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Abstract

Satellite-generated brightness temperatures (BT) are largely influenced by soil moisture and vegetation cover.
Microwave polarization and gradient ratio (MPGR) is an effective indicator for characterizing the land surface
phenology from sensors like EOS Advanced Microwave Scanning Radiometer (AMSR-E).The MPGR combines the
microwave gradient ratio with polarization ratio to determine surface characteristics (i.e., bare soil/developed, ice, and
water) and under cloud covered conditions when this information cannot be obtained using optical remote sensing
data. This investigation uses the HDF Explorer, Matlab, and ArcGIS software to process the pixel latitude, longitude,
and BT information from the AMSR-E imagery. This paper uses the polarization and gradient ratio from AMSR-E BT
for 6.9, 10.7, 18.7, 23.8, 36.5, and 89.0GHz to identify seventeen land cover types. A smaller MPGR indicates dense
vegetation, with the MPGR increasing progressively for mixed vegetation, degraded vegetation, bare soil/developed,
and ice and water. This information can help improve the characterization of land surface phenology for use in weather
forecasting applications, even during cloudy and precipitation conditions which often interferes with other sensors.

Keywords: AMSR-E; MODIS; MPGR; Microwave remote sensing;
GIS; Climate change

Introduction

Timely monitoring of natural disasters is important for
minimizing economic losses caused by floods, drought, etc.
Access to large-scale regional and surface information is critical to
emergency management during natural disasters. Remote sensing
of land cover classification and surface temperature has become
an important research subject globally. Many methodologies use
optical remote sensing data (e.g. Moderate Resolution Imaging
Spectro Radiometer-MODIS) and thermal infrared satellite data to
retrieve land cover classification and surface temperature. However,
optical and thermal remote sensing data is greatly influenced by
cloud cover, atmospheric water content, and precipitation, making it
difficult to combine with microwave remote sensing data [1]. Thus,
optical or thermal remote sensing data cannot be used to retrieve
surface temperature during active weather conditions. However,
microwave remote sensing can overcome these disadvantages.
Passive microwave emission penetrates non-precipitating clouds,
providing a better representation of land surface conditions under
nearly all weather conditions. Global data are available daily from
microwave radiometers, whereas optical sensors (e.g., LandsatTM,
ASTER, and MODIS) are typically available globally only as weekly
products due to clouds. The coarse spatial resolution of passive
microwave sensors is not a problem for large scale studies of recent
climate change [2]. For example McFarland et al. [3] showed that
surface temperature for crop/range, moist soils, and dry soils can
be retrieved using linear regression models from the Special Sensor
Microwave/Imager (SSM/I) BT.

Microwave polarization ratio (PR; the difference between of
the first two stokes parameters (H- and V-polarization) divided
by their sum) and gradient ratio (GR; the difference of two Stokes
Parameters either H or V with different frequency divided by
their sum) correspond with seasonal changes in vegetation water
content and leaf area index [4-6]. The possibility of simultaneously
retrieving “effective surface temperature” with two additional

parameters, vegetation characteristics and soil moisture, has been
demonstrated, mainly using simulated datasets [7-9]. The MPGR is
sensitive to the NDVT [5,10], as well as open water, soil moisture,
and surface roughness [11]. Paloscia and Pampaloni [12] used
microwave radiometer to monitor vegetation and demonstrate
that the MPGR is very sensitive to vegetation types (especially
for water content in vegetation), and that microwave polarization
index increases exponential with increasing water stress index. The
polarization index also increases with vegetation growth [13]. Since
microwave instruments can obtain accurate surface measurements
in conditions where other measurements are less effective, MPGR
has great potential for observing soil moisture, biological inversion,
ground temperature, water content in vegetation, and other surface
parameters [1]. This paper derives MPGR and use sit to discriminate
different land surface cover types, which is turn will help improve
monitoring of weather, climate, and natural disasters.

