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7=, 1/50,000 HUE X IXFLEE S AU TV R 23
1/200,000 HIEIZFEHE S AL TWD Z &2V L 72
DT, TIH 5 MOMEKEZR LY, R, mRk
DT — 2 HARK LT,

1/50,000 HUEZ X453 R U o5 — & 12i%, WERL S
DEFX I3 D387 LD B T~ h- TR 1,
2, 3o —RELHZ, TOOKMEE R
EELTRHESDT AL =T —H~LEWHBL, Avia
P4 X (=10.0m) B L OWHELZHTELA Z L D
DEM #ifgIZ &8 &7,

Wik, W, AR, Rt ORSER T A v
T—H2IL, BIRORTEREE LK, ThEhoZ
AN DHRZETOA Yy 2 TR L, 28,
A IO NP SR IR - 37 190043 i IE ST P NEGR Y
km BRELEZONDZ END, T I TIEZORK
fE% 2,600m &F&E L, ofktg DR 7T =V —H03 10
EFEEEIC 72 2 K O ICHERfEEI 2 250m Z & ICHERI L



THrmkimifg & ER L,
DEBIFLZFT - 7=,
AT —4
BREEFT GREREEA) F61T 0 HIRBRES GIS %5 k16
I CD-ROM 75, 1/50,000 HifEX#ipH = &
IZINER S TWDE 3 B, 4 [B], 5 [EFEAEGIA DN
7 MT =2 B I REET — 22O\ TR %
B L, NSz (2000) 127225\, &HT —F~&
ML L7, ZROOMAERY 7 —2 1%, it
— FESEERMEE LTSI AL —FT —F LR
L, AvvathAX (=10.0m) BILOEFELE
AT AL 2 & 0 DEM B IC A B S H iz,
D4~y F—%
AECTOHERT — 2 121%, @WFRICHEE L
D7 ay 7 ELTEALTNDEVNIRED S &I,
TR EEMEEREERMA L, 9k 16 4 6
ABUAEDE L EHF 0 fEBRE T IXNZ 3t L CREALL
BAITV, 314 FETOM3 <V iEE L, 313 &
OHFT Y fEpRET 5 IERKIRICHEET 2 FEND
LA ORY IT—2EARL, FET4, I
LT 22 AN LIz, £, A)IlR#T<Y
ARG FEAMLPR DO, 247 FEFTOHT Y FEE
R I T—HEERL, BET—%2 A LT,
728, AINEMOEREFTIZOWTIX, T—2BA
FTERDPSTEDOTAN LTV, WRGOFEE
HIAR Y TATFEERE DR, Fio, BLROHS
DIERERTAR Y SoNX2 D F £, TEALZ &)
O H LR A AT o 72, MRATHL & M0 e o
O3 % X 4-3 1R,

fEMT AL Z & 0 DEM Ejfg~

3. Weights of Evidence & (&

Weights of evidence 75 & 1%, XA X (Bayes) ®
ERAZICH LI DT, Ml O MRICIHEH
MIFETH S,

N ZDARIFRDO LS IR SN D, n HOE
WCHEX T D FLR K, Ee, -, En3HH>T, IO%F
DOHED1DFIMTEHZ DD ET D, EahoOms
BERETHE, T RE|BD={AE)RE|E)}/
{AE)RE|E)+ -+ RE)RE| ED}D3 D 3D,
22T, AR BEORZ 5%, RE| B EO
B2 EWI RO TIZRIT D EDOKZ 550441 &
LR T, XA XOANKXDBFHIND DIX, FEEE
ZhHDES ENEZ ST25EIS, TR B e )
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FRZ K> TA LT W IR Z, HUOXNBK
DEIETLHEETHD, ZOEWT, KE)%FH
e, AE|BE)%FhiERE VS (HABTFSHE,
1985).

