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STATISTICAL ANALYSIS ON WATER QUALITY
VARIATIONS OF 90 LAKES IN JAPAN

BE RE*-XHF #_* -Hm &HE
Takehiko FUKUSHIMA* » Kohjy AMANO* « Kohyy MURAOKA*

ABSTRACT ; Fundamental features of the variations of some water qualities such as pH, concentration
of chemical oxygen demand (COD), dissolved oxygen (DQ), suspended matter (SS), etc. were investi-
gated with statistical analyses for 90 lakes in Japan. In most part of the lakes variations due to seasonal
factor are dominant, whereas horizontal variations which may be explained by non-dimentional parame-
ters Pe and Pk are less 209 of total variations in case of COD. The magnitude of seasonal variations of
COD and SS is proportional to the mean level of COD. Retention time and characteristics of meteorologi-
cal conditions affect the fitness of observed time series to the model composed of both seasonal and yearly
factors. It is supposed the the production in a lake have great influence on the characteristics of seasonal

variations of many water qualities.

KEYWORDS ; Lake eutrophication, Water quality variation, Statistical analysis
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at public-use water bodies (1978 4~1983 3)

Data from water quality surveillance

<

Data 0 lakes) R

« selection the lake where
the number of station 1s
more than 3

Data set B (58 lakes)

« elimination of data except at 00 or 05 m depth

- selection of data obtained by continuous observation for one or several days

(Ex) Select the same hour data as the other days m the cace of every hour )

observatton for 24 hours
Calculation of some statistics

» making up the number of stations, years, and months

((Ex) ehmnate the data of the station where there 1s no observation in other year)

Analysis on yearly and seasonal variation

(Average the results of the lake which has more than 2 stations)

« selection the lake which has the observations at nearly equal intervals

| ((Ex) elimnate the lakes where water qualities are observed only m summer)

Date set C (29 lakeﬂ

i
LDate set D (37 lakesﬂ

Analysis on variation n stations,
yearly vanation, and seasonal variation

Analysis on the magnitude
of seasonal variation

Fig. 1 Data set and procedure of analysis
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Table 1 Lakes for statistical analysis

I, is the group code of lakes.

1, is the number of stations in each lake.

I; 18

the observation frequency in a year. The lakes comprehended in Data set B
have I,. The lakes comprehended in Data set C have I,. The lakes which have

() in the column of I; are classified into Data set D.
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name of Lake

)Nakalsuna
Kizaki
Nogere
Sanaru
Aburagafuch
of L Biwa
of L Biwa
Sengan
Muroo
Sarudam
Kazaya
Ikehara
Sakamoto
Tanegarke
Koyamarke
Togotke
Nakaum
Shinp
Jnza
Kojima
Sugano
Tokiwa
Kanogawa
Kurose
Yanase
Hydgami
Hokuzan
Rytmon
Unaguke
Ikeda

Ll &
5 2
5 a2
1 a2
1 03
3 (14f02
11142
4 a2
234
2|42
2| 4|02
2 [(v]
1]4|02
13|
4 12
4 i+
4 )
3|52

name of Lake LL|L name of L;k;! ) L|L
—[iAbashlrl R Tagoi(ura 4
L Shikotsu 3| 6| 6| R Okutadami
L Toya 3|7|6|L Kasunugaura 112
L Onuma 116(6|L Kitaura 112
L Akan 5| 76| L Hitacshtone 1
L Kussharo 3|5|6]L Hinuma
L Jusan R Kawamata
L Tamogimnuma 1/3|6|R tkan
L Ichyanaginuma | 1{3 |6 | L Yunoko 516
L Towada L Chazenm 3|7
L Ogawara 1|11|03| L Akagidnuma 56
R Gands L Haruna 5(6
R Toyosawa L Ozenuma
R Kurikoma L Inbanuma 174
R Hanayama L Teganuma 13
R Naruko L Ashinoko 3|4
R Urushizawa R Tanzawa
R Kamafusa 4 (3] L Toyanogata 2
R Tarumizu 4 03| L Kibagata 2
R Okura 4 12| L Shibayamagata |2 |3
L Izunuma 1 02f L Kahokugata 2|3
L Naganuma 1 13| L Kitagata 2
L Tazawa 314/8|L Mikatagoko 0
L Hachiro L Yamanaka 5
L Inawashiro 3|7|6|L Kawagucht 5
L Hibara 5 9| L Saiko 3
L Onogawa 5 9/ L Shop
L Akimoto 5 9| L Motosa 3]
L Sohara 5 9L Suwa 1 [
B}Elon J4] o)L Acki |

