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11 The design procedure and test run for the function check of the program for

the one-dimensional polynomial trend
Conditions

Crserrasaianens

Polymomial funetion; F(z)

| P(2)=4.00"~2.02%—0.32+3.0

Data; D¢
Di=F(zz) +e¢
[2r:—1,1]

&g; normal random number (0,1.0)

i=1,2,0,21

Outputs

DEGREE : ¢

AIC : AIC([Dd] :

GOF : Goodness of fit (%)

SUM : Sum of square due to deviation
Subroutines (SSL 1)

terrianes

CALL RANN2, CALL LESQ 1

DEGREE 1

ALC 21.23
GOF 1.84
SuM 52.46

DEGREE §

AIC 11,50
GOF 57.80
SUM 22,55

10
DEGREE 2
AIC 17.65
GOF 24.74
SUM 40.22

DEGREE 6

AlC 13.21
GOF 58.38
SUM 22.24

<
vt . >
i
DEGREE 3 DEGREE 7
AIC 7.84 AIC 13,65
¢ : 57.12 GOF 61.36
22.92 SUM 20.65
.
L .:’, .« /"...
- -
} - i
DEGREE 4 DEGREE 8
AlLC 9.54 AIC 15.62
GOF 57.71 GOF 61.42
. SUM 22.60 . SUM 20.62
.
\‘ =
e ~e . :" . ,,‘ ~,

Fig. 1.The design procedure and test run for the function check of the program for the one-
dimensional polynomial model: theoretical model (solid line), approximate model (broken

liney, and data (dots).
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EXAMPLE 2

11 The design procedure and test run for the function check of the program for the
one-dimensional Fourier trend

Conditions

............

TFourier series; F(¢)

F(¢)=0.5+0. 4cos nt+0.4sinxt~0, 3cos 2nt —0. 3 sin 2x¢ -0, 5 c083 ¢ --0. 55 in St
—0.1¢e0s 4nf—0, 1 sindxt—0.2 eos 5né—~0, 2 sin 5at

Data; D¢

Di=F () +e& fmm1,2, 0000 ,32
[t:—1,0.9375]

¢g; normal random number (0,1,0)

Qutputs

DEGREE : g

AIC : AXC([De]: @)

GOF : Goodness of fit (%)

SUM : Sum of square due to deviation
Subroutines (SSL 1)

............

CALL RANN2, CALL RFT

EXAMPLE 2-1

PITTED MODEL “FOURIER MODEL"
Conditions

...............

Same the EXAMPLE 2
¢g; normal random number (0,0,1)

Kth-order Sum of square Goodness of fit AIC
1 17.79 0.00 —14.78
2 13.06 26.61 —20.69
3 10.00 43.80 25,23
4 1.87 89.48 —74.84
5 1.46 91,78 —78.72
6 0.32 98.23 — 123,827
7 0.28 98.42 - 123.45
8 0.26 98,52 —-121.56
9 0.22 98.75 --122.91
10 0.22 98.76 —~119,32
11 0.18 98.98 —-121.54
12 0.16 99,11 —121.81
13 0.16 99.11 -117.90
14 0.16 99,12 —114.21
15 0.11 99.38 -121.53
16 0.00 100.00 —339,53

DEGREE 1 (ARITHMETIC MEAN) DEGREE 2
AIC 22,39 AIC 23.83
GOF 0.00 GOF 7.70

SUM 56.85 SUM 52,48
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I i 1~-M
bl . P Y
DEGREE 3 DEGREE 6
AIC 24,54 AIC 23.54
aor 16.72 GOx 44,52
SUM 47.35 SUM 31.54
L. :,f‘"‘ﬁ':\__ P L. ’,M,« e ":‘: e ,
e . e . v RN
DEGREE 4 DEGRERE 7
AIC 21.42 AIC 23,91
GOF 38,32 GOR 50.47
SUM 37.91 SUM 28.16
. :_ T YA sl y oy '/* N - 5 '.\'
L - S —— R« N . o 2 et ': ’\ - << n
:-\"‘:/. . . i \. b e ,' M ] :" “\ !
DEGREE 5 DEGREE 8
AIC 20. 96 AIC 25.79
GOF 42.00 GOR 53,62
SUM 32,98 SUM 26.36

