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Abstract

With recent development in spaceborne imaging radar systems, there are growing in-
terests using satellite synthetic aperture radar(SAR) data in various applications. This
study attempted to identify the relationships between several forest stand characteristics
and radar backscatter, measured from space altitude at three incidence angles. Shuttle
Imaging Radar-B(SIR-B) data were collected over a forested area in northern Florida in
October, 1984. By using various sources of reference data(forest type maps, inventory re-
cords, aerial photographs, and Landsat Thematic Mapper data), about 400 forest stands
of known characteristics were carefully located in the radar data. Relative radar back-
scatter for the three incidence angles of SIR-B data were compared with known forest
stand parameters such as mean tree height, diameter at breast height(DBH), stand densi-
ty, biomass, and relative amount of understory vegetation. The results show that these
stand parameters have statistically significant correlations with the radar backscatter. In
addition, the SIR-B radar backscatter from a certain stand parameter turned out differ-
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ently at the three different incidence angles. Finally, the types and characteristics of cur-
rently available satellite SAR data are discussed.
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A ATFHAEA Aol Aade] Az viEe] oy F8EellA Heh A
AGAARE ol&3teis ;A FolAL vk £ dFE +FATAA 4 #Helrd
FAANEZHE dE& deojchubabAle) ALY B ARAAE sz stk
v F2E B8 AYAYe] AFA9E dAeR i 19843 1049 59484
v] 8 o] 4} Shuttle Imaging Radar B(SIR-B) A& & A}l o) £F9 Faxts(ygy
ZALAL R, tHhHHE, ¥2+}%, Landsat Thematic Mapper A}&E)E o]4£3ld <k 400497)
o BEYES AAsAc 4 dE 83 AT, F147, $3UE, A4
F, 13T 2o }E HolrhitAA S vlEsHT 1EL FAGHE &
Aol e ARBAAE B 5 Utk =¥, FUdF dEEACMT HelgutarHrt
A A #EAZEHEE 24 Jehda . o2 22 fEldA o]4rtsd
FTHA dolv gy FFHe BA ¥ AW & AHEsich

T.ME

Ay 209y %9t t}E 531 7) (multispectral scanner) & FA10 2 ARy AHES o
43 AFAEAS AdFHA 4F4GA ZHS AP AdzA Y AAdAde g Aol
of de] §45o] gt AYE AR oY FEA AAIAAREL AHHEEEF (Fox
et al., 1983; Hopkins et al,, 1988) 9} At 2] 2] 74A A& & A s bl F2 oj4-H &
t}(Dottavio and Williams, 1983; Mukai et al., 1987). 2|1} 382 AlxEo] AddA €=
e Ase dl vF-9 Y ddA oAE=R, I HR YW HiESd #-sy
A} 27t F33 LdAGAE o] 83t Ho AlFFHe|z AL A & EF
AW, 034, dEAF 5)E stz sk Aert AS FAE gov o A
oJrL o}z EB-Eug AlAo|c}(Spanner et al., 1984; Peterson et al., 1986; Oza et al.,
1989).

2ol o} doltt GAREE A YRR DU wEd T F e = OE Y
o] AAGAAERZA T 77 AEA WASHL Stk Hold AN 71EY F53 AlA
3= 99, $5H2E GARE 5o T NAE LAFeZH FEZ S FHI=
Y otelx ARE HE5EF 5 Jdohe AHE JHAI o] vl 2 HFE d7E
gtovt, AN Tz EAAH AR FAY oHE FoE I F¢ AAAD $fele HS
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Agte] slel stk AFAZAL] JAAdH eIt AAFAE 1978 SEASATO) A A|2tshe]
1981 Shutile Imaging Radar-A(SIR-A)$} 19841 SIR-B 2] AF dAE AxHA 3
T 7leAd AR Belx guh oled Ve FHE wigo @ Fdd So] FaH ot E
salgh Mok A" A AAGANAEC] 7] el &) datse] £ Folr)
doltt dAGA e 2 ARH5Y FH ol dHeoldqAle Fx3 EojAdor 7] 3}
A A4 d= A= Aol HE Y FFo] sMEslith Heoloh AARAE gHHLe
A AR AgsE B whaHe o= A AHY AEE VS ozH JAAEE

