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Motivation

Applications of microwave brightness temperature measurements in meteorology,
hydrology,climatology etc. require quantitative understanding of microwave interactions with all
media of relevance.

Knowledge has been accumulated over time, including
1) dielectric properties of components and mixtures
2) scattering and absorption in dense and in dilute media
3) radiative properties of the atmosphere
4) behaviour versus frequency, polarisation and incidence angle
5) empirical results observed in situ, from aircraft and satellites
6) relationship with other observations (radar, ir, vis)
7) potential for data assimilation

Present radiative models are not perfect, and the physical models of the Earth systems must be
further advanced and better adapted to the radiometric requirements.

This contribution concentrates on the terrestrial showcover due to the large signature variability
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HPACK and a Surprise

Emission and backscatter model for a refractive half space with isotropic volume
scattering, using the H function of Chandrasekhar (1950) to simulate active and
passive microwave signatures of snowpacks and ice sheets (Matzler 2000).
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HPACK Scaftering at a Refractive Half Space

The scattering half space with refractive index n is illuminated by
1) the refracted incident wave

2) downward reflected waves with significant contributions from
total reflection* for <y . Hye =/1-1/n?
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HPACK - surprise

The result of the modified illumination is a bistatic scattering very close to Lambert Scattering:
(1) Emissivity e independent of 1 ,  (2) backscatter coefficient )= 4n(1- €)
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HPACK - for snowpack

Similar result for realistic parameters of a snowpack: w =0.9,n=1.3
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HPACK and swimming pool

Comparison with visible range: Swimming pool by night (illumination below
water surface): A single lamp produces a Lambert-like radiance

Again: n=1.3




Lambertian Versus Specular Reflection

Difference in upwelling brightness is largest for vertical incidence and limited to
window frequencies. Simulations with Rosenkranz (1998) model, using
radiosonde data.



RS92 Radiosonde data
Thun, Switzerland

Dry situation
IWV = 3.3 kg/m?

T, inK

Simulation of upwelling brightness

Spectra for 2008-02-19, Theta= 0 deg, dTO=0K
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Test of reflection properties in Antarctica

50 GHz emissivity Jan. 22, 2004

Mean A =0.84
1- 6 Aug 2005

Lambertivity A, and its uncertainty o ., (left), and emissivity (right) of Antarctica at 50 to 53 GHz,
advancements with AMSU-A Data since 2006: Rosenkranz & Matzler (2008)



Test of snowcover reflection type

Lambertian-like behaviour was noted by Harlow (2009) for snow-covered land
and sea-ice surfaces from airborne surveys (89 - 183 GHz) in Alaska. More on
this work will follow in the next talk by Chawn H.



Relief increases the emissivity

The effective landscape emissivity e, increases with increasing ruggedness of the
terrain, i.e. with increasing elevation angle a, of the horizon
(r,=1-e,is the local Lambertian reflectivity)
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MEMLS for Layered Snowpacks

Microwave Emission Model of Layered Snowpacks (MEMLS) to simulate microwave radiation of
snow-covered land (Wiesmann & Matzler 1999), and sea ice (Tonboe et al. 2006). MEMLS

considers refractive and layering effects, but simplifies volume scattering by a six-flux radiative
transfer model.

MEMLS - together with the HUT snow emission model - originated from an ESA study (Pulliainen et
al. 1998), and is available in MATLAB from IAP.

MEMLS can be driven by a snow-physical model (e.g. CROCUS, SNTHERM, SNOWPACK), which
is fed with standard meteorological data.

The input parameters of MEMLS are derived from vertical profiles of the snowpack
temperature
density
correlation length (or specific surface)
liquid-water content (if T=0°C)
salinity (optional since Version 3)

These profiles are then approximated by a finite number of homogeneous layers to obtain the
reflectivities at each layer interface, and the propagation parameters within each layer.

Furthermore the reflectivity at the snow-ground interface has to be given.

Interaction with a forest canopy, with a relief, and with the atmosphere can be accomplished.



