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5。2 Rclnotc Sensing froin Satellitcs and Aircrat

【.θr22αざα,K.θた,,α″ブ「Sク77r7777θ

刀うSrF2ごム T/71i5V、TでごrFθ″メ″r′・θれ′てでェデ″ざマ/2″′【Fご′?`ドοア1甲力 /′セ″θr?亡野?′7人ギ′7gル θ722本寧クr?〃,rcざ

α″冴αli7・ご′̀̀ "4丁夕、ギ″g ttp?埋 だて
'r′々αん力球χア1,r'ご7r′てノ,αcrルで,α″冴J―D(力 sg/ッθr′θ″ざ.レタをαなθ

,″rrθ冴″ごで ,セ貿77r αdやα/7ごgざ ′77 ■こr'ご冴′″ α′′で′,70rビざg″ざル?gル?で′″冴′″g qββ力∽ r′ο″s ,77

s″ざrβデ″θあ′g αgガcι′アr夕/ビざ″ご力αS β/gごな′θ″、静r′″′r2g,βgr?乃 ュでsrア7,θ 77ブ′坊″ブcο″ざg/ソθ
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5.2.l lntroduction

Remotc sensing fronn satellites and aircrat has bcen、videly used ttr applications in

agriculture[1-3].In particular,passive optical sensors IIlounted on atrcrat,Landsat,

and SPOT(tlle French Systelllc Probatoirc d'Observation de la Terra)have a110wed

applications such as prediction of crop production and land use change. Recent ad―

vances in agricultural remote sensing are applications in sustainable agriculture,such

as precislon ttrllning,agrottrestry,and land conservation.Thcse closely relatc to ap―

plications in forest,ecosystem,hydrologyぅ and environmental management[3-5].

Mean、vhile,technical trcnds in relllote sensillg ttolln satellites and aircraft are hy―

perspectral,hyperspatial,active,and 3-D obscrvations[5-11].AlthoLigh Ordinary satel―
lite optical sensors,such as the Landsat Thenlatic Mapper(TM)and sPOT High Reso―

lution Visible(HRV),haVe been limited to less than ten spectral channeis,the Hypc―

rion on Earth Observing-1(EO-1)launched by NASAin November 2000 provides a

high resolutiOn hyperspectral imager capable ofresolving 220 spectral bands(frOll1 0.4

to 2.5 μm)with a 30-m spatial resolution.A hypcrspatial QuiCkBird satellite laullchcd

i n  O c t o b e r  2 0 0 1  p r o v i d e s  p a n c h r o m a t i c ( P A N ) 1 1 1 l a g c s  w i t h  a  s p a t i a l  r e s o l u t i o n  o f
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about O.6m.The use of activc rcmotc scnsors such as lidar and SAR can provide more

useftll inttrmation than can passive sensors. For exalllple,theヽ/egetation Canopy Li―

dar(VCL),whiCh Wili be launched in the near fLlture,will bc able to measure 3-D

ground surfacc and vegetation canopy、vith l―n■elcvation accuracy by Nd:YAG diode―

pumped puise lasers of a 25-m ttotp対 nt[12].Recent advances in aircrat remote sens―

ing are silllilar to those in sateHitc rcmote sensingo Hierarchical rcmote sensingぅ、vhich

joins image sensing described in Section 5.l with remote sensing from satellitcs and
aircrat,may be subHlitted古もrinore e'fective use in sustainable agriculture.

In this section,therettre,usefLli remote sensing sensors mounted on satellites and

aircraftぅand several applications in agricuiture,are described.

5.2.2 Sensors for Remote Sensing

The mttor kindS Ofinformation obtained by remote scnsing fl・ om satellites and air―

crat is sumHlarized in Table l,

R夕rrJθ″ S夕rasθパ θ″Sα″〃′r夕ざ

MSS,『 Mα ″冴ど『M十 作α″タデαr,舟И品4,3思Aノ

The 2,“物′rispでcr/ク′Scα/7/7g/十MSS)iS an Optical sensor illounted on Landsat l to

Landsat 5.Landsat l,、 vith the MSS,、vas iaunched in 1972 and has vcrifled the effec―

tiveness of remote scnsing ttonl space.The MSS has four bands in the visible to the

near―infrared rcgioni O.5 to O.6 μl■(band 4),0.6 to O.7 μ lll(band 5),0.7 to O,8 μ lll

(band 6),and O。8 to l.l μm(band 7).The Spatial resolution is approximately 80 m.

Furtherllaore,the MSS mounted on Landsat 3 is equipped、vith a therlllal infrared band

( 1 0 . 4  t o  1 2 . 5  μm ) w i t h  a  s p a t i a l  r e s o l u t i o n  o f  2 4 0  m .

The r77?772βrた'け々rr7r'2〆r『M)is an Optical sensor mountcd on Landsat 4 and Landsat

5.It has seven bands,which are O.45 to O.52 μ m(band l),0.52 to O.60 μ m(band 2),

0.63 to O.69 rtm (band 3),0.76 to O.90 μm(band 4),1.55 to l.75 μill(band 5),10.40 to

Table l.Ma30r informadon obtained by remote sensing.

Multi―or hypcrspcctral rclllotc scnsillg(viSibiC rcglon t0 1lcar-1111larcd rcgion)

● Land(的 rillland,fk)rcsts,nattlral vcgctatioll,ctc)i

Tcrralll,land cOvcr,land usc,vcgctation llldiccs,plant spccics,phcnology.blolllass,crop yicld,

visiblc illlurics,canopy blochcnlistry,sOil typcs,chclllical and physical prOpcrtics or soils,

俺ltilizcr applicatiOn,watcr status,snow and icc,watcr rcsourccs

・ Hydrosphcrc(doCS nOt includc atnlospherc):

Coral shclvcs,tcri・ain ofshaHO、vsぅ、vatcr polltltion,plankton

● ノヘtnlosphcrc:

Ciouds,、vatcr vaporぅfoど,acrosols,dLISt,air pollution

Thcrillal rcmotc scnsors

Thcrillal radiation,tclllpcraturc ofland and、vatcr arca,cvapotranspiration(including transpiration of

plants),soii n10isturc,atlllosphcric tclllpcraturc,occan cuFCntS,ciouds

Lidar

Tcrrain,3-D canopy structurc,biomass,acrosols,atr poHutants,advcctivc dillbslon

SAR

Tcrrain.surfacc structurc、clouds.rain偽 11
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12.50 μnl(band 6), and 2.08 to 2.35 μnl(band 7).The Spatial resolution of these

b a n d s , c x c e p t  b a l l d  6 ( 1 2 0 m ) , i S  3 0  m . I n  c o l m p a r i s o n  w i t h  t h e  M S S , t h e  T M  i s i m―

provcd regarding the increased nLlmber of spectral bands and spatial resolutiOn.As a
rCSLlit,the accuracy of land cover classiflcation has bccn illnproved. Fulthcrnlore,by

tising thesc nc、v、vavelength ranges, such as band 3 and band 4, various vegetation

llldices ttor estinlating vegetation conditions have been developcd.