Weights of evidence 1%, XA ADOAXNHELIL
DHEREZES O (odds) & LTHRIELL, HITHEK
EWLTI-bDTH D, BAEMICIE, BEEFROKD
7T 3 ) IR R ERDFET DR EZROLENUT X
DikHDH (Bonham-Carter,G.F., 1994),

AT v 7 1)

W*=In[(L/K)Y{(B-L)/(A-K)}] % &

4-1

W™ =In({(K-L)/K}[{A-(B+K-L)}(A-K)])

B 4-2

ZZT,

A KR O EFE,

K: il gHg (B2 iTHd~
D) AL TWDEE,

B: 54EE BIZIXHEXS) Obs T A
V— (BIZIXOO0RE) 25D 5,

L:HoBEEOCHL T A =B THRE
BRAEL TS BIIZO0REIZBWT
g BRRAELTCND) HHE,
K/ AR ERMESR, L/ BRHHHEEDOH 5
AT TY —DFEBHERERD,

B, HTR0 OLEIZIE, WIS LEEOH D
A7 Y —HNOHT R FEEEDS, xSk AR D H
TRYEEIC LT EDOREGW N ERL, WILE
Dk, Fiz, Wre WDZEIL contrast & FEE
N, ZOEPKEVLOIZEHNHES L OBER R
WEHIErTE %,

AT T 2)

KGN D & 5 Hi s D posterior logit LR UZ

EVER NS,

THY,

PostLogit = In{(FAifEH) /(1- FATHEE)}

£ () W+ (@-b(]) oW}



¥ 4-3

ZZ T,

PostLogit (posterior logit) : FE Y v b (F
B OXEA v X)),

FHIEF . RGBT B W THRGEGRAE T T
WD EIE,

b(G): HOMEN S HIEEDO T Y —7ITFHY
TONEPE 1 ELIT0OTRIALLLLD,

m: HOEEOT T — D
Th b,
E7o, FRIENEEE S 5556 O posterior logit A Ik
KXThHZ 5,

PostLogit = In{(FAiTfE =) /(1 - FRIHESR)}
£ S b(i) oW +@-b(j)sW}

i=l  j=1

¥ 4-4

T,

n : fRE DO

Th o,

WO N T Y =7 B 72 B BHIE OFE DR AR
I, $X 4-4 O PostLogit % N TYUC L b 3
HEND,

Score = exp(PostLogit) /{1 + exp(PostLogit)}
HKX 45

(Y

-
~—

ZZTRDT- Scorel, O~1 DfEE LV, HDHHIA
DOFH AR & 725,
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4. Weights of Evidence D RIALIE

SRR U7 HEEE, ST — % Th A%
FRE, SEBERE R, MERNOOhE, H
W7 —H# ThHhHHERXRGBLOMERXR D 5 OTH
%o FRATHANL Z & O 2B OFREm L, b oM
TRYFEEMARY TATL D90 H UALBE A £ 9797
ST, T, FER 1/50,000 ET—2 D95 b, &
ZHCLART OHERE A1 DU T 1/200,000 JbFEH 5+
KHUEK bRk )y ARV MR E B4, 1990)
D> THILOME T T2, £2, Tl
SAOHVEL, hiERE, U, SR, ke,
BOAH, ZRCEBICHE - Ha L, #atigtr ok
KAT TV —EAERR LT, £, HEXSIZONT
X, 1L EHOMIT AL Z RIEL, 272 &b 1 D0
WA TEDHT Y —D A v 2 FNEIRD A
A 5% EE D, ooty FEEH
DEETDHLOEEARIT IV —L Lz, TDM 3
DOBIFFIEIZOWTIET — X & v b OREERZ Y
W&o TEY, EOHRKEREZDE EIRAD
TAY—L L7z, 3 SDOKAIEE, MEXS5, ML
KD ADT I —%FK 42, 3, 4I2FNTIUR
T 2B, BAFEEICOWTIE, FRE O EALIC
BWTRA v ¥ a2 BBPBEHN D720 h T 3 —INFA1E
L, ZOEERFRENTZITI 2L IFHFE L RN E
EXLNTOT, BFTRAMICEBNT, £ 73
—D AV aBNBED 5% % TR & &K
KF#E LT, —HOEARDT IV —OfE A ALBE
(DOKF 0T 5 ) 1231 DA EERED 100m Ll |
EEET A E) biTo7,



