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CALIBRATED L-BAND TERRAIN MEASUREMENTS ‘ﬁ

AND ANALYSIS PROGRAM - RESULTS a

&

INTROD&CTION "

i

W

This report presents the results obtained during the three years of ‘a

the Calibrated L-band Terrain Measurements and Analysis Program con- o
ducted by the Environmental Research Institute of Michigan (ERIM) for .q
the Rome Air Development Center of the USAF. The overall goal of this $
program was to provide L-band radar clutter data from a variety of E;
terrain types and sea states and to begin to evaluate models which h'e
describe the radar clutter. The approach adopted for this program was by
to utilize airborne synthetic aperture radar (SAR) (Rawson, et al., :ﬁ
1985) imagery as a source for the L-band clutter data. The SAR imag- %
ery used during this program was provided courtesy of several differ- ::
ent U.S. Government sponsors. The primary data sets were collected ﬁﬁ
over central North Carolina during a U.S. Geological Survey Radar data ‘?
collection (Kasischke, 1985; Kover and Jones, 1985) and over Long i
Island, New York during the ONR-sponsored SARSEX experiment V

(Kasischke, et al., 1985). Additional SAR data was collected over the e
Marginal Ice Zone during the ONR-sponsored MIZEX '84 experiment (MIZEX “
Group, 1986). ’3
This program was conducted in two distinct phases. During Phase \

I, four distinct tasks were performed: (1) collection of SAR data and )
associated ground truth information; (2) processing and calibration of '(
. SAR data of selected test areas; (3) reduction of ground-truth data; ‘¢
and (4) selection of radar surface scattering models. The Phase I :

activities are summarized by Larson, et al. (1986). During Phase II, '3
the following tasks were performed: (1) extraction of calibrated L- g
band radar cross section measurements from the SAR data; Y

(2) evaluation and modeling of the 1image intensity distributions
observed on SAR imagery; and (3) comparison of the radar scattering
coefficients obtained in Phase 1 to the ground-truth data via

1
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deterministic models and statistical analyses. The procedures used
to analyze the SAR imagery, along with the results of these analyses
are presented in this report.

Including this introduction, this report includes five chapters.
Chapter 2 presents a summary of the radar scattering coefficients
extracted during this program. In addition to the L-band SAR data, a
1imited amount of X-band and C-band radar scattering coefficient
measurements were made available to this program. These measurements
are summarized in this chapter. Chapter 3 of this report discusses
the modeling of the 1intensity distributions observed on SAR data.
Chapter 4 presents the results of the comparison of the SAR radar
cross sections to the ground-truth data. Finally, Chapter 5
discusses the conclusions and recommendations from this program.
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2 b

L-BANB RADAR SCATTERING COEFFICIENTS

o,

In this chapter, the radar scattering coefficient (¢©) measure- :.';:
ments derived from the various SAR data sets are presented. Calibra- n
' tion of the SAR system is described in the tnterim report (Larson, et FE
al 1986). Because the size of the individual test sites within the E*
several different data sets varied considerably, different data ex- >
traction and display techniques were employed. These techniques will DL
be discussed in the different sections of this chapter. 8
In this chapter, we will present ¢° measurements from four dif- §¥
ferent test areas: .{
1 Llong Island, New York (SARSEX) ’q

2. Duke Forest, North Carolina (USGS) é

3. Atlantic Ocean (SARSEX), and éﬁ

4. Fram Strait, Greenland Sea (MIZEX). oo

2.1 LONG ISLAND, NEW YORK TEST SITES 3$
The Long Island, New York test sites were imaged during a number :

of different passes during the SARSEX experiment, The test sites used S
for this study were located 1in and around the Peconic River Airpert, G
which 1s owned and operated by Grumman Aerospace Ccrporation. For h,
this analysis, we will present data collected during six different SAR b

passes on two separate dates at different incidence angles and polari-
zations. Specifically, we will present data from four passes where \
HH-polarization data were collected and data from two passes where VV- x§
polarization data were collected. Figures 1 and 2 present examples of N
the L-band HH- and VV-polarized SAR 1{magery collected over the Long
Island test sites,

3
!
Radar scattering coefficient (0°) measurements were extracted from 0

2
22 different test sites. These test sfites are summarfized in Table 1 N
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Figure 1. L-band (HH) SAR Imagery of the Long Island Test
Sites Collected During SARSEX-10, Pass 1, 7
October 1984
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Figure 2. L-band (VV) SAR Imagery of the Long Island Test
Sites Collected During SARSEX-10, Pass 3, 7
October 1984
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TABLE 1

