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Characteristics of Spacial Pattern and Estimation of Missing
Data with Respect to Ten-day Precipitations

in Nagano Prefecture
Noriaki SocawA*, Masao ARaKI**, and Koéichi SArTo*#*

Since, from the viewpoint of mathematical statistics, the spatial dependence of
precipitation is associated with a wide range of area, data of ten-day precipitation
in Nagano Prefecture were subjected to both a principal component analysis effective
for grasping spatial patterns of precipitation and a multiple regression analysis
effective for estimating missing and unobserved data of precipitation. Data of ten-
day precipitation were divided by a y®-test into five populations: I, November-March;
II, April-May; III, June; IV, July-August; V, September-October. The behavior
of factor loadings and proportions determined by the principal component analysis
has disclosed spatial characteristics of precipitation for each population: six precipi-
tation patterns for populations I and II, five patterns for populations III and V,
and three patterns for population IV, The multiple regression analysis has evaluated
partial regression coefficients useful for estimation of ten-day precipitations. The
coefficients obtained were capable of reproducing and estimating the data of ten-day
precipitation with a high accuracy. The accuracy of estimation was practically equal

to that of reproduction.
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Fig.1 Gauging stations of precipitation
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Table 1 Proportion and accumulated proportion of principal component
l-p.c. 2-p.c. 3-p.C.
proportion | proportion|ff ﬁ“é“f‘%i‘g%d proportion | §ESHTE aged
a 66.4 1.2 77.6 5.2 §5.8
b 64.1 11.1 75.2 6.5 81.7
11l¢ 62.6 10.1 72.7 7.8 80.5
d 69.5 8.4 77.9 6.7 84.6
e 67.9 8.7 76.6 6.7 83.3
T 63.5 8.1 71.6 6.9 78.5
a §6.7 1.9 91.6 4.0 95.6
b 41.0 25.5 66.5 10.5 77.0
11lc 63.3 16.2 79.5 7.1 86.6
d 70.5 11.6 82.1 8.1 90.2
e 77.4 10.2 87.6 5.0 92.6
T 65.6 11.2 76.8 5.4 82.2
a 84.3 8.1 92.4 4.2 96.6
b 74.4 18.4 92.8 4.5 97.3
1T c 90.8 6.7 97.5 1.9 99.4
a 70.5 16.8 87.3 7.9 95.2
e 55.8 26.9 82.7 8.1 90.8
T 81.4 7.6 89.0 7.0 93.0
a 79.0 10.6 89.6 4.3 93.9
b 76.2 9.6 85.8 6.4 92,2
c 66.8 14.8 81.6 7.0 88.6
Nig 78.1 9.7 87.8 4.5 92.3
e 77.8 8.8 86.6 4.4 91.0
T 74,7 8.8 83.5 5.5 89.0
a 79.6 8.0 87.6 5.3 92.9
b 80.9 7.6 88.5 4,2 92.7
c 80.9 8.7 89.6 4.6 94.2
Via 76.3 10.1 86.4 5.1 91.5
e 68.2 11.2 79.4 8.4 87.8
T 75.4 5.8 §4.2 4.3 85.1
a:1966-67 b:1968-69 ¢:1970~71 d:1972~73 e:1974-75 T:1966-73
© p.c.:principal component
Table 2 Change of factor loading
(a) Population-I (d) Population-IV
Steim®]l-2 3 4 5 6 7 8 9101112131415  Swimwo|L 2 3 & 5 6 7 8 910 11 12 13 14 15
1966-67 |1 2 1 4 3 2 2 8 2 4 3 3 3 &4 3 1966-67 12 2 1 1 3 4 4 3 2 1 11111
1968-69(2 3 1-1 3 2 2 8 4 43 4 4 4 1 196869 |1 1 3 2 4 4 3 31 2 2 2 & 2 4
19707104 4 2 3 2 2 2 7 4 3 3 3 1 3.1 1970-70L[2 1 11 & 1 3 3 1 & & 2 & 4 4
1972-73|1 2 1 3 3 4 4 8 2°3 3 3 3 3 2 1972-73|1 1 3 2 3 3 3 4 1 4 2 2 1 1 2
1974-7502 2 2 11 4 4 53 1 3 1 2 2 & 1974-75]4 4 2 3 & 11 2 11 3 4 3 3 3
(b) Population-II
SteimMo.}1 2 3 4 5 6 7 8 91011 1213 14 15 (e) Population-V
1966673 3 3 3 2 2 1 1 3 3 4 4 &4 2 2 ' '
1968-69{1 2 1 3 2 1 1 2 1 3 & 4 4 &4 4 SN[l 2 3 4 5 6 7 8 9101112131415
1707112 7143 1222 444331 012224311 1464433033
1972-73|2 1 1 3 3 1 2 3 2 4 & 4 3 3 2 1968-69 11 1 1 & 4 2 2 2 1 4 &4 4 4 & 1
17751 1 1 2 4 1L 2 7 4 4 4 4 a5 WOT[114424 45311292029
- 19727304 2 1 & & 2 2 1 4 4.3 3 1 3 3
(c) Population-IIl 19767504 & & 2 1 4 3 1 2 2 21311
Sttimm]L Z 3 4 5 6 7 8 9101112131415 Lz () 1) 13 5y () 1)) 1y
196667 4 4 2 2 2 2 2 & 4 33 3111 2 () 7 13() 61y () 1(=) 14(-)
1968-69]3 4 3 3 1 2 2 4 4 311111 3T 1) T3 Tery () Ty Ty
0707104 & 1 1 111 24 4443 41 MU ORNOREAORAOENS
1972-7311 1 3 4 2 2 2 2 1 & 2 4 & 4 &4
19747511 1 1 4 3 2 2 1 2 2 1 3 3 4 &
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Fig. 2 Three-dimentional expression of factor loading
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Fig, 3 Pattern of precipitation