Theど ″乃α″cctt r/22″αr'c7%年フ?〆P′″ざrご『M十 )is a Sensor inounted on Landsat 7,
launched in 1999.Itis an improved version ofthe TM scnsor On Landsat 4 and 5。The

advantage of ETWl十is the improvement in spatial resolution of the thenllal infrared

balld(band 6.spatial resolLitiOn Of 60 nl)and thC addition of the panchrolllatic band

(0.50 to O.90 μm,15m).In the futurc,applications using the thermal inttared band

、vili becolllc popular in the fleld of agriculture.

幼フg/′θ″rごθ―F,丹ИS/4,3SAノ

Theヽ ゃビガθ″,mounted on Earth Observing-1(EO-1)launched in 2000,is a high

resolution hyperspectral ilmager capable of resoiving 220 spectral bands(0.4 to 2.5

卜tlnl)、vith a 30-lll spatial resolut10n. It is co‖ecting hyperspectral scenes over the

course ofits nllssion in coordination with the ETM+―on Landsat 7.Both Hyperion and

ET卜江十 surVey the same ground areas, Dctailed comparisons of the Hyperion and

ETMtt irnages inay expand iHure applications in agriculturc,3orest,町lining,geology,

and environlllental lllanagenlent,

刀S材 沢存θSИん作r,内,4最4,dSAッ

The И冴ソθ″cα冴助クC?わοr″gT/7g/777α′ど777ホざ′θ″α″ブ沢ぐ〃ccr′θ″沢αttθ777?r?ン
・
ィクs冗ご'り

is an optical sensOr lllounted on EOS AM-1 launched in 1999.The ASTER has 3

ballds(0.52 to O.86 μm)with a spatial resolutiOn of 15 m,6 bands(1.60 to 2,43 μ m)

、vith a spatial rcsolution of 30 111,and 5 bands(8.125 to ll.65 μrll)Vヽith a spatial reso―

lution of 90 m.The ASTER is cxpected to be useful in various flelds such as under―

ground resourcing,environmental lllonitoring,and volcanic activity lnonitoring.

〃R/θ ″冴〃沢″R rSPθ 冤 ごハrどs,F7・α″cり

Tlle〃留 父?sοん′r,θ″んすめ/●
9、uRり is an Optical sensor mounted on SPOT l,2,and

3n and the Hi亀力尺gsθわガθ″ 降ざめル t4伊α/ビ冴r″R/■職 is mounted on SPOT 4.The

SPOT was designed by the Celltre National d'Etudes Spatiales(CNES),France.SPOT

l、vas iaunched in 1986,SPOT 2 in 1990,SPOT 3 in 1993,and SPOT 4 in 1998.Thc

HRヽ/on SPO「 F i to 3 hast、vo ll10deS,namely lllultispectral and panchromatic modes.

In the lllultispectral illodeぅthere are three bands of O.50 to O,59 μm (band l),0。61 to

O.68 μm (band 2),and O。79 to O.89 μm (band 3)、vith the spatial resolutlon of 20 rn.In

the PAN mode,the spatial resolution is 10 111 of O.5i to O,73 μl■1、Vavelength. The

modincations許 om HRV to HRVIR on SPOT 4 are the llllprovclanentin spatial resolu―

tiOn Of band 2(10m)and the addition of short― wave inttarcd band竹 om l.58 to l.75

卜1lla(band 4,20111).The remotely sensed imagery rlneasured by these sensors provides

vegetation l■laps, lithologic inaps, and dctailcd ground surfacc information, Further―

lllore,SPOT 5、 vas iaunched in 2002.It、vas improved to a spatial resolution of 10 m

in band i to band 3 and of2.5 111 and 5 m in the PAN band froll1 0。48 to O.71 μm.
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r【0,vOs`矛 ,αCC F777rrg′′?g,3思A)

The X6カ VθS is an earthぃobservation satellite launched by Space lmaging/EOSAT

in 1999.The mttor adVantage of IKONOS is its high spatial resolution.For example,

the spatial resolution of PAN(0.45 to O.90 μ m)and multispectral[0.45 to O.52 μ m

(bluC),0.52 to O.60 μm(green),0.63 to O.69 μ m(red),and O,76 to O.90 μ m(Near、 IR)]

bands is O.82 Hl and 3.3■1,respectively.The high spatial resolution images lneasured

by IKC)NOS are used ibr applications in urban,forest,and agricultural areas like air―

borne remote sensing illlages.These are also expected to be useful in precislon ttr町1-

lng.

2″'こ`たβ′/ブれ9を,rα′CFοみで,3忌A)
The O″ たたβメ/冴 of DigitalGlobe was iaunched in 2001.The spectral bands of

QuiCkBird are simllar to those of iKONOS.However,QuickBird has higher spatial

resolution.The spatial resolution of PAN (0.45t00.90 μ nl)and inヒlltispectral[0.45 to

O.52 μm(bluC),0.52 to O.60 μ m(green),0.63 to O.69 μ m(red),and O.76 to O.90 μ m

(Near-lR)]bandS are O.61 m and 2.4411aぅrespectively`The QuickBird is expected to
have effective use in urban,forest,and agriculture applications,like the lKONOS.

