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Abstract—Infrared  surface  emissivity derived  from
Atmospheric Infrared Sounder (AIRS) is matched with Land
Surface Model (LSM) soil texture types to construct a soil
emissivity dataset over deserts in northern Africa and the
Arabian Peninsula, with which to investigate the relationship
between satellite-derived infrared emissivity and desert soil
textures. Infrared Desert emissivity spectra from AIRS are
compared with the Advanced Space-borne Thermal Emission
Reflection Radiometer (ASTER) spectral library. While these
data sets differ in their magnitude, the large variability of IR
emissivity occurs in several wavelength domains. This variation
appears closely related to soil texture and compositions. The
highest variation is mostly associated with silicate minerals and
particle sizes within the desert soil.
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I. INTRODUCTION

Land surface emissivity (LSE) is a key parameter which
governs the surface energy budget and is also acquired in
remote sensing algorithms and data assimilation schemes [1],
[2],[3],[4]. At present, the information on LSE in infrared (IR)
wavelength is very limited and there is also a lack of accurate
IR emissivity model for practical applications. Recently, the
infrared measurements from satellite are used to retrieve the
surface emissivity over land [4],[5],[6]. Emissivity varies as
surfaces variation, depending not only on the amount of land
cover and soil moisture, but also on the composition, texture
and structure of the underlying soil [7],[8],[9],[10]. LSE is
defined as the ratio of thermal radiation emitted by a surface to
that of a blackbody, it determines how much thermal radiation
is emitted back to the atmosphere and space. The cloud-free
radiation at wavenumber Vv leaving the earth-atmosphere
system which can be sensed by a downlooking infrared satellite
radiometer including the radiation from the lower atmosphere,
the surface, and surface reflectance is given by the expression:
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where |, is the observed spectral radiance, & is the surface
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emissivity, I'(0,Z) is clear sky atmospheric transmittance

from zero to sensor altitude Z, T, is the clear sky atmospheric

temperature at altitude z, B(T) is Planck’s radiation at
temperature T. The first term of the equation is the emission
from atmosphere of the surface, the second term is the emission
from the surface that reaches the sensor, and the third term is
downwelling atmospheric emission reflected off the ground
under approximation of a lambertian surface. The equation has
been applied successfully to observation of infrared radiation at
hyperspectral resolution.

Zhou et al. [4] used National Oceanic and Atmospheric
Administration (NOAA) regression emissivity product as a
first guess for AIRS emissivity retrieval. The largest spectral
variation of LSE occurs over barren land such as Northern
African desert area and the reststrahlen effect of silicates is
main element for strongly spectral variation in the infrared.
The regression approach still need to be improved over the
desert area. Li et al. [11] developed a physical based
algorithm to retrieve the hyperspectral infrared emissivity
spectrum simultaneously with the temperature and moisture
profiles, as well as the surface skin temperature. Experiment
with AIRS radiances shows that simultaneous retrieval of
emissivity spectrum and the sounding improves the surface
skin temperature and moisture profiles, particularly in the near
surface layer. There are molecular vibration band for almost
all minerals reflectance and emission spectrum throughout 4
to 25um [12],[13],[14]. Hanel et al. [15] used the Nimbus-4
infrared interferometer spectrometer(lris) to measure the
infrared spectral to study the surface emissivity properties
over globe and found that emissivity features are significantly
weakened by the presence of clay horizons, or pedogenic
horizons in the soil.

In this paper, infrared surface emissivity derived from
Atmospheric Infrared Sounder (AIRS) is matched with Land
Surface Model (LSM) soil texture types to construct a soil
texture emissivity dataset over deserts in Northern Africa and
the Arabian Peninsula, with which to investigate the relations
between satellite-derived infrared emissivity and desert soil
textures.

Il. EMISSIVITY DATA BASE

A. Emissivities Derived from Satellite Retrieval

The Atmospheric Infrared Sounder(AIRS) Launched into
Earth-orbit on Aqua Satellite, as part of the NASA Earth



Observing System on May 4, 2002, is the first of a new
generation of high spectral resolution infrared sounders having
2378 channels measuring outgoing radiance between 650-
2675 cm ' AIRS uses cutting-edge infrared technology to
create 3-dimensional maps of air and surface temperature,
water vapor, and cloud properties. AIRS has a spectral
resolution more than 100 times greater than previous IR
sounders and provides more accurate information on the
vertical profiles of atmospheric temperature and moisture[16].
AIRS Version5 Level 2 support products was employed to
build emissivity database in this paper.

