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Abstract

A method for mapping snow cover using Advanced Very High Resolution Radlometcr(AVHRR)/

Normalized Difference Vegetation lndcx(NDVI)10-day Composite data was developed at the continental scale`

The 10‐day AVHRR/NDVI composite data and snow depth data of AmeDas(Automated Meteorological Data

Acquisition Systcm)in 1999 Were compared to extract the snow cover land surface by determining NDVI

threshold valucs. Initially, one threshold value 、vas applied to all over Japan. 】=owever, the results showed

inaccuracies in sno、v map for the different land cover effects the NDVI values greatly. To improve the

estimation accuracy,classifying the land cover into 5 categories was conducted.The snow maps derived from

different threshold values for different land cover categories instead of one threshold value for all over Japan

sho、ved better accuracy. The areas、vhere the accuracy of inapping got better are in the forest area such as alpine

vegetation and urban area especially around Kanto、
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1.Introduction

Snow cover is an ilnportant factor in the Earth'S

climate system due to its sPecial properties differcnt

from other land― covers such as the high surface

rcflectance and  iow thcrmal  conductivity. Thcsc

spccial propertics of sno、v are believed to have an

ilnpact on biological,chemical,geological process and

many aspccts of human life.Accurate information on

spatial distribution of sno、v cOver is required for

numerical 、veathcr forecasting and hydrological and

climate modclling.

Satellites are well suited to the measuremcnt of

sno、v cover bccause the high albedo of snow presents a

good contrast、vith almost other natural surfaccs except

clouds.Hall(1995)deve10pCd a mも thOd that madc an

index of Normalizc Differencc Snow lndex(NDSI)

、vith band 2 and band 5 of the Landsat TM to map

snow coveragc, Although Landsat sensor has a high

spatial resolution, it is difficult to providc cxpansive

spatial coverage of lneasuremcnts in regional or global

research.At thc same tilne,Landsat scnsor has a long

pcriod of 16 days that it is not enough to mcasure the
meteorological condition likc sno、v.

Recently it has reported that Moderate Rcsolution

lmaging Spectraradiometer (MODIS) prOVides

llnagery of the Earth's surface and clouds in 36

discrete spectral bands a1l over thc worid(Hall冴α′・,
2002)。 MODIS bands l‐ 7 arc likcly to be uscful for

snow―cover and snow― 』bedo mapping(Winther and

Hall,1999).But thc satellite embarking of this sensor

has just bccn sent up for a few years and it is

ilnpossible for us to investigate sno、v cover of past

d e c a d e s  u s i n g  M O D I S  d a t a .

NOAA― AVHRR data not only has high temporal

resolution and covers、vide land area but also has long

history so that it is considered as an ideal tool for long―

tilne sno、v cover studying. But it has no channel

corresponding exactly to band2 and band5 of Landsat

TM to calculate NDSI.In this study a ne、v snow―cover

mapping method using NDVI(Normalized Difference

Vegetation lndex)10,day COmposite data of AVHRR

sensor was proposed.Although NDVI is widely used

as an index for vegetatio■, prevlous studies have

pointed out that the high spcctral albedo of snow will
cause thc NDVI of a sno、v,coveriandscape to be lo、ver

than thc value for snow― free conditions(Dye and

Tucker,2003).TherefOre,thc dcclining snow― cover

may be responsiblc for the highcr NDVI value. We

developcd thrcshold valuc of NDVI to estilnate sno、v

cover by exaHlining the correspondence between the

NDVI value and the snow cover.BOth only one NDVI

threshold value applied to all of」apan and different

NDVI threshold values applicd to diffcrcnt iand

categories、vere conducted to inap sno、v covcrin 1999.

2.Materials and MIethods

10-day composite AVHRR/NDVI data of 1999

(“20G4MAVHRR NDVI dataset of Chiba University")

、vas used in this study,To rcmovc the effect ofthe cloud,

a composing criterion 、vas used in 、vhich only the

maximum of NDVI observcd in each given pixel

location within cach consecutivc 10,day pcriod 、vas

retttned for analysis(Cihiar,1996;Dye and Tucker,

2003).During composing,thc values of pixels have

been changed to O‐255 from thc ranges-l to l by linear

analysis.Thc images were also rcsampled to 8km×8km

Acccptcd on Apri1 28,2005

一-1215-



ユメFた 形夕″研冴 (農業気象)60(6),2005

pixel size to make it convenient lbr iarge geographic
coverage and long time settes coverage investigation