Data Used

The Advanced Microwave Scanning Radiometer (AMSR-E) was
deployed on the NASA Earth Observing System (EOS) polar-orbiting
Aqua satellite platform. The AMSR-E sensor measures vertically (V)
and horizontally (H) polarized BT at six frequencies (6.9, 10.7, 18.7,
23.8, 36.5, and 89.0 GHz) at a constant Earth incidence angle of 55°
from nadir. In this study, we use AMSR-E level 2A product (AE_
L2A), and the daily 25km resolution global Equal Area Scalable
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Earth (EASE) Grid BT provided by the National Snow and Ice Data
Center (NSIDC).AMSR-E is a successor to the Scanning Multi-
channel Microwave Radiometer (SMMR) and SSM/I instruments,
first launched in 1978 and 1987, respectively. AMSR-E provides
global passive microwave measurements of terrestrial, oceanic,
and atmospheric variables for investigation of the global water and
energy cycles. MODIS land cover data (MCD12Q1) was acquired
from the NSIDC and used to determine land cover information. The
MODIS land cover type product contains classification schemes,
which describe land cover properties derived from observations
spanning a year's input of Terra data. The primary land cover
scheme identifies 17 land cover classes defined by the international
Geosphere Biosphere Programme (IGBP), including 11 natural

0 - Water
1 - Evergreen Needle leaf Forest |10 - Grasslands

09 - Savannas

2 - Evergreen Broad leaf Forest | 11 - Permanent Wetlands

3 - Deciduous Need leaf Forest 12 - Croplands
13 - Urban Built-up

14 - Cropland Natural Vegetation Mosaic

4 - Deciduous Broad leaf Forest
5 - Mixed Forest

6 - Closed Shrub lands

7 - Open Shrub lands

8 - Woody Savannas

15 - Snow Ice

16 - Barren Sparsely Vegetated

Table 1: MODIS land cover classes with their code.

vegetation classes, 3 developed and mosaicked land classes, and 3
non-vegetation classes (Table 1).

Methodology

The derivation of microwave polarization ratio (PR) and gradient
ratio (GR) is based on the radiance transfer theory as follows:

B(T) = 2hf*/ c*(e - 1) (1)
B(T) = 2kT/\* 1/1 + (hf/KT)+(hf/kT)*+ . .. +(hf/kT)" (2)

PlancK’s function (Eq.1) describes the relationship between
spectral radiance emitted by a black body and real temperature,
where T is the temperature in Kelvin, B (T) is the spectral radiance of
the blackbody at T Kelvin, h is the Planck constant, fis the frequency
of the wave band, c is the light speed, and k is Boltzmann constant.

In most passive microwave applications, the value of the term
hf/kT can be assumed to bezero. Hence PlancK’s function can be
simplified. For land cover surface temperature ground emissivity
and atmospheric effects are considered in the general radiance
transfer equations for passive microwave remote sensing [14,15] so
a linear relationship is evident between remotely sensed BT and land
surface temperature.

Furthermore, we assume that a vegetation layer can be considered
a plane, parallel, absorbing, and scattering medium at a constant
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Figure 1: AMSR-E image with MPGR value range for (A) polarization ratio (PR 36.5) and (B) gradient ratio GR-V (36.5 — 18.7). In panel A, the dark red areas
indicate deserts, dark blue represents dense vegetation, and the color in between correspond to mixed vegetation. In panel B, dark red highlights desert regions,
and light red showing vegetation condition, yellow and sky blue showing mixed vegetation (30/09/2011). Both images clearly differentiate land and water on earth
after polarization or gradient ratio.
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temperature T upon the soil surface. The brightness temperature T
(t,u) of the radiation emitted by vegetation canopy at an angle
from the zenith can be written as follows [12]:

The two parameters (background & atmospheric effect) can
characterize the absorbing and scattering properties of vegetation,
respectively.

MPGREgq. (3a) and (3b) isan effective indicator for characterizing
the land surface vegetation cover density. The polarization ratio
used in the study can be described as Eq. (3a)

PR(f) = [BT(fV) - BT(fH] / [BT(fV) + BT(jH)]
(3a)
And the gradient ratio asEq. (3b)
GR(1p 2p) = BT(1p) - BT(2p)] / [BT(1p) + BT(2p)]
(3b)

where BT is the brightness temperature at frequency  for the
polarized component p. When there is little vegetation cover over
the land surface, the value of T can be defined as zero. So the MPGR
of bare ground can be written as Eq. (4a) for polarization and Eq.
(4b) for gradient ratio.