L. Lake, R, Reservoir &, South basin N, North basin
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Table 2 Surface area, mean depth, retention time, and averages of

some water qualities calculated for each group of lakes

B L NuOEEE % Table 21 E All Lakes| Group 1 | Group 2 | Group 3 | Group 4 | Group 5
L$H b, OECDDEEREZEY, | A Gme 26.1 23 8 28 92 0 2.5 42
TPofERs, 7v=71, 2& [fq, 26.3 329 | 2.60 | 1031 195 11.4
EXE, /SVv—-T74, 5 dREE,
_ o T () 2.71 033 | 0088 | 127 023 072
Sv—73RBERCBERICET
BLOHE L COD (mg/D 4.62 880 | 622 117 | 2.52 223
o
TN (mg/1) 0.891 | 1.67 | 1.38 0.205| 0443 | 0.337
. TERMYEOBRIAER TP (mg/D 0 086 0.176 | 0.150 0012 | 0017 0 030
(1) E@Euomg Number of lakes | 58 17 9 1 9 12

Table 37 —% € v FAIKC
St LTRBBC LIy, X,
R, EHHEPERD, TNETEHTHRR2MB IOV TOEEE, FREZEH LABRET T,
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HOB-NERENDED, TITRECAFTOIREL S - TREHKABOREMFEE Lic. 4,
UTRENZHEHEREHEFBOHEABRE,L S ORAKICHM SN D TH S, EHFE, BE, &£
EodiEs s, HHE, pH, DOTREHMBTCOAFTEMERAHICENT L, COD, SS, TN,
TP TR/MNSVAIED, ERAMLIOR-HAHHAEEL TR EDbM B, L, SS, TPT
REHREOLAEL, ERAIGFDLPOOBAOBREV, WRERZITHIERFNOKETEE, RED
BOL, HiIrCOD, SS, TN, TPTREMAKIKEILL T LBOL S,
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Table 3 All lakes averages of some statistics calculated for each lake (Data set A)

SD pH DO COD SS TN TP
|
number of lakes 60 89 89 84 64 27 22
mean of each lake mean 3.56 7 57 9.66 4.22 10.1 1.07 0.11
median of each lake mean 2.64 7.60 9.56 2.95 6.39 0.51 0.07
median of each lake skewness 0.45 0.40 0.24 0 86 2.25 0.77 2.06
median of each lake (kurtosis-3) 273 293 2.60 4.07 8.47 3.70 8.17
median of coefficients of vanation J 0.36 0 066 0.14 0.36 0.76 0.40 0.74
|
R [

median of each lake skewness after | _ 45 | 56 | _0.078 | —0.084| 0.070 | —0.24 | 0.13
log-tronsformation
median of each lake (kurtoss3) | 319 | 53 | 62 | 3.24 | 3.26 | 3.30 | 3.45
after log-transformation

units of each lake mean : SD (m), DO, COD, SS, TN, TP (mg/D)

DR&(BD, BH, BEZLY.
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1)o ROBICHREGHLHBAKE DS THRELLLEHG Table 4 Differences of time-averaged