Zレ/挽rRtt rTrttθS～rα″47 Ⅳθr4И,Ⅳθン4ィ4,3思Aノ
I n i d a l l y  t h cンかα″ご?ブ施? / 1 i g力沢容θ′″r ,ο″RαJ l iο7 7 r ? r c /″r求 沢, w a s  m O u n t e d  o n

TIROS―N,launched in 1978ぅandlaterthe AVHRR was also mounted on NOAA.The

basic speciflcations of AVHRR have not changed,and the AVHRR has bcen colltinu―

aHy Lltilized lbr earth observation.The current AVHRR has flve bands,、vhich are O.58

to O.68 μm (band l),0.725 to l.l μm (band 2),3.55 to 3.93卜trn(band 3),10.3 to ll.3

μm(band 4),and ll.5 to 12.5 μm(band 5).Thc AVH RR provides spatial resolution

of approximately l.l km and a swath 2399 km wide.As NOAA orbits the giobe 14

tinles daily,the AVHRR observes the same arca twice a day.The widettswath inlages

measured by AVHRR are LiSC的 1 偽r various purposes, for exainple, 偽r obtaining

changes in cloud covcr and land cover, vegetation index, and surttce temperature.

CollseqLlently, these provide valしlable information on surttce properties and、veather

over regional scales.

MOD/Srど 0ざ刀zけみノα″プβフレーノ,脚レ4最4,dSAノ

The才'わ族7/αrg Rcsθ′″r″ο″/777αgJ′?g母クcCrrθ/αttο777CrCr iMOD五9 iS an Optical sensor
mounted on EOS AM-l and PM-1, launched ill 1999 and 2002, respectively.The

MODIS has 21 bands(0.4 to 3.O μlll)and 15 bands(3.Oto 14.5 μm).The spatial reso―

lutions are 250 111(2 bands),500m(5 bands),and l,000m(29 bands).The MODIS

can observe any site on the carth surface every 2 days. In the fLlture,thc、vide―s、vath

ilnage measured by MODIS 、 vill be used ettctively for earth observation like the

AVHRR.

S/4RゎじRttF,■斡 α″,ど沢トア〃,どu ttИD刀尺s/4■Cα″θ冴り

The Sソ″チんでrrc ttβg′“rクrc ttαttr rS/4p is an active sensor,which is used to obselwe

physical properties,roughness,and inclination of the ground level using lllicro、vaves.

The obsettation is atinost tndependent of、 veather conditions, and it can be done

through clouds.In particular,applications in vegetatlon classincation of fbrests,grass―

lands,and agriculture areas have been studied using lッ(15 to 30 cln),C (3.75 to 7.5
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Cm),and x(2.4to 3,75 cm)bandS mOunted on JERS-1,ERS-1/2,and RADARSAT,

respectively.

尺ビ7770rC Sc″sοパθ″刀″/c/`ヵ
Aircraft remote sensing has the advantages of flexiblc use and high spatial resolu―

tion in comparison、vith satellite reillote sensing, For cxamplc,although the Landsat

captures images of a reglon every 16 days,only scveral llllagcs are use丘ュ1 、vithin a

year:aircraft remote sensing can provide more images that could be used in analysis
of rapid changes of seasons.Therefore,士or developlllent of agricultural remote sens―

ing,it is necessary to use both satellite and aircrat remote sensing.

刀FRA狩 5PL,舟 И最4夕」SA)

T h eん んο/″で乃s′あた F匂ケα′々ガ F r 7 7 a g J″g  t t c a rθ7 7 2 2 rσ7 ″々 ″財〕 i S  a  h y p e r s p e c t r a l

irnage sensor developed by the Jct Propulslon Laboratory(JPL).The AVIRIS covers

the range of O.4 to 2.5 μnn in 224 contiguous bands approxilnately 10 nnl、vide and

a1lo、vs 20-Hl spatial resolution,The hyperspectral bands are expectcd for use in more

exact ctassiflcation of land cover and vegetation,diagnosis ofcrops,and identiication

ofchenlical compositions ofsoils.

C/4SF rF盟どSRビざ?β/c力二″班 Cα″α冴り
The Compact Airborne Spectrographic lmager(CASI)is a hyperspectral sensor

like the AVIRIS. Features of the (ちへSI are a pLISh―broonl charge coupled device

(CCD)with high spatial resolution(0.5to 10 m)and an attuStable spcctral rangc bc―
t、veen O.4 and l.O μHl of up to 288 prograFllinablc spectral bands at l.9 nial intervals.

刀iSA tSpec″/α′/777αg′77g,3SAリ

The刀 ルbο/″?F″7`ど'″g母 少βCrrο/αttο″crcrt乃戸れ7′'Cαr′θ″″r最4)is a hyperspectral

sensor、vith a 2-1■spatial rcsolution,dcveloped by Spectral IImaging Ltd.The、vave―

length range is O.43 to l.O μm and 512 spectral bands are the maxilnunl.The AISA

sensor head includes a nber optic probe(FODIS)for real―time monitoring of down―

、velling solar irradiance to calculate the apparent renectance ofthe carth's surface.

刀DSイθ作〃ざ消r?〃?ざ,jSA)

Theオ rわθ″′でDを lirα′S?″ざθ/″ DSイの WaS developed by LH Systcills and the Ger―

man Aerospace Center.It has ttor、vard―,nadirt,and back、vard-looking lincar(]CD ar―

rays to provide high spatial―resolution panchromatic imagcs,The three li1le stereo im―

ages arc captured sinlultaneously,and thc triple overiap ofthe images prOvides high―

qLlality DTM(digital terrain model).The ADS40 has fLlrther arrays ttr multispectral

data(bluc,B:0。 43 to O.49 μlnぅgreen,G:0.535 to O,585 μ ill,red,R:0.61 to O.66 μill

and near―infrared,NIRi O.835 to O.885 μ m).The multispectral data can be uscd for

applications in crop and land usc analysis、vith a high spatial resolution of 20 cm.

刀と『Mr6レチ2ご力,Cα″クXs
Theん 7・77θ沖?ビ乙αSC/挽 /阿′″Mappgr″ と拘吻 iS a scttes of airbome lidars(light de―

tectiOn and ranging),manufactured by Optech,for 3-D ral18C measurement and terrain

mapping. The ALTM 1025 has a scanning range flnder、 vith a range resolution of

l cm and a range accuracy、vithin 15 cm.The、vavelength and beal■l divergencc ofthe

used laser(NdiYAG)are l,064 nm and l`2 mrad(Or o`25 mrad).The frequenctes of
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puise repetition and scan are 25,000 Hz and 25 Hz,rcspcctivcly. The sampling data

pcr one scan arc l,000 points.This systenl is expected to be tisettl in estilnating the 3-
D structure of、voody canopies and vegetation bionlass as、vell as terrain lnapping.