Fig. 2. 'The design procedure and test run for the funetion check of the program for the
one-dimensional Pourier model: theoretical model (solid line), approximate model (broken
line), and data (dots).
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fedhbh, FOBHITHINT, MIACE =57 & LT 5RO E F LRI S Mo fEI 5 O



204

Table 1. Results of run test for the funection check of the program applied
to two models polynomial and Fourier fitted to theoretical funetion.

FITTED MODEL “POLYNOMIAL MODEL’

Kth-order Sum of square! Goodness of fit! AIC
52,46 1.84 21.23
2 40.22 24,74 17.65
3 22,92 57.12 7.84%*
4 22.60 57.71 9.54
5 22.55 57.80 11.50
6 22.24 58.38 13.21
7 20.65 61.36 13,65
8 20.62 61.42 15.62
9 17.43 67.39 14.08
10 16.92 68.33 15.47
11 16.91 68.35 17.46
12 13,95 73.91 15,40
13 13.55 74.65 16.80
14 13.23 75.25 18.30
15 - — —
16 - - -
17 - - -
18 — — -
19 — - =
20 - - -

FITTED MODEL “FOURIER MODEL"

Kth-order Sum of square Goodness of fit AlC
1 56.85 0.00 22.39
2 52,48 7.70 23.83
3 47.35 16.72 24,54
4 37.91 33.32 21,42
5 32.98 42.00 20.96%"
6 31.54 44,52 23.54
7 28.16 50.47 23.91
8 26.36 53.64 25.79
9 22.30 60.78 24.44

10 22.02 61.27 28.04
11 18.12 68.12 25.81
12 15,86 72.11 25,54
13 15.81 72.19 29.44
14 15.66 72.45 33.14
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! : Sums of squares due to deviation
Il : Percentage (%)

+ : Minimum AIC model (theoretic model)

AIC (Akaike’s Information Criterion) and FPE (Final Prediction Erroy)

AIC is defined as follows:
AIC= (—2) log (meximum lkelihood) -2 (number of free parameter) (1)

AIC measures both the fit of a model and the unreliability of a model; the former is
measured by the first term of the definition, which decreases as the number of parameters
within the model is inereased, and the latter by the second term, which inereases with
the number of parameter. Akaike (1973a) introduced the MAICE (minimum AIC estimation)
procedure which seleets the model whose strueture with its associated parameter value
gives the minimum of AIC, Before the introduction of AIC, for the fitting of autoregre-
ssive models, Akaike (19702) introduced a statistie called Final Prediction Error (FPE)
in the general form of equation (2) as followes, which is an estimate of the one step ahead
prediction error variance of an autoregressive model of order p, where 32(p) is the
estimated residual variance of the model and ¥ is the number of observations. From the
equation (2), noted that (8).

FPE (p) = 5% (p) [1+ P p+ 1 1-1 @

log FPE(p) =log 52 (p) -+ [2(p+ n/¥N] +U(N"2) it

Sinee (—2) times the log-likelihood of a Gaussian autoregressive model of order p is
approximately by Nlog 62(p) constent and the parameter involved are the p auto-
regressive coefficients, the residual variance and the mean of the series, we obtain the
equation {(4),

Nlog FPE(p) = AIC -+ constant + o(N™1) (4)

Thus the MAICE procedure for the autoregressive model fitting is asymptotieally
equivalent to the minimum FPE procedure.

