
Japan Society for Natural Disaster Science

NII-Electronic Library Service

JapanSociety  for  Natural  Disaster  Science

Jburnal of IVatural Disaster Science, Ublume  1, IVb. 2, 1979, Jlp. 25-40

PREDICTION  METHOD  FOR  RISK  RATE  OF  SLOPE

     FAILURE  CAUSED  BY  HEAVY  RAINFALL*

               Masanori B. OKAMOTO
 Professor, Faculty of  Economics, Hiroshima University, Hiroshima

(Received 14 November,  1979 and  in revised  form 25 January, 19gO)

                                  ABSTRACT

   An  estimation  of  the spacial  and  temporal change  in the risk rate of  slope  failure approaching  the

centre  of  a heavy rainfaIl area  is obtained  by the use  of Hayashi's quantification method  L The data
relevant  te slope  failure were  obtainecl  ffom topographical and  geotechnical eharaeteristics  using  aerial

photegraphs and  existing  information. Most data is categorical  except  for the risk  rate  of  slope fai-
lure and  rainfall amount.  Two-factor  interactions among  five iterns are  checked  by 5-way with  one

covariate  (rainfall amount),  The  interaction between  them  is not  founcl to be statistically  significant.

   A  prediction of the risk rate  of  slope  failure for any  other  given rainfa11  amount  is obtainable  with

this tnethod  by the use  of  the scores  determined from data specific  to that area.  The prediction results

of  the risk  rate  are  automatically  plotted by the computer.  Prediction errors  are  also estimated.

                             1. INTRODUCTION

   Several atternpts  have been made  [2, 6] at forecasting or  mapping  predicted patterns.
of  the risk  rate  for slope  failure in an  area  of  known  topographical and  geotechnical data.

However,  the attempts  did not  succeed  in forecasting the variable  distribution pattern of

the risk  rate  of  slope  failure accompanied  by a  shift  of  heayy rainfaII  area.  In this paper
it is shown  how  the distribution of  the occurrence  of  slope  failure per unit  area  changes

with  a  change  in rainfall  pattern.
   Basic data were  obtained  on  topographical and  geotechnical characteristics-i.  e., degree

of  slope failure, main  direction of valley,  soil gondition,  ground  cover  or  planting state,

and  aerial  density (number of  valleys  in a  fixed unit  area)  by means  of  aerial  photographs
overlaid  with  a grid. Data were  also collected  on  distribution of  occurrence  ofslope  failure

and  of  grade of  weathering  on  the specified  area  in which  predictions of  the change  in

distribution of  the risk  rate  were  to be made.  Geographic distribution of  heavy rainfa11

based on  real  data was  programmed  into the prediction scheme  on  computer.

   The topographical and  geotechnical data, treated in this paper are  non-numerical-that

is, categorical-data,  which  can  be analyzed  by Hayashi's quantification theory  [4, 5, 12].
Applications of  Hayashi's quantification methods  I and  II for categorical  data to the naturaJ

disaster sciences  have been made  in several  fields-seismology [7, 14], and  civil engineering

[7, 13].

                       2. TARGET  AREA  AND  DATA

   The research  target area  was  the Kure  City Peninsula (about 25km  from Hiroshima

City) which  inclucles two  small  hills-Mt. Yasumi  (500m above  the sea-level)  and  Mt.

Mitsumine (380.6m) (Fig. 1). This area  was  chosen  because (1) slope  failures occur

frequently here, (2) information about  ground cover, topographical factors, and  soil condi-

*Part
 of  this work  was  published in the Journal of  Analytical Researehes on  Data of  Natural Disaster,

Vol. 6, 1977 in Japanese.
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Fig. 1 Research target area, Kure  City Peninsula, Hiroshima Prefecture, Japan.

tions is available,  and  (3) aerial  colour  photographs  of  the area  are  also available.

   The  aerial  photographs published by the Geographical Survey Institute were  taken at

1,620m above  ground,  from February  23, 1974 to March  8, 1975. 0ne photograph  covers

an  area  2250mX2250m  (scale 1:8000)  and  photos were  taken  at intervals of  about  800m

moving  eastwards.  The  numbers  of  sheets  necessary  to cover  the target area  were  23.

   Data  were  colle6ted  on  a  200m  mesh  grid covering  the whole  target area.  The  total
of  986 grid units  conslsted of  339 units over  sea and  647 units on  land, of  which  442
units contained  the eomplete  data set  on  six  characteristics:  valley  slope,  valley  direction,
valley density, grade of  weathering,  ground  cover,  and  rainfall  amount  (Table 1).
   

