Area 3 vas used for westigation of the classification
results. The results are st in Table 2. The table shs

that clustering of VV dataaye the best results with an errorthe packscatter statistics ofdvareas with an efation dif-
rate of 7.2%. The least good results were obtained for crogsrence of about 450 mas studied. The dirence of the
polarization with an error rate of 12.2%. mean of the class swdbetween the tw areas were lgest
for co-polarization with about 4.4 dB. Correspondingly
ERS DATA was 1.8 'dB for cross-polarizationoiFbare ground, the cor-
responding numbers were less than 1.0 and 1.3 dB. Since

ERS-1 SAR PRI datasets from 29 March, 6 June, 11 JJRﬁ ground con.ditions for smowere \ery similar in the tw

and 12 July hee been calibrated and processed into terrafif€2s, the main reason for the change of the backscatter
corrected images in Urérsal Tans\erse Mercator (UTM) level is probably the incidence angleorithe purpose of
map projection by applying high resolution (5m x5m) DEM:Ias&ﬂcqﬂqn, a prehmmary conclusion is .th.at _Iocal
data and geocoding sofiwe [4]. The DEM is devid from cla:;sstatlstlcs mugt b_e applied. If the reason doiation is
airphoto. A 3x3 Lee filter @s applied to the data beforemainly due to the incidence angle parametrized class mod-
conversion to dB. els may be designed. A classification test using K-means
In Fig.3 the mean ERS-1 SAR backscattering ficieht clustering shaved best results with an error rate of 7.2% for
for from, 29 March, 6 June, 11 July and 12 Juéspec- YV polarigatipn. All error rates were between 7:2 and 12.2.
tively, are shan for two areas close to the pieusly An investigation of a Iager area is necessary in order to
defined areas are used. A decrease of 4 dB in backscaffé@v more clear conclusions.

ing coeficient is obsered for the high mountainous areaEMISAR C-band polarization responses from wewsnor-
between 29 March to 6 JulJhis change is related to therespond to theoretical responses from smootrasest The

change in snw properties. In 29 March the area ive®d polarization response at L-band sha higher dgree of dif-
with dry snav while in June the area is\@red with wet fyse scattering than C-band.

snav. We clearly obsem a change between the ascending
11 July and descending 12 July ERS pass. This is caused by
the diference in vieving geometry giing rise to diferent

DISCUSSION AND CONCLUSIONS
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The ground measurements include measurements of

snwoth areas hee only lav alpine \egetation. It is more likly

density snav grain size, snw liquid water content and sur- that the main dférences in backscattevkds are due to the
face roughness. Airand snw temperature data are alsovariations in local incidence angle. The angksvabout 45

available. Seeral trihedral corner reflectors were dg@d

for Area 1 and 55 for Area 2.

within the field for calibration and georeferencing purposes.

The field measurements are georeferenced using GPS
aerial photo of the test siteaw talen July 14. The field as

. One
Table 1: Backscatter statistics for Area 1 and 2. The values

completely coered with snav on March 22 and on May 1-aregivenin dB.

3, while in July the field as nearly snoefree.

Areal Areal Area 2 Area 2
Class Mean St. dev. Mean St. dev.
The calibration of the EMISAR data Ve been erified
using the radar cross section and the polarization responsa&W HH -15.8 28| -20.1 3.1
from a 0.7 and 1m trihedral corner reflectors dggtowithin | gare gr.HH 127 30| -136 3.4
the area.
Snow VV -15.1 2.8 -19.6 3.1
CLASSIFICATION EXPERIMENT Bare gr. VV -12.6 3.0 -12.5 3.3
One e&periment using the EMISAR C-band data from Julysnow HvV 21.4 29 -23.2 28
1995 data set is presented here. Dats wtracted from
three test areas, twareas for ivestication of snev and bare | Bare gr. HV -16.5 31| -18.0 31
ground backscatter statistics. i i
Area 1 is located about 550 m.a.s.l., while Area 2 is Iocateanow VH 2L.2 2.9 23.0 2.9
about 1000 m.a.s.l. The aerial photasico-rgistered with | Bare gr. VH -16.4 3.1 -17.7 3.1
Area 3 EMISAR data using a secondycee control-point

transformation. An accurate sm@over mask vas tracted
from the aerial image based on thresholding.

In Fig. 2 the Co-polarization responses fromwrmvered
areas are shn for C- and L-band,»éracted from tw dif-

To obtain a more accuratevestigation of the discrimina-
tion which could bexpected for Area-2 conditions, Area 3
was irvesticated further A K-means clustering algorithm
[7] was applied. Data from the entiree®¥ Profile, including

ferent range positions. The C-band polarization respons%rsea 1 and 2, were speckle filtered by & 3 mean filter

correspond to theoretical smooth sad scattering
responses. No ranganation are obseed. The polariza-
tion response at L-band\ea higher pedestal, i.e a sha

higher dgree of difuse scattering than at C-band. This

explained by the higher penetration depth of the L- band

resulting in scattering contuion from within the sne
volume W clearly obse a range diérence.