BIFBELH A0,

®-2 04 koo EXAMPLE2-1 13 F() 12 o=0.1 ORI ZMATF —4 & L AIC %
BSEURERTH A, MAICE EFVIZGRDEFVERD, HOEFN FU) OEKE $ -1
=BT B, T/ab b lERENPNILLSE L DINIRBIRE N3,

- LICHIASER A, BICH T 2H2E0RA (SUM) 45 & 0 %55 (GOF) & AIC OB &R
A, B@ﬁm%&¢b,{rwwﬁﬁmwmﬁaaﬂmﬁﬁme®wwima<@a%®®m
FOEE> X aks i, foT MRS Ta0E] & [HED &% pINELT AL
EJ EVD 200N 2WUNCRIMS AT &N, BRIFRHEELEA12D® point i
BAT ENHREINS, AICIECOBERITEWT, il & OBMAHIN & BEE Uig - 20
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VB0 MEME T — 2 BT 3 5 ALC O I EH

1TRTED 7 — ) =& FVOFRHEDITL H B OUIEIC AIC 3 EETHBC L R Méib@@'c
AL, 2WITBOH 7Y 2 EF N5 AIC zﬁimﬁﬁmpﬁrgﬁm@vﬁﬁmm:L 75 s e ,l,@fwj\
SRR KD B L EICRET B L & BHY LT, ©CTIRERI, HWIBRE bE SR
— 2R LT AIC RGHEL, e S s L TO MAICE & F VIR0 B> 0T -4 5
AIRBEFANELTD 2E Y — ) = fgH-9.9

-y SEMLOBRTRTCHEALNIEEF -2 2 RBEER LTS v -z Fvk I=f(z,y)
+e LT B, flz,y) 1 2y — ) BRI T - 2T 0 v — ) = CHREO
WAFD T, & BIEROT V©O,0% P> WOLSTERER TH 5, O fla,y) #2H7 -V =
BRBET 5 & OOROBITE B,

ML 2 % 2,
fle, ) = Z nZ Am(amncos% oS E,J +ancos~—gﬂ sin - gy

4 Tmn sin— Z- oS ”ﬁﬂ “+Omn smﬂm{ﬁ sin ﬂ%) @9

LT
[m,n],  ©a—y BEECRICHS 2 FTH) b B
[#,N] : v ARKETE O HE (U =k/2; N=1/2)
[L,H] v HL Y S OUE L=kAz/2; H=1Ay/2)
[z, 5] boY LY DB =0,k §=0, 1)

Oma L FTEIOIE (m,m) @ cos—cos {REL

Ban ¢ ” cos—sin fRHL

Tmn o y sin—cos R

Omn  © 7 sin—sin (&%

Amn :,lm,,=-}i~ {(m=n=0), x,,,,,:—%_ (m=0, n>00rm>0, 7n=0), ZAmn=1 (M>0, n>0)

7~ m%ﬂ& mny an; Tmn, Omn Zi/ér/?

1 (# mrg ooy
Qmn =T I7 S-} S flz, ¥) cos— T wdxdy

H

_ L T __E_Q
Bmn= T g_}lg f(z, ) cog—== 2 sin dady 09

74
Tmn:”zﬁg H§ fz, v smm;m coswdxdj

6mn=~L%j~gi g flz, v sinmgfs in dexdy
TEHZLN, W7~ =B n,n) KT 289 22 b5 A Sna? (Sua + Hermondc
Vector Magnitude) 13093 0TRD 6N 3

Smn’=tmn® +Bmn® + Tma® - Smn? 09
B AJF—4 2w DIER

FUKTE A B RAD 1/10, 00037 R 6km X 6km © &Y » K Z2#i¥ mesh¥ic & b KFRIK smm

(%ﬁ'rﬁf&mm) T, 120x120 @ altitude matrix & vciiécmiuﬂi—f F fhitt Utc, BEEIIE 1
B bEodbpa 2 5R e UTHESR o, Mm% v &3 2ERBERE Ui,
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© > > East~-west direction 6 Km

oy e ik g

UOTI05X1P YInN0S-YIIoy

g, 3. An effective comparison of the base map (1/40,000 topographical map with 20 meters
contour interval) and subsequent gontour map produced by an automatic contouring
program that uses X-Y plotter (eontour interval is 10 meters). This area locates
north-western part of University Forest in Ashiu and is 66 kilomters extent. Data
consist of topographic elevations observed at points on a grid containing 120 rows
and 120 columns (120X 120 altitude matrix based on a sequare grid interval of 50
meters) and a total of 14,400 data points are used. It shows how little information
has been lost by taking approximate altitude at diserete points.