In additioll to those incntioned above,nuillcrous remote sensors ttor aircraft,such as

illulti―and hyperspectral optical imagers, lidars, SARs,arc produced by governmellt

agencies and privatc companies.The images measured by atrcraft rcmote sensors re―

quirc complicated rectincation of atrcrat tilt,shiflぅand nying height.Data of ail・craft

geometry針 om on―board GPS and F77で〆rたrFルイααざ夕/2/77で″″し4ガな(GPS/1MU)arc uSed tO

rectitt airCrat sensor images precisely.

5。2,3 Analysis of Land Use and Nitrogen FloH′Using Data of Landsat and 131S

CLassttiC,ガθ″。メ乙″″rrしな夕〃′rra LzNDざ ″r ttss

The eutrophication of iakcs and rivcrs is closcly related、vith increases in popula―

tion alld indLIStrial and agricultural activities[13,14].TherCttre,relationships bctwecn

cutrophication and iand usc changc have becn analyzed using Landsat and GIS data.

Figure l sho、vs thc basins of rivers flo、ving into t、vo lakes and changes in land use

lll tllc basins fl・om 1979 to 1990[15].The lakes lie 60 to 90 kil1 1lortheast of Tokyo.

Lake Kasul■1lgaura is the second largest lake in Japan、vith a、vater arca of 220 kH12

and a basin area of 2,135k町12.The、vatcr dcpth is shallo、vぅranging fron1 0 to 7 m、vith

an avcragc of 4 m,In thc lake.elltrophication is caused by inflllent ntitrients such as

nitrogcn and phosphorous frolll the basins,and conseqLiently algal blooms gro、v dur―

ing the suinmer.As sho、vn in Figure l,the basill of each river、vas isolatcd using DEM

(digital clevation model).The land cover、vas classitted into flvc categortes(Lirban

area,paddy teldぅ偽rest areaぅother crop land,and water area)using LANDSAT MSS

data observed in 1979, 1984, and 1990.The urban area has rapidly increased along

roads around rati、vay stations and big citics, and consequently othcr areas have de―

creased.

刀打α,Stt q〆ハ所Fr?g夕″Fr9炒/r。″'D砿 脅/?″どとα″ダしな2/r2α s rθ Lαたcs

The indow of nitrogen ttom thc basin to the lakc is a mttOr ttctor in eutrophica―

tion.Thcrettre,thc nitrogen flo、v flAolll diばerent iand usc area to the lake is analyzed

by the follo、ving`

AnnLlai nitrogen flow(乙 ゎkg/y)frOm a basin area(,)Of One river to thc lake ts

given by:

と′=Fθ
°C′・2               (1)

where c(mg/1)iS the annual mean value of totai nitrogen concentration in thc river
nearthe mouth,and g,(m3/y)is the annual water dow ofthc river`
A ratio ofん,to the total area(刀ゎkH12)。fthe basin Fis expressed byt

孝堪しり (2)
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、vhcrcブ(= l t0 4)is fbr each catcgory of urban arca,paddy icid,forcst area,or other
crop land;%(kg`kin~2・yl)is the cOcfflcient called the runor load ttctor of each catc―
どOryダi and′々,is the rati0 0f arca(刀Fア,kla12)。f eaCh Catcgoryダto刀′11l the basin′.
The Cメwas calcLllated ttom data measurcd at ten iargc rivcrs.2,Was cstimated
1lolγl annual prccipitation and rLln―Off ratios of cach rivcr basill.刀,andァ

・
,ァ、Vere Calcu―

latcd ttom resuits in Figure l.Bccauscけ偽r only ttur cateどories arc unknown,thcsc
wcre cstinlated by nlinirnizingどin the following equation.

ギ仔一君峰ガ
Figurc 2 shows cstimated runo付 load ttctors(tzr/)Of tOtai nitrogcn ttr ttur catego―

1‐ics. The runo付load factors ttr ttrest area and paddy fleld、vere alrnost zero. Ho、v―

cver、tllose ttrthe urban area and Other crop land sho、ved large values.Thc decrease in

(3)1979 (b)1984

0      20k舶

ー

―   Urban area

l,ユ111111  Paddy field

出  Forest

車  Oth e r  c r o p  l a n d

i    l YVater

lヤitture l.Basins of ri、rers tlowing into lakes Kasunligaur2 and Kitaura in Japan(A)and changes in

iand use in the basins(B)・Each area in(A)repreSents the isolated basin of each river l151.

A
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Figure 2,E)ifferences in runoffload facto「oftotai nitrogen among urban areas,paddy rle】ds.

forests,and other crop telds t15ト

urban area runor fronl 1979 to 1984 1nay be due to the spread ofse、 vers.The increase

in other crop ield runoff fron■1984 to 1990 may be caused by expansion of pig farln―

ing. The ditterence in precipitation illay also have an affect on the runoff load, It is

concluded that the extenslon of Lirban areas and crops flelds other than paddy flelds

increases the eutrophication of Lake Kasunligaura through the rise of nitrogen nO、v tO

the lake.

5.2.4 Estimatiom ofヽ Vheat Cro‖ ′th Using Aerial Hyperspatial Data

Oversupply of f`rtilizcrs and agriche■licals in agricultLire Causes pollution of soil

and、vatcr.Prccision ttrHling is a concept for increasing plant production and optilniz―

ing use of water,たrtilizers,and agrichemicals[16-18].The Spatial distributions of

these materials in ttrnlland are not LinifOrlln. Therettrc,hierarchical remotc sensing,

which joins image sensing(deSCribed in Section 5.1)with remote scnsing,is cxpected
to be one ofthe inlportant tools ttor precislon farlning.