MEMLS fluxes and layers

Radiative transfer within each layer is described by a 6-flux model with given

absorption and (isotropic) scattering coefficient.

Boundary conditions at the layer interfaces link the vertical fluxes
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MEMLS experimental studies 1
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MEMLS experimental studies 2

Setup for radiometric
measurements of well-
controlled samples
size 60 cm x 60 cm
d=8-16cm

metal plate
or absorber




six-flux coefficient [1/m]

MEMLS experimental studies 3
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Example:
emissivity and
structure

of dry-snow
slabs

(Wiesmann
et al. 1998)
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MEMLS experimental studies 4

WIESMANN ET AL.: RADIOMETRY AND STRUCTURE OF SNOW
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Figure 3. Binary snow sections (3 ¢cm x 3 ecm). (Left) Coarse-grained sample 21. (Right) Finc-

grained sample 17. Ice grains are black.
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MEMLS validation 1

Date/ T m;n' W p d Pec
layer No. [K] [%] [kg/m’] [em [mm]
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full snowpack . 273.0 000 2590 250 01702
. 2 272.0 0.00 1770 150 00961
approximated 3 2665 0.00 4000 03 00000
b;P/FZI- Iayers 4 2714 0.00 109.0 200 00701

1.0 T T T T T 1.0 T T I R

- 35 GHz .

09— \= 4 —
'Vvvvvvvv

-..___-h -N
08— Tl Y

©
:a' o
= B S |
07— Ay —
v - pol T
oM
L il F - - hopol o i
06— 8 =50° — 061 Avi v - pol |
L i L ' h - pol i
05 | | | | | | 05 | | | | | | | | | | | | |
10 100 10 20 30 40 50 60 70 80
Frequency [GHz] incidence angle [degrees]

Figure 6: Left: Emissivity versus frequency of the modified winter snow pack on 21 Dec.
1995. Right: Emissivity versus incidence angle of the same snow pack.



MEMLS validation 2

Example of MEMLS applied to a freeze - thaw cycle in spring snow
(here at 35 GHz) from Matzler and Wiesmann (1999)
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MEMLS simulates microwave penetration: dry snow

Example of penetration-depth computation versus frequency for
different correlation lengths of dry snow - in accordance with
seasonal T, , amplitude measured at Dome C, Antarctica

Dome C: Observed SMMR/SMMI Mean Seasonal Amilitudes |1978 - 2000|
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MEMLS simulates microwave penetration: wet snow

Example of penetration-depth computation versus frequency for wet
snow, vol. lig. water content 1% and 5%, respectively
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Direct Retrievals or Data Assimilation?

Direct retrievals do not account for
information from the past, which is
inherently present in snowpacks.

Kalman Filters can include this
information, thereby improving the
quality of products by an order of
magnitude. The method builds on
observed changes.

First simulation results for Snow
Water Equivalent (SWE) and other
parameters - using Ensemble Kalman
Filtering - were found by Durand and
Margulis (2006) for SSMI and AMSR
frequencies from a 3-layer snowpack
model coupled with MEMLS.

TABLE 1. The bias and rmse of the SWE estimate for assimilat-
ing different synthetic observations and for the open-loop
simulation.

Bias (cm) Rmse (cm)
Open loop 25 27.1
SSM/T 3.36 4.0
AMSR-E 2.04 3.16

AMSR-E and MODIS 1.20 2.60

L NE v | 1 £ L A
86093 Jan24 Feb24 Mar94 Apro4

FIG. 9. Snow water equivalent estimates obtained by assimilat-
ing different subsets of passive microwave frequencies. The truth
is the solid line, the result using SSM/I is the dotted line, and the
result using AMSR-E is the dash—dot line. The vertical lines show
the update times on 13 December, 9 February, and 9 March,
which are discussed in detail.