B~ 3 13 245, 2 2 T 1/40, 000 HTER &, RITICH W Iz =22 » 7 (1/10, 000 HITEZED >
SVER S Mo MiHIe s — 2 XY Fuo v 2L Y AU THEE Lo 2 —v v PRI
BUILEDTH 5,

C:v—YxeFrolime AICEED 7 LI ) X L1

7 — U m® FOUHEER « AIC 4052 general flowehart (Y-4) WRa N Ak, 9w, y 2
D F — & B AIAENEF — 2 BT % RYLALEEAETT s h, RITE RITHEE
e (SSL T :CFT) ok b v —y =ff¥, <0 —2=27 3 a0HESND, FTUHIEH On,n)
ST 57 — ) =B8R DT Y — ) iR il UHEEE 2 5 U, 2 & COEEM L bR
TEASEIR S | & 88 SR 2 BUEMBESTT bR 5o I T EFRL 2 AIC 2EEL
COEFVOMHTRKY, T IEHOTNTOHABEICDOWTIAR C OV — 7 280 R U
BT T %o




( START )

4

READ

read the data X, ¥, %

FOURIER

estimate the double Fourier
approximating function

DEGREE

index of degree
£ terms

INVERSE FOURIER

compute logical values at the
grid points equaly spaced

/

estimate AIC of models defined

{~2}log {(maximum likelihood)
+2 (number of free parameters)

» YES

MAICE procedure which selects the
medel whose structure with its asso-~
ciated parameter values gives the

RS T
Ve AT TS 5 ORGSR
E BOHEBBERoE - ovad
T b ORI
O] 7V B U -2~y b
U N ¥
EARVIEARE T oo R R R Y e
EFIL DR
Fo— RLCHETE AT T SR
{ WoatEs
$2h02787 757578
Apmibns” 7
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NO
A IC
as follows:
AIC =
MAICE
minimum of AIC
A
END
Fig, 4.

D

AICOD 3 FESHIR D JRAE ¢
(en—1)(2n~1 ) 16374
fatc () —mc () D 1 or 2

A general flowchart for double Fourier series evaluation and the statistieal model
identification based on the minimum AIC procedure which selects a Fourier model whose

AIC is the minimum.

Tourier models various orders are fitted to one set of data

and the corresponding values of AIC(m,n) are computed, where AXC(m,n) is the
value of AIC for the model with m order to z-direction and 7 order to y-direction.
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D : MAICE =& 7 v Ok & WM O RREE

MAICE & FOVPUBICE W TR S L2 AIC(n, ) ORI, M « IR Sofhhiic
b HRD 2 MG RWIRT 5 cEEli,
{17 MAICE | J e § 10);1{9‘ ‘Mj,uliﬂﬂ,,m (Asymptotic Normality Principle)®® \2dk-517C

Bh, eFLVOEHMARI A2 EZF - 248N icwLT, /UL]<M Rl )

N e alry — V== F DT DI On, ) KW 5 HH /85 2 —25803 @m—1) X
@u—1)+1 THILLN, F—25 N=Ixl gL TcoRE L

@m—-1)@n—1) 1 -
16384 10 @8-1)

Linh, CORFEERTTARE On,n) OFTAIC 2H/NCT 5 6 O MAICE & 701 &/
2’30
(27 AIC (m, n) 1Tk DHEET S A D1k e 7V ORSESEROEN © & » T Kullback-Leibler |
TV, T/abbAIC L ko —DBEDD