O

AZee flhin Azdoleh rHdelA BAHE doltns) e FREL on AE
FHE 5 e $HE HYozM, 4YdA waEe) 2k AzdE FRAIL FHD
oleksbrt fifh, A, Aelm EANEHE] A5 HE) BE JBo) T2 S4o] BH B

E3E 97} Wk bl Wz ¥ dHelthibabgs: A Ag A dF
o A BAL Yedle A8 A AAEFH B ARBAES BT glth(Kasischke
and Larson, 1986; Wu and Sadar, 1987).

o] =&9 FAHL ATHEANA 94L& G oltt AEE )&l YRTFEY EF
542 et 4 ot o8 AREL wREASY dold walssle AL Frishe )
ek E=E, o] A7E EAE dA oA o]& e AR AFHA dHeldd s
9 245 $4NE weten, T S8 AAHelol T oA s BAREE Ay
w3 R,

2. 47X W YYRE SN
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ATFAGL o5 F2Yot Bl Y7 oF 2,000 A2w|EY FRILYFE =
& zgatn Yok o] FRAUFYS WEAPLES F FHo2ale] oF 304E WAFIZ 3
of AdEe  AfAYe) oleg AvFYELe dFE HEINES FHYE AYn
ol o3 &f - ARdHAIL 7)ol ZF dEel #I ADRAAEE o] AASHA 7]EHe] e
Holrp. Aoz AR LT elE AAdIFGT oldFLFER FAHEY A
Fo] Ao 2 BE¥xolglr)

o] A199 el dAge 1984 F4EA ARG wPolA FHH U Shuttle
Imaging Radar B(SIR-B) A1ge] algio2 <de]zch SIR-B a4xa 109 9% 114
7k &Feol & W4 EHEZE (incidence angle) & Za]sle] A W FE=grh 19 18 o
FAG W AW AGe] SIR-B G4 24 FAAEEE BefEn ok AA e o
SEFoblA Fold SIR-B APAY F o] Ade B3] AN #F AFAdoR A
AHA o] e YL FFo] A g HAUH, ol HoldAARAA A HA
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(b)

(c)

Fig. 1. Three incidence angles of the SIR-B imagery covering a portion of
forested area in Northern Floria : (a) 28 degree incidence angle,
(b) 45 degree incidence angle, and (c) 58 degree incidence angle.
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de Hasgoza AYAY W YT DY B4 W YuIde TP F7) A
ol stk -
£ 12 o] Xejold o2l SIR-B dolct F4ARS) B4 stz ek Te)x

Z3
ARZAAE AY e Al7lel doix oA #-3-AlA, Landsat Thematic Mapper(TM) zt8

o} Z+ HREZAL R FHY BY2olA o)A HiEEL A L2AARE] Aok

Table 1. Characteristics of SIR-B data used

Data Acquisition

Date Oct. 9, 1984 Oct. 10, 1984 Oct. 11, 1984

Time(EDT) 05:34 AM 05:17 AM 05:00 AM
System

Incidence angle 58.4° 45.3° 28.4°

Frequency 1.282 GHz 1.282 GHz 1.282 GHz

Wavelength 23.4 em(L.-band) 23.4 cm 23.4 cm

Polarization HH HH HH

Orbit altitude 229.45 km 230.12 km 225.67 km
Image

Scene D AK-64.2 AK-80.2 AK-96.2

Number of looks 4 4 4

Swath width 40 km 40 km 40 km

Center resolution 16.5%x31.5m 19.8 x34.1nd 29.6 x25.5m

Pixel resolution 28.5 % 28.5ni 28.5 x 28.5ni 28.5x 28,50

Grey level 8bit 8bit 8bit

3. A7y

Aewde 24 94 mAAAPeR B (speckle) AA, BAANN +HD APAL2A
A5 e, BRQEY A, AW Y dolch wAAE WA, Aol WAL
YEAAEHS) FRAA B4 S22 Uy 5 3ok

3-1. I (speckle noise) ZtA
#Holch AR FEAH SAolr =3 AEEA P B5A] Felrl He= HAHE Az
7] $}3kd o3} A 2] (spatial filtering) & AA)stdr). oln] HEH o= 71A & filtering ¥
He vlwg ZAa} 19831 Leeol] o8] wE R Sigma filter7} vtAA Ao 714 £34HQ Ao