Figure 3 shows a′?θ/772α′″?グ鴎 erg″r′θ′ッqgでrar,ο″′″冴σメrNDレリ image Calculated

針om aerial hyperspatial images measured by the above― mentioned ADS40(LH Sys―

tems,USA).The Wheat fleld is thc same place as that shown in Figure 3 of Section

5.l.In each test area(8× 8m2)。 fthe ncld,nitrogenた rtilizer at O,0,0.1ぅor O.2 kg/1n2

、vas applied before seeding in thc prevlous year. The multispectral images of four

bands(R,G,B and NIR)with a Spatial resolution of about 20 cm were measured in

the follo、ving spring during the gro、ving perlod of、vheat crops,The N DVI、vas calcu―

lated using R(0.610 to O.660 μm)and NIR(0.835 to O.885 μ m)inlages by thc偽 1low―

lng equatloni
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0         10m
i     l     l

Figure 3.NDVI image of wheat rleld with applications of different amounts of nitrogen fertilizer.

The NDVI is a multipurpose index of contents of plant pigments,cspecially chlo―

rophyll θ,relating to photosynthesis,net prilllary production(NPP),and leaf area in―

d c x ( L A I ) [ 1 , 1 9 - 2 6 ] . I t  r a n g e s  b e t w e e n - l  a n d  l . T h c  i n c r e a s c  o f  c h l o r o p h y l lク, N P P ,

and LAI during the adult phase bettre the reproductive phase lo、vers red…1lght reflec―

tance against high near―inttared renectance,and consequently,the NDヽ/1 increases.

As sho、vn in Figure 3,t、vo test areas、vith thc&〕rtilizer application had high gro、vth

ratcs and high values of卜fD 〆ヽ1.Ho、vever,the valuc ofthe right area、vithout the fertil―

izer application、vas as lo、v as that of grass area under thc test area.The soil area ofthe

lct side and the asphalt road ofthe upper and right borders sho、ved lo、ver values than

other areas.The road cdge bet、veen the test area and the asphalt road sho、ved values

between the grass area and the test area、vith high gro、vth rate.Although、vheat crops

of the nllddle area gre、v normally, those of the left area、vith the highest value of

NDVI had a lo、v tolerancc to、vind.This resuit suggests note、volthy points in use of

NDVI.

S.2.S Analysis of FarHlland Using Aerial Hyperspectral Dzlta

Hyperspectral data are usenュl fbr analyzing spectral properties of various crops and

other land covers such as solls in farrniand[27-31].Figure 4 shows spectral properties

of ttur areas covered by three crops(waterme10n,maize,and taro)and 10amy soll in

lちrHlland in the Miura Peninsula,about 50 klll south of Tokyo.The spectral properties

、vere obtained ilolll aerial hyperspectral images,of 70 bandsin a range ofO.43 to O.90

μm and 2 m spatial resolution,measured by the AISA(Spectra1 1lllagingぅ USA).Thc

障1lura Peninsula is a typical area of suburban agriculture in Japan. In the farnlland,

、vhich is divided into small flclds,many vegetable crops such as、vatermelon,rnaize,

taro, cabbage, pumpkin, and Japanese radish are cultured year―around because of

warm weather conditions.
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Figure 4,Spectral properties of three crop rlelds(waterlllelon,maize,and taro plants)and

loamy soil in farnlland,obtained froHl aeritll hypcrspectral images.

In Figure 4‐thc spectral properttcs of crops reprcsent large absorptiolls catised by

photosynthctic pigments in the visibic rangei a stcep increase in thc red―edge rcgioll

予o■10.69 to O。74 μna continuing high to O.9 μill,siinilar to thc leaf reflectance specti・をi

sho、vn in Figure l of Section 5.1.Thc propertics ofloallly soil also are sllllilar to thosc

in Figure l and thesc arc clearly ditミerent fronn those of vegctabic crops, Ho、vevcl‐,

there are several drops in the high reflectance rcglon beyond O,74 卜tin. These arc

caused by 02(at O.76 μ m)in thC atmosphere;by H20(at O.96 μ m)in the atmospherc.

crops and sotisi and by other fあctol・s`Thc analysis of spectral propcl‐tics in the visiblc

to near―inttarcd region may provide lllore uscful inforillation on contents of pigillents.

、vater,■linerals,and nutrients,as、veH as crop species,production,and gro、vth condi―

tlons.Therettre,hypcrspectral remote scnsing is expected to be a key tool 十or preci―

slon farllling.

5.2.63-D Remote Sensing of Terrain and Forests Using Aerial Lidar Data

Aerial scanni1lg lidar is an emergillg βごrFッ?rcnlote sensillg technology ttr direct 3-

D terrestrial observation[7,9-11].Figure 5 shows 3-D images ofterrain(groLind Sur―

偽Ce)and a woody canopy obtained by a hclicoptcr― bornc scanning lidar(ALTh/11025

町3 V e L n g‖i n 3門●「R●t 8に1|`ド3+引●!ltlih Ⅲ3n●「let引=1

ド

!`vi3デ`=|,「gll)け1311=m●18「=11,Ⅲ七t=11日トトtiヨ'1コ「|,1=「il

100m
中
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Figure S.3-D images ofterrain(A,ground surface)and wOody canopy(B)

obtained by a helicoptcr―bornc scanning lidar with high spatial resolution 19ト
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special modcl,Optech Co.,Canada and Aero Asahi Co.,Japan)with a high spatial

resolution(about33 cm mesh).The terrain of a valley was estimated with an accuracy

of about 15 cm by interpolation of DEM data measured using a last―pulse mode,
measuring the longest elapsed tiFne bet、veen the enlitted pulse oflaser and the returned

pulse.The、voody canopy height、vas calculated by subtracting the terrain from DEM

data rneasured using a flrst―pulsc lnodc lmeasuring the shortest elapsed tilne.The laser―

derived trec heights were in ettor by less than 47 cm(RMSE=19 cm)for cOniferous

trees and 40 cm(RMSE=12 cm)for brOadleaf trees.

Figure 6 sho、vs a 3-E)close―up vie、v of flrst pulse mode DEM of a place in Figurc

5.In left area ofthe place,the land is been turncd into housing lots.There are several

trees on the right.A straight narro、v path、vith a night of stairs is in the ccnter.Thesc

statrs in the irnage、vere caused by digitization ofthe image(quantization error=about

1 5  c m ) .

