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Two Microwave Land Emissivity Parameterizations
Suitable for AMSU Observations

Fatima Karbou

Abstract—In this work, two microwave emissivity parameteri-
zations are proposed to estimate the land emissivity at Advanced
Microwave Sounding Units (AMSU) frequencies and scanning
conditions in order to help processing AMSU measurements over
land surfaces. Both parameterizations are derived from previously
calculated land emissivities directly from satellite observations
and take into account different surface types from bare soil to
areas with high vegetation density. The first parameterization
uses best-fit functions derived from February 2000 observations
whereas the second parameterization is based on the first one
with the addition of a mean nadir emissivity map at 23.8 GHz to
allow a more precise surface description. The emissivity parame-
terizations have been evaluated by comparing emissivity and Tb
simulations to target emissivity and Tb observations.

Index Terms—Advanced Microwave Sounding Units (AMSU),
microwave surface emissivity, parameterization.

I. INTRODUCTION

THE Advanced Microwave Sounding Units (AMSU) A and
B, onboard the latest generation of the National Oceanic

and Atmospheric Administration (NOAA) polar-orbiting satel-
lites, offer unique capabilities to monitor the atmospheric tem-
perature and humidity distributions at a global scale. Indeed,
AMSU-A benefits from channels near the 50–60-GHz oxygen
absorption band and is able to retrieve atmospheric tempera-
ture profiles from about 45 km down to the Earth’s surface.
AMSU-B channels, located in the vicinity of the strong water
vapor absorption line at 183.31 GHz, measure the thermal emis-
sion of water vapor arising from different atmospheric layers.
In addition, the two instruments provide measurements from
window channels (23.8, 31.4, 50.3, 89, and 150 GHz) that are
mainly sensitive to surface and low atmospheric effects.

So far, the AMSU profiling information is still more inten-
sively exploited over ocean than over land, in spite of ongoing
efforts made in many operational numerical weather prediction
(NWP) centers [5], [7], [24]. Only channels that are not contam-
inated by the surface are assimilated, but accurate land emissiv-
ities are also needed to extend the use of AMSU observations
to include channels more sensitive to the surface. Atmospheric
retrievals over land are more difficult to perform because the sur-
face contribution to the measured radiation is important due to
higher emissivity values over land than over ocean. In addition,
the land emissivity is difficult to model and is associated with
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rather high temporal and spatial variations with surface types,
roughness, and moisture content, among other parameters.

According to English [4], the land emissivity has to be esti-
mated within 2% for effective atmospheric humidity profile re-
trievals over continental surfaces. Prigent et al. [28], and more
recently Karbou et al. [16], have shown that the land emissivity
can be estimated from remotely sensed microwave observations
with a day-to-day variability within 2% over a variety of sur-
face types, and for different observation angles and frequencies.
Then, based on emissivity calculations directly derived from
satellite AMSU window channels together with accurate skin
temperature estimations, the potential of AMSU-A and -B mea-
surements for atmospheric temperature and humidity profiling
over land has been studied [17].

In addition to estimating surface emissivity from microwave
satellite observations (see [2], [6], [15], [16], [21], [22], [24],
[27], [28] among others), other emissivity studies were carried
out, using ground-based measurements [1], [18], [19], [32] and
aircraft observations [11], [12]. Moreover, different models
have been developed (e.g., see [10], [14], and [31]) to simulate
microwave emissivity spectra for different surface conditions.
However, the modeling approaches for global applications
are mainly limited by the lack of accurate input parameters
necessary to feed the model (vegetation characteristics, soil
moisture, and roughness, among others).

This study aims to present two parameterizations of the mi-
crowave land emissivity, anchored on emissivities directly de-
rived from satellite observations, useful to process AMSU data
over land. This work is motivated by the need to develop a
practical procedure to determine the microwave land emissivity
suitable for AMSU observations which can be easily imple-
mented into the NWP models. Previously derived emissivities
from AMSU observations vary with the observation angle, the
frequency, as well as the surface type [16]. For instance, there
is a strong angular dependence of the AMSU emissivity over
bare soils whereas it is negligible over forested land. The direct
use of the already calculated AMSU emissivity atlas for atmo-
spheric applications is mainly hampered by the need to produce
mean emissivity maps at different zenith angles to account for
the angular variation of AMSU emissivities. However, unlike
conical instruments, the cross-track scanning pattern of AMSU
has, as a consequence of it, a limited number of observations per
scan position especially during year 2000 when only NOAA-15
satellite was operational.