"The

 risk  rate  of  slope  failure" here means  the number  of  slepe  failures per hectare.
The  rate  of  slope  failure was  investigated in July 1967 after  a  severe  disaster due to a

heavy rainfa11  (Fig. 2) [1]. A  risk rate  was  given as a total number  within  the area  of

a reetangle  of  2. 5km × 1.4km, but this area  was  coarser  than  the  mesh  of  the topographical

and  geotechnical data. The  rectangle  contained  an  uninvestigated  area.  This deficit must

be considered  in the prediction  of  the risk  rate.
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Table 1

FAILURE

Characteristics

a4usED  Br  HEAVY

(items) and  categories.

RAIIYFTALL m

Category

12345678

Valleyslope

deg,

 O-1516-2526-3536-45

 Valleydirection  Valley

1 
density

NNEESEsswwNW

no.valleysl

grid unit

  O-2

  3-4

  5-6

  7-8
  9 

-10

Gracle of

weathering

Palcozoic

SlightMediumHeavyTalus

Ground cover

Naturai (forest)
Semi-natural (planted forest)

Secondary grassy plain
CultiVated (paddy)
Housing site (city, village)

Rainfa11 amount

AME1  AME2

  mm!hr

60-62 35-36

63-65 37-38

66-68 39-40
69-71 41-42
72-74 43-44

10

Fig. 2The(a)(b)(c)(d)rate  of  slope  failure by Aboshi  et  al.

Natural slope
Cultivated area

Artificial slope
Total number  of disasters per hectare

[1].

(adopted here for

h.N'

the analysis)
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       Fig. 3 The grade of weathering  of  granite by Utnegaki  et  al  [l6].
            1. paleozoic group  2. slight weathered  granite 3. medium  weathered  granite zone

            4. heavily weathered  granite zone  5. tallls or  recent  deposit.

   The  grade  of  weathering  of  granite was  also  investigated in 1967 (Fig. 3) [16], Grade
of  weathering  is classified  into five eategories:  paleozoic group, slightly  weathered  granite
zone  which  has many  joints, traces of  seepage  of  ground water  and  surface  water;  medium
weathered  granite zone,  in which  the  texture of  the original  rock  remains  apparent,  but is
easily broken by a light stroke;  heavily weathered  granite zone,  whieh  becomes  completely
masa  (deeomposed granite soil) and  includes transitive state  from medium  to heavil wea-

      

Fig. 4Hourly(AMEdistribution of  heavy rainfa11  at

1, 9 July, 1967, 16-･17h).
maxrmumintensity  by Maekawa

0

  et a]. [8]
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     Fig. 5 Hourly distribution of  rainfall  before maximum  by Maekawa  et  al [8]
          CAME  2, 9 July, 1967, 15-16h).

thered  granite zone;  and  talus or  recent  deposit.

   The  hourly rainfa11  distribution of  the highest intensity for the same  1967 disaster is

referred  to as AME  1 (9 July, 16-17h), and  the hourly rainfaII  distribution just one  hour

before is referred  to as AME  2 (15-16h) [8] (Figs. 4 and  5).

                         3. DATAANALYSIS

   Hayashi's theory  of  quantification of  categorical  data (method I) is used  fdr the analy-

sis here. In Hayashi's quantification method  I, the risk  rate  of  slope  failure is "external

criterion  variabie,  Vi". For the i'h mesh,  responses  tii(J'k) to the R  categories and  ki items

(chaTacteristics) are  given (Table 2). The essential  point  of  the method  is to choose  wei-

ghts xj} such  that the correlation coefficient  between explained  valueyi  and  Yi is maximum.

Response matrix  D=  {fii(,ik)} degenerates because of  the constraint condition

              Table 2 Response  scheme  for characteristic  and  category.