We are studying farlllland and public gardcn planning,forcst rnanagement,carbon

stock(biomaSS)eStimation of ttrests by using this system and pOrtable scanning lidar、

i n  a d d i d o n  t o  p a s s i v e  2 - D  r e m o t e  s e n s i n g  d a t a [ 9 , H , 3 2 ] . I n  t h e  n e a r  f L l t u r e , t h e s e  s y s―

tems、vill be used ettectively to assess forest development relating to forestation,agr()―

的rest崎らand、vater resource management.

References

l. Myers,V.I.1983.Remote sensing applications in agriculturc.ソけね″″α′?〆R?777て,た'

Sc″ざ,″浄 2nd ed.,Vol.Hl,ed.R.N.Colwell,2Hl-2228.VA:Amer.S()ぜ
PhotograHllnetry.

S t e v e , M . D。, a n d  J . A . C l a r k , e d s . 1 9 9 0 .刀夕β′, cθr′ο″ざザ 沢2″θr c  S ?″ざ′″H′′′

刀gralicrrFr″/夕.London,UK:Buttcrworths.

Owe,M.,and G.D'Urso,cds.2002.Rα 777θr夕Sσ″s′r2g、乃r Иgr・lic″ル″rビ,どごθず)1ドrt,′′ハ.

θ″冴rモッ渉。ゎg///.Bellingham,WA:SPIE.
Hobbs,R.J.,and H.A.Mooncy,eds.1990.R2″ θアタSc″ざ,″gQ〆 助θギr,/7('′r

F″″cr,ο771i″g.New York,NY:Springer.
Rencz,A.N.1999.R2777θr2 S2″sブ″g_乃/r乃?どαrrtt Scた″ccs.New York,NY:J()|、il

Wiley and Sons.

Campbcll,B.J.1996./77r/θ J2rcr′ο77 rθ沢?7770rC Sc″s,″go New Yorkぅ NY:1｀11ビ

GulRDrd Press.

Flood, M., and B.〈3utelious. 1997. Conllnercial imphcations of topographiば

terrain mapping using scanning airborne laser radar.P力θrοg/θ777772.ど77g.沢ご′,′̀,rt,

SC77ざ.63:327-366.

Henderson,Fo M.,and A.J.Lcwis,eds.1998.Pガ ″cゥ′夕ざα″冴刀rP′'Cαr′̀,′ハィ,/

/ 7 2 2αg,″g Rθttαr. N e w  Y o r k , N Y : J o h n  W i l e y  a n d  S o n s .

O m a s a , K . , Y . A k i y a m a , Y . I s h i g a m i , a n d  K . Y o s h i m i。200 0。3-D  r e m o t e  s c n、1ll l ,

of、voody canopy heights using a scanning helicopter―bome lidar systeinl 、、itlⅢ

high resolution.ユ 沢β″θrc Sc″s.sθc.ヵ ″。20:394-406.

Lcttky,M.A.,W.B.Cohen,G.G.Parker,and D.J.Harding.2002.Lidar rct〕 1ぃ1・ヽ

sensing for ecosystenl studies.五P,οSご′.52: 19-30.

4.

6.

9.

10.



5 2 Remote Sensing frorn Satellites and Aircraft 243

l l Omasa,K.ゥ G.Y.Qiu,K.Watanuki,K.Yoshimiぅ and Y.Akiyama.2003.

Accurate estilnation of forest carbon stocks by 3-D rellaote sensing of individual

trecs.ど″ッ,rθ77.SC'α″ブ打θc/7.37:1198-1201.

Dubayah,R.,J.B.Blair,J.L.Bufton,D.B.Clark,J.」 句a,R.Knox,S.B.

Luthcke, S. B.Prince, and 」. Vヽeishampel. 1997.The vegetation canopy lidar

misslon.P/ο cで?力″邸 ?/Lα ″グ肋 r冴′′″でFりら7オ″?θr″θ″′″ r力2点 執 r Dccα漉,r/.・

SOタンででSて777プンタβ力car′θ′?ざ,100-112.Bethesda,MD:Am.Soc.Photogralmm.Eng.

Remote Sens.

K r e l l k e l , P . A . , a n d  V . N o v o t n y  1 9 8 0 .″/竹rビン・2″αカウルイ̀了れば?7 7 7 ? 7 7 r . L o n d o n , U K :

Acadenllc Press.

Lcwis Jr。,W.M.,J.F.Saunders IH,D.ヽ V.Crumpacker Sr,and C.Brendecke.

1984.ど″rr?β力たαガθ/7θ″ブL'77冴しlS2.Ncw York,NY:Springer―Verlag.

Okl,K.,Y.Yasuoka,and臣 1.Inamura. 1998.Estilnation of annual total nitrogen

load to lake ttonl basin 、vith relllote sensing. Pァ・θごg?粉72gド r/7C F9//1 tts,ク″

Cθ′7/r ″々C?θ″尺?/77θr?S?″s′″g,Pん′ゥr'′″容,Q61-66.http://www.gisdevelopment
.net/aars/acrs/1998/ps2/ps2006.shtinl.

12.

15.

14.

16.Hcgg,R.1999.Sustainable and environmental engineering.0(LR F=α″ブうθθたてア
Иg/,ご2rルタ/α′ど″g′″?cr′″g,Vol.I11,eds.B.A.Stout,and B.Cheze,585-598.St.

Joseph,MI:ASAE.

17.Auernhanlnlcr,H.,and J.K.Schueller,1999.Precision farinaing。 こデFCR「 て】,7ブわ00た

げツgrた″Fr″′切′f77g′″cβガ″g・Vol.Hl,eds.B.A.Stout and Bo Cheze,598-616.St.

Joseph,MI:ASAE.

23.

De Baerdettlacker, J., A.Munack, H.Ramon, and H.Speck町 lann.2001.

Mechatronic systems,coHlrnunication,and control in precislon agriculture.■Eどど

Cθ″r″.母ぢr.Ma亀 .21:48-70.

TLiCker, C. 」. 1979. Red and photographic infrared linear combinations ttr

inonitoring vegetation.R?777οrc s277ざ.ご″ツブrθ77.8: 127-150.

Jackson,R.D.,P.N.Siater,and P.J.Plllter. 1983.E)iscrinlination of gro、 vth and

water stress in 、vheat by various vegetation indices through clear and turbid

atlllosphereso Rc777θrg So′?ざ.ど77ツ′/θ77.15: 187-208.