PR() = [¢(,V) — e(H)]/ [e(V) + e(H)] (4a)
GR(1p 2p) = &(1p) — &(2p)] / [e(1p) + &(22p)]
(4b)

According to Paloscia and Pampaloni (1988), we can
assumee (e, + €,)/2, and T= T _,. Then Eq. (5) can be further
simplified as

MPGR(t,4) = MPGR(0,u)e—"* (5)

Since microwave radiation is polarized, it can be used to depict
the condition of vegetation if the vegetation-soil is made a pattern.

Land Cover Classes PR-10 PR-18 PR-36

Water 0.20-0.25 0.17-0.18 0.035 - 0.04
Evergreen Needle leaf Forest 0.005 - 0.01 0.005 - 0.01 0.005 - 0.01
Evergreen Broad leaf Forest 0.00 - 0.005 0.00 - 0.005 0.00 - 0.005
Deciduous Needle leaf Forest 0.005 - 0.01 0.005 - 0.01 0.005 - 0.01
Deciduous Broad leaf Forest 0.005 -0.01 0.00 - 0.005 0.00 - 0.005
Mixed Forest 0.005 - 0.01 0.00 - 0.005 0.00 - 0.005
Closed Shrub lands 0.035 - 0.04 0.025 - 0.03 0.015-0.02
Open Shrub lands 0.04 - 0.05 0.035 - 0.04 0.025 - 0.03
Woody Savannas 0.00 — 0.005 0.00 — 0.005 0.00 — 0.005
Savannas 0.015-0.02 0.01-0.015 0.005 - 0.01
Grasslands 0.04 - 0.05 0.025 - 0.03 0.015-0.02
Permanent Wetlands 0.035-0.04 0.025 - 0.03 0.02 - 0.025
Croplands 0.025 -0.03 0.015-0.02 0.01-0.015
Urban Built-up 0.05-0.06 0.035 - 0.04 0.00 - 0.005
l?/l:;’s‘;'fc”d Natural Vegetation 4030035  0.02-0.025 = 0.01-0.015
Snow Ice 0.13-0.14 0.11-0.12 0.07 - 0.08
Barren Sparsely Vegetated 0.09-0.10 0.07 - 0.08 0.05-0.06

Table 2: Land cover classes and there MPGR value.

Eq. (5) shows that MPGR mainly depends on gand 1, and MPGR
values fall as vegetation becomes thicker. Therefore, MPGR indicates
the density of land surface vegetation cover. Vegetation cover also
greatly influences the land surface temperature. Thus, we classify
the land surface vegetation cover conditions into several types based
on values of MPGR (Figure 1).

Result and Discussion

To identify the behavior of each land cover class, we first
selected/determined sample sites in all 17 land cover classes [Table
2] through the use of the ArcGIS system. Then their maximum,
minimum, mean, and standard deviation were derived all horizontal
and vertical AMSR-E frequencies to determine which combination
of MPGR are best suited for land cover classification. We find
(Figure 2) that vertical and higher frequency is closer to actual
physical land surface condition/type compared with horizontal and
lower frequency. Low frequencies of AMSR-E are hardly influenced
by atmospheric effects during bad weather, but they are affected by
surrounding (near features) and background surface effects since
they absorb less and scatter more by soil. Frequencies of 89 GHz
and above are more likely to be influenced by the atmosphere than
other AMSR-E bands, especially during bad weather conditions
[16,17]. Our approach makes use of the 89 GHz channels, because
the 89 GHz data are influenced less by surface effects than the lower
frequencies and the 89 GHz channels have successfully been used in
water and sea ice concentration retrievals under clear atmospheric
conditions [18]. Lower frequencies help to distinguish the land
surfaces’ vegetation cover conditions. However, the BT differences
between high frequencies also can be used to evaluate the influence
of soil moisture and barren sparsely vegetation/bare soil.

