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Sophistication of microwave radiative transfer models

Tg v, p = f(radiative transfer interactions in the snowpack)

Electromagnetic Wave

RT models relate snow and radiation properties

Models can be:
Theoretical
Semi empirical

Empirical
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DMRT-ML - Snowpack and Soil Configurations

(Dense Media Radiative Transfer Multi-Layer model)

T/é\tmos TB(Q,ZZO)
Z
A \\/ ai o
0 , Every layer is defined by:
101 T2 T LWE o1 Kar =1 - Grain size (sphere radius r)
r2 p2 T2 T2 LWC2 Kez Ka2 k=2 - DenSity (p)
- Temperature (T)
M Px T T LWC, Kek Kak ' Co .
K - Stickiness parameter (7)
o T T LWC,  T8), k. k. : - Liquid water content (LWC)
\/ "t can be | f '
. ._ 'qnderlyin‘g int.garfa_ace 'TL:l ._ t can be fayers of snow or ice
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DMRT-ML - Snowpack and Soil Configurations

(Dense Media Radiative Transfer Multi-Layer model)

TAtmos T(6,z=0)
ZA l air
0 \/ Every layer is defined by:
1 P1 Ta T EWES Ko Kar K= - Grain size (sphere radius r)
r, 0, T, T, LWC, Kes Ko k=2 - Density (p)
- Temperature (T)
P hen et « - Stickiness parameter (7)
rop T T LWC, r(\? Kot Kot : - Liquid water content (LWC)
k=L
. underlying inferface "Try It can be layers of snow or ice

Underneath interface can be:
Snow, Ice, Soil (smooth or rough), Fresh water
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DMRT-ML - Snowpack and Soil Configurations

(Dense Media Radiative Transfer Multi-Layer model)

Interface model Material Dielectric constant ID Variables and parameters
No interface None 0

Flat surface, Fresnel Any prescribed 1 €

Flat surface, Fresnel Soil from P99 2 SM, Tyays fsands Porgas T
Flat surface, Fresnel Soll from D85 3 SM, T

Rough surface WM99 Any prescribed 101 o,

Rough surface WM99 Soil from P99 102 0, SM, Taays Tsands Porgas T
Rough surface WM99 Soll from D85 103 o,SM, T

Flat surface, Fresnel Ice from M87, MO6 202 T

QH model W83 Any prescribed 301 o,Q,H, ¢

QH model W83 Soil from P99 302 o, Q, H, SM, 7yay, fsands Porgas T
QH model W83 Soil from D85 303 o,Q,H, SM, T

Flat surface, Fresnel Fresh water from M87 402 T

SM: soil moisture (volume fraction)
e: dielectric constant

o: surface RMS height (m) P99 = Pulliainen et al. (1999)
fclay, and fganq: fractions of clay and sand D85 = Dobson et al. (1985)
porga: density of dry organic matter (kg m—3) M87 = Matzler (1987)
T: soil temperature (K) MO06 =Matzler et al. (2006)

Q, and H: dimensionless parameters
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DMRT-ML - Snowpack and Soil Configurations

(Dense Media Radiative Transfer Multi-Layer model)

T/é\tmos TB(Q,ZZO)
Z
A \l/ air
0 . - - .
- on T, T LWC, o e Every snow layer is defined by:
- Grain size (sphere radius r)
2P T T2 HE ke 17 Density (p)
Mk Pr Tre T LWC, Kek Kak Kk B Temperature (T)
- Stickiness parameter (7)
roP. T T, LWC, r(e) KeL Kar : .
\/ k=L - Liquid water content (LWC)
. '_ 'qnd'erlyin‘g int.garfa_ce- 'TL:l )

Underneath interface can be:
Snow, Ice, Soil (smooth or rough), Fresh water
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DMRT-ML - Snowpack and Soil Configurations

(Dense Media Radiative Transfer Multi-Layer model)

isotropic atmosphere (mTo(%lflcg)tlon possible to account for the angular dependency)
TAfmos Z=