® 4-2 AHERE, RESBREE, BERIOOEMOEANT Y —

AMERE SESBERE HBIiERM oD IERT
0~20m ~-50m 0~250m
20~40m -50~-40m 250~500m
40~60m -40~-30m 500~750m
60~80m -30~-20m 750~1000m
80~100m -20~-10m 1000~ 1250m
100~120m -10~0m 1250~ 1500m
120~140m 0~+10m 1500~ 1750m
140~160m +10~+20m 1750~2000m
160~180m +20~+30m 2000~ 2250m
180~200m +30~+40m 2250~2500m
200~m +40~m 2500~m

R 4-3 WHERGFOEARNT Y —

TRE
AT Y — BOfR HMoiEs S 18
]
HRAEE
AERE @D, FRERE(REF) RUHLE B~ G Om WE-ga
BEE-IILE (BB E) R Yt AIREVILNE
TRtE- R A (R E) In BE-VILNE
BEREGEII-EW % Ta WE-RE-RIKE
FNRRE@EN-EL) ~ it Ot WE-RE-BKE
LEBERRUTHIINREEWL-BID HT i A Ka 2=}
BEERE-DMAKBERE BEE) Kz WE-EE
RAFAR (B RUHESE Hi E-EEES
WEPRICER (L) RUHEYE HTH AT Ym BIE - BIRE
REAREB(EU-RIDRUHEEERLE Kuan EIIES
REARE(EL-AIDRUVHALENS-BS-BS Ku E=g =P gL =}
BHAZARB(EU-RINDRUVHEARBRE S Kusc (=R 2=
E%M%%M¢§Eﬁm%%m%%%ﬁ) lop ﬁﬁ%% o e
RUHSE ~BRRIVEERIRBRE  BIE
HRER(BL-B)I)RUALE Iw RIEERKRARE BIRE-BE
ARBRIE URy ARBRMEERERIE
RERE(BL-BI)RUHALE Ni WE-EE
AZEILERH (WL HEZR FRy RBEERIKAMRE RIS
RERRBEEGENEE) HEZRL~BaERL KPR RBCEE(RE )
FIEH—HIEERERF =EiE ) KTA ME-BE RE BERESKRENES
FHEH - GHOERER KTI Z=RPE=R1: 2=}
FRER-NETERER KTK WE-Es -BaCBRE)
ERBR R RE-ZW) P Jsc Wa-Rs-BE

KILEE
REEHE
EmERE
AR

49



£ 4-4 WAEARGOEARALTIY —

hFdy—

BHFOI—FES

EATAX—TT8E
RILNRUB Y —TTH#E
TF+—3XFS8&E
OFSE%
NIYYT—THhIVEE
AX-E/ XS ISHER
AX B/ HEH
RAXAE

KEMEEE

JKH

M

BOSMEEH

4006
4008
5002
7002
7084
9016
9017
9018
9098
9099
9902
9905

FE2IF HRLER
1. BREREE
SlExig L Uiz 11 fEir AL O FRTfESR (g~
DIRTEHOMER) &K 4-4 1287, FRTHERN K

FVE] DRI 8%, THE)] DK 6%, ] DK 4%
L, TOMIZAET 3% R TH-T-, FrZ [F
i) X R0 FRE RN 2 TS EAE L, SR
FX0.2% Tholz, AN TIE DKA - 0075, fif

