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Abstract: Satellites with microwave sensors onboard observing land surface
from space consist of signal contributions from surface and atmosphere. The up-
welling microwave signals are less attenuated by the atmosphere hence, for
earthly located features remote sensing satellite microwave sensors have an
advantage over visible sensor systems. In order to monitor snow cover with
passive microwave data, brightness temperature information of the medium
covering the earth surface under different conditions is required. A snow
emission model thus, could be used for the estimation of brightness temperature
of the medium. The radiative transfer based model has been used to study the
emitted radiation from snow surface at the frequencies of the special sensor
microwave imager (SSM/I). In the presence of clouds, water vapours and
precipitation the radiative transfer calculations simplify as the wavelengths of the
radiation approach the Rayleigh scattering regime. The transfer of microwave
radiation, in particular is often simpler than the equivalent calculations at shorter
wavelengths. This paper presents a simple sensitivity analysis of parameters
used in the radiative transfer theory based snow emission model. There are
several contribution factors (for example, soil, forest, water, atmosphere and
snow) in the model. The effects of these features on brightness temperature
values have been analysed in this paper.
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INTRODUCTION

With passive microwave data in the land applications, plentiful target
features in a single cell create problems in the development of algorithm
[Hiltbrunner and Matzler 1997]. Hence, for the development of passive
microwave remote sensing techniques brightness temperature
information of the medium covering the earth surface under different
conditions is required [Loth and Graf 1998]. An emission model may
therefore be a useful tool for the estimation of brightness temperature of
the medium [Wegmuller and Matzler 1999]. Global and regional
brightness temperature retrieval models have been developed and
investigated in the past few years using passive microwave radiometric
data. Since the launch of the first microwave radiometer in 1972, more
advanced instruments containing additional channels and higher spatial
resolution have been developed. For example, Special Sensor Microwave
Imager (SSM/I) and Scanning Multichannel Microwave Radiometer
(SMMR). These radiometers measure signatures that can provide
information for the identification of various surface features [Standley and
Barrett 1999]. The microwave radiometer used in this study is (SSM/I).
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The SSM/I is part of the Defence Meteorological Satellite Program
(DMSP). The DMSP is a long term United States Air Force (USAF)
mission consisting of two polar orbiting satellites whose data were
declassified in 1972 and thus made available to the civil user community
[Grody and Basist 1996]. The major aim of the system is to provide global
visible, infrared and microwave data for retrieving hydrological
meteorological and oceanographic information about the earth. In this
series of satellite the first platform with an imaging microwave radiometer
onboard, the DMSP Block 5D-2 F8 satellite, was launched on June 19,
1987 whilst, the latest is F14 and was launched on October 4, 1997
[Schiavon et al. 1998]. The satellites are in a near-polar, sun-synchronous
orbit at a height of around 840 km, completing its orbit in 102 minutes
thus resulting in 14 full orbits per day. The SSM/I is a four-frequency
seven-channel linearly polarized conically scanning passive microwave
radiometer. The SSM/I nominal local incidence angle is 53.1° and its
deviation is a function of geographic latitude. The spatial resolution of
SSM/I at its highest frequency (85 GHz) range is 14 km by 16 km, and at
lowest frequency (19 GHz), the resolution is 45 km by 70 km. The highest
frequency penetrates all but the thickest of clouds however, at 37 GHz
and 19 GHz the brightness temperatures are relatively unaffected by
clouds and atmospheric conditions. The 22 GHz channel is sensitive only
to water vapour in atmosphere. It is clear that, as the SSM/I channel
frequency decreases, the attenuation effects of the atmosphere on the
satellite-measured signal also decrease [Colton and Poe 1999]. SSM/I is
a stable and well-calibrated radiometric system which can provide
accurate brightness temperature values for microwave images of the
earth. The passive microwave sensors have low resolution and this is one
of the main problems particularly for small areas less than 20 km x 20 km.
Thus, in a single footprint for a passive microwave image, the presence of
forested areas, water bodies and many other features may contribute to
considerable signal variation [Kumar et al. 1999].