A \l/ air
0 / : : _
o1 Ty T LWC, s P Every snow layer is defined by:
- Grain size (sphere radius r)
r, 02 T, T, LWG, Kez Kaz k=2 Density ( )
' - p
rk pk Tk Tk LWCk Kek Kak k - Temperature (T)
- Stickiness parameter (1)
ro o Ty T LWC, re) Ker Kar . . .
\/ k=L - Liquid water content (LWC)
) 'qnderlyin‘g int.?rfa_ace 'TLJ:l )

Underneath interface can be:
Snow, Ice, Soil (smooth or rough), Fresh water
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DMRT-ML - Elements

radiomeief DMRT-ML computes:
. . emission
\\ . scattering > using the DMRT theory
/Ktransmission ) absorption )

»
\ reflection
kabsorptia%g DMRT-ML computes the reflection coefficients at:
% scattering . snow/snow interfaces

. snow/atmosphere interface

O T SO>S ”

} using Fresnel

Q emission

DMRT-ML solves the radiative transfer equation
using the DISORT method
(64 or 128 streams are adequate)
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DMRT-ML - Elements

oy DMRT-ML computes:
\ . emission )
- . scattering > using the DMRT theory
2 /);transmission . absorption )
w \
2 reflection
kabsorpti% Two DMRT flavors were implemented:
scattering

z

Q emission
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DMRT-ML - Elements

oy DMRT-ML computes:
\ . emission
> . scattering 3 using the DMRT theory
% }‘\ra“s""ssm" . absorption |
2 reflection
Eabsorpti% Two DMRT flavors were implemented:
2 e QCA-CP .QCA-CP

Q emission

p. 11 ghislain.picard@ujf-grenoble.fr & ludovic.brucker@nasa.govn = The DMRT-ML model



Context DMRT-ML Validations Challenges Conclusion

DMRT-ML - Elements

oy DMRT-ML computes:
\ . emission
- . scattering > using the DMRT theory
2 /Ktransmission . absorption )
\g \ reflection
Eabsorpti%s Two DMRT flavors were implemented:
% scattering . QCA-CP . QCA_CP
O emission - RAYyleigh assumption . Rayleigh assumption
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DMRT-ML - Elements

oy DMRT-ML computes:
\ . emission
- . scattering > using the DMRT theory
2 /Ktransmission . absorption )
\g \ reflection
Eabsorpti%s Two DMRT flavors were implemented:
2 e QCA-CP .QCA-CP
O emission - RAYyleigh assumption . Rayleigh assumption
. Optional correction . No large particles

for large particles (Grody, 2008)
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DMRT-ML - Elements

Optional correction for large particles (modified from Grody, 2008):

the scattering efficiency coefficient Q;'** cannot exceed 2

(QM@*=2, theoretical asymptotic value for very large particles)

2.0 1 1 1 1 1 1 1 1
— DMRT 200 kg m™*
DMRT 300 kg m 3
£ 1.5} -
£
w
3
=
©
E 1.0f .
(@)}
&
3
£
©
< 0.5F .
0.0 : ' :

0 20 40 60 80 100 120 140 160 180 200
Frequency (GHz)

It is not recommended to consider a many and thick layers of large grains
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DMRT-ML - Elements

DMRT-ML computes:

\

radiometer . emission
- . scattering » using the DMRT theory
\ . absorption |
» \transmussuon

Two DMRT flavors were implemented:

reflection
absorptlg\%g . QCA-C P . QCA-CP

catering  Rayleigh assumption . Rayleigh assumption
. Optional correction .No large particles
for large particles (Grody, 2008)

TOOMT SOS”m

Q emission
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DMRT-ML - Elements

DMRT-ML computes:

radiometer . emission )
- . scattering » using the DMRT theory
\ . absorption |
s » \transmussuon
Vg reflection Two DMRT flavors were implemented:
°absorpt.?n%§ “QCA-CP 'QCA-CP
scattering  Rayleigh assumption . Rayleigh assumption
. Optional correction .No large particles
O R 7YY large particles (Grody, 2008)
. Mono-disperse . Poly-disperse