L ENoT DI DR - IEH B O 10%, RNT et AR DNAIZHKE R & B a7k T 5,
B2
gog ¢ I
gEE 6 (]
Eati |
N
Rﬂ-',( 2 ] {
gg O Il \|_|\l—| \|_|\—’_r |_| '_|
PP T E A F T E
@ ®0
-'\*-
fRATEAL (1/5 75 s B )

Bl 4-4 MEWTEALZ & OFERFIRESR

2. kR - 8CHEB1 M Weights of Evidence fi###&
e

FATHERN R b EmN-oT2 DKE e H g To
Weights of evidence DFEMTHE R & 4-5~9 |,
F 72 contrast X 4-5~9 |ZZNFRT, Auhid
RiE (5 4-5, 4-5) 122\ T, 0~20miZF\
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T—2.3 &9 EWAD contrast NELILZH, +1.0
ERAZ D XD IRE W IED contrast 138U, HiT R
0 & OBRFEDFFIT E &of) U?éi’b%')ﬁ?‘ T — 3
TEL 72D otz mESBEE & (F4-6, K4-6) I

DONTH, —30mBLTFOAT IV —23+2.0 EvH
FEWITEWIED contrast Z7R L, ZDA 7 I Y —n



IR L IEFIZBRE A E O & S T, [RR
(=21, TEABE), TEA), TSPy 78 & o KRR
T RYIFEHDLL OSSN D —30mLL FD
HT AV =B LTWS, HE XSy (% 4-7, X 4-7)
IZDOWTIE, LHH RS & Bis R e s Tes
BEE N +1.7 LLEDE W contrast 27k L, b 2
DDA T Y =T R LB E O LRl S h
oo AR D OREEE (3£ 4-8, [X] 4-8) IZ 2\ T,

contrast 28 +1.0 x5 07 Y —THNRD -
72703, BREEDO AN £E - T contrast 234 L T <
ZEMD, WS OUT < ITH R Y A Z )
& D A DS HERS C & 7o, MKy (3R 479, X 4-9)
(ZOUW TR FMER AR A3+ 1.2, KER—1.6 &1
9 contrast Z L, $HENTTHOIL TV 7RV K Bl
IZHIT RO BRZN L) LSRR E RS T,

# 4-5 DKR WA OFZERED Weights of Evidence fET#E R
=7 EEH
(Aya) (Aya)  BRTFEER
4314324 441148 0.1023 2D 5% DAV 1 215716
HTFIY—RIEEFEE Weights of evidence
21K feEH
h7a)— (Ayia)  (Avia)  BEREE W+ W- contrast f(x)
0~20m 1226728 18486 0.0151 -2007  0.331 -2.339 -2.35
20~40m 832191 79710 0.0958 -0073 0017 -0.089 -0.10
40~60m 977571 141443 0.1447 0.396 -0.143 0.539 0.53
60~80m 714544 112960 0.1581 0500 -0.127 0.627 0.62
80~ 100m 342348 54939 0.1605 0518  -0.056 0.574 0.57
100~m 220942 33610 0.1521 0.454 -0.030 0.484 0.48
£ (x) DEITEK 4-3 D X LUK,
contrast
-25 -2.0 -15 -1.0 -05 0.0 0.5 1.0
0~20m I 1 1 1 1
| 20~40m [
= 40~60m
=
Ik 60~80m
R
80~100m
100~m
4-5 KR -wHE| OFHRRED contrast
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& 4-6 KR -WAHE OFEESHETED Weights of Evidence AT R