Characteristic

CriterionSample
1 r"u j --- R

Category

1-tmkrr--1--"k--Fki"--1---kR

k

IMih

12

i

N

fi,(11) ---  a,(lk,) ---  6,(jl) ---  fi,(jk) ---
 6,(J'ki) 

-
 
-･
 
-･
 a,(Rl) --  

-･
 O,(Rk.)

fi2(11)--- S2(lkt) J--  tia(jl) nr-  S2(jk) --'
 fi2(jki) 

-'--
 fi2(Rl) --"  a2(RkR)

  - . - - - - -

fi,(ll) ---  6,(lk,) ---  a, (jl) ---  fi,(jk) 
---

 6, (jkJ) 
---

 i,(Rl) ---  a,(Rk.)

fi.(ll)--- 6.(lk,) --  -- 6.(jl) - -･ - a.(jk) - - - ti.(jki) 
---

 a.(Rl) --  
-
 ti. (-Rk,)
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                     hJ'

                     E.,fii(ik)=1 (i--1, 2, ･-･, N;j--1, 2, ..., R)

 (all samples  must  respond  to only  one  category  at each  item). As  arbitrary  choice  of  R-1
xjk

 remains  for the determination of  weight,  so we  set xi,==O  (J'--2, 3,･･･, R) into practice.
Thus     determing xn,  we  have the prediction formula

                           R 
-1･

                       Yi=I-, Z.,xn6iCik) (i--1, 2,･･･, M  (1)
where

            6icik) ==(6  g'thhgi(dis:nit 
responds

 
to
 
the

 
j'fi
 
item

 
and

 
kth
 
category

Numerical data such  as  vailey  slope,  valley  density, and  rainfal1  amount  are  stored  in the
computer

 disk fiie and  converted  to categorical data in the computer  by a  suitable  program.
The  response  matrix  is alse  produced on  the disk file in the computer.  The  calculated
results  of  yi are  also put on  the disk file in the form of  an  array  34× 29.

                          4. ANALYSIS  OF  RESULTS

    
SPSS program  package  (e. g., Miyake  et al. [9]) is used  for the present analysis.

 Output is given in the foIIowing quantities:

 (1) mean  of  criterion  variable  Yi for each  category,  the whole  mean  and  the standard

     deviation of  Yi.
 (2) cross  score  between items.

 (3) weight  xik for each  category  and  correlation  coefficient between Yi and  yi.

 (4) Partial correlation  coefficient  between Yi and  yi.

 (5) prediction  k  for each  grid unit.

   .Table 
3
 shows  the cross  score  relationship  among  characteristics.  The relationships  of

ali
 ttems except  rainfali are  expected  to remain  unchanged  for a fairly long period, ifthe

environment
 is not  Iargely altered  artificially. The  examples  for two  cases  given, AME  1

and
 
AME

 2, (Tables 4 and  5) show  the frequency count,  the risk  rate of  slope  failure, and
the

 vreights x,b of  each  category.  Categories with  high weight  values  are  more  Iikely to
contribute  to the risk  rate  of  slope  failure. More specifically.  coefficient  of  determination
(Table 6) is a measure  of  the contribution  of  each  category  to the risk rate  ofslope  failure,
One

 
can

 see  that the slope  failure to the NW  side ef  the peninsula  shows  high risk rates:
At that time  there was  strong  convergent  zone  of  mesoscale  disturbances on  the SE  

side

away
 
from

 the peninsula and  it rained  much  more  on  the NW  slope  (e. g.. [10]): another
possible interpretatien is that a critical level of  ground moisture  and  a  maximum  level of
free

 water  eontent  relevant  to slope  failure (e. g., Otaki [ll] and  Yasui [17]) are  reached
easily  on  the NW  slope  compared  with  a SE  slope  as  a  Tesult  of  less sunshine  and  there-

ofofrewelaeStSheerVinagPOarna/iOgniouZ:ecogvreeart:g 
tthhee
 
i:stkenigttYe.Of

 
rainfa11,

 the more  significant  the grade

The PcaoCi:pParr:'s/inCtiOonf }eOdficttehde 
rvi:ikueraee.

 
ilSitgi"eonbs2Srvtehde

 e:iMueOfy,Wfiia'gshtgeaetn 
eamCahdegriidrU?ite'

g,res,e.,pt..da;r.-.i,h;,c,o.rre?.ti,o,n.,;olf)IILcge,nt,)bet.w,::n.y,i,a."d,,llGL,a",d.,`hg,,r.e,g,'S,SSi3,n,,:q,,".a,tlO:7
Y}

 and  yi. Because the scores for topographical  and  geotechnical characteristics  in all
categories  in this area  remain  unchanged,  a  forecaster need

Phjs,ls.g"Lt?,ga,sG,2p,f･,:sia,`i:,:e,segza,g,y.r:･s,ek.ts,e,7:,t's;,n,,oE,rsi2,fa,
Oi#'gcJh,zk

:.lg,
O

:
Wsg,i,II,:sfayi.lv/L'[llj'la"m.lell･

under  essentially  the same  survey  as  in this study.
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Table 4Meanyalue,frequency  oftheriskrate,andweight  foreachcategoryAME  1,