[AIC (m, n) — AIC(m1, #1) |>1 or 2 (29-2)
BHEHBEREL D,

CO 2RSS Model(m, n) DR L TP AICOR, 7) DHEE & DIOHME-2 T,
COFER L b RPN, P FIIC14IH 2 $RE U 7z Model (29,14) @ AIC HS/IT, [@
RHTIE & B SR 2 RUREHOBLB B DEFVICE > THRFIN TN S, HE/CS 4 —4
Db % Model (16,26) O TiIZE VI 2BHIBIFTH 3V EEI T ILLAREMLTH
%o Model(45,9) 45 J: T Model (60, 7) 1ZIZIZFEEO A /5 4 —~2 BHEATO B bbb
T, EFNVOEEEIRRG B ENERENS

Table 2. Results of the MAICE procedure applied to mxn Fourier models
fitted to numerieal terrain data. This results shows that the
model (29,14) will be adopted if we apply the MAICE procedure
to the set of possible Fourier models.

Model P, T.8.8. S.8.R. 5.8.D, G.0.F, AIC

(16,26) 1581 0.93485 K09 0.88372E09 0.51126 E08 94.63 293975

(29,14) 1539 0,93485E09 0.88797E09 0.46875E08 94.99 292469 (MAICE)
........ (45,9)]5130934851309086057E09074273E089206299958

(60,7 1547  0.93485E09 0.82630E09 0.10854E09 88.39 306242

R P.: Free Parameter T.8.8.: Total Sums of Squares

8.8.R.: Sums of Squares due to Regression

S.8.D,: Sums of Squares due to Deviation

G.0.F,: Goodness of Fit (%)

Set of possible FPourier models by asymptotic normality prineiple:
(2m—1) X (2n—1)<{1637.4

B~ 513 O~@edE S O THE S NI 8T 2T T LD AT T — =} Saa GRAIE 2

b VTR BT ARG R EDT) & Model(n, n) OITEI Y IEHBOBIBRERL TV A,
Blicmd ki, BREOMIIIEHE TS 2B/h s =7 vl e LTz /pé: ){f'J LTwnig
Vo HARIIDBD IR DITY) ) BT & o TRREL 7 & 70 BUSET 5 b IE 5 5 O Pro-
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Matrix of diserete power-speetrum square-root values (harmonic vector magnitude) obtained according to fundamental waveform containing
for four harmonics fitted to original numerical terrain data, where the corresponding harmoniec vector magnitude value S(m,n) is the value

for the model with m order to z-direreion and % order to y-direction.

Fig. 5.
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Numbers printed on the grid ave counted fractions of 0.5 and over

Array could be extended to inelude orders of successively higher degree, but these results omitted

as a unit and cutted away the rest.

at some point.
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Original terrain block diagram Angle of depression
23.87 degrees
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29 AIC terrain block diagram Angle of depression
- AIC ( 29,14 ) = 292469 22.95 degrees
¢ MAICE model e
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60 AIC terrain block diagram Angle of depression
AIC ( 60,7 ) = 306242 22.92 degrees
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Pig, 6. Comparison of smoothed terrain block diagrams by Fourier models and original
terrain block diagram(upper), view from the north-west. Profiles drawn north-south
and east-west in parallel perspective. The MAICE procedure adopts the model(29,
14) as the best among the sef of Fourier model (m,n). It looks as though both the model
(29,14) and the model(16,26) would clearly pass the test. There is, of course,
some loss In detail in models compared with the actual surface but is no great
difference among them in its configuration (fypical ridge and valleycomplez). However,
the model (45,9) and the model(60,7) has a remarkable periodicity toward the north-
south direetion.
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Original correlogram model
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AIC({ 16,26) = 293975
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29 AIC correlogram model
AIC( 29,14 ) = 292469
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60 AIC correlogram model
AIC({ 60,7 ) = 306242