24K B 5E Hh
(Aya)  (AvyPa) EfimER
4310755 441002 0.1023 2D 5% DAy 2% 215538
HT3Y)—RIEERESR Weights of evidence
21K feEH
hFay)— (Fyia)  (Avyda)  HgpE=R W+ W- contrast (x)
~-30m 462845 169597 0.3664 1.624  -0.407 2.031 1.98
~30~-20m 264160 49329 0.1867 0.701  -0.062 0.762 0.71
—90~=10m 428032 46896 0.1096 0.077  -0.009 0.085 0.03
~10~0m 819707 41063 0.0501 -0771  0.127 -0.897 -0.95
0~10m 486547 38369 0.0789 -0.286  0.032 -0.318 -0.37
10~20m 420345 32611 0.0776 -0.304  0.029 -0.333 -0.39
20~30m 377717 24769 0.0656 -0.485  0.038 -0.523 -0.58
30~40m 314060 18023 0.0574 -0.627  0.038 -0.665 -0.72
40~m 737342 20345 0.0276 -1.390  0.158 -1.548 -1.60

f) DO IF 2 4-3 D S LI,

contrast
-20 -15 -1.0 -05 0.0 05 1.0 15 20 25

I I I I
~-30m |

-30~-20m

-20~-10m |

-10~0m

0~10m

[l

10~20m

20~30m

30~40m

40~m [

X 4-6 kA -WHE] OBESEHETEED contrast
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#z 4-7 KR -WHE] OHEXS D Weights of Evidence ##HTHE

24K 57 i
(Ffyva)  (Fua)  mwpims
4293578 441217 0.1028 R0 5% DAY 214679
HTFT)—RIEHRER Weights of evidence
EX'N e e
ATIY— Ghoa)  vra)  sggex W+ W- contrast (x)
hiERE 1352607 11410 0.0084 -2.600  0.402 -3.002 -3.02
HER 68150 1858 0.0273 -1.408 0013 -1.421 -1.44
RERE 24731 0.01 0.0000 -12.554  0.006 -12561  -12.58
BHE 53401 0.01 0.0000 -13.324 0014 -13.338  -13.36
WRAEESR 9865 0.01 0.0000 -11.635  0.003 -11.638  -11.66
BIRE 467385 31114 0.0666 -0474  0.047 -0.521 -0.54
BERENMKBERE 158541 22775 0.1437 0.382 -0.017 0.399 0.38
FE=EMNER 419786 66257 0.1578 0492 -0.066 0.559 0.54
RAFTRRE 326297 70485 0.2160 0878 -0.105 0.983 0.96
IR ERE 37447 14597 0.3898 1.719  -0.028 1.746 1.73
EHABRENAEEHE 544695 166997 0.3066 1.351  -0.372 1.728 1.70
EENAEREMRS 601247 33730 0.0561 -0.656  0.080 -0.736 -0.76
ETAR 178268 19840 0.1113 0.089  -0.004 0.093 0.07
RHEE 26603 2080 0.0782 -0.300  0.002 -0.302 -0.32
pdpR=¢] 24555 74 0.0030 -3.635  0.006 -3.641 -3.66
£ (x) OMEIEEE 4-3 O X LI,
-14 -13 =12 =11 -10 contrast
-9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2
bkl = —
HHR If‘:
- T
N | [ [ [ [ [ [ [ [ [ [ [ r
EEE =
| BEERNMNKBERE =
’E FRASEBER =
R HAFEE ]
L R RS T :l:l
RHARENEREHMS
EHARBRARS =
EWRE
FRELE O
LA I_|_|_|_