Variable

Vallcyslope

1234

Valleydirection

12345678

Valleydensity

12345

Gradeof  weathering12345

Groundcover

12345

Rainfa11amount

12345

fFrequency
150209

 80

  3

2626806958297381

 77l85137

 33

 10

 64137

 98

 6281

  2237

 52

 66

 85

 99146103

 7024

Fbrentlrepopulation

  Mean

  Standarddeviation

l Risk  rate

1. 17432690

O. 92320156

O. 95824599
O. 96666622

1, 51153564

L  O1845ee7

O. 76424557

O. 72028625
O. 78810036

O. 71620488

1.22999573

1. 42925453

1. 06648827

1. 06431866

1. 00758648

O. 82151377
O. 44899946

O. 87233973
O.82401013

O. 92622077

1.31418896

1, 32950020

1. 82999992

O. 92155713

e. 77518898

1. 12681389
1. 31658268

O. 74999440

O. 86821461

1.19543266

1.29242420

1.41874599

1. 01499939

e. 54301351

1 Weight

 o.-o.

 o.

 o.

03153801

03677654
e3577328

03145885

 o.

 o.-o.-o.-o.-o.

 o.
 o.

38342786

09745920

11297214
15941083

16706008

20022756

e6233793
22814065

-O.
 O1684897

 O.'O1637020

 O. 03734189
-O.

 07376987
-O.44125462

-o.-e.-o.

 o.

 o.

04708306
09172350

05029723

08061194

19148928

 o.-o.-o.

 o.

 O.

81654263

06290054

11140627

05625385

18063813

-e.-o.

 O.

 o.

 o.

19806945
02204329

1zz58766

05093777

OI037735
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Table 5Meanvalue,frequency  oftheriskrate,andweightfor  eachcategoryAME  2.

Variable

Valleyslope

1234

Valleydirection

12345678

Vaneydensity

12345

Gradeof  weathering12345

Groundcover

12345

Rainfa11arnount
12345

lFrequency
150209

 80

  3

2626806958297381

 77185137

 33
 10

 64137

 98

 62

 81

  2237

 52

 66

 85

  8

 84159136

 55

Fbrentlrepopulation

  Mean

  Standarddeviation

1 Riskrate

1. 17as2690

O. 92320156

O.95824599
O.96666622

1.1.o.o.o.o.1.1.51153564

O1845837

76424557

72028625
78810036

71620488

22999573

42925543

1.1.1.o.o.06648827

06431866

O0758648
82151377

44899946

o.O.a1.1.87233973

82401e13
92622077

31418896

32950020

1.o.o.1.1.82999992
92155713

77518898

!2681389

31658268

1.1.1.o.1.82999992

24166203

06043339

73029178
12344837

1.o.O1499939

54301351

t Weight

 O. O1278973
-O. 02970600

 O. 04670811

 O. 18473911

 O.35242790
 O.O1521385
-O. 27593648
-O.23700380

-O.15512592

-O.13608891

 O. 18970364
 O.34524620

-O. 04518217
 O. O0389474

 O. 02541828

 O. O1930177
-O. 13607287

-O. 02280160
-O.

 06014186
-O.

 05740998

 O. 10406947

 O. 10953832

 O. 45745444
-O.

 02413887
-O.

 13118947

 e. 02078205

 O. 12066084

 O.48449117

 O. 11960268

 O. 08257794
-O. 25309670

 O. 13397515

NII-Electronic  
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6 Contribution of  weight  to the risk rate  (CoefTicient of  determination).

Factors

Valley slope

Valley direction
Valley density
Grade of  weathering

Ground cover

Rainfall amount

Category(4)(8)(5)(5)(5)(5)AME1

O. 0918O.
 3445O.
 1736O.

 2203O.

 2507O,

 2777

AME  2

O. 0948O.
 5163O.

 0811O.

 1711O.

 1820O.

 4041

Table 7Riskrate  of  slope  failure.

MeanS.
 D.Corr.

value

coeff.

AME1

ObservedPredicted(estimate)

1. 01500O.

 54301O.

 6576

1. 01499O.

 35706

AME  2

ObservedPredicted(estimate)

1. 01500O.
 54301O.

 6987

1. 01498O.
 37940

Regression eq.lr1･  =1.  00007Y,-O. OOO06
],=::O. 43240L+O.  57610

n==1. oooosy,-o. oooo4
y,=O. 48819Y,+O. 51947

Table 8Two-factorlnteractlonsbetweencategorles(5-way ANOVAwith  onecovariate).