B. The ASTER Spectral Library

The Advanced Spaceborne Thermal Emission Reflection
Radiometer (ASTER) on NASA's Terra platform has been
widely used in geological and other science studies. As part of
the ASTER activities, a library of over 2000 spectra of natural
and man-made materials was compiled as the ASTER
Spectral Library. The library includes spectra of rocks,
minerals, lunar soils, terrestrial soils, manmade materials,
meteorites, vegetation, snow and ice covering the visible
through thermal infrared wavelength region (0.4-15.4um)
[17].We use the ASTER spectral library V2.0 for surface
properties study.

Ill. RELATIONSHIP BETWEEN EMISSIVITY  WITH SoIL

TEXTURES

A Study Area

From the AIRS retrieval, the magnitude of LSE variability
requires us to have more investigation in arid and semiarid
desert region. While most of thess region is covered by sand
and gravel. Hammadas also make up a large part of the desert.
Therefore, it is necessary to investigate the land surface soil
composition due to its significant influences to emissivity. In
this paper, northern Africa and the Arabian Peninsula region (-
20E-60FE, 0N-40N) was chosen as study area .

B. Noah Land Surface Model (LSM) Soil Texture
Types Database
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Fig. 1. Soil texture class in the U.S. texture triangle
Noah LSM soil texture database includes 19 soil texture
types with 20 km resolution is used in NCEP operational
regional models and it is based on Zobler's assessment of Food
and Agriculture Organization (FAO) dominant soil units and
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soil texture classes. Dot grid overlay was used to determine
the largest map unit of each one-degree cell[18]. The database
is suitable for large-area studies such as climate research with
Global Climate Models (GCMs), or small-scale studies in
soils, agriculture, forestry and hydrology[19].

Figure 1 shows soil texture classification which is based on
the soil texture triangle. All soil texture types are defined by
different fraction of sand, silt and clay. From Fig. 1, we can
get

a) sand, loamy sand, sandy loam and sandy clay loam
are with sand-rich types, the fraction of sand is above 50%,
and for fraction of sand, sand is maximum, loamy sand is
medium and sandy loam is minimum;

b) clay, silt clay are with clay-rich types, the fraction of
clay is above 50% ;

c¢) silt, silt loam and most of silty clay loam are with
silt-rich types , the fraction of silt is above 50% . At mean
while, sandy clay is with high sand(45%-65%) and clay(35%-
55%) percent , and low clay(under 20%) percent, clay loam is
with sand(20%-45%) and clay(27%-40%) , and silt(15%-50%).

As we know, the main minerals in sand is quartz and it is
composed of SiO,, so we defined sand, loamy sand, sandy
loam and sandy clay loam are quartz-rich soil texture types.

1 Sand

2 LoamySand
3 SandyLoam
4 SiltLoam

5 Loam

6 SandyClayLoam
7 ClayLoam

8 SandvClav

9 SiltyClay

10 Clay

11 OrganicMaterials
12 Bedrock

Fig. 2. Map of 12 Soil types in Northern Africa regions derived from the Noah
LSM soil texture database

Figure 2 shows the geographic distribution of existing 12
soil texture types in northern Africa and the Arabian Peninsula
regions derived from the Noah LSM soil texture database and
we can see clearly latitude and longitude distribution of every
soil texture type.

C. Desert Soil Texture Emissivity Database

AIRS Version5 Level 2 support products 91 days data
throughout Jan. to Mar. in 2008 are selected for building
infrared land surface soil emissivity datasets over northern
Africa and the Arabian Peninsula regions. An AIRS emissivity
dataset from 3.7 to 15.4 micrometers is derived from cloud-
clearing data quality control by setting cloud clearing
indicator[16]. Afterwards, we get the 12 soil texture emissivity
spectrums dataset by matching AIRS retrieval emissivity
dataset with Noah LSM soil texture database.
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Fig.
3. Land emissivity spectra including 12 soil texture types over Northern
Africa and the Arabian Peninsula throughout Jan. to Mar. 2008

As indicated in Fig. 3 that AIRS emissivity spectrums can
obviously distinguish different soil texture types distribution
over study areas at 4.3, 8.3, 8.6um and 9.17um which are
nearby the AIRS window channels 8.22, 9.07 and 9.40um.
The emissivity spectrum at 12.2 and 14.99um has weak ability
in distinguishing soil types. Moreover, at the AIRS window
channels 8.22, 9.07 and 9.40um emissivity values of sand,
loamy sand and sandy loam increase in sequence, and the sand
contents of these three sand-rich soil texture types decrease in
sequence. As sand-rich soil texture type, for example sandy
clay, is with maximum emissivity value at the AIRS window
channels partly due to its geographic distribution is out of
desert regions, we can find this interesting phenomenon from
the map of soil texture types in northern Africa and the
Arabian Peninsula . Because the latitude ranges of Sahara
desert is mainly located between 15<and 30< so we think the
emissivity spectrum of sandy clay is not dominated by
abundant sand, at mean time it represents weak spectrum
response characteristic at AIRS window channels.