4-7 KR -9t HE] OHEXSD contrast

53



# 4-8 KR -W-HE| OHERD S DOIERED Weights of Evidence f#HT#5 R

EX’N e Hh
(Aya)  (Avya)  SEwikEx
4260606 441148 0.1035 2ERD 5% DAY 1 E: 213030
AT —RIEHFESE Weights of evidence
2 faTE s
HFIY— (Aya)  (Ava)  EgRER W+ W- contrast f(x)
0~250m 448042 80734 0.1802 0.643 -0.101 0.744 0.76
250~500m 394562 73208 0.1855 0.679  —0.094 0.773 0.79
500~ 750m 358907 52684 0.1468 0398  —0.044 0.442 0.46
750~ 1000m 329089 40556 0.1232 0.196 -0.018 0.214 0.23
1000~1250m 303748 40124 0.1321 0.276  —0.024 0.300 0.32
1250~ 1500m 283937 37089 0.1306 0.263  —0.021 0.284 0.30
1500~ 1750m 264668 25562 0.0966 -0.077  0.005 -0.082 -0.06
1750~2000m 248910 15857 0.0637 -0529  0.026 -0.556 -0.54
2000~ 2250m 231362 21258 0.0919 -0.132  0.007 -0.140 -0.12
2250~ 2500m 213318 16823 0.0789 -0299 0014 -0.313 -0.29
2500~m 1184063 37253 0.0315 -1.269  0.269 -1.537 -1.52

f(x) OEIEHEE 4-3 O T LI,

contrast
-20 -15 -10 -0.5 0.0 0.5 1.0

0~250m

250~500m

500~750m
750~1000m
1000~1250m

1250~1500m

Hh7a)—

1500~1750m (I

1750~2000m [

2000~2250m ]
2250~2500m | —
2500~m [

o HHUHH‘

X 4-8 kR - OBERN D OIEEED contrast
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# 4-9 DKR -WAHE| ORAERS D Weights of Evidence fEHTHE R
21K 5
(Aya)  (Ayia)  EEiRER
4246744 439489 0.1035 2D 5%DAY B 212337
AT —RIEERRER Weights of evidence
2K FEREH
H7FdY)— (Ayoa) (Ayoa) BRER W+ W- contrast f(x)
aFSEE 1254768 186446 0.1486 0413 -0.223 0.636 0.57
YIVYT—ThIVEE 448565 11506 0.0257 -1.478  0.095 -1.574 -1.64
AX-E/F Y ISHER 2942 36 0.0122 -2232  0.001 -2.233 -2.30
AX-E/FHEM 360238 23840 0.0662 -0.488 0.037 -0.525 -0.59
A HEHK 187741 38768 0.2065 0813 -0.052 0.865 0.79
KEAMEREE 397322 101214 0.2547 1.086  —0.181 1.266 1.20
JKH 861012 24342 0.0283 -1.378  0.191 -1.569 -1.64
i 52522 1370 0.0261 -1.461 0.010 -1.471 -1.54
BOZUMEEM 267096 24266 0.0909 -0.144  0.009 -0.153 -0.22
Z0H 414538 27701 0.0668 -0477  0.042 -0.520 -0.59
£ (x) OfEIEHR 4-3 O X LI,
contrast
-25 -20 -15 -10 -05 0.0 05 10 15
2+ SHE —
YIYYS—THTVEE | | |
RAE B/ HTSHEM
AX b/ HEM
Iy P ___7__J
= C
5'5 KEAMERE
JkHE [ | |
Lk sp:ul [
BOSMETH =
ZDfth Il_
4-9 KR -wHE| ORAERXSD contrast

3. 2{K®M Weights of Evidence f@#ifER 4 —X
2 ab

KREIRD Weights of evidence fENTRE S & 7~
Ho L LT, ITHENL Z & O K contrast % X 4-10
R T, 72770, 22TV HOK contrast 1%, #EEF
FINCERE R 57280, &R0 5%LLED A v
2 EFFONT A —DRKETH L, AERE
TE, i), TeEl, Mg, T=6 A, &
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HIO5HTH1.0U EEZRTHT TU =BT,
S EERE BT, T, TEy, T=A -
ZFr< 8 mTH+1.0 LLEART AT Y —2BN,
Frliz KR -t ) & TARIEE Tix+2.0 2@
R Tco HEXS T, THEY, TR, TEl), M8
W1 ZFR< THTHL0 22507 3V —NENn
7o MEXERD D OFEEECIE, T, TEl, TAk
Wy, Tfape), TR © 5 mT+H1.0 Z@B25HT