(i.e. Rayleigh distribution)
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DMRT-ML - Elements

DMRT-ML computes:

radiometer . emission )
- . scattering » using the DMRT theory
\ . absorption |
s » \transmussuon
Vg reflection Two DMRT flavors were implemented:
C absorptl%g . QCA-CP . QCA-CP
scattering  Rayleigh assumption . Rayleigh assumption
. Optional correction .No large particles
O R 7YY large particles (Grody, 2008)
. Mono-disperse . Poly-disperse
(i.e. Rayleigh distribution)
. Optional “short range” . No stickiness
stickiness
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DMRT-ML - Elements

DMRT-ML computes:

radiometer . emission )
- . scattering » using the DMRT theory
\ . absorption |
s » \transmussuon
g reflection Two DMRT flavors were implemented:
C absorptl%g . QCA-CP . QCA-CP
scattering  Rayleigh assumption . Rayleigh assumption
. Optional correction .No large particles
O R 7YY large particles (Grody, 2008)
. Mono-disperse . Poly-disperse
(i.e. Rayleigh distribution)
. Optional “short range” . No stickiness
stickiness
Recommended

p. 18 ghislain.picard@ujf-grenoble.fr & ludovic.brucker@nasa.govn = The DMRT-ML model



Context DMRT-ML Validations Challenges Conclusion

DMRT-ML — Implementation

Fortran users Python users

User defined DRIVER User defined DRIVER

* i

Python module
with extended services
and examples

' #

Fortran 90 entry point Fortran-Python interface layer

; ;

DMRT-ML core
(i.e. DMRT, DISORT, and substratum model)
coded in Fortran 90 for efficiency

DMRT - ML
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DMRT-ML — Open source model

DMRTML model (Multi-layered Radiative Transfer Model For Passive Microwave) / DMRT-ML

B8 DMRTML model (Mulki... X

€& > | ¥ lgge.osug.fr/~picard/dmrtml/ v C'| |v dmrimil Q'
Obtaining the code:
. The source code and the technical documentation can be downloaded at
version 1.6

http:/lgge.osug.fr/—picard/dmrtml/download;.

Please read and accept the license: GNU General Public License version 3
(http://www.opensource.org/licenses/gpl-3.0.html). In particular, if you modify the
code, it must remain open source with the same GPL-3.0 license. Also note that
this software comes with no warranty.

Mailing list and (optional) registration:

To get help and receive updates about DMRT-ML, or discuss about applications of
passive microwave remote sensing, please subscribe to the obs-dmrtml

mailing-list.

In addition, it is recommended but optional to register. It helps us to keep track
of DMRT-ML users and provides justification for funding! If you want your
publications using DMRT-ML to appear on this page, use this form or post a
message on the mailing-list.

Full name: |

Email: |

Institution |
and

country: <

Your [
research

activity:

| Register |

Installation and compilation:
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DMRT-ML — Open source model

€ | @ lgge.osug Fr/~picard/dmrtml/doc/n

v | |8~ dmreml avBe ¥+ & O-

DMRTML

Main Page l!!lﬂ Data Types List | Q|

Modules List | Module Members |
¥ DL Functions/Subroutines |-
, mod_dmrtparameters Module Reference
» Class List
Data Types ’ o o " ’ : y y ' e
Compute dense media radiative transfer parameters (extinction and single scattering albedo) under various assumptions (monodispese or polydisperse, Grody’s limitation, ...) More...
Data Felds ‘
v i 2 -
Maxgs el Functions/Subroutines i
mod_disort
iiod | diittn] subroutine dmritparameters_grodyapproach (frequency, temperature, f, a, tau, LWC, medium, Eeff0, Eeff, albedo, beta, Eice)

mod_dmriparameters

mod_soil

Module Members

mod_dmriparameters /

subroutine

subroutine

2008
ayerg
e dm

Compute radiative transfer parameters E QCtion and single sgatigring albedll using DRIRT theory under the approximations: QCA-CF, small pagicules, sticky short range, single species. In
a] sTel )

addition, an empirical correction for lar jC i : d RG eCligRngs gl b i agd U} but it is still far from perfect. Its main
ul hgn Iﬁ e ge grfin vell. | Ljfd ot pe cpallid redis ﬁcurate to investigate the scaftering
- ulle e r st fRhidork.

