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STATISTICAL ANALYSIS OF WATER QUALITIES VARIATION IN LAKE KASUMIGAURA
AND ITS APPLICATION TO SAMPLING METHOD

*
OBBRE - % <Fal - BEEE — - HEEH
Takehiko FUKUSHIMA, Morihiro AIZAKI, Senichi EBISE, Kohji MURAOKA

ABSTRACT; Water qualities related to lake eutrcophication such as water temperature,
secchi depth, concentration of suspended matters, chlorophyll=a, nutrients, etc., were
observed in Lake Kasumigaura by three types of survey; 1) monthly survey at ten points
for 1976-1982, 2) daily observation for two months, 3) hourly observation for several
days. Some statistical analyses were applied to those data and the fundamental
features of the variation were investigated. First, the type of frequency distribution,
typical pattern of seasonal and horizontal variations, and the relationship of those
were obtained. Some water qualities such as chlorophyll-a, PON, POC, etc., which are
almost all produced in the lake, have nearly same characteristics in the time and
horizontal variations and their types of frequency distribution are varied from log-
normal type near the river mouth to normal one in the center of the lake. Second,

the magnitudes of variance for hourly, daily, seasonal variations were compared, and

it was found that hourly and daily variations have nearly same order of seasonal one

in the summer. Third, the short and long term effects of meteorological conditions

to water gualities were examined and the singular conditions were separated to evaluate
their effects.

These results are discussed at the view point of sampling method and some
informations were proposed for the sampling method which would give the more accurate
estimation of lake eutrophic conditioms.

KEYWORDS: Lake BEutrophication, Statistical Analysis, Sampling Method.
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Figure-2,{1) Water temperature and concentration Figure-2,(2) Water temperature (0.5,2m), suspended
of chlorophyl1-a at the surface (0.5m) of St.1 solid (0.5m), and dissolved oxygen (0.5m) at St.1
in Series-1 and Series-2 of D2. in D3.
Table-1. 1ist of data observed in L.Kasumigaura
Name of Data Period Sampling Interval Num of Data)Num of Points| Measuring Items
D1:Monthly Survey Data 1977.4-1982.3 |once or twice a month 60 10 w.t.,Secchi depth,E.C.,pH,SS,
D2:Daily Survey Data | Seriesl|1976.7-1976.9 |3 or 4 days 19 4V (hla,Pheo,T-P,P0,-P,NH, -N,
> NOZ-N,NO3-N,POC,P0N,COD,
) Series2|1977.7-1979.9 |5 or 6 days 14 3 - Is-con,ToP
D3:Hourly Observation Data 1978.7.27-7.30(3 or 4 hours 18 1 (5 points |w.t.,Secchi depth,E.C.,pH,SS,
3) - -
w.t.: water temperature, tE.C.:Electric Conductivity, Chla:Chlorophyll-a, vertically) Ch\a,T-P,P04-P,NH4 N’NOZ N
NO,-N,TDP

Pheo:Pheophytin, POC:Particulate organic carbon, PON:Particulate organic 3

Nitrogen, S-COD:Soluble COD, TDP:Total dissolve Phosphorus, 1%5t.1,2,3,4, . 2xSt.1,2,3, 3» St.1, 0,0.5,1.0,1.5,2.0m
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Table-2. theoretical probability distribution
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BABIVBES T BRI EXERLUTORNTCR4A~BEIRr—EELTAARNeA VI,
Table-4. K £ E B 5D 3 EFHEHOREr 260K, QFMEFhoSBHER X 5 r Ofi% St
L3%@E LTRT, ebr Q20 HeT5( 27y ABHTEHEOTH ~12 ¥ ABBHFEBHBEOHHK) &
LTRSD, FhFigure-5icix St. 1 &R, St. 2 SSkHT2HABRI LR, Qo FHHERIIYRET,
Table 4R I hiFEr<O01:BHTIV—BETRTORIKRTHH, BVOKEEHBR0.2~05BELZ S
LB BAETRRBAIARVCEER P EIFETAILEEZRLTC 5, R BEBERFRIBHELEAGKET T
HHDTERMEOKRE /e b UK Box, Jenkins &M UK BENDH T JTable-d, the rate of seasonal variation
HBEH D P RELFiofr, ThE@E T 5BRFEAR & & and the rate of modelling residuals
DHEFTHY, R VEAODIBENFET S Ltibrotk, | ST 373
Table-4. K X RERME B2 Hh 5 b OB HE L, KR [ |rhrhn o ek
i BRAE, T-P, POC, PONIZERBTFLIh L, FABRARK
BRoTHBE, BMOLESLBEr METT5 %D Chla, T-P,
PON#H b, St, 2 CH/MELALDOCEEHE, SS, PO,-P, PON

