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Estirlllation of Snow Depth in Kushiro Area Using L‐Band SAR IIllagery
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Abstract
ln this paper,snow depth in KushirOそ rea)the largest wetiand in Japan,was estilntted using L‐Band SAR

imagery.The SAR imagery can be used to observe land cond■ lon regardless of the weather condition.The

accuracy of SAR howeveL is areded by tOpography or surface roughness.To remove the ettcts oftopography

or suface roughness,we applied the pttnciptt component analysis cCtt tO the SAR imagery As a resuit,it was

found thatthe proposed method could efFectively estimate snow depth using SAR imagery because one pn,cipal

component image of SAR calculated by PCA inciude the snow depth information without the efFects of

topography or surface roughness,
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1.Introduction

Snow has both positive and negative impacts on

ecosystem. On the one hand, ■  afFects positively to

water resources by adding itself when melted On the

other′hand,it has negative erects to agriculttre and

forestry9 and causes disasters such as avalanche

Nevertheless,it is an important Factor ofthe ecOsystem

and climate most especially,when it cOmes to the

natural vegetation in Japan.It is therefore,necessary to

monitor the snow condition accurately.

Rernote sensing technique is potentially an efFective

tool to estimate the snow cOver and depth at synoptic

scale l回bwever, optical remotely sensed imagery in

the visible and near infrared cannot observe the land

condition  under unfavorable weather  cOndilons,

particularly during c10udy days  Hence,  a new
El(光hodology emp10ying the use of SAR imagery is

being proposed.

In titts paper,the snow depth in Kushiro arett the

iargest wetland in Japan,was estirnated using L‐Band
SAR imagery The SAR imagery can observe the land

condition regardless ofthe weather ω laby and stnes,
1980)HoweV鈍 豆nce SAR's accuracy is afFeded by

topography or surface rOughness,principal component

analysis cCtt Was applied to the SAR imagery to
improve the snow depth estimation.

2.Materials and Methods

T h e  t t u d y  a r e a  w a s  t h e  K u s h i r o  a r e a  l o c a t e d  i n  t h e

eastern part ofthe Hokkaldo reglon in Japan The land

is mainly composed of urban,agriculture,forest and

wetiand area.The mountain with forest is iOcated at

northem westenl part OF the study area The Kushiro

wetiand,which is located at southem part of the study

征αL is the largest wetiand area in Japan wih an area

of 18,000 ha. Most of the wetland is covered wth

reeds and sedge grasses, while some parts are bog

areas covered with sphagnum moss.The northem part

ofthe wetland is covered with alder(Iwakuma,1996)

In this study,飾o JERS‐l SAR● ‐H吼 1 275Glセ )
images, were acquired on July 18, 1995 and January

10,1996(refer tO Fig l),and used to ettimate the

snow depth in Kushiro area. The spatial resolution of

S A R  i m a g e s  h a v e  b e e n  r e―s a m p l e d  t o  1 2 . 5 m×1 2 5 m .

T h e  s t t d y  a r e a  i n l a g e s  o b s e r v e d  o n  J a n u a r y  1 0  w a s

covered by dry snow On the other hand, the image

observed on July 18 wasn't covered by snow.

Fig.l JERS‐ l SAR image acqured in Kushiro area

on January 10, 1996 Seven sites of AMeDAS are

shown in the image.

Acccpted on Apri1 28,2005
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To ve五母 the s■OW depth estimtted iOm JERS-1

SAR images, automated meteorological data

aoquisition system(AMeDAS)data Set was used in

this study  AMeE)AS  observes the prgxPItatBOn

altomatically at about 1300 sies, which is located at

叩 17km× 17km in Japan ln these m申

POms,there are about 200 sites that meaRlre ttЮ w

中 t h  i n  t h e  w i n t e r ` I n  s t u d y  a r e a , s e v e n  S t e s  i n  s h o w n

Fi3 1 1n this study, we used snow dertth data of

AMIDAS observed at 9 a.m.every day

3.Results and Discussion

Figure 2 shows the relationship between the mean

backscattering coerlcients, wttch were calallated

using 151× 151pixels IIOm image on January 10,and

snow depth observed by AMeDAS data  Figure 3

shows the relationship  between the mean

backscattettng  coefFlcients  of  151  × 151pixels

calcurated from the difFerence between the images,

which were acqulred under dry snow condition On

January 10 and snow‐free condition on July 18, and

snow depth observed by AMeDAS dtta.