ERUED, COKBEGESEEOHBTEELNLE-T values at some stations in a lake
W5, COD-2, SS - 20&EH, 5, BHTRK, T0 (Data set ©)
FhOEHED 15, 38 BEBEOHBENS S LD
ratio of lakes
DB, B, UEBORETHM 6L VIR EEKER 005 D where D* is
significant
E LT,
pH-1 026 . 0.54
3 e N
(3) éﬁu%@j@j{% s DO-1 (mg/D 0.53 0.57
Table 5 IMBEMEAOHRFIZ{RIC, 2 OELRKHE
) ) ) COD-1 (mg/1) 0.88 0.55
ERERNIEREZELD D, BRAEVEEEL L THES N
$S-1 (mg/1) 4.76 056
Z2EEE, MBEBLLVEEIKIICODT40%, SS
; . , . ) COD-2 0.15 0.55
TTO0%%EBADLD, SEERETH>E 10 BER TN B, 52
- 038 0.56
BNMNETRFEOERMBRAOLNLZOODORFHELHEINS
WT-1 (C) 0 62 0.41

BER3LEO (NEHDETEL NG, SS, CODTR
BIFIKKZOHBENBE--THWAIELEBRL, COLDHX
MEETOROEBRRFIOBUHS T 5 LARELEIRDS
Soh, & -7

MREECHERE Table 5 Characteristics of time series of water qualities (Data set B)
55 Ric, BEF

. pH DO COD S8 WT
E#rEELLS
number of time series 195 200 176 136 197
HEX3EEET
: e maximun 0.159 0.065 0 460 0.706 0
coBBHKEC | podmtann
. minimum 0.036 0 045 0.023 0 0
N Ehbh b,
. ratio of modification of maxinun 0.123 0.020 0114 0.162 0
Zhiiest L, ZHi maximum or mimmum after
. log-transfor mation minmum 0 051 0.160 0.170 0.103 0
EZHoAEtIE
. ratio of time series in which seasonal varia-
<, #ickE ., DO tion is significant 0.297 0.296 0443 0.301 0.289

TERBLOLD ratio of time series in which yearly varia-

0.764 0.960 0 659 0 404 10
tion 1s significant

BEEIHESN
rat1o of time series of which distribution 1s
5, 72, BREOD judged not to be normal by skewness of | 0.195 | 0298 | 0200 | 0515 | 0.122
R, LR, RU residuals
I 32
ratio of time series of which distribution 1s
REOH LA B B judged not to be normal by kurtosis of 0 272 0 225 0.273 0 382 0 330

Mmoo, BEDS residuals

Hebin ratio of time series which 1s yjudged not to be
CERERAMICE normal process by auto—correlation of resid- 0.451 0 310 0 455 0 316 0 426

<, BRIIMICR vals
THOHBESTNI
EEAELTVEbDBE80W Ebbd b,
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SV, S —THEOBVARKENTEERLTVD, AT 1ORIFETE, BEEKEXR005&EF 3
LpHAR MO KETI/ V- 7THOPHBEOENEE LN S BRI/ V-7 1, 2 TEHEHOKRE S
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Table 6 Magnitudes of seasonal variation for each group of lakes (Data set D)

v D B 5 51U D A8 BA FR

BREKSHMBI V-7 All lakes GrOUpT’ Group 2 | Group 3 | Group 4 | Group 5 Slgx;:ef\‘rz?@
CEIREH LT, BE, |oH1 1.24 1.16 1.33 124 1.42 103 0.79
EBHEHOAEEZ DO-1 (mg/1) 4 18“ 5.35 395 2.46 373 2.96 003
T T ORBERIA COD-1 (mg/) {  3.99 5 69 513 1.33 2 64 1.13 0.02
DEAR & LT Table $8-1 (mg/D 15 6 25.3 15.1 2.10 4.50 2.40 0.02
TRRT, 7v—7H

DEEEOMICHE LY | 071 | 063 | 080 | 072 M9],M2Tow
¥ {8 (£ Table 6 D #11 SS-2 il | 098 116 [ 112 0.991 064
LERLTH S, MBD COD-3 2.10 2.00 2.28 2.18 2 20 180 0.88
FA7TIRE~NEED  [gg3 3.52 L0 3 08 3 36 3 55 143 | om
7473 THET RN WT-1 (O Lm 6 22.1 233 17 8 215 21.4 0 00

myaH, TOBME
B o/hEn, £8
&S Table 3ICR S

Table 7 Degree of fitness to time series model (Data set B)