IV. MINERALOGY ANALYSIS AND RESPONSE
CHARACTERISTICS WITH SPECTRAL PROPERTIES OF SOILS AND
MINERALS BASED ON LABORATORY MEASUREMENTS

Ground-based and laboratory measurements of natural
materials have the distinct advantage of providing high
spectral resolution emissivity information with continuous
coverage throughout thermal infrared spectra. The main
disadvantage of these laboratory measurements is the inability
to accurately represent the mixing of pure scene types and the
“canopy” effects of vegetation and surface roughness. For the
desert surface, due to its plainness and lack of the vegetation
the disadvantage can be ignored.

A. Carbonate Mineral Samples

Four carbonate mineral samples including aragonite, calcite,
cerussite and dolomite from ASTER Spectral Library are
selected for producing emissivity spectrum. These carbonates
emissivity spectra are presented in Fig. 4, and show rather
weak emissivity spectral signatures and no any spectral
response characteristics in the AIRS window channels.
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Fig.4. Emissivity values for earth surface carbonates derived from
ASTER/JHU spectral library

B. Silicate Mineral Samples

Three silicate mineral samples including one coarse quartz,
one fine quartz and one solid quartz samples from ASTER
Spectral Library are selected for producing emissivity
spectrum. The particle sizes of fine quartz and coarse quartz
are 0-74um and 75-250um, respectively. These quartz
emissivity spectrums are presented in Fig. 5, and these spectra
are dominated primarily by Si-O stretching reststrahlen bands
of quartz mineral [8], show very strong emissivity spectral
signatures in some AIRS window channels.
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Fig. 5. Quartz emissivity values for different particle size derived from
ASTER/JHU spectral library
As presented in Fig. 5, emissivity spectra of fine quartz at
the AIRS window channels 8.22, 9.07 and 9.40um is larger
than coarse quartz due to its smaller particle size, and they
have relative weak quartz reststrahlen doublet compared to
solid quartz that derived from land fracture surface with clear
and transparent fragment of single crystals.

C. Response Characteristics with spectral properties of Soil
and Mineral

Desert soil texture emissivity database derived from AIRS
emissivity retrieval and Noah LSM soil texture database, see
Fig. 3, provides us with clear multiple soil texture emissivity
spectra throughout infrared broadband. These emissivity
spectra typically are dominated by quartz reststrahlen bands,
including the strong symmetric stretching vibration
fundamentals between 8um and 10um and the weaker
asymmetric stretching fundamentals between 12.2 and 13um.



Quartz plays a major role to drive these soil emissivity
spectrums and it leads directly to sand-rich soil types with
smaller emissivity values and visible reststrahlen bands at
some AIRS window channels. For clay-rich and silt-rich soil
textures, weak reststrahlen bands of quartz are greatly
broadened with no visible absorption doublet due to their
abundant clay and silt content, this is the reason why they
have higher emissivity values.

From Fig. 4 and Fig. 5, we can see carbonates samples
show rather weak spectral signatures and silicates samples
have a very strong spectral signatures in some AIRS window
channels. The main emissivity doublet of quartz for library
spectra centered around 8.6um is clearly visible together with
the secondary doublet around 12.2pum. Compared Fig. 3 with
Fig. 5, spectral response characteristics of satellite-derived
emissivity and in-situ derived emissivity from JPL laboratory
measurement shows a good visual agreement on the long
wavelength side of the main quartz doublet which is important
for characterizing certain surface materials, particularly quartz
in sandy soils, but on the short-wavelength side of the main
quartz doublet especially near 4.3um, satellite-derived
emissivity does not capture the variation of the emissivity
spectral response characteristics and the quality of the AIRS
emissivity products still is an active area of ongoing validation
and refinement. Meanwhile, the spectral response
characteristics of JPL mineral emissivity spectrum and
satellite retrieved emissivity provide us an opportunity to
understand mineral composition of desert soils.

IVV. CONCLUSION

A desert soil texture infrared emissivity database based on
soil taxonomy was developed by matching AIRS V5 surface
emissivity products with Noah LSM soil texture database and
were compared with soil minerals spectrum from ASTER
spectral laboratory measurements. It was shown that strong
signatures and good consistency of infrared emissivity spectral
response with earth surface material properties at some AIRS
window channels. Large variability of IR soil emissivity over
deserts is intimately related to a wide variety of texture, and
high sensitivity of emissivity is due to the variety of silicates
mineral composition of desert soils and particle sizes. For
better understanding the physical interpretation of the satellite
signals, more systematic comparisons with thermal infrared
measurement still need to be investigated in future.
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