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Trend Analysis of Annual and Seasonal Rainfall Series in Kochi Prefecture
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LAgriculture Unit, Natural Sciences Cluster, Kochi University; 2 AgF'E Department, Indian Institute of
Technology, Kharagpur - 721 302, West Bengal, Indlia, 3Professor Emeritus, Kochi University

Abstract : Annual precipitation for Kochi City, Muroto, Sukumo and Shimizu in Kochi Prefecture has been investigated using
linear regressional analysis, Mann-Kendall test, 11 years moving average and moving variance, and Akaike Information Criterion
(AIC). Seasonal trend in 33 years’ Spring/Summer and Fall/Winter rainfall series has also been studied for Kochi City and Muroto.
The findings of this study are as follows: (a) Long-term trends in annual precipitation are increasing, but recent short- time (33 years)
trends are decreasing at four points (Kochi City, Muroto, Sukumo and Shimizu); (b) By using Mann-Kendall test, a decreasing trend
has been detected in the annual rainfall series (123 years) of Kochi City at the significance level of 95 % , but the trend becomes
ambiguous if we take shorter data periods. However, 11years regressional coefficient of moving Uc values is plus, i.e., there is an
increasing trend; (c) Seasonal trends in the 33 years’ Spring/Summer and Fall/Winter rainfall series are increasing for both Kochi
City and Muroto. Recent moving variance in Kochi City is getting larger than before, but that in Muroto is not increasing
significantly; (d) By sorting recent 11 years annual rainfall data and comparing neighboring 11 years annual rainfall of the same order,
recent annual rainfall has increasing trends in Kochi City, Muroto, Sukumo and Shimizu. Especially, the maximum annual
precipitation in 11 years is increasing in Kochi; and (e) Relating to means and variances, four models, namely M1 (equal means and
equal variances), M2 (unequal means and equal variances), M3 (equal means and unequal variances), and M4 (unequal means and

unequal variances) have been compared by AIC and the M1 model shows the best fit.
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Mann-Kendall #7720 /2 73T AN ZRREIZE DN R ORFSE, BERRIOBHEEFEEICREAH%8 (RS (2001))
TREDTOIVTE . ZZTIEEARNOASOREITORGBIE (5, 5, 15756, 1E/K) OFRKELx5REL TOH
[ENFEARO AL (BYRRED) Off, OABEAEHICHE U7 1142 & OFEROKEOTHIEOHERS, @Mann-Kendall #
E, @Rt EHREHIE(AIC) (BIZIXEAR (1999) 12D I KOO ELNEELL W DET LD EED
MEEAToTZ. ZhU, BT T NV L TN QWD EOE IR T HOIER TH 5.

Mann-Kendal | 7X ~

Mann-Kendall 7ANMZ, /27T AN w7 FANO—FET, #iJF, I#EE RS, RN, HOVERAERI
OHME AR HOIAFRTH2S. Mann (1945) AMEANTAVY, Kendall (1975) 2SHEEHHAROHEEEAT 072 ZD
FHRET ANMENIZ N BRE TR TH BT Hirsch 5(1982), Gan(1992) 228 12k > TREN TV, BERFIT —4 x,
(t=1,2, ==+, n) %, ZOHLTHTLDETD xpq EEHERL T, WD I7RRERFIEEL 2,2 /FRk T 5 (Salas, (1993)).

Z= 1 ifx,>x)
Zi= 0 ifx,=x ®
Z=—1 ifx,>x)
ZIIT, k IFRATTRSND:
k=-1)(2n—-1)/2+(t-7) @

Mann—Kendall FEEtHEIE, z, RERFFNZIDFERSD (Hirsch & (1982)).
n-1 n
S=> >z, @
t'=1 t=t'+1

ZOfEHEIL, £2TOT —ZMOENIEDZE, AOZEL/2DEEIZ OV TR D, ZOfETEIE, Hirsch 5 (1982) 12858 n
>40 [ZOWTHEASNDETHDHE V.

u, = St+m @
C IV
V(S)= %{n(n—l)(2n+5)—zg:el.(ei -1)(2e, + 5)} )

ZZIT, §<0 DEE m=1,5>0 OLE m=-1, §=0 OLE m=0, N, \(IEEIN—T O, ¢ 135F i 7 V—T DT
— 2 ThD. Ue DIEREEBISAAOTYE o OB IEETREV ), AT o J0E/INSWEEITNE, FTEDEHEIER Y
FOBGRET, IR NV ROZ LB R BRSNS, $IHA TR O R 23HEEEHLS. Kendall (1975)
&S, Ml N —TBELE272 TS, T —48n=10 BBE CHLZOTANIEHCTEDIERE 52 DE M.