KT 5%5, CODRADKBEHHAIKDVWTI, DO, pH%
TREOEENE L, TP, TINTRE K DHIBETS
HEOF— 505 72A0bbottz8, SEEFRAETHE

NBXSIT0LUTD All lakes | Group 1 | Group 2 | Group 3 | Group 4 | Group 5 S\gx;g‘:ce';mce
bOBFNIDEEL pH-1 L on 0 68 076 0.7 075 078 .12
b b, RIL, ROK
DO-1 0.82 0.78 0.77 090 0.85 0 86 0 00
XK E» SRS E 1 SRR
ki, DO, pH, COD COD-1 0.74 072 081 075 074 0.68 0.10
SS &, Table § $8-1 0.66 0.69 0.66 0.70 0.68 0 60 011
DEHFEEHEEREN COD-3 075 074 0 83 075 076 0.69 0.59
Z3EEDRKEVIEESE SS-3 0.67 0.70 0.65 0.72 0 68 J 0.61 0.20
Lo R CAp-2) % WT-1 097 097 098 0.97 0.96 ‘ 095 0.11
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BRIKBEOS %EEHI»OSSDO50 BEECELT S,
05
r-071 11
4, EHERICHOLWTOEER
04f .
(1) HEAZEHOKZ S P ¢
BABOMAEDOKES DY L MADETL, KEL~n 8 5L
LOMBEERB Y, FRGARBG OGP T, T | 8 e
72%, Appendix 2 ICRTLIBL—KTHEAKEF L EE L O . ¢
=S 3
AT MALBOKS SEHACEEFRNLCRMNELE B | 4
B Lo CORBEFig 310 T CCTRCODEMR o
T N - 0 ® q 7 1 L )
K—RBOHREkE01(d7T), FBREICKIHHM T % 0 of 02 03 04 o5
001 (em?3/s) & LFehi ( k, v ®HAB L Appendix2 ), k (Dhr /o)
DB, TOBOIEL > TFASHBHAEDOK S & 311 con 7 eop Teal
Fig. 3 Relationship between observed

values and predicted values
for magnitude of horizontal
variation (Data set C). r1s
correlation coefficient.



Dot Fig. 3 oM ABETFRECHAPEMELIORET VOO, ERFEOE(DMEE % FRIEH
FCEBRLTWARAZ ENDP D, Appendix 2 IR LAETFVIIEBIREBHLODOTIIH B0, KIEA
TORAEARTERTE Pe tERERZTHR M Pk BT ICEZSNE, HAZ0KESDHE

BHHETE 5,

{2) EFHEHOKE

Table 6 254 41 7 1 D@EH TIt,
REWT EBbhb, 2D,

SCODRELEDHB (HMEFEH r=064)2FLTWV5, F 1z,

FRELSRERSE SN
Bo d7, BHH
BEOEVWHA RS
KELVRVETHS
72%, log(T), log
(M EFFHEHOK
XXRAOHEER
5, DY, FIH
FhAERELLTC
D& HIEEEBEL
O bhrDItn
2, BREMKRTE
JN—-7TOHEBED
BEE,LOHAT S &
UToX > BFEAD

BFfonbs, COD,

Fig. 4103 COD,

KEOERKERBILLILBMBEO /I V- T REEHEHOKES b

Fig. 5 i@ DOIL>WT, BHB T EBEHLE
FOKEZESELCODEHEBELOMEERT., O EDHMEABALTVWS, SSOEHFLHOAX X

Average of COD, Ceop (mg/ 2)

S
=2
E
§§ 20 © Group!
- a group% r =080
® Group
§ o Groupé
s 4 Group5 °
= Q
=1
g o
g 40} a
=
8
s RN
3 °
':_%’ 0 .‘;ﬁ ° 1 S—
= 0 10 20