In figure 2 evergreen needle leaf and broad leaf forest have
higher temperatures than deciduous forest, but both forest types
have lower temperatures than shrub land and savanna. Mixed forest

PR-89 GR-V (89-18) | GR-H (89-18) GR-V (36-10) GR-H (36-10)
0.06 — 0.07 0.10-0.11 0.20-025  0.10-0.11 0.30-0.4
0.00-0.005 | 0.00-0.005 0.005-0.01  0.005-0.01 0.005-0.01
0.00-0.005 | -0.02--0.03 | -0.02--0.03  -0.01--0.005 -0.01--0.005
0.00-0.005 = 0.005-0.01 | 0.005-0.01 0.005-0.01  0.005-0.01
0.00-0.005 | 0.00-0.005 0.00-0.005 -0.005-0.0  0.00-0.005
0.00-0.005 = 0.005-0.01 | 0.005-0.01 0.005-0.01  0.005-0.01
0.01-0.015 | -0.005-0.0  0.015-0.02 | 0.00-0.005 0.02-0.025
0.01-0.015 | -0.01--0.005 | 0.015-0.02 -0.005-0.0 | 0.025-0.03
0.00-0.005 | -0.01--0.005 -0.005-0.0 | -0.005-0.0  -0.005-0.0
0.00-0.005 | -0.01--0.005 | 0.00-0.005 -0.005-0.0 | 0.005-0.01
0.005-0.01 | -0.005-0.0  0.02-0.025 0.005-0.01 0.03-0.035
0.015-0.02 = 0.02-0.025 | 0.035-0.04 0.015-0.02  0.03-0.035
0.005-0.01 = 0.005-0.01 | 0.015-0.02 0.005-0.01  0.02-0.025
0.01-0.015 | 0.025-0.03  0.05-0.06 | 0.00-0.005  0.05-0.06
0.00-0.005 | 0.01-0.015 0.025-0.03 @ 0.01-0.015 0.03-0.035
0.05-0.06 | -0.01--0.005 0.05-0.06 | -0.02--0.01  0.05-0.06
0.035-0.04 | -0.005-0.0  0.04-005  -0.005-0.0  0.04-0.05

Table 2 shows all 17 land cover classes based on the MPGR graphs. For the PR-PR (36 - 18, 10 - 89 GHz) combination, vegetation is present from 0.0 to 0.06, and then
barren/sparse vegetation or bare soil from 0.06 to 0.09, with ice between 0.09 - 0.012 and then water. For the PR-GR [18 — (18-89), 10 — (10-18)] combination, vegetation
is from 0.0 to 0.04, bare soil from 0.06 to 0.08, and ice 0.09 to 0.12 followed by water. For the GR-GR (89 - 18, 36 - 10)combination, dense vegetation is present between
-0.03 to 0.0, then normal vegetation, bare soil between 0.04 to 0.05, then snow/ice from 0.05 to 0.06, and again followed by water.
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Figure 2: Seventeen land cover classes maximum, minimum, mean and standard deviation temperature in kelvin for 6.9, 10.7, 18.7, 23.8, 36.5 and 89.0 Ghz
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has a much smaller range of standard deviations and always falls
between evergreen and deciduous forest (Figure 2). Close shrub
has lower temperature and a smaller standard deviation than open
shrub. Wetland has lower temperature than grassland and cropland