Fig.2.Relilonsh"betWeen the mean backscattering

Fig 3 Relationship between the direrence of

mean backscatteing coefFlcients and snow depth.

In Fig.2, apparently, it can be observed that snow

depth can be estilnated by using mean backscattering

coettcients observed in Kushiro 車  並 車 he

backscattering  signal  is  strongly  tted  by

topography)it must be evaluated in order to― ・mte

directly the snow depth ttom SAR images_In F'33,

the difFerence between the images acquired under dry

SI10W 00nditlon and snow‐free cOndition was used to

remove the efFect oftopoBraphy in Kushiro wetiand lt

was found out howeveL that snow depth ca田 10t be

esumted by the difFerence between the images From

thc  resllits,  it  can  be  said  that  the  mean

badkscatt-8 00efFlcients shown in Fig。 l have not

exprased diraly the snow depth At any rate

howev領 ,■was possible to estimate snow depth using

礎  regrsion in Fig_l which shows the indirect

relation bch〃een snow depth and inclination Of the

landfolHl_It iS impoHant tt extract the direct signal of

snow depth ttom the bacmttering coefncients of

SAR image,which contains the efFect oF surface

rOu8山ness

(o First pincipal componentimage

●)SeCOnd pHncipal compo配慮―

Fig 4.mages Offlrst and secod中 学
value calculated by PCA
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To exttact thc dicct signal of s■ow dcptla t・om tllc

backscatettg coefrlciellts of SAR imagc, 、 瓶 ch

contatts tllc cffcct of sllrface rougttcss,wc applicd

the prlllcipal component allaけ sis(PCA)to tl・ es無

IInagely PCA was applicd to scparatc tllc ttJもェnatiOn

Of s■Ow dcpth and surface rouglll■ess usll■gtwo SAR
血lages whlch werc acqllircd lllldcr tt snow cOndltion

on Janlltty 10,1996 and s■ow―icc cOndition on」u呼
18,1996)respeα持ett Fi■lre 4 shows thc mlage of
flrst pmlcipal component valLIC and sccond pttcipal

componcnt valuc calculated iom unagcs acqLlircd

llllder tty snOw condtiOn On Jallua呼 10,1996 and

snow―住ec condition On」ulj/18,1996

From Fig l and Fig 4, it can bc secn that the flrst

prttcipal cOll■polllellt llalage is strongly dependellt on
the charactattstics such as tOpograptt becaLISC tllc

血 age is siII1lal tO O五夢nal SAR IIllage shown in Fig l

The correlation cOcfFlciellt 、vas 0 963  AIso, Fig 5

shOws  rclatiOnslllp  betteen  sccond  pttcipal

COttOnellt value and s■ ow depth FtthcrlnOre,Fig 6

shO、vs s■0、V dCpth map h KllshttO arca on Janua呼 10,

1996 estlnated using a regression lhe sho、vn in Fig 5

From Fig 5 and Fig 6,it、 vas found that snO、v depth

call bc cstimated usll■g second phncipal componcllt
血 age because thc effcct Of slllface roughncss 、 vas

removcd in second prttcipal cOmponent unage, and

the relationshp bct、vccn snow depth and thc value of

second prttcipal cOmponent IInage TherefOre,a new

mettod u血 唱 sccond p則 にipal cOmpOncnt image Of

PCA will be all ettctive tcchlllque to estllnate snow

deptll in rtlggcd mountall■alca
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Fig  5  RclatiOnshp betwccn sccond prlllcipal

COttOncnt valuc and sllow dcptll
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Fig 6 Estllllttcd snOw depdl map tt Ku立占o arca on

」anua。/10,1996
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