purpose is to prevent DMRT divergenc

behavior of large pariicules. To disableRids

dmriparameters (frequency, temperature, f, a, tau, LWC, medium, Eeff0, Eefi, albedo, beta, Eice)

Compute radiative transfer parameters (extinction and single scattering albedo) using DMRT theory under the assumption: QCA-CP. small particules, sticky short range, single species.
dmriparameters_dist (frequency, temperature, f, a, tau, LWC, medium, Eeff0, Eeff, albedo, beta, Eice)

Compute radiative transfer parameters (extinction and single scattering albedao) using DMRT theory under the assumptions: QCA-CP. small particules, *none-sticky*, multispecies. Grain size
repartition is given by a Rayleigh distribution.

Detailed Description

Compute dense media radiative transfer parameters (extinction and single scattering albedo) under various assumptions (monodispese or polydisperse, Grody's limitation, ...)

Function/Subroutine Documentation

subroutine mod_dmriparameters::dmriparameters ( real*8,intent{in) frequency,
real*8,intent(in) temperature,
real*8,intent({in) f,
real*8,intent{in) a,
real*8,intent{in) tau, .

Generated on Wed Apr 11 2012 08:42:43 for DMRTML by _@}_Xj“g engEs

The one-line Python code:

dmrtml.dmrtml(frequency,128,height,density,radius, temp,

tau=dmrtml.NONSTICKY,dist=False,soilp=None)
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Outline

1. Descriptions of the DMRT-ML Model

2. Validations Experiments

2.1 Antarctic Accumulation Zone
2.2 Ablation & Superimposed-lce Zones on Ice Caps
2.3 Arctic Seasonal Snow Cover

3. Current Limitations & Challenges

4. Conclusion
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Methodology

Measurements Brightness Temperature
T(zt), p(z) &r, (z2) —> DMRT-ML — Tg (1) & Tg (1)

ropt May be measured using near infrared sensors
(camera, integrating sphere, profiler, etc.)
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Methodology

Measurements
T(z,1), p(z) & ropt(z)

DMRT-ML

Brightness Temperature
— T (1) & Tg (1)

RMSE

Ts AMSR-E 2007
19 and 37 GHz

« is a calibrated parameter identical at both frequencies.

p. 24 ghislain.picard@ujf-grenoble.fr & ludovic.brucker@nasa.gov

(Brucker et al., 2011 JoG)

The DMRT-ML model
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Dome C, Antarctica

Brightness Temperature
DMRT-ML — Tg (1) & Tg (1)

Measurements
T(z), p(2) & (2)

RMSE

T5 AMSR-E 2007

19 and 37 GHz
05— T 1T T T T T T T T T T 1
] Calibration -
200 \
A
/ 19 GHz Dﬂ'h'
195 : \
190 . A\, |
\ N\
v N
| AWV

Brightness Temperature (K)
%
tn
|

=
S
I

/
.~1I
175 — "'»'IM . | IY

170 —

37 GHz

[+ w1+ |1 ;1 1 /| Il -

I

— Model

| 1 1 1 |

16
%an FebMar AprMay Jun Jul Aug Sep Oct NovDec Jan FebMar AprMay Jun Jul Aug Sep Oct NovDec Jan Feb Mar
2008

2007

2009

Good calculation of the extinction coefficient
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The DMRT-ML model

Calibration result: a«=2.8

V pol.

RMSElg ~0.4K
RMSE3; ~1K

RMSE ~0.8K

(Brucker et al., 2011)
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Dome C, Antarctica

Simulated and Tg at 37 GHz, H pol.