At SSM/I frequencies, for example, for the snow retrieval model, the
global influence and atmospheric effects cannot be considered
independently in the distribution of snow cover [McKay and Gray 1981].
The detection in snow variation is also important for applied
environmental research and for regional industry [Gray and Male 1981,
Pomeroy and Gray 1995]. Considering the snow cover extent as part of
the climate system makes it necessary to focus on the snow surface
parameters determining the lower atmosphere boundary (albedo,
temperature). The change of radiation properties and unstable heat fluxes
at the earth’s surface has a directly affect on the atmospheric energies
and circulation [Aschbacher 1989, Derksen et al. 1998]. Since snow cover
transforms the high frequency atmospheric turbulence into low frequency
variability, it seems a reliable indicator for detecting climate change
[Pomeroy and Gray 1995]. Investigation have shown that feedback
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mechanisms estimated by various atmospheric models cover a wide
range of responses to any given snow variance [Yang et al. 1997]. The
snow pack growth resulted from super-cooled rain droplets, precipitation,
and newly fallen snow, reflect parent atmospheric conditions.
Consequently the snow pack resulted interact with electromagnetic waves
in very different ways, adding errors to the evaluation of snow water
equivalent based on both the ground and satellite measurements.
Similarly, most snow packs are composed of complex layered
characteristics that affect the bulk properties and physical structure and
hence, modify the reflected or emitted electromagnetic signals from snow.
The dwindling of electromagnetic radiation by different types of layers is
very significant in the application of remote sensing. Similarly, the amount
of water in a snow pack has significant contribution in the development of
models particularly for hydrological purposes [Pulliainen et al. 1997]. This
is a problem to estimate snow water equivalent even directly from ground
measurements. Researcher uses snow depth, snow density, and areal
extent of snow to estimate the snow water equivalent [Brown and
Goodison 1996]. The precise amount of water in a snow pack is the most
useful quantitative parameter for modelling [Pulliainen et al. 1999]. Both
wet and dry snow has dissimilar electromagnetic response depending on
presence of liquid water content and other snow characteristics (for
example, snow grain size, snow density and snow depth). The retrieval of
snow pack parameters (for example, snow depth and snow water
equivalent) depends on temporal and spatial scales of snow extent. The
airborne/satellite remote sensing are the potential solutions for the
retrieval of data at large scales. It is therefore important to consider the
scale of the snow cover inconsistency and the physical change in snow
pack characteristics in satellite remote sensing, for the retrieval of snow
pack parameters [Matzler 1996].

In a SSM/I footprint dominated with forested area, the forest canopy and
the snow covered ground dominate the emissivity behavior. Hence, it is
important to analyze the degree to which SSM/I brightness temperature
can be affected by the forest parameters in emissivity models [Lakshmi et
al. 1997]. The boreal forest is the most dominant forest on earth covering
the circumpolar regions of Europe, Asia and North America. However, the
physical characteristics of conifers (for example, spruce, fir or pine) do not
change considerably with time. Thus, the forest can complicate the up-
welling radiation during snow monitoring by satellite system. On the other
hand, non-forested vegetation can reflect and emit signals and hence
modify the scattering behaviour of bulk signal [Kurvonen and Hallikainen
1997]. The empirical methods do not suffer from the presence of water
and agricultural areas [Foster et al. 1997]. Hence, the empirical models
give higher overall accuracies than those from physical model based
inversion approach [Jin and Zhang 1999].
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From above discussion it is evident that in an empirical model developed
for the retrieval of microwave brightness temperature there are several
features which have to go under sensitivity test before incorporating them
in the model. Hence, a sensitivity test of atmosphere, vegetation, sail,
water and snow was performed.

SENSITIVITY ANALYSIS
In order to determine which parameter impacts greatly in the model a
sensitivity analysis has to be performed. Hence, the sensitivity analyses
of ground, water, vegetation, atmosphere and snow pack parameters are
performed using Eq. (1).

E/éature = \/Eil + E?z + Ej%3 B (1)

where Ey = Total error produced by the variation in 1st parameter, E;, =
Total error produced by the variations in 2nd parameter, Eg = Total error
produced by the variations in 3rd parameter and so on.

First, for the sensitivity analyses of soil parameters the results of Butt
[2002a] show that ground temperature and ground volumetric moisture
are insensitive parameters whilst surface roughness as shown in Fig. 1 is
sensitive parameter. However, the combined errors of the surface
parameters in the brightness temperature contribution are given as:

Egrouna = 0.27 K
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Fig. 1: Sensitivity analyses of Surface roughness (after Butt 2002).