The AMSU observations and emissivity datasets are de-
scribed in Section II. The microwave emissivity parame-
terization is presented in Section III. Two complementary
parameterization approaches are discussed in the later section,
and their results are evaluated using five months of data in
Section IV. General conclusions are provided in Section V.
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TABLE I
AMSU-A/B CHANNEL CHARACTERISTICS

II. AMSU AND EMISSIVITY DATASETS

A. AMSU Data

The AMSU-A and -B soundings units are operational
on board the latest generation of polar orbiting satellites
NOAA-15, -16, -17, and recently onboard the Aqua satellite.
AMSU-A, designed for atmospheric temperature retrieval,
measures the outgoing radiation from the Earth’s surface and
from different atmospheric layers using 15 spectral regions
(23.8–89.0 GHz). AMSU-B is designed for humidity sounding
and has two window channels at 89 and 150 GHz and three
other channels centered on the 183.31-GHz water vapor line.
AMSU-A and -B have a nominal field of view of 3.3 and 1.1
and sample 30 and 90 Earth views, respectively. Thereby, the
AMSU observation scan angle varies up to 48 which translates
into 58 of local zenith angle. Channel characteristics for both
AMSU-A and AMSU-B radiometers are given in Table I, and
detailed description of the AMSU sounders is reported in [8].

In this study, the level 1b AMSU data from January to Au-
gust 2000 have been obtained from the Satellite Active Archive
(SAA) and then processed using the Advanced ATOVS Pro-
cessing Package (AAPP) created and distributed by the Euro-
pean Organization for the exploitation of Meteorological satel-
lites (EUMETSAT) and other partners. For the present analysis,
we focus on a large geographic area (from 60 W to 60 E in lon-
gitude and from 60 S to 60 N in latitude) to include wide ranges
of surface conditions. The AMSU radiances were corrected for
the AMSU antenna effect [13], [20].

Compared to infrared sounding measurements, AMSU ob-
servations are less sensitive to high thin and nonprecipitating
clouds. However, only cloud-free data have been selected for
an optimum accuracy of the emissivity estimates. The cloud
screening is conducted using the International Satellite Cloud
Climatology Project (ISCCP) DX datasets. Cloud parameters
and skin temperatures are extracted from ISCCP every 30 km
and every 3 h. In the ISCCP processing, information about
clouds is obtained from visible and infrared measurements from
polar and geostationary satellites, using radiative analysis [29].

B. AMSU Land Emissivity

The AMSU land surface emissivities have been estimated
using data from year 2000, for 30 observation zenith angle
ranges (from to ) and for the 23.8-, 31.4-, 50.3-,
89-, and 150-GHz channels [16]. Collocated visible/infrared
satellite measurements from ISCCP data have been used to
screen for cloud and rain effects and to provide an accurate esti-
mate of the skin temperature. The nearby temperature-humidity
profiles from ECMWF 45–year reanalyses (ERA-40) [33] have
been used as inputs to a up-to-date microwave radiative transfer
model [23] in order to estimate the atmospheric contribution
to the measured radiances. The AMSU emissivities have been
estimated under the assumption of a flat and specular surface.
Because of the rotating AMSU antenna, the estimated emis-
sivity is a mixture between emissivities in the vertical and the
horizontal polarizations. The AMSU emissivity at scan angle

can be written as follows:

(1)

where and are emissivities in the hori-
zontal and vertical polarizations, respectively.