Conclusions

1) There exists significant empirical and physical knowledge about microwave interaction with and emission from

snowpacks, landscapes, vegetation and atmosphere.
2) Further improvements are needed. This applies also to snow metamorphism and the formation of the layered

snowpack structure.
3) Modelling efforts and observations have contributed to the question on bistatic scattering, indicating that Lambert-

like scattering is significant.
4) Satellite data assimilation together with coupled snow-physical and snow-emission models is far better than direct

retrievals of snowpack parameters.

Snow-free landscape seen at 91 GHz: Stockhorn Range, Switzerland, from Stahli (2009)

[deql

ac a0 70 BO ak 40 30 20 10 a

140 K 160 180 200 220 240 260 280 K



References

S. Chandrasekhar, Radiative Transfer, Oxford University Press (1950), reprinted by Dover, New York (1960).

M. Durand and S.A. Margulis, Feasibility Test of Radiometric Data Assimilation to Estimate Snow Water Equivalent, J. Hydrometeorology, Vol. 7,
443 - 457 (2006).

C. Harlow, Millimeter Microwave Emissivities and Effective Temperatures of Snow-Covered Surfaces: Evidence for Lambertian Surface Scattering,
IEEE Trans. Geoscience and Remote Sensing, in press (2009).

D. Liang, X. Xu, L. Tsang, K.M. Andreadis and E. Josberger, The effects of Layers in Dry Snow on its Passive Microwave Emission Using Dense
Medium Radiative Transfer Theory..., IEEE Trans. Geoscience and Remote Sensing, Vol. 46, No. 11, 3663-3671 (2008).

C. Matzler and A. Wiesmann, Extension of the Microwave Emission Model of Layered Snowpacks to Coarse-Grained Snow, Remote Sensing of
Environment, Vol. 70, No. 3, pp. 317-325 (1999).

C. Matzler, HPACK, a bistatic radiative transfer model for microwave emission and backscattering of snowpacks, and validation by surface-based
experiments, [AP-Research Report 2000-4 (2000).

C. Matzler, Remote sensing data assimilation for improved observations of the cryosphere: seasonal snowcover observed with microwave
radiometry, WCRP-CIiC Meeting, Victoria, B.C. Canada, Oct. 14-17 (2003).

J. Pulliainen, K. Tigerstedt, W. Huining, M. Hallikainen, C. Matzler, A. Wiesmann, and C. Wegmuller, Retrieval of geophysical parameters with
integrated modeling of land surfaces and atmosphere (models/inversion algorithms), Final Report, ESA/ESTEC, Noordwijk, Netherlands,
Contract No. 11706/95/NL/NB(SC), Oct. (1998).

P.W. Rosenkranz, Water vapor microwave continuum absorption: A comparison of measurements and models, Radio Sci., 1998, 33, pp. 919-28 (also
see correction, 34, p.1025, 1999).

P.W. Rosenkranz and C. Matzler, Dependence of AMSU-A Brightness Temperatures on Scattering from Antarctic Firn, and Correlation with
Polarization of SSM/I Data, IEEE Geoscience and Remote Sensing Letters, Vol. 5, No. 4, pp. 769 - 773 (2008).
O. Stdhli, Novel Measurements with the imaging polarimeter SPIRA (91 GHz) after technical upgrades, Master Thesis, Univ. of Bern (2009).

R.T. Tonboe, G. Heygster, L.T. Pedersen and S. Andersen, Sea ice emission modelling, Chapter 4.16 (pp. 382 - 400) in C. Matzler (ed.), Thermal
Microwave Radiation: Applications for Remote Sensing, IET Electromagnetic Waves Series 52, London, UK (2006).

A. Wiesmann, C. Matzler and T. Weise, Radiometric and structural measurements of snow samples, Radio Science, Vol. 33, pp. 273-289 (1998).
A. Wiesmann and C. Matzler, Microwave emission model of layered snowpacks, Remote Sensing of Environment, Vol. 70, No. 3, 307 - 316 (1999).



Simulation of upwelling brightness

Spectra for 2007-08-14, Theta=0 deg, €= 0.9, dT0=0K
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