)
A,

LONG ISLAND TEST SITES :
Al
Site Designation Site Description ) 8
::
A Strawberry Field }
B Orchard g
c Smooth, Bare Field X}
D Smooth Field - Near South Rd.
Potatoes - South Side 3
t Potatoes )
0 Potatoes "y
8 Potatoes ot
3 Potatoes o)
F Grass
H Corn Stalks
I Grass
J Cabbage X
K Grass Field (VOR, Reflectors) X
RF1 Grass Field "
RF2 Grass Field &
RF3 Grass Field #
L Short Pike, Trees - Weeds \
M smooth, Bare Field W
N Smooth, Bare Field
0 Smooth, Bare Field
P Smooth, Bare Field \
Q Sod f
R Sod N
W Sod N,
z Bare, Smooth Field, N-S Furrows "

o
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and their locations presented in Figure 3. Figure 4 presents selected
surface photographs illustrating the different types of ground cover

present at the Long Island test sftes. (Other photographs included in
Larson, et al 1986).

The ¢° measurements were generated by averaging a 40 by 40 pixel
subset from the individual test sites. The ERIM SAR image processor
generates pixels with a dimension of 1.5 by 1.44 m. The 3 m resolu-
tion of the SAR data is therefore oversampled by a factor of 2 in both
the range and azimuth dimensions. In order to estimate the number of
independent looks, N, for the ¢© measurements, we must divide the
number of pixels averaged by 2 1in both the range and azimuth di-
mensfons (Kasischke, et al., 1987). Each o0 value thus was generated
using 400 independent samples (20 by 20 pixels), resulting in a 90%
confidence interval due to speckle or fading of + 0.35 dB, assuming

that radar speckle has a chi-square distribution (Ulaby, et al.,
1982).

Another source of uncertainty in the ¢© measurements is the within
field variation present in the data. To measure this uncertainty, six
different ¢© measurements were obtained from three of the test sites
(F, G and H) at four separate {ncidence angles using the L-band (HH)
data sets. These measurements are summarized in Table 2. The maximum
standard deviation obtained was 0.5 d8. We can define a standard
error of the mean (SE) as

SE = SD/N1/2 (1)

o 250

where SD 1s the standard deviation and N {s the number of samples
averaged. Doing so results in a maximum standard error of + 0.3 dB.
Combining the uncertainty due to radar fading, with the maximum uncer-
tainty due to the within field variability results in a maximum + 0.5
dB error bound for the ¢©0 measurements. In Figure 5, we plot
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Field RFS-3 - Reflector Site Area
Field K - Tall Grass Field

Surface Photographs of Selected Long Island Test Sites

Figure 4.

Field M - Smooth Field

field H - Cut Corn, East of Field G
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L—band (HH)

0 —8— Site F - Grass

~—»— Site G -~ Com Statks

—%— Site H = Cut Com

Sigmo Zero (¢B)
) !
& P

|
N
o

n

=25
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0 10 20 30 40 S0 60 70 80 90
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Figure 5. Plot of Average L-band (HH) o © Values for Three
Test Sites
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the o* measurements presented in Table 2. We can see that for all 3 Y,
test sites, there is a clear decrease 1in o¢* as {incidence angle
increases. In these examples, the o® values for the standing corn 4
stalks are clearly 5 dB higher than the other two test sites, whose I
o* values are essentially equivalent.

The ¢* values for the 14 test sites are summarized in Figure 6.
From these graphs, we can note the following trends. In general, for
L-band (HH) radar data, as incidence angle increases, o* decreases.
This trend was observed for all data sets. The trend for the L-band
(Vv) data was not as clear, with ¢* both increasing and decreasing as
inctdence angle increases.