The consistency of the estimated AMSU emissivities has
been checked by analyzing their dependencies with surface
types, observation angles, and frequencies [16]. The AMSU
emissivities have been further evaluated by comparison with the
previously calculated SSM/I ones [28]. A very good agreement
between the two emissivity datasets has been found. AMSU
emissivities have been sorted out by surface type, using the
Biosphere-Atmosphere Transfer Scheme (BATS) land-cover
classification [3]. Table II lists the used land-cover classes.
Monthly mean emissivity maps (not presented) show the natural
changes of the emissivity, mainly related to changes in surface
types. For example, lakes and rivers as well as the coastlines are
associated with low emissivities at all frequencies but also with
high emissivity horizontal variability. For the entire datasets,
the day-to-day emissivity standard deviations are generally less
than 2% for AMSU surface channels and tend to increase with
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TABLE II
BIOSPHERE–ATMOSPHERE TRANSFER SCHEME (BATS) LAND COVER CLASSES

the frequency and the zenith angle. The angular dependence
of the estimated AMSU emissivities is found to be important
over bare soil areas, and limited over dense vegetation areas.
Fig. 1 illustrates the monthly mean emissivity variation with
scan position (i.e., zenith angle) at 23.8, 31.4, 50.3, and 89 GHz
over a six-month period, and both desert and dense vegetation
areas. This figure also shows that the emissivity curves with
respect to surface type and scan position, have similar trends for
the whole period. Additional analysis, involving other surface
types, gives similar results. Consequently, given a surface type
and a frequency, the remarkable stable pattern of the emissivity
variation with the scan position (indirectly with the observation
zenith angle) can be used to derive a microwave land emissivity
parameterization.

It should be mentioned that a scan asymmetry, relatively to
nadir, has been highlighted by analyzing the AMSU emissivity
angular dependency. This asymmetry was also noticed by Weng
et al. [30] and is probably related to an instrumental problem.
The scan asymmetry is found to be variable with frequency and
surface emissivity, with a maximum scan bias (difference be-
tween the emissivities at scan positions 1 and 30) at 31.4 GHz
(almost 3%) and at 23.8 GHz (2.4%) over bare soil areas [16].

III. TWO EMISSIVITY PARAMETERIZATIONS DERIVED

FROM AMSU EMISSIVITY ESTIMATES

A. First Parameterization

As seen earlier (Section II-B), mean emissivity curves sorted
by scan position and surface type show remarkably month-to-
month stable patterns. This property is very interesting because
it means that it is possible to characterize each surface type by
a function that describes the emissivity angular and frequency
variations. It also means that, at a first stage, a one month pe-
riod of emissivity estimations can be sufficient to derive such
functions.

Fig. 1. Monthly mean AMSU emissivities for January, February, March,
April, July, and August 2000 with respect to 30 scan positions (�58 of zenith
angle variation. Scan positions 15 and 16 correspond to nadir) and at 23.8-,
31.4-, 50.3-, and 89-GHz frequencies over both desert and dense vegetation
areas. (a) Desert at 23.8 GHz. (b) Dense vegetation at 23.8 GHz. (c) Desert at
31.4 GHz. (d) Dense vegetation at 31.4 GHz. (e) Desert at 50.3 GHz. (f) Dense
vegetation at 50.3 GHz. (g) Desert at 89 GHz. (h) Dense vegetation at 89 GHz.

Emissivity estimates from February 2000 have been chosen
to derive the first emissivity parameterization based on fit func-
tions that best represent emissivity variation per scan position,
frequency and surface type. For all surface types, polynomial
fit functions of degree 5 are found appropriate to fit emissivity
data. Given a land-cover class, the best-fit emissivity function
can be expressed according to the frequency and the scan posi-
tion as follows:

(2)
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Fig. 2. Emissivity best-fit functions with respect to 30 scan positions (�58
of zenith angle variation) at 23.8-, 31.4-, 50.3-, and 89-GHz frequencies and
over (a) desert, (b) semidesert, (c) tall grass, and (d) interrupted forest areas.

where is the best-fit emissivity function at frequency
and scan position FOV. It is worthy to note that AMSU-A scan

position varies from 1 to 30, which translate into zenith
angle variation (scan positions 15 and 16 correspond to nadir
observation). , , , , , and are the polynomial
fit coefficients for frequency , with , 31.4, 50.3, 89,
and 150 GHz. One could note that the coefficient represents
the nadir emissivity for frequency .

Fig. 2, shows the obtained best-fit emissivity curves for dry
(vegetation cover 8 and 11) and vegetated (vegetation cover 7
and 19) areas with respect to the AMSU-A scan position using
the parameterization coefficients described earlier. For a given
AMSU observation, and using the present parameterization, we
can simulate the corresponding land emissivity by: 1) identi-
fying the surface type using the observation geographic loca-
tion (latitude/longitude) and then 2) using (2), the emissivity
can be computed according to the observation scan position and
frequency.