2 gAY, o8 AUy AF x99 SIR-B 28 E #2l3}ledt}(Lee and Hoffer, 1989).
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32 BEEYEMY

o] A Adafre A Al MY FHAe e FHHLE YE ¢ e, 4 AFFE
2 A9EA3 AYAY Ay o] Aeldlr] wie] 2Eo] 7HAL e dEd R AR
E =¥ FEH2E A4 5 ddch debA dojot ¥ARAE vlmEy]) A FEYEY
AR L AR AL FFHE FES AAEHAY HFAHLE HhARES 934 54 g
< Y FEYELE 14 3049 Mg 7HE 2vF dedS AR 34309 o]
ARFAT AALD 7 JEH2 PokE, BEER BE, 293 M E4#8E (above ground
biomass) 59} QAxlSo] #Holchubalxie}e] v|EE 93] AFEE Ak E£J, HARISE AW
o AR(AE Y 2EF AdA AEx)He vunE H3 71709 xEYEo] AAHAG
AR 7148 JEAA AEH FEH s FF Y 2EF YExold IEEE 2
#3le 313452 A (understory vegetation) ] Aoj A YA FE 45Fo2 EFIdch

3-3. gllojct HtALM S o Y3E

2UEel £3" SIR-B 4ol 2+ REYJES] HAE AE3] ZAohle dlole oI
9l7] wj&o} SIR-B AE¢} I}4 Az ez ¥WAX Landsat TM AEE o]-&3lxs, Xl
AGF AAE FHd3lr] At A4 FFAA} HEES HAGA 4 ZRIEY A
AR el A HFg FFE{E(pixel DN value)= o2 JETFAIAES} v|ZE 98t 2
dF dHeolopuAx 2 AF=HAG. o] 3Al HEwieze 24 ERE/T BAHA #Holchubat
#| (radar backscattering coefficient) 2 HZ s ojo} 3}, SIR-B QAxtg =] #Hojr} AA
Ao 71AA A T2 BA oY AREC] A9FHU e AN A A #H o]
thikabR]E o] 8-31A] = At

A deojthutaRe 74 4 XE 7FE FAaXE vre ot e wHes ot

Relative SIR-B Backscatter = DN/DNref ................................................... (1)

SIR-B 44 2 FaRe A4ls BiHe] 2k Holas s s AYRAE
ARz 7] wEol, 24 AS) DNzgts /12E 49 DNgtate) bt 24 Ae) Fola ojct
WAt 9 Z1EEHS Ay oA Kot Rokn ¥ 4 AtHCimino et al, 1986).
o] AFA AEEHeZE A W) At A7, e AolchiaAt A WelH Hm
4 FUT GwE dYsh] o)
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3-4. YE 2RI oICIEALR| S BAHEY

P, FIAA, FAYUE, AAF 5 FH2 T JEAAEL FERIRE(correla-
tion coefficient) & o]&3ted AhA #Ho|chutrlxete] FAE EAstdch NFAY 338
AAFL 2t FFEE Jehtes dolthuabx e FF ubeS AEdle o $A S BRsy
o 2¥, dleltknt e Rz ael el walvls} o] RA 2gslesE R A
Z A EWEE BAsgd.

4. 2z 3 1

4-1. #KS 221X oIxielel

343709 EEQRNA doid 4B FH AHSL, F2AF, $UE, 4APEH}
o) WE AoichubAlAote] ARWA B4 Ae E 29} o] viebyeh

Table 2. Correlation coefficients between stand parameters and relative SIR-B
backscatter(all r values are statistically significant at the ¢ = 0.01)

Height DBH Trees/acre Biomass
28" SIR-B 0.692 0.643 —0.508 0.594
45° SIR-B 0.733 0.673 —0.554 0.618
58° SIR-B 0.689 0.625 —0.571 0.540

Al e g FAZtE A SIR-B #HelchiAtN e 2, $3237%, AR st ¥
ohxle ¥AE YL ARASFE = 05404 r=0739 £2TE Rolx Utk F, o
ALEAA F7b 23 AAHD dEAF ] FohAd o wet dojohtAAE FolA S
& 7 ek ARAF 2ol F Aol gloy, AWAHCE HEI O ARE ¥Ee o
A& ¥ AR/AE RA4Fn ok FAUE(GHRAT 5 259 vade o o)
chibAb Al A S A FolA T Uoh(y = —0.5191M r = —0.57). 22 delA AFHY
o) ZFEYESS AR 2T EHol7lel AE AAY BEEe) AdM A 99
T &7t 2157 dEel HFrt 2 dEAA ] FAAEFE Helthiaas} ¥4 Yee
Akl Asps} §-gdon & 5 Qo