Figure / presents a composite plot of the various fields compared

g

-
s

- o~
- "o

to one another. In this plot, we combined all similar test sites to I;
obtain an average o* signature for a particular terrain type. In ;ﬁ
this plot, we compare only the L-band (HH) data sets. The highest o° E
values were obtained for the orchard and corn stalks, while the »
lowest were obtained for the sod and potato fields. There is clearly bt
a 10 dB difference between the darkest and brightest fields at all -2
incidence angles. %

N

2.2 DUKE FOREST TEST SITES

T T,

In early April 1984, during a data collection program conducted for
the U.S. Geological Survey (Kover and Jones, 1985), multifrequency,

multipolarization SAR data were collected over the Duke Forest using N
the ERIM/CCRS CV580 SAR System (see Figures 8 and 9). In this study ;
we utilize L-band (VV) data collected on 8 April 1984 and X and C- :
band (VV) data collected on 10 April 1984, The deciduous trees in R}t
the study area were at a stage where most of the buds had burst, but - ]

no significant leaf flushing or new stem growth had occurred. The
weather conditions were 1{dentical on each day of the SAR data
collection, with overcast skies and periods of 1ight rain,
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—8-- HH Polanzation e

—¥%— V¥V Polarization 3.

-10 st
G\ L
x ;

Sigma Zero (dB)
)
ry

-30 +—— T —T - 1 -7 —_ T .‘“

0 10 20 30 40 S0 60 70 80 90 W
Incidence Angle (degrees) m

Figure 6. Plots of L-band (HH and VV) ©° Values for the
Long Island Test Sites [Figures (a) through (n)])

(a). Cabbage Field (Site J)
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Site G — Corn Stalks
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Figure 6 (b). Corn Stalks (Site G)
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Site H = Cut Corn
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Figure 6 (c). Cut Corn (Site H) \
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Figure 6 (d). Orchard (Site B) )
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Figure 6 (e). Sod Field (Site M) N,
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Site R = Sod Field
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Figure 6 (f). Sod Field (Site R)
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Figure 6 (g). Sod Field (Site W)
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Figure 6 (h). Sod (site Q)
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Site F — Grass Field
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Figure 6 (i). Grass Field (Site F)

21

4.4 1. 1)  SREAALL NG FTFELLAAR I DISTOSAIe PREETM R e PREIRINEe PRI RESSEERS @ SEEEorsie s



AN~ EFIR-O £8 m EPIFL P EES VLTSRS

Site | — Grass Field

]
(=]
L

=15 1

Sigma Zero (dB)

1
N
o

A

-25 -

~8— HH Polarization
—h— VYV Polorization

L

10

T T L4

20 A9 40 50 60 70 80 890
Incidence Angle (degrees)

Figure 6 (j). Grass Field (Site I)
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Site K = Grass Field
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Figure 6 (k). Grass Field (Site K)
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Site 8 — Potatoes
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Figure 6 (l1). Potatoes (Site 8)
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Site 3 — Potatoes
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Site 3 — Potato Field
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Figure 6 (n). Potato Field (Site 3)
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The tree stands in the Duke Forest rvange 1{in sfze from 1 to > 50
hectares, and have been in a “forest condition® for more than 50
years, What makes this a particularly valuable test area for the
evaluation of SAR imagery for forestry studies is that research rec-
ords for the stands within the forest are extensive (Edeburn, 1981),
with historical information on tree growth, stand age, stand density,
stand mortality, etc., in existence for hundreds of permanent plots
throughout the forest. In addition, the Duke Forest is the site of
numerous ongoing and proposed forestry and ecological studies (see,
e.g., Christensen and Peet, 1984).

For the present analysis, a 2.9 by 6.1 km area surrounding the
Blackwood Division of the Duke Forest was utilized as the primary test
area, Figure 10 s a mosaic of 1:9600 scale black and white aerial
photographs which contains the Blackwood Division. The aerial photo-
graphy was collected in January, 1985, nine months after the SAR data
collection, Figure 11 presents a vegetation map of the Blackwood
Division of the Duke Forest which was generated using a combination of
existing forest cover maps (Edeburn, 1981), ground truth collected at
the time of the SAR overflights, and the aerfal photography presented
in Figure 10. A point of reference for all the images and maps pre-
sented in this paper is the large grass field (site 89) located in the
center of a recent clearcut area of the Blackwood Division,

A secondary test area outside of the Blackwood Division, which
contained a forest stand located along a stream which was flooded
during the SAR overflights, was also wused in this study. An enlarge-
ment of the SAR imagery from this secondary test area {s presented in
Figure 12,

Twenty-two test sites were identified within the two test areas
(see Table 3 and Figure 10). These test sites can be divided into the
following basic categories:

Young Pine (Figure 13a): A three year old stand of loblolly pine
(P.taeda), 1.2 m 1n height (site B8).
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Figure 10. Aerial Photographic-Mosaic Collected over the
Blackwood Division of the Duke Forest
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C-Band