Y =B, AR T, TAE, TVE],
TEAIE), TR ZFR< 7 HTH1.0 A EERT
7 3V —NBl7-, contrast 23+1.0 22 5fE
BrEfrecibig+ 2 &, AEEH L7 5 SOEET
X, mESBIREE (8m), HEX /7 L UMWEAX
gy (7 M), BRERERS L OREER? O OERE (5
) DNAIZHIT Y & BREATRV E WD 2 & 3|
Sb,

72k, TEIL) OFEKRES LOHEER? D O
BED contrast 3IEF ITE VDI, FERUEEEIT > 72
BT IV BB ENEN 3, 2 LA, AV
NYRBBISNTE D LIC LD, F70, T8, THRE)

DOHE X4 DK contrast DNEADEEZ & > T\ 5
DL, IED contrast fHE & o7 T TV —D A v
2HBANTNHEERD 5% R ThoT=Z LTk b,

B 44 TRULIEZEDIE, HOMNTHEAIZBNT
BEZ W OB DbED L, ZOMARDLED
LlZAaT <y IIMERTE D, SBENEER LT 5
ODFFIENHIFT R IZK L T EDREHRG L TWD
MO A% E LT contrast O KIEICER L, £ Dk
KEDORENEOHIEIC 28, 31#E, 418, 51,
DIEZ AT D7 — A% Ek L, Lt O fhEt
EITHZ L E LT r— AR —EREE 410 TR
7

50 \ B AMERE
40 \ B EESHELE
\ O 3H RS
3.0 N B #BER N5 D IR
N N ] B HEER S
P} :: : =
.E 1.0 S H r\ : : ; y
g Ne B NE B : E = 3{
0.0 L L = I | | =
X S, R B
PP SR D S S S~ S < S | .
R & S
& 2
.ﬁ*
-2.0 I—i
-3.0
FRAT AL (1/575 #h Ty B EIE)

4-10 FEHTEALRI, fEtER]DEK contrast
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F 4-10 F—RAZLOEREOMELEDE

KRUAE | B

b

é&.g

T

o

=X |1 2 3

1 2

w

1 2

N

AMERE
BESHRERE
ERXS
HBIE#RAN S D BE R
HEEX S

x x x x x EN
x x x N
x x x w
x x x x x E-

x x x x

x x x x x E-
x

x x x x x ES
1% —_

x
x x x x x E-
x x x x w
x x x x x E-

A

=R 1 2

AMERRE
BESHRERE
ERS
HBIE#RAND D BE R
XS

x x x x w

x x x x x £
x x x x x E-

x x x w

x x x x x E-
x x x x x £
x x x x x E-

kR -4 HE] Oy EVS EFDREE

DKA M E) D —ABAaT < v 7&K 4-11
T, WA OEFITHA 45 THONLL AT
(0~1 DOfEizE L %) % 100 fi5 L= KIETH 573,
r—2A1, 2, 3, 4 LIEENHER DI ONTHRAEE
NZENTN 82, 94, 97, 98 & FH L TW&E, %77,
PR DX > & 0 L A BEi%» s, PN <R
U D BHEARmEBICZ L TN ZERbnD,

Ir— AR OEES % g3 5 J7ik & LT, ROC #h
PRIZ L DREM 2y H 5, ROC i #t (Receiver
Operating Characteristic Curve) &%, #HitilhiZ/K
B OREICIE, “Hi <V e 23 “fRE#” &L
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Studies on Utilization of 3S-Technology (GPS, RS, GIS)
for Effective Forest Management Work