EEZEY JE dojthiAlA Ateld B F2 XEA A4S FHAEQ 45 ¢4 7}
2 ¥ ARBAEZ L F Uk FAAEE doldn ) £33 FAPE Y YEH N FS A}
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o] &AL FAZ} 7] Wl o= FAZAETAA o JEEAS J}F 2 #AY 5
dert sk FAE FE3] s oo} g

ABATE A F Y WG Ape]9 1344 AYFAE el Hxolth JE AR}
Holchubalxj e} e) B} HE&g ARAAE BAE7] Y5t 1Y 29 Zo] X EF 0|43}

a7 2414 B AT Zo] dEAAET 45" FAA T A& #o|rhubabx et FA=
dAA AYFPA R 22-4A36 7k G714 AR JEAAES ZaAHFE HEA
Al E 204 AW ARAFHIE ok A deld & sk 29 25 =3 Ay3dAs
JE9 =7} wwA F& @ A vdehtz dFsh AebdA ARA F80 A BA gL do}
A& BAErh

219 EH A o] dFelA A8-" L-band HH-polarization®] #ojtputals}z} 152 ¢
¥4 S BA7} Qs g HAFT gl AT doldddAEst A5 54
gy 5 e 7EdEs FAE dHeldsrl o= Ax FRASE FHEI dFHe HEFA
HE duptg & 7158 5 e d 29 Aok HF 23emg] K L-band #Holchr} 3
3 el AFA A", o] UAE 53] TPTHAME TR FS &9 #Held
spr} A= eE A zhE w}a}/ﬂ H}34& 223t L-bandRc} s3}e] 31 P-band(30~100
cm) 9} o] #E o}E band $& A AHEATHH AL YREA sote] o adH
olg} Azt

4-2. 35 MM A

THEE F733 dHojvinte AxAFH YETY WAAHEFRES 1, AEH X
g s okoll wtE HeolohkabX & WsE AsXgith JE W F3F AAY U=
9 HExo wat e AAHE 153 HALXE, 223 45FE HUAHR o 7
FAzt =8 SIR-B #lolchubab x| ¢} vzt g el (2 d 3). ‘

%}%—*—l*ﬂ 1593 253 Zol7t govt, Ao 2 Feo|o vhalAE 329 &
o] B& 357 45d2E ZAFE Fadte S HAd 39 o] HEFF el
whALR] 7} zh-sh 3e-e KIgd 7p7h¢ FAZEATE 2 vehdo. 3 77k FAb
Ztze e 1 &olrl & el wbd A A Hejz A4y 58° FARENAME &
AAQEEE Zel7h A9 vepdA] ¢

dE elME dHoloats] HEAE F NZHH 779 A3l Helhabx e F
sRBe (A3} o] E(Ulaby et al, 1990; Sun and Simonett, 1988) o] A ¥ u}, 23 34

4 2e 4e 2 olEel $YRVhT ¥ 4 vk 3, AED Aol YAHAUT 2 3ol
7% AT ARF deldshl NEAAZANA £2HT vk 2RF Pl 42
& 238+ s
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Fig. 2. The relationship between forest stand parameters and the 45°
incidence angles of SIR-B backscatter, (a) mean tree height,
(b) diameter at breast height, (c) stand density, and (d) to—
tal above ground forest biomass.
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Fig. 3. Mean relative backscatter +1 standard deviation for the three inci-
dence angles of SIR-B data for each of the understory vegetation cl-
asses(class 1 indicates relatively little understory vegetation, whereas
class 4 indicates a very dense understory vegetationcanoy).

4-3. FHAE ¥« MY

€ d7e 27 ATFHAERAA 4L R AFHE ol A4ARE olEsto i £
A 4% sebstaal - 2719 A= F shugch 9AAEAA 2L ol WA
459 FAAAEFH 2t ARRAE EHse b 2o, doA Adge A¥Y 5
- °lfﬂ‘}1‘:— ARDAZA T8 vE 48 5 A 2y dT7AHY AYA D=
2T fE ¥ BREEAA 2T Sedelde BAS 2RO, AYHes FFol
A3 wFF e Rt B3 A AQedA 4 AAE L&A v AFelh
53] izt o] X9 Wyt AR Aol M dleolth WATs AxHe] AA R u

of Wt @e G YA 57) B, dolth YRFRE olgstd A 4L ot}
A okl el GA Aolth WAl WER A9 Jue A AAss AAYs} S
oo} @} |