L-Band
Figure 12. Digitally-Processed X-, C- and L-band SAR Data
(VV polarization) Collected over a Flooded
Forest Stand North of the Blackwood Division of
the Duke Forest
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TABLE 3
DUKE FOREST TEST SITES

CONFIGEROUS SPECIES DECIDOUS SPECIES
BASAL
TREE STEMS/ DBH AREA HEIGHT STEMS/ DBH  BASAL HEIGHT
) SITE TYPE AGE _ ha {em) (sq m/ha) _(m) ha (cm) AREA (m)
Bl 0 U 7 36 1 21 640 17 27 22
B2 SO U 99 30 8 26 388 19 18
B3 c u _ 121 37 18 27
B4 S 60 121 34 11 31 1247 11 18
BS A0 U 10 54 2 3 472 19 22
B6 LE U 106 36 12 25 810 19 22
B7 c v 10 41 1 27 699 18 30
B8 L 3 8 1
89 6 -
810 L 50 247 35 32 26 378 15 9
B11 c v 10 41 1 24 566 28 27 24
B12 D U 104 27 7 23 299 k)| 30 24
B13 o v 20
814 L 60 170 39 21 30 729 16 24
B15 L 40 454 31 37 27 17 41 3
B16 L 40 437 28 28 24 284 10 3
818 L 30 410 22 18 20
819 L 30 963 24 46
820 L 30 531 25 28 22 79 21 5
B21 E Vv 442 22 27 28
822 L 40 358 31 28 27
B23 L 30 390 25 21 22 72 20 3
B24  SSF u
B2S SSsD U

TREE TYPE KEY

AO - SWEETGUM/YELLOW POPLAR
C - WHITE OAK/RED OAK/BLCK OAK
D - BLACKJACK OAK/POST OAK

E - MIXED HARDWOOD

L - LOBLOLLY PINE

LE - LOBLOLLY PINE/MIXED HARDWOOD

S - SHORTLEAF PINE

SO - SHORTLEAF PINE/OAK

SSD - SYCAMORE/SWEETGUN/LOBLOLLY-DRY SITE
SSF - SYCAMORE/SWEETGUM/LOBLOLLY-FLOODED SITE

'-v.m-mmadeammwm PSR

|
|
|




87402

(b) Mature Pine (Site B23)

(a) Young Pine (Site B8)
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(d) Mixed Pine/Hardwood (B6)
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Mature Pine (Figure 13b): Thirty to forty year old loblolly pine
stands, with virtually no other tree species in the overstory or
understory (site B23).

0ld Pine (Figure 13c): 50 to 60 year old stands of loblolly pine
and shortleaf pine (P. echinata), where mortality in the overstory
has allowed the invasion of deciduous species (site Bl4).

Mixed Pine/Hardwood (Figure 13d): Stands where both pine and
hardwoods are dominant overstory species (site B6).

Hardwood Stands (Figure 13e): Stands where hardwood species domi-
nate the overstory. On drier sites, pure and mixed stands of oak
prevail (Q. alba, Q. rubra, Q. velutina, Q. marilandica, Q. prinus
and Q. stellata), while on moister sites, yellow poplar (L. tulip-

ifera) and sweetgum (L. styraciflua) are the dominant species
(site B7).

Flooded Stand (Figure 13f): Spring rains resulted in one stand of
sycamore (P. occidentalis) and sweetgum being flooded at the time
of the SAR data collection. Although the picture of this area in
Figure 13f was collected at a time when the site was not in a
flooded state, the water marks on the tree trunks clearly indicate

tha; this stand is flooded at some stage during the year (site
824).

Grass Field (Figure 13g): This test site containing short (5 cm

in height) grass was included as a reference for the other test

sites (site B9).

The research records from the Duke Forest were reviewed, and a set
of tree parameters obtained for each test site. These parameters
include:

Age: The average age (usually rounded to the nearest ten years)
of the trees within the stand.

items/hectare: The average number of trees per hectare greater
than 10 cm 1n diameter within the stand.

Diameter at breast height (DBH): The average diameter of all
trees within the stand measured at a height of 1.3 m above the
ground level.

Basal area: The total area (in mZ) of all tree trunks (at 1.3 m
above the ground) within the forest stand.