due to water content. Built-up area has higher standard deviation
than other land cover classes except for water and ice (Figure 2). But
in figure 2 it is hard to find a clear set of parameters that can uniquely
identify all of the 17 land surface type. Thus, we utilize MPGR which
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MPGR GR-V GR-H GR-V GR-H
range AR Al s s (89-18) (89-18) (36-10) (89-18)
-0.02- -0.03 Evergreen Broad Evergreen Broad
leaf Forest leaf Forest
-0.02 --0.01 Snow Ice
Savannas, Snow
0.01 --0.005 Ice, Woody Evergreen Broad Evergreen Broad
: : Savannas, Open leaf Forest leaf Forest
Shrub lands
Woody
Savannas,
Barren Sparsely Barren Sparsely
Vegetated/Bare Vegetated/
-0.005 — 0.00 Soil, Closed \gg’v‘;dnynas Bare Soil, \é‘;ov‘;dnﬁas
Shrub lands, Deciduous Broad
Grasslands leaf Forest,
Savannas, Open
Shrub lands
Evergreen Broad
leaf Forest,
. Evergreen Woody Savannas,
Mixed Forest, Broad leaf Deciduous Broad .
Evergreen ) Deciduous Broad
Evergreen Forest, Woody | leaf Forest, Mixed
Broad leaf . leaf Forest, Savannas, Closed Shrub .
Broad leaf Savannas, Forest, Deciduous X Deciduous Broad
0.00 — 0.005 Forest, Woody ) Evergreen Deciduous Broad |lands, Urban
Forest, Woody Deciduous Broad Need leaf Forest, . leaf Forest
Savannas, Needle leaf leaf Forest Built-up
Savannas N leaf Forest, Evergreen Needle
Deciduous Broad . Forest
leaf Forest Urban Built-up, |leaf Forest,
Mixed Forest Savannas, Cropland
Natural Vegetation
Mosaic
Deciduous Broad Evergreen Savannas
leaf Forest, . Evergreen Mixed Forest, Needle §
) Deciduous Need . Evergreen
Mixed Forest, Needle Deciduous Need Evergreen leaf Forest,
X leaf Forest, Needle
Deciduous Need leaf Forest, Croplands, leaf Forest, Needle Croplands,
0.005-0.01 Evergreen X leaf Forest,
leaf Forest, Deciduous Need | Grasslands Croplands, leaf Forest, Grasslands, .
Needle leaf ) . ) Deciduous Need
Evergreen leaf Forest, Mixed Forest Deciduous Need Deciduous Need
Forest leaf Forest,
Needle leaf Savannas leaf Forest leaf Forest, )
) Mixed Forest
Forest Mixed Forest
gzp:z:gsl(latural Closed Shrub lands, Cropland Natural Cropland Natural
0.01-0.015 Savannas plan Open Shrub lands, Vegetation Vegetation
Vegetation . ) -
) Urban Built-up Mosaic Mosaic
Mosaic
Closed Shrub
Closed Permanent lands, Open Permanent
0.015-0.02 Savannas Croplands Shrub lands, Wetlands Shrub lands, Wetlands
Grasslands
Croplands
Cropland Natural Permanent Permanent Croplands,
0.02 - 0.025 Vegetation Grasslands Closed Shrub
) Wetlands Wetlands
Mosaic lands
Closed
Shrub lands, Cropland Natural
0.025 -0.03 Croplands Grasslands, Open Shrub Urban Built-up Vegetation Open Shrub
lands ] lands
Permanent Mosaic
Wetlands
Grasslands,
Cropland Natural \(;;ozl;r:itérl]\latural
0.03-0.035 Vegetation get
. Mosaic,
Mosaic
Permanent
Wetlands
Permanent
Open Shrub Barren Sparsely
0.035-0.04 Wetlands, lands, Urban Water Vegetated/ Bare Permanent
Closed Shrub ) : Wetlands
Built-up Soll
lands
Grasslands, Barren Sparsel Barren Sparsel
0.04-0.05 Open Shrub parsely parsely
Vegetated Vegetated
lands
) Barren Sparsely Snow Ice, Urban Snow Ice, Urban
0.05-0.06 Urban Built-up Vegetated Snow Ice Built-up Built-up
0.06 — 0.07 Water
0.07-0.08 Barren Sparsely g,y 1ce
Vegetated
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0.08 - 0.09

Barren Sparsely
Vegetated

0.10-0.11 Water Water

0.09-0.10

0.11-0.12 Snow Ice

0.12-0.13

0.13-0.14 Snow Ice

0.14-0.15

0.15-0.16

0.17-0.18 Water

0.18 - 0.19

0.19-0.20

0.20-0.25 Water Water
0.25-0.30

0.30 - 0.40 Water

Table 3: MPGR based Land cover classification.

Table 3 and Figure 3 identify the location and behavior of all 17 land cover classes. Now we can say MPGR-based classification is dependent upon dielectric constant
or water content because water classis always has higher value in graph, and with greater values than ice, bare soil, and built-up areas. In terms of vegetation, dense or
healthy vegetation is present near 0 and mixed, low, or degraded vegetation follows healthy vegetation (near 0.5). High values of PR-PR, PR-GR, and GR-GR indicate
open water; the range of this value is larger because of the greater dynamic range in vegetation, soil, built-up, ice, and water. Although the use of the 89 GHz data requires
a correction for atmospheric effects, it provides additional information to unambiguously distinguish weather effects from changes in land cover features. These results are
similar with previous research results by Chen et.al. with land cover classification over China [19].
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Figure 3: Seventeen land cover classes mean PR-PR (Fig A & B), PR-GR (Fig C & D) and GR-GR (Fig E & F) relation ratio with 10.7, 18.7, 36.5 and 89.0 Ghz H-V
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