190
eET T T T T T T T T T 1

180
175
170
165
160
155
150 . R
5 1 L L] L] | ] L]

Jan. Feb.Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

I|I|I|I|I|I|I.l

Brightness temperature (K)

Rapid variations are not reproduced (constant surface properties)

(Brucker et al., 2011 JoG)
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Dome C, Antarctica

Aquarius (1.4 GHz) TB observations
show rapid variations at H pol.

Aug. Oct. Dec. Feb. Apr. Jun. Aug. Oct. Dec. Feb. Apr. Jun. Aug
Date

145
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Dome C, Antarctica

Measurements

T(2), p(2) &r_(2)

opt

DMRT-ML

> TB19&T

Brightness Temperature

B a7

Calibration result: «=2.3

RMSE
T, SBR
19 and 37 GHz
210 T T T T T
19 GHz 37 GHz
A A A,
- - "‘-\\
200 A Mbh A, i \
A A A— “‘“\\& A& A \
‘;2 A A A "%".-A \- _ x \"1
@ — A A B o
o 190F o Noa-ag g
o o m - -
g =~ Dqﬂ . = 0 . I
Q ~ [ | ] .
E 180} - "
ﬂ 1:.1:'. (] G3 -‘\
g K =
— L
£ 170F y
o \
— \
m ]
160} V-pol SP1 V-pol SP1
H-pol SP1 H-pol SP1
— V-pol 5P2 —  V-pol 5P2
-~ H-pol SP2 _ == H-pol 5P2
150 20 30 a0 50 60 70 20 30 a0 50 60

surfaces

(> 60°)

Incidence angle (Degree)

Incidence angle (Degree)
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70

The DMRT-ML model

Reasonable simulations at both
Vertical & Horizontal pol.
Reproduce smooth and chaotic

Issues at high incidence angles

(Picard et al., 2014 TC)
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Ablation Zone, Antarctica

Cap Prud'Homme
(Dupont et al., 2014 TGRS)

Importance o
bubble size & pjce
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Ablation Zone, Antarctica e

R

Bubbly |

Cap Prud'Homme
(Dupont et al., 2014 TGRS)

Importance o
bubble size & pjce

1-2 U I I T T

=
o
T
I

©
[0 0]
1

The DMRT theory is
valid up to fractional
volume of 30%.

Absoprtion |

o
»

.t
A

Scattering R

Scattering and absorption coefficients (m~')
=
[*)]

o
=
o

200 300 400 500 o600 700 800 900 1000
Density (kg m™)
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Ablation Zone, Antarctica

280
-
260 | oo " o
- SO g O e g .

— RN TN TN e - :-""". * o
M 240 F R °
v T TRl
S 220 RN
rar} Tk
© RN
o
= 11 GH |
£ Z -
m ~
= 180+ +
(]
(]
i} .
£ 1601 y
L "
= 140l & SBRV-pol
@ + -1 SBR H-pol Y

120} ® - DMRT-ML pure ice V-pol

+--+ DMRT-ML pure ice H-pol
1005 10 20 30 40 50 60 70
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Cap Prud'Homme
(Dupont et al., 2014 TGRS)

Observations

Brightness temperature (K)

Incidence angle (degree)

80

280
o - "0 . -9
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240 e I e
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180 .
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=
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100 10 20 30 40 50 60 70
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Simulations
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Importance o
bubble size & pjce
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The DMRT-ML model
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Ablation Zone, Antarctica e

R

Bubbly |

Cap Prud'Homme
(Dupont et al., 2014 TGRS)

Importance o
bubble size & pjce
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The DMRT theory is
valid up to fractional
volume of 30%.

Absoprtion |
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Scattering R

Scattering and absorption coefficients (m~')
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Ablation Zone, Antarctica e

R

Bubbly |

Cap Prud'Homme
(Dupont et al., 2014 TGRS)

Importance o
bubble size & pjce
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valid up to fractional
volume of 30%.