Height (m): The average height of the trees within the stand.
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These parameters are summarized for the 22 test sites in Table 3.
Note that the data presented 1in Table 3 has been divided into two
groups (coniferous and deciduous species) for each test site.

Estimates of the radar scattering coefficient (0©) were generated
for the 22 test sites using the average value from a 40 by 40 pixel
subset extracted from the calibrated SAR images.

Table 4 summarizes the g0 values for the 22 test sites. The inci-
dence angle (64) for the test sites 1s 570, except for sites B24 and
B25, where it is 46°. In Table 4 the test sites have been grouped by
tree type and age. For analysis purposes, the 22 test sites were
organized into 13 categories. The average 09 values for these 13
categories are summarized in Table 5 and presented 1n Figure 14, The
upper and lower error bounds are also presented in Figures 14a-14c.
We define the upper bound (UB) being equal to the lower bound (LB) as

UB = LB = [r2 + s¢2 + SE2]1/2 (2)

where r is the relative calibration of the SAR (1 dB), sf is the var-
fability due to speckle (.35 dB) and SE is the standard error of the
mean defined in Eq. (1). Figure 14d presents the average o° values

for all three radar frequencies plotted on the same graph for compari-
son purposes.

From Tables 4 and 5 and Figure 14, we can make several observa-
tions. We first note that while there 1s a significant difference
between the dry and flooded sycamore stands in the L-band (3.5 dB) and
C-band (3.0 dB) imagery, there 1{s considerably less difference in the
X-band data (0.9 dB). The observation at L-band is consistent with
studies conducted with satellite SARs (Krohn, et al., 1983; Ormsby, et
al., 1985; Lyon and McCarthy, 1981). At C-band, no previous SAR data
exists where flooded forests had been imaged. However, previous air-
craft X-band SLAR {magery collected over a flooded forest canopy
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TABLE 4
RADAR SCATTERING COEFFICIENTS FOR OUKE FOREST TEST SITES

SCATTERING COEFFICIENTS

TREE
SITE TYPE AGE X-BAND C-BAND L-BAND
89 G - -5.14 -5.50 -16.34
88 L 3 -1.33 -3.30 -13.39
819 L 30 -3.11 -3.97 -10.98
820 L 30 -1.75 -5.17 -11.61
B23 L 30 -1.26 - .41 -11.58
815 L 40 -2.88 -3.51 -12.12
816 L 40 -3.00 -3.58 -10.80
822 L 40 -4.43 -3.05 -11.02
810 L 50 -4.43 -3.05 -11.02
84 S 60 -2.22 -4.51 -13.05
814 L 60 -1.84 -4,76 -11.58
82 SO U - .64 -3.26 -11.36
86 LE U - 074 "3067 -11029
81 D U - .01 -2.73 -11.03
B12 0 U -3.13 -3.47 -11.21
813 D U - .73 -3.23 -11.67
83 C U - .64 -3.60 -11.41
87 C u - .18 -2.56 -10.62
B11 C U -3.15 -3.55 -10.97
B5 A0 U -1.30 -2.77 -11.28
B21 3 u - .47 -4.06 -11.60
B24 SSF U - .95 -1.47 - 8.12
825 $SD -1.78 -5.14 -11.62

TREE TYPE KEY

A0 - SWEETGUM/YELLOW POPLAR

C - WHITE OAK/RED OAK/BLCK OAK

D - BLACKJACK OAK/POST QAK

E - MIXED HARDWOOD

L - LOBLOLLY PINE

LE - LOBLOLLY PINE/MIXED HARDWOOD

S - SHORTLEAF PINE

SO - SHORTLEAF PINE/OAK

S50 - SYCAMORE/SWEETGUN/LOBLOLLY-DRY SITE

SSF - SYCAMORE/SWEETGUM/LOBLOLLY-FLOODED SITE
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TABLE §

MEANS AND STANDARD DEVIATIONS OF DUKE FOREST
RADAR CROSS SECTION VALUES

SITE

GRASS FIELD
3 YR PINE
30 YR PINE

40 YR PINE

50 YR PINE
60 YR PINE

HARDWOOD/PINE MIX
CHESTNUT 0AK
MIXED OAK

YELLOW POPLAR/SWEETGUM
MIXED HARDWOODS

DRY SYCAMORE

FLOODED SYCAMORE

41

X~-BAND C-BAND L-BAND
-9.11 -0.47 -16.34
-5.31 -7.