Hinzlllan,L. D.,M. E. BaLler,and Co S.T. Daughtry.1986.Ettects of nitrogen

R3rtilization on gro、vth alld reflectancc characteristics of、vinter、vheat. 尺ビル2θr?

S?775。ど77ツ'/0″.19:47-61.

Tucker,C.J.,W.W.Newcomb,S.O.Los,and S.D.Prince.1991.Mean and

inter―year variation of gro、ving―season normalized ditterence vegctation index ttr

t h e  S a h e l  1 9 8 1 - 1 9 8 9 . F r ? r .ユ沢2 7 7 7 0 r C  S C 7 7 S . 1 2 : 1 1 1 3 - 1 1 1 5 .

Fcrnandez, S., D.Vidal, and E. Silllon. 1994. Radiometric characteristics of

T7・′rFc2r′″α?srr、れr″々cv.Astral under、vater and nitrogen stress.メン?r.ユR?″70r?S2″s.

15: 1867-1884.

Reddy,G.S.,C.L.N.Rao,L.Venkataratnain,and P.V.K,Rao.2001.Influcnce

of plant pigments on spectral reflectance oflllaize,groundnut and soybean gro、vn

in sel■11-arid environments./″r.ユ沢2初οrg Sc77S.22:3373-3380。

S i n g h , R . , D . P . S e r l w a i n  A . R a i , a n d  R . S . C h h i k a r a , 2 0 0 2 . S i n a l l  a r e a  e s t i m a t i o l l

of crop yteld using remote sensing satellite data.F′″r.ユ尺?′7,θFビS277ざ.23:49-56.

)s



ヽミミ的ミ

ミ
も蛍

分ぜミミミ的ミミも貿お

くｏくヽ中もしヽミミしミぃ、ｏｋ本ミ『ぎミヽも壇ミヽきじヾやヽもし
培ヽミれヽヽ

ギミ的ミし，ミ的もれさ【

本
弥
イ
しリミＧへ本的玉ミ干Ｃ

へ
咤しりゃＳへ本的Ц卜も

ヽ」

卜
でｏ咤ミも∽

ょ
さＬ∽

ト
ミ代∽一電、ｓま、Ｇ】

蕉ミ・ヽ

ヽ

ミも　そミも
ヽ
ミくげヽミしミや一〇とへ、ミ　ヽし卜ヽヽもヽ卜
ヽ
も、『きヽも的ミヽミヽも
　ヽれヽヽ卜ｏＫミし，ヽも　玲ｕ砲ちしもＧく軋じ的もくｏヽ的

ヽミも的・ ミ、も食、ヽ、、しくげミミもヽ棋ミよヽきとミＪヽヽせヽヽミ・〕ミやヽミＳ的注Ｓ単ヽヽ世・ ミヽもちもも‐
Ｌ的とＧ…
Ｌ的しミ

ヽ）玲ミ食もヽしヽヽききｒＳもヽミミ　ｗビ的ヽミもミＬ的ｕミ的ミ組、ヽ】しや、ＫミＪヽヽさミミもミＧヽ，、ヽい、０しヽミ的憩ヽヽミヽ

ミ、砲ヽミ母均ｕミミミし
ミヽもミもちょ朴）しミｏし

Ｗ甫ヽ的ヽミも

ｗ
、
気的ちもも、
ヽ

ｏミヽミヽミＧミ一〕的４ｋ

ミト　
．
豫
く
りもヽ

ミ
一せ、巧的、も、

ミもミミもしちもヽきヽいヽ
ミ
毬

ミ

豊ミｏしヽミし申

ヽヽ
しヽ・ ミヽ

お

、
ミヽも、もハ〕、ミ

ヽ

ミもも

ヽ
きミＧしも、ヽ、き堂も達寒Ｇ勢

―ミヽミもヽ軋фち、、も・〕фミ喪輸
「
も、的弥
「
的ミひ
“
拘ｕ・もヽももヽヽヽ定掟卜、拭
「
Ｑ汽ミもヽ卜ヽ一ヽｒＳ，Ｇ芸ｏミぢヽミ

。
（メ」碕

くこｗば的фミとミ寒ちミミミヽＲ、ミヽ堂も

・
でＱ的ミヽもミфミミヽｏ，ヽトヽミ的ふヽヽ的もミせちもぢｕちミｏ碁

もと合ミミゴこヽいヽミ軋，＼げミミヽも鴨ヽきミ単）ヽもヽ

、
い、や、、もヽミ的おヽざ的ヽヽヽしヽゝ中ヽ“もやく

．
（メＬ的）ミしも（ミ戦

よきヽミミ

′
的・ ミミも貿球もヽミヽもし惚ヽミもで玖ももＧ・、ミも的もやヽ使吟Ｑしヽミもミ詳きｏ起電ｋミＡ〕もｏミきき

にＲ広くｏり、、じ巧部ヽヽちヽヽや堂誤

４
も授ミしやももミちン

４
ゃ、へ）弊

】
もくミミミミリミヽｕゝご∽）こミα的に】雨ｏＯ∽

、ゃ、もヽ的ミ馬

‘
均しヽくもとヽも卜ヽ、軋、中Ｇ的ミヽ的Ｒヽもぃ
】
し玲ミ０、ギもヽヽミもヽミしミヽおミもＬしヽくもくヽもＬ、、ミいミけミヽ母Ｋもち玉Ｇ、

・ ‐ヽ
ミヽもヽミし卜ヽヽミＣｔヽ一ヽ，、、しし・ヽしヽま

、
ふミ氏的）ミももＣと曳へ導】ヽミミヽミ的ミヽミもし、ぃ
を
しミヽヽしミもしちヽミしもＱと壁革ｓミＳ

さ）、、
的くｏＬヽミＧもミヘミ
ッ
トヽＧ卜ヽもミや、ヘミ中代ヽもミヽもと、ミ的ミ、ヽミもぃャ、。で、もち的いヽ卜でヽ」もちミＯ其輸
．
的玉ヽもも的ヽへ）ヽｏ松
】
、〔ミミ