Emissivity simulations for August 2000 have been performed
following this method and have been compared to target emis-
sivities directly calculated from satellite measurements (see
Section II-B). So far, there are no extensive in situ emissivity
measurements that can be reliably compared with the sim-
ulated emissivities. Moreover, the direct AMSU emissivity
calculations have been carefully evaluated by looking at their
frequency and angular dependencies, and also by comparing
them to other emissivity datasets. Fig. 3(a) shows the mean
August 2000 emissivity map at 31.4 GHz directly calculated
from satellite observations (from [16]) whereas Fig. 3(b)
shows the mean bias between the calculated and the simulated
emissivities using the parameterization method described

Fig. 3. Monthly mean maps obtained at 31.4 GHz and all zenith angles
using data from August 2000. (a) Mean emissivity map directly derived
from satellite observations. (b) Mean emissivity bias map in percent between
the calculated and the simulated emissivity using the first parameterization.
(c) Mean emissivity bias map in percent between the calculated and the
simulated emissivity using the second emissivity parameterization.

earlier. AMSU-A observations at all zenith angles were used
to plot these maps. Lakes and rivers show larger emissivity
bias (see for instance the Congo river and the Nile) as well
as the coastlines. Some locations in the Arabian plate and in
North Africa show also high biases. Most of these regions are
defined as desert surface and therefore has one best-fit function
to calculate the emissivity. It is clear that, within this region,
we need a more detailed land-cover classification to correctly
account for the natural variation of the emissivity. For vegetated
areas, the parameterization provides emissivity simulations in
good agreement with the target emissivities. In addition, similar
geographic patterns can be observed in both subplots 3(a) and
(b). For example, in the desert, two particular areas of very low
emissivities and high emissivity biases are observed, one, in the
South of Arabia (Western Oman, Eastern Yemen) and another
one, in Egypt. These microwave signatures are probably related
to very specific geological structures [25].
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The first emissivity parameterization is a compromise that al-
lows one to process data over land. However, this parameteri-
zation has many limitations: first, it does not account for open
water (rivers, lakes, coastlines) and relief areas. Second, the in-
trinsic emissivity variability within a specific land-cover class is
also neglected; the desert for example has to be more precisely
described in order to better account for it in the emissivity pa-
rameterization. Finally, the seasonal variation of the emissivity
is not accounted for.

B. Second Parameterization

In order to better account for the natural variation of the emis-
sivity with surface types, a second parameterization is devel-
oped. This approach is based on the first one with the addition
of a mean monthly nadir emissivity map at 23.8 GHz and from
July 2000. A mean summer emissivity map is chosen to limit
the rain-induced soil moisture emissivity contamination. How-
ever, even for July data, the potential of cloud contamination
is likely to occur. Moreover, the subsahelian transition zone in
Africa experiences rain-induced soil moisture variations. For a
given AMSU observation and according to the second param-
eterization, we can simulate the corresponding land emissivity
as follows.

Step 1) We identify the surface type using the observation
geographic location (latitude/longitude).

Step 2) Then from the mean nadir emissivity map at
23.8 GHz: the closet emissivity value to the obser-
vation is assigned to the coefficient .

Step 3) Previous studies [2], [15], [16], [26] have shown
that for most surfaces, the microwave emissivity
varies smoothly with the frequency. Consequently,
the remaining coefficients with 31.4, 50.3,
89, and 150 GHz can be updated using a linear
formula

(3)

where are the first parameterization coefficients
and are the updated ones.

Step 4) Once coefficients are updated, the emissivity
can be computed from (2) according to the obser-
vation scan position and frequency.

Emissivity simulations using the second parameterization are
compared to target emissivities directly computed from satellite
observations [subplot 3(c)]. Contrary to the first approach, the
second one gives a better account of the natural variation of the
emissivity within the study area. The emissivity biases between
the retrieved and the simulated emissivities are now within 1%
in most regions and for all observation zenith angles. Even lakes
and rivers are now characterized by low emissivity biases.

In the following section, we will further evaluate both emis-
sivity parameterizations by comparing brightness temperature
(Tb) simulations to Tb observations over land.