Source of  variation
  Sum  of

  squares
l

Main  effects*

   Valley slope

   Weathering

  Greund  cever

   Valley density

   Valley direction

Covariate

   Rainfall amount(AME  1)

2-WAY

   V. slope

   V. sfope

   V. sfope

   V. slope

   Weathering

   Weathering

   Weathering

  Ground  cover

  Ground  eover

   V. density

INTERACTIONSWeathering

GrouRd  cover

V. density

V. direction

Ground  cover

V. density

V. direction

Y. density

V, direction

V. direction

Explainecl

Residual

Total

51. 903

 5. 82515.
 968

 s. 6eo3.
 28321,228

1. 6121.
 61227.

 171

 ls 514O.
 4401.

 3712.
 9032.
 8363.
 2125.
 3881.
 7762.
 7902.
 17380.

 68749.

 594130.

 281

..  I
    IMeanSquare
223444711145

 9

 5

 815131527

 92123168273441

2. 3591.
 9423.
 9921.
 400O.

 8213.

 0331.

 6121.
 612O.

 187O.168O.

 088e.

 171O.
 194O.
 218O.
 214O,
 200O.
 197O.
 133O.
 094O.

 480

o.Ig2O.

 295

F

12. 98710.
 68821.
 975

 7. 7064.
 51816.

 6938.

 8768.
 8761.

 031O.
 926O.
 485O.

 9431.

 0651.2011.1791.

 0981.
 086O.
 731O.

 5202.

 644

Signif of
  F

O. OOIe,
 oolO.

 OOIO.
 OOIO.
 O02O.

 OOIO.

 O03O.

 O03O.

 410O.

 999O.
 999O.
 999O.

 389O.
 278O.
 287O.
 341O.
 373O.
 999O.
 999

O. OOI

Covariate
Rainfa11Betao. e26

'priority  instep-･downmethod is given asthis  order  of  category.
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   However, one  should  check  the independence of  categories  adobted  here. To this

purpose, two-factor interactions are  calculated  by the 5-way  ANOVA  with  one  covariate,

rainfall  amount.  The  observation  number  in the cells in the cross  score  table is not  the

same,  so  the stepdown  method  in the non-orthogonal  factor design (Miyake et aL  [9]) is
used  here. Two-factor interactions are  not  significant  in the F-test with  a  5%  significant

level for AME  1 (Table 8). The  result  is the same  for AME  2. Very weak  interaction

may  exist between weathering  and  ground  cover,  and  also  between weathering  and  valley

Table 9 Partial correlation  ratio  and  deviation from the grand  mean  (Mnltiple classification analysis).

Variable

Valleyslope 1234

Valleydirection 12345678

Valleydensity 12345

Gradeof  weathering12345

Groundcover 12345

Multiple

MultipleRRSquared

Grandmean  -- 1. 01

N

150209

 80

 3

2626806958297381

7718513733

 10

 6413798

 62

 81

 2237

 52

 66

 85

  Unajusted

DEV,N  ETA

 O. 16-O.
 09-O.06-O.05

O. 21

 O. 50

 o. oo-O.
 25-O.
 29-O.
 23-O.
 30

 O. 21

 O. 41

O. 56

 O.05
 O.05-O.Ol-O.19-O.

 57

O, 20

-O.14-O.

 19-e.

 og

 e. 3o

 O. 31
O, 40

 O. 80-O.
 09-e.
 24

 O. Ii

 O. 30

O. 34

 Adiusted for
 independents

DEV'N  BETA

 e. e3-O.
 03

 O. 02

 e. e4

O. 05

 O. 42

 O. 03-O.

 21-O.

 24-O.
 17-O.
 22

 O.16

 O. 33

O. 45

-O. 04

 O. 02

 O. 04-O.
 06-O.
 30

O. 10

-O.
 05-O.
 08-O..05

 O.10

 O. 16
O. 17

 O. 70-O.
 03-O.
 l5

 O. 03

 O.14

O. 18O.

 398e.
 631

 Adjusted  for
 independents
 +Covariates
DEVN  BETA

 O. 02-O.
 03

 O. 04

 O. 06O.
 06

 O. 39
 O. 07-O.15-O.18-O.

 13-O.
 20

 O. 08

 O. 25e,
 35

-O. 04
 o. o2

 O, 04-O.
 08-O,
 35O.