。こミ】ヽミｕと、中・りも的ミＧヽミミくＧきミ４ヽた・
もヽヽも思ミミ（メミミもミヽｃ，、ミ、ヽ、ミミし典ミヽヽへきめに。
そミゃヽミ

も、ヽ、ミミま的、、ミやミミヽミい、、０しちへ↑ポましちｏミ、ミヽ【ミｏ
代もきミヘミ車ヽもヽヽヽそ卜ヽミＳミ〇ミ、ヽさ代的ミちヽ、ちヽしヽ

，ヽヘミミヽｏＧ的ヽしヽヽ卜．
ヽミもモミもミヽ弥】、、Ｇ■ヽもト
ミヽやまヽヽゃまもヽれヽミもしや、もとＱｒヽ的ヽしヽヽヽミ崎式〕ヽも、ヽ碕もヽ

■）くしもぃミやヽマ、しも的単６「．ヽ、ヽ、も

，
ミヘ）ミミぼくヽさへヽ）ミミヽちミく貰

∽●一〇ＳＯ告ａａ才卜や一ｏ一」的Ｃ一出電●ａ∽＼ゃｓｓ一生的電一】ＳＯａ∽碕
．
崎

ド崎崎‥
ｏ崎崎ヽい
。ミヘ
ゃ
。ｓは）へ）
的ちミｕ的し、Ｇミし実ヽこｓ一工的　・ 宮ｓＦｓｏ∽

っ正電ＥｏαＧあつｏ堂ｏ∽ｓｏＥ電馬０●的Ｆ一置的・ 雲空コ∽ｏｏとｏｆ中」ｏ∽∽ｃ宮や０一電Ｇ（Ｉｍａ）

一〓的一●〓ゃ∽ＳＯ】０ゃ電■ＯやＯＥ毎一０一〇　ＦＯＥ毎Ｆとゃの０　０ＥＳ　∽０００驚／Ｌ快虫的ヽＱ★史的ヽ　■卜Ｌも『牛Ｏ　ＦＯ写一∽Ｏａ

●●・〓牛〇的ここａｓΣ　
．
べｏｏ困蔦Ｆ伊吾ＥＴ」

．
＞０こ電さＦョ的〇

．
工

．
ｏＦ】電】⊃

．
＞

Ｆ
】

．
Ｇ∽ｓＥＯ　

．
困碕

．
一Ю一
‐
的崎【　”崎卜
．
ミＱくトヽミ崎「。ち
ミし碕しｏヽぃミ的宅．
ＦＯ写毎■やＥ００ＦＯＯＳＯ的〇」や一Ｆ牛Ｃ〇一

ア）”●ＰＳｃＦＥ∽ＯＯ】ａＯｏ∽ｏｓ々Ｏ●０∽】一 。年∽一のＣＯ一電ｏ一∽ぁ〓α高的ＥＥ電的Ｅ∽●＞ｏ一．
一〇〇斜
‘
」

．
〃】
ぶ
ぁ一雨主〇）【　
．
一碕

．
崎一一中
‐
碕一一一　¨【ぺ
．
■ミｕ的的ｏヽぃミｕ営【くっ
くミヽ
，
電や∝０一毎一やＯＯα∽】Ｏａ六至牛ｏこｏＥＳＯＥ再∽∽電一〇

一υ＞ｏ一∽の一ｏ●α∽】ｏ年あ）〓一ＯＣ一一毎＞のｏＦ弱や０●軍ＯＬＥＯＥ電ゃの的●＞的Ｅ一∽Ｄ一　
．
〇〇〇困　
．
才ヽ

．
マだ

．
ｏＥ電単ｆＯＯｎ）　．
〇的

．
的〇卜
‥
卜びつ一崎中　
．
■ミし的しＣヽミ、し営「
く
，
くミヽ．
∽∽Ｏ」や∽やＦ電一ａ↑〇

ｒ一（工電ｏ
一Ｏ
Ｆ
】∽苺∽
０
電弱
Ｏ
Ｏ＞電＞′差′〇単一電ＥＦ
ｉ

∽Ｏｏこ弱ゃＯＯ
こ

の一
年
弱０一
中
〇∽〇
写Ｇ７一

．
寸び０一　
，
才ヽ

．
一∪
・
ぃ
■ＯＰ】電①）

．
０い

。
困一困
‥
寸〇い一Ｃ寸
．ミｏく卜ヽ、
崎【
．残ミ的
的

ｔ★ミミ的旺．一●＞ＯＯａｏ」ｏ単
ｏ年∽Ｏ〇一０こ一０●】Ｃ上中電一こ〇写〓一〇∽Ｏ」一電」ゃｏ●α∽〓的一卓のゃ弱０中０こ電的）．
碕び０一

二υ＞●〕∽　．
Ｑ　
．
マたＯｃＧ　．
０一弱的的『「　・
差″　
・
マ

．Ｅ
ｏ∽ｃＳａ　．
マた　
ち
」
．と，
ｏＥＯこ才、　．
的　
ｒ
↓　
．
卜

．∽ｏ
三〓ｓマえ　
．
∞Ｎ

．
寸Ｃ
ｉ
崎崎”的的】ミＧくトヽミ
崎【．吃ミし
的しＣヽゃミしｑ．的
Ｃ中∽〓●のＯゃＯＥＯ■Ｅ一電一や０●α∽Ｏ＞写電＞一」ｏ一

三（）一一一，一〇∽Ｏ】至的一工‘
〇び０一　
．
望■電一〇．
＜

．
一一Ｅ電
．こ
●＞ｏ中∽．
ａ

．
マえ
．．
工

．
卜

．
ｆ電ｆ∽‐のＯ
でＳ出̈費とＯａ　．
トロ

．
卜困寸
‐
卜一寸『̈い
。■ミし
的しｏヽゃミし営【くっ
くミヽ．
∽【的）一Ｆ韓的Ｅ一∽ＳＯ∽ＯやＯＥ一〇】ＯＯＣａ∽

ュ二
一
″再Φ的電ＥＣｏａＯＬｏ

牛
ｏゃＳＯＥＬ∽∽Ｏ∽∽イ、

．
四〇〇い

．
∽中ＥＳのＰＯ生

．
の）０電電

．
∽
中ま電一〇偽

．
）占

ｒ
フ各

．
∽〇●
〓】∽　

．
つい

（こＤや一コ０一」０＜⊂〇一の一〇〇」住寸寸困