IV. EVALUATION OF THE TWO EMISSIVITY

PARAMETERIZATIONS

In order to evaluate the proposed microwave emissivity
parameterizations, radiative transfer calculations in cloud-free

Fig. 4. Monthly mean Tbs maps obtained from (a) all AMSU January
observations at 23 GHz, (b) simulations using the first parameterization
for the same period and frequency, and (c) simulations using the second
parameterization for the same period and frequency. (d), (e), and (f) are same as
(a), (b), and (c) but using data from April 2000 at 50.3 GHz. Subplots (g), (h),
and (i) are same as (a), (b), and (c) but using data from July 2000 at 89 GHz.

conditions and using five months of data [January, March, April,
July (except data from the 23.8-GHz channel) and August 2000]
have been performed. The collocated ECMWF temperature and
humidity profiles during this period have been used as inputs
to an up-to-date radiative transfer model [23] to calculate the
cloud-free atmospheric contribution to the measured radiances.
ISCCP datasets have been used to screen clouds and to provide
skin temperature estimates. The computations are done at all
AMSU-A scan positions and at the frequencies 23.8, 31.4, 50.3,
and 89 GHz. For a nonscattering plane-parallel atmosphere
and, for a given path zenith angle, the brightness temperature
(Tb) observed by the satellite instrument can be expressed as

(4)

where and are the simulated brightness
temperature and emissivity at frequency and at scan position
FOV, respectively, is the ISCCP skin temperature,
, , and , are the upwelling, the downwelling brightness

temperatures, and the net atmospheric transmissivity, respec-
tively, calculated for the given atmospheric profiles, path zenith
angle, and the frequency using the ATM model [23]. This
model is based on different developments and recent measure-
ments, is fully applicable in the 0–1600-GHz frequency range
and has been evaluated by intercomparisons with other existing
radiative transfer models.

The comparisons between the observed and the simulated Tbs
are shown in Fig. 4 for January, April, and July 2000. Subplot
4(a) presents the observed mean Tbs from January at 23 GHz
whereas subplots 4(b) and (c) show the simulated mean Tbs for
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the same period and frequency using the first and the second pa-
rameterizations, respectively. The agreement is best between the
observed and the simulated Tbs, over bare soil areas using the
second parameterization, because the surface is better described
with the help of the mean nadir emissivity map. Indeed, emis-
sivity bias is reduced over the Arabian plateau and over some
locations in North Africa. This is confirmed by looking at the
Tb difference (observations-simulations) histograms calculated
using August 2000 data at window channels over desert surfaces
and at 23.8, 31.4, 50.3, and 89 GHz [see subplots 5(a)–(h)]. The
histograms are separated by zenith angle ranges [low zenith an-
gles angles and high zenith angles (angles )].
The Tb simulations have been calculated using: 1) a constant
emissivity value (0.95); 2) and 3) emissivities simulated using
the first and second emissivity parameterizations, respectively.
At all frequencies, the Tb biases and standard deviations are
higher when using an emissivity constant value, especially for
high zenith angles. Tbs simulated with the second parameteri-
zation are in better agreement with the observed Tbs than Tbs
simulated with the first parameterization. However, over dense
vegetation surfaces (not shown) both emissivity parameteriza-
tions give satisfactory Tb simulations. The histograms also show
that accurate skin temperatures are necessary but not sufficient,
for effective Tb simulations, and that reliable emissivities are
important, to correctly estimate the surface contribution to the
measured radiances.

Over Eastern Europe, where rain and/or snow contamination
is likely during January, we can notice a less precise agree-
ment between observed and simulated Tbs (using both emis-
sivity parameterizations). Actually, the parameterization does
not account for rain-induced soil moisture effects and therefore,
with a likely rain contamination, both emissivity parameteriza-
tions overestimate the emissivity. An emissivity overestimation
translates into an increase in the simulated brightness tempera-
ture. Moreover, the month-to-month variation of the emissivity
is not accounted for, and leads to additional emissivity estima-
tion errors.