For the statistical westigation, “safe” snav and bare areas
were selected. Due to the uncertainty in the gisteation,

the areas defined were all well within the border of each

snav and bare ground area. The statistics aravshim
Table 1. r Area 1, we see that thefdifence between the
mean alues of the tw classes (between-class distance)
of the order 1.0-1.5 standardvilgions. for Area 2, the
between-class distance is about 2.0 standawhtitEns.
This means that the twclasses should be well separable

a classification for Area 2,ub less separable for Area 1.
Comparing the te areas for s for each class, we see”’
that the backscattervel is about 4.4 dB higher in Area 2.
for co-polarization and 1.8 higher for cross-polarization. *

For bare ground, there is a change of less than 1 dB for

polarization and about 1.3 dB for cross-polarization. The

ground truth measurements of snehav that water con-

tents and susgice roughness are almost equal for the tw

areas. bBr bare ground, the type oégetation cwer is dif-
ferent and may influence on the backscattezlldHowever,

and applied for the clustering.
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Figure 2. Snav Co-polarization responsesdr C- and
L-band. Left) near range, right) far range.
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ABSTRACT The EMAC-95 EXPERIMENT

Results from analysis of data obtained in thevgaad Ice | "€ Norwaian test area is located apiigsfjellet and at the

experiment within the European Multi-sensor Airborné2kstindan glacigmMoray, 66° N, 14 E. The snw test field _
Campaign (EMA'95) [2] are presented in this pap@he cover elerations _from about 4QO m to 1100 m and contains
study area is located in Noay 66° N, 14 E. different \egetation types arying from_sparsely forestec_i
Fully polarimetric C- and L-band SAR data from EMISAR P€atland to xposed rock. Three combined remote sensing
a airborne instrument operated by the Danish Centre fgpd ground data acquisition campaigns were conducted at
Remote Sensing, combined with ERS SAR, airborne photrch 22- 23, May 1-3 and July 5-6. Fully polarimetric C-
and field data were analyzed in order to determine the cagid L-band airborne SAR data were acquired using the
bilities for snav parameter estimation in mountainous areaEMISAR

The backscatter statistics of EMISAR C-band data from tw )

areas partly oered with wet snw was studied. Thereas a The EMISAR polarimeter measures the four elements (hh, hv

difference in meanalues between the onareas of up to 4.4 vh and vv) of the scattering matrix from an area of the earth’
dB for snav and up to 1.3 dB for bare grouncbrRthe pur- surface. The EMISAR polarimeter data are one look slant

pose of classification, this indicates that local class statistf@'9e comple data focused to a resolution of 2 m x 2 m,
has to be applied. A classification test on a small area of ROtion compensated, imbalance compensated and absolute

means clustering sh@d that the best resultsam obtained C2librated [1]. The incidence anglaries from 38to 6C° at
for VV polarization with an error rate of 7.2%. All error rated€ néar anda range respestly. In Fig. 1 the EMISAR C-

were between 7.2 and 12.2%. The C-band polarizatidff Packscattering coktient image from July 6 are sha.
We clearly obsem the the ®ent of the wet sne cover in

white (low backscatter).

responses demd from the snecover corresponds to
smooth suidce scattering.

The etent of the wet snecover obsered by ERS SAR cor-
respond to EMISAR obseation.

INTRODUCTION

ticular the cloud ceer, significantly reduce their applicability
for operational monitoring of smocover. Studies hee dem-
onstrated the capability of C-band SAR for detecting th &%
extent of wet snev cover (e.g. [5], [3]). The scattering from a ' §
wet snav covered area is a combination of ¢ and ol-
ume scattering, and the relai strength between the daw
components depends on the wnproperties- liquid \ater
content, density ice particle size and shape andsrbugh-
ness [6]. The dielectric loss within the wet wneolume is
high and the scattering contifion from the sne- ground
interface may be rgected.

For a homogenous dry smacover the absorption loss within
the snav is low, and the snw cover is tranparent leéng the i ar o =T
snowv ground interice as the significant scattering source. I o5
mountainous areas SAR data are radiometrically and geomet- 500 meters (dB)
rically distorted due to topographand the data must be geo-
metric corrected and calibrated using a DigitalvEt®n
Model (DEM).

Figure 1. EMISAR C-vv backscattering coefficient
image from Kongsfjellet July 6 1995.