Second, for the sensitivity analyses of water parameters the results of
Butt [2002b] show that water temperature, water salinity, and wind speed
are insensitive parameters, whilst area fraction covered by water bodies
has a significant effect, as shown in Fig. 2, and is sensitive parameter.
Using Eq. 1 the combine errors of the water parameters in brightness
temperature estimation are:

Epater = 9.22 K
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Fig. 2: Sensitivity analyses of Water fraction (after Butt 2002).
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Fig. 3: Sensitivity analyses of Stem volume (after Butt and Kelly2003).

Third, for the sensitivity analyses of vegetated area the results of Butt and
Kelly [2003] show that vegetation temperature is insensitive parameter,
whilst stem volume, as shown in Fig. 3 is sensitive parameter. The
combine error in the brightness temperature estimation of the vegetated
parameters is given as:
Evegetation =1.86 K
Fourth, for the sensitivity analyses of the atmospheric contribution the
results of Butt [2003] show that all of the atmospheric parameters
(atmospheric temperature, ground level pressure and ground level water
vapour), are insensitive parameters. Their combine error is given as:
Eatmosphere =0.53K
Finally, for the sensitivity analyses of snow surface the results of Butt
[2002c] show that the snow salinity, snow temperature and snow density
are regarded as the insensitive parameter whilst, snow layer thickness
(Fig. 4), snow moisture (Fig. 5) and snow grain size (Fig. 6) are regarded
as the sensitive parameters.
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Fig. 4: Sensitivity analyses of Snow layer thickness (after Butt 2002).
235
—e— 19h
230 o | o9
’.___-—.-—'".— —=— 19v
225 | o1 ,|__—_|————I———"——"
Lo T 22v
— P |+
220 = —*_—_—*
% +//+//I——".—'". i e A 37h
= 25— — ——¥ .
./ *
210 /x/
o —e—85h
205
—+—85v
200
0 002 0.04 006 008 01 012 014 016 0.8
mv (%)
Fig. 5: Sensitivity analyses of Snow moisture (after Butt 2002).
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Fig. 6: Sensitivity analyses of Snow grain size (after Butt 2002).

The sensitivity analysis of ground surface, water areas, vegetation,
atmosphere and snow surface was performed. The result of sensitivity
analysis shows that, water fraction, forest stem volume, snow depth,
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snow grain size and snow moisture have significant effects in the
radiative transfer theory based emission model.

CONCLUSIONS
From the above analyses it is evident that the brightness temperature
sensed by a microwave satellite sensor depends on the receiving system
parameters (frequency, angle and polarisation) and on the surface space
and time-dependent physical properties. All earth objects either reflect
and/or emit electromagnetic radiation whose strength and spectral
distribution received by the satellite sensor system are modified to some
extent through scattering by atmospheric parameters. The effect of
various atmospheric features on the emission model using Special
Sensor Microwave Imager (SSM/l) frequencies were performed.
Sensitivity analyses of four different parameters of atmosphere
(atmospheric temperature, atmospheric sky type, water vapour quantity,
and pressure) indicate that only the water vapour quantity is sensitive
parameter.
The sensitivity analysis of forest fraction shows that the forest
temperature (an average decrease of 0.27 K is observed for all SSM/I
channel frequencies) has a very little effect on SSM/I predicted brightness
temperature values. On the other hand, the forest stem volume has an
average increase of 1.84 K, which is considered to be more sensitive than
forest temperature.
Sensitivity analyses of soil temperature, soil volumetric moisture content
and surface roughness were performed. These analyses show that
except the surface roughness the soil temperature and soil volumetric
moisture content has very little effect and hence are regarded as
insensitive parameters.
The sensitivity analyses of snow parameters show that the snow salinity
and snow temperature are insensitive parameters. The snow density has
very little effect particularly at 19 and 37 GHz frequencies. The other
snow parameters, snow layer thickness, snow moisture and snow grain
size are regarded as the sensitive parameters.
From the sensitivity analyses of wind speed, water temperature and water
salinity it is clear that they have very little effect and hence are regarded
as insensitive parameters. On the other hand, the percentage of water
fraction has comparatively large effect on brightness temperatures
predictions and hence on snow retrieval parameters. Butt [2001] showed
that the percentage of water fraction has a major influence on brightness
temperature retrieval. In this study the sensitivity analysis of water fraction
shows that an average decrease of 9.22 K is observed for all SSM/I
channel frequencies. Although, in case of emission from earth surface the
contribution could be divided into the number of various elements present
in the area under consideration however, the total contribution (the sum of
all the features emission) remain unity.
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