Similar comments can be made while looking at results from
April 2000 at 50.3 GHz on subplots 4(d)–(f) and results from
July 2000 at 89 GHz [subplots 4(g)–(i)]. For a five-month pe-
riod and for both parameterizations, the agreement between the
observed and simulated Tbs is found to be better for low fre-
quencies (23, 31, and 50 GHz) than for higher ones (89 and
150 GHz). The last two channels are more affected by surface
and low atmosphere errors than the other channels. It should
be noted that, for most surfaces, the AMSU emissivity varies
smoothly with frequency and that is possible to extrapolate it at
sounding channels from the closest window channels [16]. Con-
sequently, emissivities simulated at discrete window frequen-
cies can be used to process data not only from surface channels
but also from the closest sounding channels.

Further Tb comparisons are provided in Fig. 6 with Tb root
mean square (RMS) of errors maps calculated for window
channels, using the difference between the observed Tbs and
the simulated ones, for August data. RMS Tb maps illustrate a
good agreement between the observed Tbs and the simulated
ones according to the second emissivity parameterization for
all window channels, especially at 50 GHz, with less than 3 K

Fig. 5. Histograms of Tbs difference between measurements and simulations
over desert using data from August 2000, for (a) 23.8-GHz channel and low
angles (<= 20 ), (b) 23.8-GHz channel and high angles (> 40 ). (c) to (h)
Same as (a) and (b) but for 31.4, 50.3, and 89 GHz, respectively. Tbs simulations
have been performed using: 1) a fixed emissivity (0.95) (dashed–dotted lines);
2) emissivities estimated using the first parameterization (solid lines); and
3) emissivity estimated using the second parameterization (solid line with
diamond symbols).

of RMS of errors, for the entire study area. There are still areas
with high Tbs RMS mainly relief areas and coastlines where
navigation errors are likely to happen.

Compared with the first parameterization, the second one
gives better results over areas poorly described in the land-cover
classification. However: 1) rain-induced soil moisture effects
and snow phenomena are not accounted for (it is difficult to
have a precise description of the rain occurrences at global
scales) and 2) all seasonal variations of the emissivity due to
vegetation cover developments are ignored.



1794 IEEE TRANSACTIONS ON GEOSCIENCE AND REMOTE SENSING, VOL. 43, NO. 8, AUGUST 2005

Fig. 6. Monthly RMS of errors maps for August 2000 obtained by calculating
the differences between the observed Tbs and (a) the simulated Tbs at 23.8 GHz
using the first emissivity parameterization and (b) the simulated Tbs at the same
frequency using the second parameterization. Subplots (c) and (d) are similar to
(a) and (b) but for the 31.4-GHz channel. Subplots (e) and (f) are similar to (a)
and (b) but for the 50.3-GHz channel. Subplots (g) and (h) are similar to (a) and
(b) but for the 89-GHz channel.

Both emissivity parameterizations could be optimized if the
seasonal variation of the emissivity is taken into account. For in-
stance, one could generate different best-fit emissivity functions
by season for the first parameterization or include mean nadir
emissivity maps per month for the second parameterization.

V. CONCLUSION

Two parameterizations of the land emissivity useful for
frequencies ranging from 23–150 GHz are proposed. Both

emissivity parameterizations are anchored on recent land
emissivity calculations directly from AMSU observations. The
first one uses best-fit functions derived from February 2000
observations that varies with land-cover surface, frequency
and scan position. The second parameterization is based on
the first one with the addition of a mean nadir emissivity
map at 23.8 GHz to allow a more precise surface description.
Both parameterizations have been evaluated by comparing the
simulated emissivity to target emissivities directly estimated
from satellite measurements. The second parameterization is
found to be more accurate than the first one over areas poorly
described in the land-cover classification (such as bare soil
areas). Over other surfaces, both parameterization results are
satisfactory. With the first and the second parameterizations, the
results are better at low frequencies (23–50 GHz) than at higher
ones (89 and 150 GHz). The emissivity parameterizations have
been further evaluated by comparing simulated Tbs to target
observed ones for five months of data with similar conclusions.
The proposed parameterizations are a compromise to process
data from an AMSU like instrument (with the same polar-
ization and scanning conditions such as SSM/T2 sensor) or
from AMSU instruments on board different satellite platforms
(NOAA16-17 and Aqua).

However, there are still some limitations to the emissivity pa-
rameterization for global applications: the emissivity seasonal
variations are not accounted for as well as rain/snow effects.
Moreover, the proposed parameterizations are based on AMSU
data; and therefore are instrument dependent.
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