Absoprtion |

o
»

.t
A

Scatterning -

Scattering and absorption coefficients (m~')
=
[*)]

o
=
o

200 300 400 500 600 700 800 900 1000
Density (kg m™)

p. 33 ghislain.picard@ujf-grenoble.fr & ludovic.brucker@nasa.govn = The DMRT-ML model

100



Context DMRT-ML Validations Challenges Conclusion

Ablation Zone, Antarctica Bubbly Ice

Cap Prud'Homme
(Dupont et al., 2014 TGRS)

Importance o
bubble size & pjce

Observations New simulations

N

N

o
T

N
(=]
o

200

=}
(=]
[=]

11 GHz

e—e DMRT-ML bubbly ice V-pol
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Seasonal Arctic/sub-Arctic Snowpacks: Manitoba & Québec
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Dependence between H & V pol.
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DMRT-ML predicts reliable dependence between H & V pol. near 50-55°
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Validations & Applications

DMRT-ML has been validated, in very different environments, on
- deep firn on ice sheet

- shallow snow covers overlying soil (Arctic and Alpine regions)
or ice
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Validations & Applications

DMRT-ML has been validated, in very different environments, on
- deep firn on ice sheet

- shallow snow covers overlying soil (Arctic and Alpine regions)
or ice

DMRT-ML is now used in applications for:

hemispheric SWE retrievals

sensor developments

snow property retrievals with inverse methods

coupling with snow evolution models

data assimilation
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Current Limitations & Challenges

Liquid water content
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2980
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0.5 1.0

1.5 2.0

Amount of Liquid Water (kg m ?)
Tsnow=273 K, p=300 kg m?3
Water is in the top 10 cm
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Current Limitations & Challenges

Grain Size Factor («)

Density

Roughness

Large Particles
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Current Limitations & Challenges

Grain Size Factor («) Model ALotcatutc?n 2a8
ntarctica .

Antarctica 2.3

DMRT-ML Barnes Ice Cap | 3.5

Sub-Arctic 3.3

. «, factor between rg;;aswed & rsi))f,/gfeT_ML is likely due to microstructure.

. Stickiness and grain size distribution may contribute to «.

Density

Roughness

Large Particles
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Current Limitations & Challenges

i : Model Locati
Grain Size Factor («) ode . :tic't?za 2a8
Antarctica 2.3
DMRT-ML Barnes Ice Cap | 3.5
Sub-Arctic 3.3

measured DMRT—ML -_; :
. «, factor between rj% & Iophere is likely due to microstructure.

. Stickiness and grain size distribution may contribute to «.

Density
. '[zhe DMRT theqry js \(alid up to fractional volume of 30%.
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Current Limitations & Challenges

: . Model Locati
Grain Size Factor («) ode x :;C't?:a 2a8
Antarctica 2.3
DMRT-ML Barnes Ice Cap | 3.5
Sub-Arctic 3.3

measured DMRT —ML - _ - :
. «, factor between rgi & 1 here is likely due to microstructure.

. Stickiness and grain size distribution may contribute to «.

Density
. The DMRT theory is valid up to fractional volume of 30%.

Roughness
. Surface roughness, and layer interface roughness are not considered.

Large Particles
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Current Limitations & Challenges

: . Model Locati
Grain Size Factor («) ode x :;C't?:a 2a8
Antarctica 2.3
DMRT-ML Barnes Ice Cap | 3.5
Sub-Arctic 3.3

measured DMRT —ML - _ - :
. «, factor between rgi & 1 here is likely due to microstructure.

. Stickiness and grain size distribution may contribute to «.

Density
. The DMRT theory is valid up to fractional volume of 30%.

Roughness
. Surface roughness, and layer interface roughness are not considered.

Large Particles
. The DMRT-Mie theory is only available under the QCA
IS time consuming
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Current Limitations & Challenges

Brine in show and ice

Snow
DMRT-ML does not include
dielectric constant parameterizations for
Ice brine content (yet)

Configuration already possible with DMRT-ML
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Conclusion

DMRT-ML is validated and operational for both seasonal snow
& perennial snow

DMRT-ML is a published open source model available at:
http://lgge.osug.fr/~picard /dmrtml/

Email distribution list obs-dmrtml@ujf-grenoble.fr

DMRT-ML ~~» Community Model

Contributions for model developments are welcome
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