Summary

To raise efficinency of forest management duty, practical use of GPS (Global Positioning System), RS
(Remote Sensing) and GIS (Geographic Information System), which are so called “3S-technology”, were
evaluated. The obtained results are as follows:
1. Horizontal error of point positioning in forests were much decreased from 32.6 and 23.5m to 12.5 and
5.4m respectively by the removal of SA in 2000. It was shown that point positoning is practically usable
for usual forest magenegent duty when required accuracy is about 10 meter. It was also shown that the
correction for deformation of the Tokyo-Datum was not necessary for point positioning.
2. Horizontal error of differential GPS (DGPS), which uses beacon stations of the Japan Coast Guard,
in forests were changed from 4.9 and 6.1m to 3.5 and 6.6m respectively by the removal of SA. It was
shown that accuracy of DGPS was not affected by the removal of SA, as previous reports had said.
Positioning error was changed from 8.3, 4.8 and 6.9m to 6.2, 3.5 and 3.7m respectively by the correction
for the Tokyo-Datum. It was shown that the correction was effective for DGPS which expected accuracy
was severel meters.
3. Carrier phase positioning, which uses expensive receivers for surveying, was unstable in forests and
could not get fixed solutions. It was shown that the carrier phase positioning was not usable under tree
canopies.
4. It was suggested that the proper use of GPS for forest management duty was to use either point
positioning or DGPS considering their accuracy and equipment, for example, point positioning for forest
stands pointing and DGPS for single tree pointing.
5. A 1/25,000 scale topographic map image and three kinds of elevation data, DEM extracted from
stereo paired aerophotograph, 50 m mesh DEM published by the Japanese Geographical Survey
Institute and elevation value of GCP, were used to make digital orthophotographs. Average GCP
residuals for the three kinds of DEMs after ortho restitution were 16.4, 17.0 and 30.6m respectively.
Considering accuracy and working time, it was suggested that the mono-restitution using a single
photograph and published DEM was the most suitable method for forest management duty.
6 . Mono-restitued digital orthophotographs were made with 1/2,500 and 1/5,000 scale topographic maps
made by municipalities using 20 target GCPs and 10 target GCPs. Average GCP residuals after
restitution were 2.41 and 3.06m respectively and it was suggested that about 10 GCPs were enough for
practical use. Restitution with 50 m mesh and 10 m mesh DEM showed 2.50 and 2.41m average
residuals after restitution respectively and did not show any differences.
7 . Repeating several times mono-restitution and GCP editing using small scale topographic maps made
by minicipalities, about 10 GCPs with elevation value and 10 m (or 50 m) mesh DEM until the
maximum GCP residual became smaller than 10.0m was supposed to be the best way to make digital
orthophotographs for forest management duty.
8. Landslide related GIS data set for the whole Toyama-prefecture was integrated with DEM, geological
maps, natural environment GIS data, landslide distribution maps and GIS software. Effective relief,
anomaly of disperse of altitude, geology, distance from faults and fold axes, and vegetation indices were
produced from the data set. Result of the weights of evidence analysis with landslide reserved area ratio

as prior provability showed that the highest relationship with landslide area was the anomaly of
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disperse of altitude, the second highest were geology and vegetation and the third were effective relief
and distance from faults and fold axes. Accuracy of these score maps made from the analysis were
checked with ROC curves and landslide evaluation maps were produced when false positive rate is 0.2.
It was thought that, these digitally produced maps can be used to complement analogously produced
existing landslide hazard maps.

9. To bring spatial analysis ability of GIS into full play in forest managing area, it was suggested that
more qualified and detailed digital geological maps, vegetation maps, DEMs and soil maps are needed.
It was also suggested that more spatial data should be shared among related organizations.

10. Procedure to convert data, such as forest planning raster maps and landslide prevention areas’
vector maps indispensable for forest management, from a business use GIS software to a Windows based
freeware was shown. Usage of the 3S-technology combining a note PC and a handy GPS receiver in field
investigation was propesed.

11. Procedure to convert spatial data from a Windows based freeware to a Windows CE based freeware
was shown and usage of the 3S-technology combiing a PDA with integrated GPS and a digital camera in
field reconnaissance was proposed.

12. An efficient forest management image including connections between research and administrative

organizations utilizing the 3S-technology was shown in a figure.
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