Pig. 7. Comparison of the behaviour of autocorrvelation applied to the set of
possible Fourier models and the original surface. The rather slow dam-
ping of the correlogram at some lag indicates that original sequence is
fairly periodie with superimposed linear trend in y dimension of map
and a typical pattern of non-stationary series in z dimension, where the
observations inerease steadily in value along the sequence. The correlogram
shows steadily decreasing correlation. Estimated autocorrelation of each
Fourier model, the behaviour of which provides us an important clue in
the identification stage of the MAICE procedure. By the MAICE pro-
cedure, the model(29, 14) is adopted as the best if we consider the set
of possible Fourier models.
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ciple of Parsimony)™ = QR 3 bhsbn s, RSO HHE 2t Model(45,9),
Model (60, 7) iz it U T MAICE & # v & L CHR & iz Model (29, 14) & %\ i3 Model (16, 26)

OFBRIFREFNTHD LD AIC DEHEZ RS T 5,

R-61 €7 VOHEEZANT, WET Ry 254775 2L > TRF -2 eHTF VL
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WAV, Chitf LT, Model(29,14), Model(16,24) Tl & F O S FHEIC LTS
IRl & N T D HIERT 20 TIERICIEA TV A C E8b b,

LKL T > R, B, v RO, L, B¥E DB, Wi, S, dEN
ORRAEOHAMEB R L HRYN TV,

CORRE S b ICHEHEIERIL U TG A1cic, 2RTO ETHIBIBBZHA L THF -
% & F N OHIEETIRE BTN R TRV o v S 5 & THIRL 12010052,
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S OB 7 — & ORBAET % f(2,9) LT 28, 1, pfEiz-iz 2 DORHOHEDTHE L
UCEHT BB BG, ) %60RTEHT %,

1 N1 N2
Bow=ying & & @ unfete vt 60

Loy EENREN 2, y FEO distance lag T, f(z,y) OEAEFEBE S LW Ar, Ay BEO
AT S NESHEROWAR V1, V2 1K UT lag %55 THRAT 4,

r=0, Az, -+, (N1/2—1) Ar

=0, Ay, «+, (N2/8—1) Ay (30-1)
r=p=0 O, G)INOEHTHMEE B0,0) 228 (v —) 2RU0FN 26N TER
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Résumé

Fourier series provide convenient means for interpolation, and limited extrapolation
of numerical data those are oscillatory. A possible general use of double Fourier series
would produce numerieal indexes that are useful in classification. For example, an
objective numerical system for classifying the configuration of landforms could be develop-
ed by means of double Fourier series analysis.

However, additional consideration needs to be done which includes (1) assessment of the
desirability of leveling of the data prior to Fourier analysis, (2) establishing the guides for
grid point spacing and for the number of columns and rows in the grid, and (8) arriving
at suitable guides for determing the “cutf-off” point with respect to the numbers of
terms (index of harmonic degree of terms) which are used in the Fourier series,

The Fourier model fails to accord with the actual landform at places along the edge
of the map. This is because the map-edge values of the Fourier model, prior to retilting,
are the same at opposite points on any two edges.

Computation of coefficients of a model is a part of Fourier analysis. In addition it is
essential to compute measures that express the goodness of fit of the model to the data
and then to determine whether the model are statistically significant or not (statistical
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hypothesis testing procedure as a method of statistical model eonstruection or identification).

In a practical situation, it was suggested that there was some gap between the
theoretical results and the practical procedures of adequate model construeting through
the analysis of the digital terrain data.

From the information ecriterion’'s point of view, Akaike (1978a) introduced the MAICE
(Minimum AIC Estimation) procedure which seleects the model whose strueture with its
associated parameter values gives the minimum of AXC. Akaike’'s Information Criterion
(AIC) is defined as follows:

AIC= (—2) log (maximum likelihood) - 2(number of free parameter),

AIC examines both the fit of a model and the unreliability of a mode;the former is
measured by the first term of the definition, which decreases as the number of paramete-
rs within the model is inereased, and the latter by the second term, whieh inereases with
the number of parameters.

AIC, which is an estimate of the KXullback-Leibler information quantity, provides a
powerful and almost automatie procedure for the identification of models free from the
ambiguities inherent in the application of conventional hypothesis testing procedure.