WL >THHNEERORRHEHD KN E S HELL
LTFg 4Dk 5 HBRBBONILLEEZ LN,
DOTHRKBOEENKE L, UTRABRSELS
kB EKBEOMICEHEBEMNRONE T EDST
SLEERABEON/ADOTREVMLEEZEZLON S,
BICHiZERACODYEDEZHEMBLTNT,
SHRBARBEEE, [B, OFEL V- A4N
RENFEID"LOMBORIANBBELVZR 5,
wiT, Fig. 6 I EHKEEKEOEHEGH D
RKEXELoMBEERT,. AOMBE LD, KED
BinE & HIKARENEMLT, ZHEHOKRS
SHEBALLILbDEZEL LN DS, UB, I =7
ADOBBTRIEHKEN 10 mBBED > THKE
OEMEBHORKESISLRTOREVHBLED 5,
INSOWMBORERIL LdRIR LM, RO
FEE2HITVRYFTOKBEREEELPTVI L
BEERLTWA2DOTREOLEZZ OGNS,

TN, TPOEHBEILHLTSH

Average of COD, Ceop (mg/ L)

5 o Group!

£ s EFOUD% ° =074
o Group

Ec:.s 10F u Group4

< & Group5

(=) [

vs [+]

s

B » o

g2 5 °

E §a ° °

2 £.e A&Ao °

3 QAO a5 ©

s &

§ L ]

§‘ 0 1 J

= 0 10 20

Fig. 4 Relationship between magnitude Fig. 5 Relationship between magnitude
of seasonal variation of COD of seasonal variation of DO
and average of COD. and average of COD,
(Date set D) (Date set D)

SSTIRHHMOREBEED LN s o o Group|

— 25F & Group?2
® Group 3
EO; o Group4
o 24t aao a 4 Groups
5 0"
] r=-07
a 23+ o Oa
5 o
&S a R a e
g 22fo o0 @
S [ <o o
& 2¢
Ei
S -
—  20F
2
2
& 1o} ° o *
k=) o
L
S 18t .
&
§ 17 . L T * L, & *
1 5 10 5 100
Mean depth (m)
Fig. 6 Relationship between mean depth and

magmtude of seasonal variation of water
temperature. ( Data set D)



Rk, 9472, IOBIBLBOLNSEHEHOK
#Fix, KEV~NnEic@dBanBEResR oL o1,
3) “rEBETNVOEEE

X, $HOLEHBENTIEHELHABO

EREETFVHRIIOBSER LEE#ET, KEVAVEOBBRERANKL, Fig.TiRiZD0OKKHLT
EBEBETEREOBMBEERT., TOMME LG RABMTIBRAMNESNS, pHTORESEK <

ERIBHERBR NG, BEBMIKEZ VIR ERN,
[RBECANEEBR FORENEN I N0,
FHMEGHO Ny - BR-ZDEBEDIPT VD E
E£Z 505, CODIDLWTRTableTiItR oz LHiC
Tw—T7T20DRBREV, BLLBEBVWBBEDO I V-7
1 EHARERE02ELTHLEREEAB LTV 3,
BOXTHASHEEDER L IEWICHBKELLE |
K, E~JDREUESFTOTRBE ML EEZLNS,
Wk, KETRIXTOBMABETR >095 &b, GF
HoHHE, SBESOZHIBMKORABTEICE > TR
#LTLE S,
(4) EHEBGHD/F— ¥
CODRDVWTZDEF LG~y — v 5 {1, Fig.
IR/ W=7 1 OMBEFICEHBETHR LI FHE
By -V ERT, BHMATHRAGTOOATHS5E
REMLTOER Ny — 28BN THE, HBELHE
RLALEDPORETTHCODRESHLT 5. £
CODEENEVHETIS, 9AkEY—2%2ETS
., FEB, By, HEE, REM LV - ¥
CODEEME~20mg/ LLmdliBTI3ADY
— I MRKEV, ZNOLDOHMABTHE pH bFLILE -7
2HL, CORBRPAREENERTHIL LB 0D 5,
o /v —TTHENERORAAEKRECOD TREBND
-/ HRbRKEV, THLey —vORVORR
REEOHAHTH AP, FRIARY -7 %FT 5.
BMBTLHENSR, ST I28EHE, ERPLPSOXRE
KERBSEDOFH L Ny -V 2FHNBLENDB L
EZOoND, BB, MPFHACBOTEHRLBEH T

Seasonal factor of COD

e

@ 10

8 * . r=057

3 I— o %o ¢ P *

Bg 00r te.toa e

= B o - » ° ¢

g & 2 % a a .

