

from Open Water

initial
model
states

o S b
Gravitational Flow

w

http://www.image.ucar.edu/DAReS/DART/



NOAH-DART: Neutron Intensity Assimilation
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NOAH-DART: Soil Moisture Profiles
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Concluding Remarks

d COSMIC accurately simulates the equivalent nhumber of
heutrons given model-derived soil moisture profile

d NOAH soil moisture (surface + root zone) improved
after assimilating COSMQOS neutron counts

d Updated soil moisture rate of change could potentially

be used to constrain parameters in NOAH (under
investigation)

E-mail: rosolem@email.arizona.edu
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