FYAY Al AHLZ ¥ ATEME (biomass) 9] 24 LAY Go] AL o7
728 275 & F2Y BALE F sddnh ABPAF 2P ITHEE FToE
ekl AAA TAS @A, AQGRANN HE) 2AMRE sebsln 2o wai
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AejA AR F29 715E oldste FoY¥ =FEA AN Aol AFRES
57 F AFHEE AR e A4S AAE, AdelA AFY FANF 2L AT AA
o #7433 ANEAE Fobsle AN 2 FoAe] G2 Tk e FHelo Heoln
FARARE o] &7 dE SAztL oAl I ARBAE Feobste DAS A, HA o
o AR ENEH AFAAFE A4S F de A Agle] A AYHL s 2
25 Felch gARE} §A FH B AAARE Y APz FH A=
€ Eole W =3 /Mdsool & Aol

5. 22 21Z94M SAR Xlgo| E41} MY

2 @704 4% SIR-B A2 E w235t 178 SEASATH SIR-A 5& 27| A
FEAS FEAATE A ¥ AYA AL, A2 Fo} AA o ekl A KA
249 Gt 94E WA oln] ARE FFAL UAAY AY Felch ojn] A
19913 39 2jAo}e} ALMAZ-1, 19919 79 4% $33¢ ERS-1& H|£3}ed, 199213 29
Qg JERS-1 $i4e] Babsle} dolh dA4ARE TFSHT Aok =, 199549 Fhtehs
Radarsats 1998'd ©|39] EOS 5 A4ei % #42E 9% AFASAY Heolcte 7
GALe) olgo] F43 iR Aoz ALk WA EA holAU T A Fd o)
o AFA4 % SAR AR FHs B4 E 30 dehisch

Table 3. Characteristics of satellite SAR systems that are currently
operating (except for Radarsat)

ERS-1 ALMAZ JERS-1 Radarsat
Launch July 17, 1991 March 31,1991  Feb. 11, 1992 1995
Altitude 785 km 300 km 568 km 793 ~892 km
Orbit Period 100 min 90 min 96 min 101 min
Orbits/days 14 16 14 14
Wavelength C-band/5.6 cm S-band/9.6 cm L-band/23.5 cm C-band/5.6 cm
Incidence angle 23° 38~58° 35° 23~55°
Polarization \'AY HH - HH
Resolution 12~20m 15~30m 18~24m 10~100m
Swath width 100 km 40~320 km 75 km 50~500 km

oAl 2l o475 dolt YAGAREE sk Ro] FrhT U 2 444
=g Aol B ohuet g, A4, Y 5 e Lol $UY 5 Yk B3 £ 3P
we F F(EE] 25% £ 2 olshrt 23 044U el WEL b YR 4=
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g 19 9, 2 A8Y5e] AFHo2 6 wL BUE A AFHer ¥ A&}
obdzl ¥} A AR F2& A% dolnt GAARS o)fdE ot 4R §A
< AR TR EHIIYO B A7 2o BE 871E9 FHo] AFH AA eItk

6.2 &

EEYEY E218 EAQUAES 2o B2 L-band SIR-B 94ALE 9 =o|rh whAx]g}e
BAE EMT A5 do3 22 FES =2% 7 Ut AR, dEWAA 459 374
AA JdEAAA W Ee FHolchiAtAs wobAdL ¢ 5 UMk F FFFIL, A,
YEAAZF ol xol AFF dlojrhtAAs} wobiy EAE, dF W ANFFH FFFY
ZE7Y Fol ¥4 AEEr} FoH Holo WA Fadte AYE BAdn AAE, A
M el gEAEE AolE i dF 9 d¥H BAL el AxEFHY AERA =
45° oA 713 =A Jela, s F-AA%E dolrhubabx) o Aol A 7ir-E 28 el A
T & 5 AN

Ad 10037 AFA A DA NA Lol AFHAEA doltdAAEe Sddd Eo 4
AR FEEAY HoltAANE FAE ATFALLANAEo] TAP 2N T 0]8-9 Fol
gl golrh #Hojck FAAENMY AAH) FRFES AT FAVEH $&71e
#g A7e o] dAF o & FHA ol
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