= § 08 b Q’A‘ g0 DAO‘ ada

b a 2ohto

L o

S g 07 a

= = N ° ® o Group 1

5 4 ° I3 group%

@ i o Group

g 06 o o Groupd

2 A Groupd
05 o 01 ! 10 100

Retention time {y)

Fig. 7 Relationship between retention time
and degree of fitness of DO time
series to time series model.

( Data set B)

o—o L Teganuma

1 0" e---¢ | Sanaruke
] a—~& | Aburagahuchi
08 a---0 | Inbanuma /
064 a— | Kasumigaura /
»—u | Kojpima L
04-‘ f
024 q o
043 7 it N .
-024 6‘ X
e >—¥-.. f o—o L lzunuma
08 e e—— | Noganuma
06 &-— | Kitaura
/ j oo L Suwa
04 ~— S of L Biwa

=—=a | Ogaworo

4 \°“~o-—c/ A
Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar

Fig. 8 Seasonal factor of COD
(Group 1, Data set D)

EVOR, COWKET TOnFiROEHKUET A7), EREBRIKENBESNTEENTZ SH
TO300, ERCEKENEMLSECREERECH LTARITRBEESE LS B TRIEVNE

EZiohb,

HOKEECODDOMICIRBITRT LS HHEMEANS 57%, KB, pH, SSECODEERIKERHIC
EL, AMICE Ny — 4 RL, DOTRBICEHRHICEL, RPIKGEH /S — v S—RETH 5,

(5) KREMEDMEA

Fig. SRR EMBCERCODRRMT A2EBREOHBERLHELLERE, 20HESHELT
Tdo BEIRLADOSERABTHE LAZDODKHIIEA LT, pH, SS, WT, DOSELIEDIEE%
ET28BH2/3REEELTVLL B0 b, QIBHEHOREE, WIEHLEHD 57—V ORE



bHbETELLNLOWE, KBD Frequency

ML L bICHMEENER LT 0 020 020 020 020 02
v, pH, DODRMEH,N ELRT 2
LELIRBEHBREENSEMLT,
COD., SSbHHWMAEENSLD
RHNTOMEBRBEHSHEM S
b, DORKEBOLRICE-T
RMRESERDT 20, HE &
LTRCODELRDHMEERT S
bOBE N EROND,
Bk, Sv—7C L HBERD

RESERBET D E, 7 1v—-71

< 7 7 s Fig. 9 Frequency distribution of correlation coefficient to COD
TKE EDMBNEC, SSED time series. ( Data set B

DO®

Correlation coefficient to COD time series

~1 04

BESNSN &, S v—7 2 TpH,
KiE, DOBMMELOHEBEASVCENET D F/Vv—7 1IR3 AR Y-V A 3MAENELET S
C&, -7 2BEHCODDE -V 2ETIERBILLLMANGZVCLPRRLEIEZ SN 5,

5 #& &
AEAKBAEBASZRELZ b LI 2ERTABTOKREZEFH A L THRIBITZITO, BRTEE, 88
EFHORESLERNEAZE L. BONALFELUERRILUTOED TH 5,
(1) HBRKEOCEHER L L TEIEHLY, FHXRELLMFACLIIEGENKRE(, HIAZEHOFE G
CODTHEARTH2HEETDH 5,
(2) HIEAEHOKEEIZPe, Pk BREKEEABRELTV S,
(3) EHEGHORZERF, COD, SSTUHEMBOKEVAVIKIKFT S, KETRIEAKEDHEME
ELREFMMANE LB,
(4) DO, pHETREE, ZHELHGOAEZEI LT VAT I2BAECKIBEOEELRA SN,
CODDZNINHEARBFUHOENKESEEBL TV 20HERIH 5,
(5) ¥EEOEDPTEVHETRIELEKLCODOEY—IHBELN, 20MMOBMBTRENICEON S,
(6) (3), (5), RUKEHHMOHMMEFRL S, MEBTCONBEELECOKEOFHEGHICHBD TEEN
BEARLZLTOB L EBHHIEINS,
B, ARMBECHE LA AXBAKBKEBHAISRoBRICSz» TiE, BETKERLB/KERGIRL
CrREVAERETREERTEERAEZOH A OHEER 2B, L LTR#HOEE KT 5,