Tt DIFHEFRE (AIC)
(DModel LM1): pwoj =t oy 0 01°=0 > DIFE CEAILHVELNES)

TODERGEIRTRERINT —F x=x;(i=1,,n), y=y;(i=1,,n) BHDETD. x,y OREEHIERRHELN
LELTEE, x,y ORPFRIER, EAHEAEAR G HE TN E N L, 0 1y 0,0, ME), V), M), 1), Xy
OIEREEMD VL 1, 0, ETD. ue=p,=uo 0,=0,=0 ZRELIEE (ZIE Model 1 £9°25) Dk
FBE MLLIVE, 1o 0 @ DERAHEER 1, o2l TRETHZ NS G (1995)).

MLLI = —%[1 +log270°] ©

- M(x);M(y)
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o7 = V(x)-V(y) N (M(x)—p)* +(M(y) - p)°
2 2
Model 1 DIFHEHME AICMD) 13, KA TEHR HNA.

AIC (M1)=-2X MLL1 +2X2

)
DB ZHEORRND 2 1IER, %0 2 1 IEAL T STA—EH 1, 02 D =D THHZLITHIGEL TVD. 7233, fi

T — 28D x=x;(i=1,,m), y=y;(i=1,,n),(m#En) THHEED u, o’ FTXKATHRENS.
_ mM(x)+nM(y)
#= m+n
ol = mV(x)+nV(y)
m+n

(2)Model 2(M2) : o1 # 1oy 0 0°=0 o> DA I EUTE LN E 2 BHET L)
X,y DFENFEIRD, 558 TEUNET L M2 DI ASKHEONE MLL2 13 TEZ 5.

MLL2 = —27’1 [1 +log 272'62]

@®
V(ix)+V
e 2 V@)
2
AIC (M2)=-—2XMLI2+2X3 )
:@i}%/ﬁ\, JZEEEEM:IE@ 3 01, ;E?/I//\O?%“_‘&ﬁ§ Mot Lo O OZODEOT&)%:&L:?‘TFL;LT[/ 5.

(3)Model 3(M3) : gy = gp, © o F o 022 DG CEEINELL N BRI DT T L)
BISRHHOEEE MLL3 13aTskobin s,

MLL3 = - men 10g27r—%10g0'12 —ElogO'z2 men

- (10)
2

o =V(xX)+(M(x)—p),0,° =V(3)+(M(y)— 1) . uitx, y OFAFHEROFHETH

B 1o 0ot 00 \CBETAMMES) D, SECAEE L3 = LL (1o 000 00 ) B2 Tl GRS CHEK L,

o 012, o 022 li\(‘ﬁi’i‘éhfﬂ 0 KEQT%’)EYKK&@Z) :h%ﬁﬁglf \T%j\:*ﬁfgﬂ , O 12, o 22 %;"\Z&)Z} #?d"ﬂ: m=n @%\a:

o lE M), My) OFEERD, EXhB o 2 o 2 0sROBIS. FROERERMEL, KRB

ol e
RN

AIC (M3)=-2XMLL3+2X3 (1D

(4) Model 4(M4) U Flg O 012 Fo 022 @%\(qzi%ﬁj\%ﬁfﬁé%?‘ﬂ/)
IRBOLE MLLA LIFHRERIE AIC (M4) (ZRATROLNS.

MLL4=-"""

10g27r—ﬂlogoq2 —Elogc)'z2 _men
2 2
2wy = M(x), 11, = M(p),0," =V(x),0," =V ().

AIC (M4)=-2 X MLLA+2 X4 (12)
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K EILEREANCHHZ LN 05, LoL, ik
33 FRITIHITHI \EAeoTB. ZOJIITERE
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4. Mann—Kendall T AMZ XA EREERIRD LR
B TRO@ITRT O, HAIEH 4% 1886 4RI,
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ST, FERITTTOERKET — X128 DT A MER
LR—Thotz. HF 7K@ IZL D &, 1886, 1887, 1997
FED u A2, Wil Sl hL v ke
HEr S AL DY, FOMOFIEREITIEMD D\ EEr
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