74 FEJIILIE - FORIER - HREE—

3.3 ERSIFICL BT
KRBT 2L e 75 Y 754, M— original

4 EBORIUEBIFEH c(c) 7B b, 1E0E e (o) time series

WRNNRDRS. FoT, FERFnbERE 0.

T & EFET R D B\ RO 2 L e 0.

0.0 7 T
75 AENITAE, R—4TEOX 31D, ol LMJ36 72 T
IHET Y FARFUE R T 2 L8 CES, K— i »
Adbd (BEE) B+ sa2v e 2754 T5h 0.2 stationary

BA%, ANRR (RIEE), KEE (REE), T 0.1 time series
(B7E5) o Thisis g cEERNE S h 0.0

o, ChitEEKkEE <z 7BlEFrc LD —0.1-
B E IR o EREMTH B LRTRLT -0.2

VB, F T, el R R i S o AR Fig.4 Correlograms o.f orig:mal an'd
stationary time series (Kitamaki)

KEDOERDNOHEET S 2 &hkE L, 19666

~TIEOIAH IR L1 E D 7 — 2 % v CERS OV R 1TV, B 0.9 DL EDERS

AL D ARG [ER S 2 e,

F—3ERSH D EOBRICHM U & & ORFERFEE, bbb, (2.11), (2.12)
R BFR SN REER LT 5, BARBERNS SCFEFREN R 52, K—31
RUTcIE R & 70 — 7RO R E flid & > T B 2 ED03n 5,

wie, Z ORENFERE & A0 ARKEY? S, (2.10RE AV TI971E~T3EO T,
L9T4E~TEEDHEE X T o lc, H—5 XL DFRERR L bDOTH A, MKIIFF LS
VEAEORERBIRETHD, HE - FHHFHELLNESRTVBEN, 2O Iabv—v
a VIERBEEY X CHEA LTS, X, HETIHIHLABREOHAENELRTED,
FELWREREL > TS,

Table 3 Partial regression coefficient

Statim No.| const. 2 3 4 5 6 7 8
I 2.223 | .248 | 173 | .037 | .030 | .068 | .031 |-.045
JIT |-0.484 | .215 | 111 | 041 | .009 | .120 | .119 |-.133
TIT {-7.905 | .391 | .028 | .078 | -.041 {-.140 {-.051 | .163
IV |-9.889 | .298 | .163 | .061 | .015 | .099 | .041 |-.100
vV |-8.129 | .15 | 055 | .018 | .038 | .076 | .055 | .173

Statim No 9 10 11 12 13 14 15

I .099 | .028 | .007 | .034 |-.006 | .008 | .022
11 125 | 053 | (050 | .045 |-.008 | .026 | .070
1L .256 | .089 | .038 | .106 |-.030 | .042 |-.031
v .159 | 001 | .001 | .032 | .012 | .023 | .015

\ 118 | .161 | .080 | .012 | .003-| .021 | .01
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