BENBRURH
1) ENAEHERREERE  AXRAKEKET -7 740, BN53~57 FEIKR.
2) BHEA - GEBMKE (1970 ) P BRAKXHE %, &ZJtdk. pp.102-106.
3) OECD ( 1982 ) : Eutrophication of Waters, OECD Paris, pp.75-17T.
4) hiFEsh c FHIER « FEHRE (1975 ) 1 @BEHicB3 5 CODAEERID>WT, ABKREREK, Vol
17(6), pp.31-53.

Appendix 1 SBAWRTAONIHER (F, A2 2BF L LE=aEEOH)
CeHREBELLT, ZOXBHOEREEE, FH(A)LELL, TOTOLOKEE L, jTEL, CZ%



C(1, 1)&EBL, KEFRZAEN T, s & T3, &F, FHOHREa, . B,ET3EC (1, j)RRD
EokkBEZLN 35,

Cli, )=C+a,+hB +¢, (Ap— 1)
TR, 6, RBELHTH 2, 4B, BRVBLABO_-ARBEOHACREELFHORELEAPREBRE
EEFPTERL (MANREEDL=ZTRETEINENS ), TOBHEADOFHAITE Table A—LIKRT,,

Table A-1 Analysis of variance for two-way classification

Source of Degree of .
K Sum of squares Mean square True variation |Congribution
variation freedom
Between years r—1 Sy:sé‘ @t V,=S,/G—1) S,=8,—(—DV. | S,/S;
]
Between months T s—1 TS,,.:ril Fiid Vau=Sn/(s—1) S}":Sm—(s—l)V% Sp/Sq
Residuals  (r—D(-1 8, =5 % ¢ Ve=$/G—DG-D | $=8:-5,~S. | S./S:
s
Total 51 |$=332(C, -0 S, [ 1.0
=13=1

SHEHF, VETHTVHN, SCRELHORBEELICLHOTHNTE S, £, FEFy, mT
ENENER, FHOBRERT, ALda{(1/5) £ (1, 1))-CleLTRLNE, i, FHOH
RREFMERETFS,V,/ V., Vo / V. 2 FAHRES 5 EDSBYRBBHNCHERTS EHOHE
BTE B, 7, EMBHERIIC (1, ) EZnRBEOEF VR Coe( i, j) (=C+a, + B))DRBFREK
EREF B, RES,, Sy ORMICHKOMESS D, RPS, /Sy &4 - B SRR EE 710 KMISRF
~OBEEEELTY 5o

R=v T 5.7, (A2

BERI 6L SCEBORE SR o} (- —7 Jal =V, 5 SEMOTORENEH, CCTH A, §
ENEFNORKME, BNMEDEEDY, D"E LTZDHBEL Lo/, 6,,(=C—Cy )OEE, REZHN
ZEBEQOEHRUMSRETE, $he  2BENF— s 2B LTHCHEER s BAEABESHUSESHE
REHOHESAETS 3

AXbDs4A 71 ER LB TR Lo a,, B, D"E2HVTCEHOAT S EHEL TV B, %1, COD,
SSZEDKBETHREHMBECTRULLINBLEREZ D), O/ C&LTRKEREITE HbHE TIT » 1,
OB, FHERKIA/CLUD, BHELEHOAIIRD/ CLBI.REEDLLN Y, COXRBHESES
A7 2 DRI HE L P,

X5ic, COD, SS ZOERNHBLM- AT LETIRERHLTE, CEUHRERL TULLFRK
BRFE AT 1. CHEIA T I EELY, CRROXOSRESNS,

’

ﬂ] eeU (Ap~3 )