The snow depth data(敬ound Truth Dato used in this
sttdy was obtained from Automated Meteorological
Data Acquisition System (AmeDaゅ The 10‐day
average snow depth was used to compromise the

temporal resolutiOn ofthe satellite data

Figure l shows the relationship between NDVI value

and snow depth ln the points which snow cover deeper

than 50cm,the NDWl values are hardly beyOnd 150 But

in the points where snow cover is small,the NDWI

v a l u e s  b e c o m e  h i g h e r  a n d  h i g h e r■i s  f e a s i b l e  f o r  u s  t o

discriminate the snow cover by ArDVI vatue threshold

Considering the NDVI will not be so sensible to the

sha1low snow coⅥち a Station location is deflned as

snow covered、vhen the recorded snow depth is greater

than or equalto 5cm

110    130    150    170    190    210    230    250

NDⅥ

Fig l Relatlonship between NDVI values and snow

depth

ln the binary classiflcation system,snow will be

mapped in a pixel when its NDV1 lower than a

th「eshold value Some thresholds were assumed to

deterlnlne the snow conditlon in one pixel  By

comparing the snow depth record wth the snow cOver

estirnation  by  every  assumed  thresh01d,  the

discrimination ratios in all Amedas points(Dl),in

snow cover points c)2)and in SnOw,ftte pOints c)3)
can be obtained

Tablel illustrates the concept ofdiscrimination ratio
`True'  represents the  situation where the  snow

condition obsetted by AmeDas and the cond■ lon we

estimated by NDVI value coincide to each other,and

the `False' represents the situation when they are

contradictory The`a'is the number of cases in which

sno、v cover was obsetted by AmeDas data and also

estimated ttom■ lD 電ヽvaluei `b'is the number of the

situations in which snow cOver was observed by

AmeDas data but snow―free as estimated from NDVI

value;`c'is number OFcases in which snow cOver was

not observed ttom AmeDas data but with snow cOver

estiinated IIom NDVI value; and, `d' is number of

sltuatlons in which snow cover was nelther observed

from AmeDas data nor NDVI value

The flnal thresh。ld value will be decided in the■lDVI

value where the average of the discnHlination ratiOs in

snow points(D2)and snOW‐ iee points(D3)is the

highest

E)iscrilnination ratio of sno、v

(attd)/(attb+C+d);
Discrirnination ratio of snow

or no snow● 1)t

cover period●2):
a/Ka■b)i
Discrimin■lon ratおoFsnowiee period●3)id/(Ctd)

3,Results and Discussion

The NDVI threshold value for sno、 v was increased

incrementally from 125 to 215 in steps of 5 We

compared the discrimination ratios in ditterent

assumed thresholds,and it is found、vhen the ArDVI is

160,the average discrimination ratio ofD2 and D3 has

the highest value of 70 1% We mapped the snow

cover by applying the threshold of 160 to a1l over

Japan from January to June However)since the whole

Japan is not so homogeneous and the NDVI values are

also influenced by different iand covers, some errors

occurred especially in Kanto area which has been

mapped as snow covered even in May Therefore,an

additional test is necessary to recalculate the NDVI

threshold on the base ofcategories ofthe land‐cover to

dete「ぼline difFerent thresh01d value for diltterent

categories to estirnate the snow cover

An ISODATA unsupervised classincation was

performed to get 5 1and‐cover categories Since the

snow cover points are ve「y fe、v in the two south

Cate30nes areas which are consldered as declduous

forest and evergreen forest areas,they、vere considered

as snow―free areas DifFerent NDⅥ  threshold value

was estimated for the other廿ree categories which are

consldered as snow cover areas

ln the categoryl of llrban area the threshold was

estimated very low as 135 and the discrimination ratio

in this value is 73 680/O The discrilmination ratio of

160 used before in category l is only 57 36% It means

that more non‐snow pixeis had been mapped as snOw

by the prevlous threshold, Odiusting the NDヽ ■

threshold downward helped decrease the error of

identifying the non‐ snow pixeis as snow The

discriinination ratio was improved by 16 320/O in this

category

The discriminatlon ratlo ln categOry2 of Hokkaldo,

Tohoku and part ofthe Sea ofJapan is around 86 620/0

by threshold of 145, but the discrimination ratio in

threshold of 160 without categodes is 79 91% We

have improved 6.710/O in discrirninating snow cover by

the method ofclassifying iand cover

５０

００

５０

∞

５０

０

（Ｅ
せ

ｒ喪
■
０

ま
ｏ
ｃ
∽

Table l.Discrimination ratio ofsnow or no snow`

Snow No snow

Snow a:True bi False

No snow ci False di Ttte

十-1216+~



L u  e t  a l . : M a p p m g  S n o w  C o v e r

．ギ
ｆ
本ン

4f'