 12

-O,
 04-O.
 08-O,

 06

 O. 08

 O. 18O.
 18

 O. 77-o.
 e4-O.
 14

 O, 04

 O, 13O.
 18O.

 411O.
 641
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 density, although  these interactiens are  not  statistically  significant  (Table 8). These slight

 interactions could  be expected  from the nature  of  weathering.  The  deviations ofeach  mean

 ofeach  category  from  the grand  mean  and  partial correlation  ratios  (=BETA)  ofeach  charac-

 teristic are  given  (Table 9) as a  measure  of  contribution  to the risk  rate  and  its variation.

 Other than  rainfa11,  the  contribution  of  valley  direction is high, and  next  are  weathering

 and  ground  cover.  Valley direction might  be related  to the direction of  movement  of  heavy

 rainfall  already  mentioned  above.  Contributions by weathering  and  ground  cover  are  quite
reasonable.  Why  the contribution  of  valley  slope  to the total variation  is small  remains

 unclear.  There is a  possibility of  highly biased data on  valley  slope  because of  unebserved

areas  in the central  mountains  of  the peninsula, or  perhaps the degree of  slope,  as  it is
inversely related  to the occurrence  of  houses, makes  only  a  small  contribution  to a disaster.

    Prediction yi of  the risk  rate  of  slope failure is plotted automatically  by a  cemputer

 (Figs. 6 and  7). The  ratio  of  ordinate  to abscissa  in these figures does not  correspond  to
the real  ratio, but three points of  ordinate  or  abscissa  express  the real  length of  200m. A
cornparison  ef  the change  of  yi distribution (Figs. 6 and  7) with  the shift of  rainfall

distribution (Figs. 4 and  5) clearly  shows  that the area  of  high risk  rate  extends  from
the south  to northwest  on  the peninsula as the  centre  of  rainfaII  moves  from  the south  to

the north  (from AME  2 to AME  1).

                     5. STATISTICAL  CONSIDERATIONS

    After the map  of  prediction of  slope failure has been obtained,  prediction error  must

be considered,  particularly fbr the use  of  Hayashi's  quantification rnethod  I. The  weight  is
regarded  as a  regression  coefficient and  the response  matrix  as  design matrix  variable  in

                        Yi=(Dx)i+ei  (i=L2,･-,IV) (2)

where

                    X=(Xn,  
"'!

 X!}1,  X21,  
''',

 X212,  
''',

 XilJ., 
"X

 XRKR)

                                                       R

                    D=  {i,(jk)}; NXK  respense  matrix,  K=E]  ki
                                                      i=1

and  the ei are  independent and  normally  distributed with  zero  mean  and  variance  o2. The
problem  is to find the significant  difference between a  prediction yi and  the prediction y.i
for a  given fi.i(jk), (j=1, 2,･･･, R;k=1,  2,･･･, kR) such  that

                               Yoi=(DX)ei+eai

A  prediction yi is given from  the weight  x',  determined by the equation

                                  yi=(Dx")i  (3)

where  x*  is also  the least square  estimate  under  the constraints.  Unbiased  estimate  e2 of

yariance  a!  is given as

                           62= N-ft+R  i..,(y.i-yi)2
Then  we  have (1-a) 100%  prediction region  of  y.i given as

            (Dx').i-t!.eVl+ZZO'"6.in..<y.i<(Dx').i+tEa{1+£ £ 6iMfi.t6.
                     2 lm  2 lm

where  {tiint}==element of  (D'D)-i and  fi,t6,.==element (I, m)  of  D' D  for 6.i (see, e. g.,
Takeuchi [15]). In our  study  this method  cannot  be immediately applied  because of  de-

generation of  D'D.  Se only  a  rough  estimation  has been made  for the present  data, noting
that

NII-Electronic  
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                    (1+£ Zti'"a.ifi..)fi2=Var(y.i-yi)
                        tm

                    <==Var(y.i) +Var(yi)  2!2Var(yD  ==  e. 2550

with  Var(yi) =  O. 1275 (AME  1),

                           VVar (y.i-yD =O.  5050.

n=442  is sufficiently  large to use  normal  distribution instead of  t-distribution. Then  the

95%  confidence  interval of  yi is given as

                            [],-O. 99, y,+O. 99]

For AME  2, the 95%  confidence  interval of  yi is

                            [),,-L OS, y,+l.  05]

These figures mean  that only  difference larger than  about  1.0 between adjacent  predictions
in Figs. 6 and  7 is statistically  meaningful.  The  normality  of  prediction errors in both
cases  AME  1 and  AME  2 are  confirmed.
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