—_— !
logC= logC + a,  + 3,/"‘ e,ll - C= elogC %1 ¢

CORY, HARBEHEBOKE X B ORKA, BMEE fos , Fun & LT, eV ~ A DI TH £ 120
5471 ORITARIEHEE, BEHEANONBDEF L, §4 73 3RBBOEFVILTHYD, 5472
REMBEC >V TRENO, SEHERMTRANOEF L VLS,



HMASAFLLTMb - ZXEBOBAICE, BMAOHR LT, , B, LA 7 (kidEDOKE),
Sy, SmEEBRITS,, Vy, Vi, EEBBICV, ( x BMEROVREEH%RT 2 ) BRE 2. 7, OB KB EB/NMED
EroD B oN5B. DX ABHMATEHEORHBETORAKETH 2,

Al) G.E.P. Box and G.M. Jenkins (1970) : Time Series Analysis. Holden-Day, pp 388-402.

Appendix 2 —RIABHRAISBET L

BRFEANBZL, RARNEESHLSHOMBEBRAL S —BLSMBEEL 2. EEREELZ LT, KA RIK
xBELREY, BBOES%ZLET 2, KEBEZC, BRIKRBEEZE, RAMIIKEREZQ, KEDO—®K
REREEES k& 5L, CRROXTEEABEIN B,

d
4(QC) _ 4 (ALE%%>— k, ALC (Ap—4 )

dx d x

BREFIHMAB(x=0), BB (x=L) TEAZHARDO KDL 3,

x=0, E(dC/dx)—uC=—uC,
(Ap—5)

x=1L, E(dC/dx)=0

URHEEEARETQ AL TH B0 ALuC BEAZ7 S v 27 2% %KF, CLTk,, E2HANT—ELL, C
%Ch, x%2LTERTITELERXN(Ap—4)BROEHILEEIMIONS,
* 2 %k
de” _ 1 dCT oy (Ap—6 )
dx* Pe 4 x*
ccic, C*= C/C,, x*=x/LTHYD, Pe, PkKiZRODLIUHANTOEARRUVENREEZ T BRI

ThH 5o

Pe=QL/EA;, , Pk=k, LA/ Q (Ap—T7)

K (Ap—T7) %X (Ap—5 ) DIRARKHO S LTHRIE, HATOCDEMSKRE 5, T TE, HMAZE
BOKE SORFAKFHED*/C(D*DHIAF Appendix DEEE LT, (C*(01)—C*(09))./C*(05) %
BHUTTFRA@EE Lo CTla)ldx*~alk B0 3 C /KT 2.18%, LiIBAY, QAL TELTRDI,
EQ@Asr ~ALIEDOTD 4/ 3RAUTE L, T OFH 71T 0.002~0.09 (em?®/S) D& B4 H 5 A% 4443,
TTTR00I(m®/S) RFH W, $7, KL DO TRMEREE € 70T 003~0.12(d™, 20C) pHLS
NFFHBH BB, CCTELI(dTD)ELE,

PDEDEFVEBALLGEBRTL22B8P L TWKBHRERFA L LS DTH 5, CODFTRAMAE
DEEGHEVY, TOBAECEHRATRTIHICHENMLALbD, RTITRAEVSBEAEDOE LI ZTHY
LT BREEEFMLLEBDEVL LD, BB, ULDEFVvOHM, RTLTREVCEBO TP, TNOD
IS U ##id Muraoka and Fukushima® 2 8B E iz, 086, TOBARBEMICE 3EDH
kK DEEKEZEZ, k, FFEHKBRRLEFOR & L1,

A2) Fisher, H B.et al. (1979) : Mixing in Inland and Coastal Waters. Academic Press,

pp- 71-79.
A3) Wiegel, R. L. (1964) : Oceanographycal Engineering, Prentice -Hall Inc., pp 1-436.
Ad) RJISEHE - RED(1983) HHEEFVRKLZEREMADO Y 12 b~ Y2 VBT, TRESHXHSE
£, No 337, pp 119-128.

A5) K. Muraoka and T Fukushima : On the box model for prediction of water quality 1n

eutrophic lakes. Proceedings of the 4th ISEM, (1n press).