January

March

Ap五1

-1217-



ユИgr′σjけ万θ″θ殉ア(農業気象)60(6),2005

園
一

rア

References

Cldar,J,1996:Identiication ofcontalnttatcd pixel in

AVHRR compositc il■ agcs for studies of land

biosphere,択θttθアタSc″ざ ど″ソ′/ο″,56,149-163

Dyc,D G,Tucker,altld C J,2003i Scasonality and

tlends  of s■ o、v―cOVer,  vegctation  ttdex,  and

temperature tt no■hem Eurasia Cθてフろちsを,′R夕さ2
五crreな,30(7),58_1‐58_4

Hall,D K 1998:Asscssmellt of snow― cover mappttg

accuracy in a vaHctt of vegetation― cover dcnsities

in central Pdaska  沢 27770rC Sθ72さ ど″ツ′″θ72, 66,129-

137

Hall,D K,闘 ggs,G A,and SalomOnson,V V,
1995a:Development ofIIlethods for mappttg global

sno、v cover using Moderatc Resolution 11■ aghg

Spcctroradiometer data 沢 夕初οre Sc″ざ. ど″ソ,万θ″, 54,

127‐140

Hall, DK, Riggs, GA, Salomonson, VV,

DiGir01amo,N E alld Gayr,KJ,2002:MODIS

snow―cover product ttθ ″夕θrc S277S ど″ソ施 ″, 83,

181-194

鴨′血ther,」G alld Hall,DK,1999:Satellite― derived

snow covcrage related to hydropowcr production in

Norway P/cs夕 ″′α″グル 物″,効 ″脅ク′デθ″ク′【乃ク物α′

ヴ沢2初ο姥も移ンが'77gっ20,2991-3008

Sno― cOver

Snow― free

M守

Fig.2.The snOw maps made by each thrcshold valuc of NDVI,which was detemined in classifled categones

( T h r e e  m a p s i n  o n e  m o n t h  w e r e  m a d e  F r o m  l e i  t o五g h t i n  o n e  m O n t h  m a p s , d l e y  a r e  t h e  m a p s  o f  b e t t m i n g  1 0
days,middle 10 dtts and the end 10 days indlvidually)

Sno― cover

Sno― free

F i g。3 . S n o w  m a p s  t t  K a n t o  a r c a  b y  o n e  t h r e s h o l d ( l c■)

The dlscrimination ratio of Categoり3 of thc pla血

a r e a  d o e s  n O t  c h a n g e  s o  m u c h  b y  t h e  t h r e s h o l d  O f  1 6 0

that we assllmed without catego五 cs and by the

threshold of 165 deterlnined by the category rnethod lt

On,ShOWS little llnprOvement(～105%)compared to
thc discrl― lation ratio of 72 850/O by the forlner

methOd

and difFcrent tllresholds(五ght)in middlC ofMay of1999

Figurc 2 shows the snOw maps made by7 each

threshold value of NDVI, 、 vhch 、vas deterI― ed in

classited categodes  The maps arc expected to

prOvidc usettl infOm筑 10n On sttdy ofglobal wanlmg

Figure 3 shows tlle snOw maps in Ktanto area tt one

threshold and differentthresh01ds in nllddle ofMay

lt is clear that the sno、v coverin Kanto area is not as

much as snow map made by the ody one threshold

(rCfer tO lei map in Fig 3)Thc mCthOd with
catcgories could hcrease the accllracy of sno、 v

mappttg using NDVI data But there still let some

pixcls IIllSClaSsincd to sn。、v、胡ich is kno、vn as non―

snow Thls erOrll■ay be due to the difflcu157 0fNDVI

to distinguish snow cover and bare soil h the

agricul価ral area before plants become green in early

spring bccause both l■ e land covers have low NDVI

values  lt is neccssary to combine other indiccs to

llnprove the accllracy of sno、v lnapping
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