w.to 0.90/0.07|0.07}0.89|0.06|0.06

SS 0.52(0.51/0.55{0.69{0.35|0.34

Chla 0.59{0.57|0.56(0.62|0.49|0.49

T-P 0.52|0.48|0.55(0.70|0.34|0.37
Bdhok. St. 1 TREAMINE L2 KELBBRERINF — 5 b h p0,~P  0.55)0.30|0.47|0.60|0.22|0.48
hOERBYLL, ~FRKELWr #HLTw5, NO3-N  0.430.49]0.47)0.66|0.57/0.60
K Figure-6.12«xSt, 1, 2, 3, 4, 9kt 5 Chla DEREH#K |roc 0.58|0.43|0.50(0.64|0.4710.48
PON 0.64|0.48(0.49(0.70(0.43|0.45
8 Water Temperature(°C) 1
Q— ‘Raw data M:Multiplicative type, A:Additive type
_ Additive type st
8 ?uhipl'cat\'ve +=0.07
A seasonal factor
2 (mul tiplicative type)
] 0 o—o ST.1
2 e ST.2
j &—AsT.3{ Chia
§_ == ST.4 X
A—ASTO -
1 151 ¥
3 *--% ST, wt.
) T T T T T T T T | E—
1976. 1977. 1978. 1978, 1980. 1981
TIME (YEAR)
g $S(mg/1)
a7 Raw data (2)
4 st.2 1.0
8 r=0.29
e
_| Additive
o
e
S
- 0.5
f=
2
— *"
3 Y Multiplicative W¥ype .
o T T T 1 T L— T 1
1976. 1977. 1978. 1979. 1980. 1981.
TIME (YEAR) 00

Figure-5, Time series analysis of seasonal vari- )
ations of water temperature ((1),5t.1) and sus- Figure-6, Seasonal factors of chlorophyll-a (St.1,
pended solid ((2),5t.2). r means the rate of

residuals in the modelling.

2,3,4,9) and water temperature (St.1) in applying
the time series model of multiplicative type.
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Table-5. Results of cluster analysis for water qualities

B EPHBEOEFHOK E S D first group second third
WTIR 5 CEETHZ ERT D, F (ST |w.t.,5.0.,55,Ch1a,P0C,PON,COD,5-COD PO,-P,TOP Wi =N, NO - )
D3R HELAEBHEYE T 54, $T.2 |w.t.,S.D.,SS,P0OC,PON,COD,S-COD,Chla, pH T-P,P0O,~P, TP NHy-N,NO,-N
Fo g bl kEFKEME (ST-3 [w-t.,TOP,S-COD,S.D.,pH,Ch1a,SS,T-P,POC,PON, COD NO,-N, Nty -
FafTrdlote D 2 @S] 7 | ST-4 [#-t-,5.0.,pK,Chla,S8,POC,PON,T-P,C0D,5-COD E.C.,HO4-N
BES S b, BIrEEE L0l ST.6 |w.t. ,NO4-N,COD,TOP,pH,POC,PON,Chla S.D.,5S
G E A CrDEBASE LD C & ST.7 |pH,SS,Chla,POC,PON,COD W.T.,TDP,T-P |E.C.,NO3-N
- ST.8 [5.D.,pH,SS,Chla,POC,PON,COD PQ,-P,T0P Wt HOo-N
) ° $T.9 |5.D.,$5,T-P,Ch1a,P0OC,PON,COD,S-COD PO,-P,TOP w.t.,D0

3.3 AHHHMLMO B ST.17|w.t. ,NO4-N,pH,S.D. ,Ch1a,SS,POC, PON, T-P,COD DO, TDP

AR E AR RIS 3 BB T RIRRAR [ plu ¢ pu,s.0.,T-p Chla, POC. PO, COD 00,70, [NoyT ik
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Figure-7, Horizontal profiles of the mean {(1)) and
the coefficient of variance ((2)) of some water
gqualities.
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0.2~ 04DEETHET 2. MALHEAL St 3 CRAREHO Y
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Table-6. the rates of daily and hourly

variations to seasonal variation

Items ST S1.3
daily hourly daily
St S2 [Om {0.5m|1.5m| S1 S2
w.t. 0.21]0.271(0.04(0.0410.04/0.17{0.19
0o 1.45(1.23/0.92]0.96(0.98{1.45[{0.65
S.D. 1.12(1.56 0.88(0.72
E.C. 0.74 0.45|0.40{0.42|0.38
pH 1.09{1.18{0.23}0.23|0.19|1.00|1.03
SS 0,98(0.91(0.99(0.48{0.71|0.660.85
Chla 1.22{1.23]0.62|0.25|0.19]0.85|1.12
T-P 0.79(0.4410.93)0.25|0.23(0.71|0.55
P04-P 0.43(0.28|0.17(0.18 -]0.35
NH4-N 0.3011.64/0.32{1.13]1.11/0.17{0.43
NOo-N |1.1711.0210.37|0.26]0.44]0.600.84
POC 0.96 10.90 0.66{0.68
PON 1.04(0.90 0.7610.92

S1: Seriesl, S2: Series?2

ﬁkﬁ@@ﬁb*k%ﬁi L. Re X5 Table-7. results of statistical analysis on meteorological conditions

NBEEAR P> TCHERAMMKEET |Data Items a.t. W.v. 1.4, w.l. r.
EETLLAEETH B, all data | average 13.7°C] 5.7m/s | 309¢cal/cnd|Y.P.1.01m|3.17mn/d
5. ‘;—ﬁ%IEE(Dﬂ(E’E{I:(:&(i?% coef. of variation 0.61 |0.40 0.51 0.12 2.58
= skewness -0.03[1.55 0.23 1.40 4.38
kurtosis -1.26 13.10 -0.90 7.68 26.1
51, [REBOEEHHY
Table-7.ic 6 FH5E, A HLR probability distri. | U u® | e LN
able ~7. & ,
&% [ 4 - % rate of seasonal var., 0.77 {0.10 0.26 0.40 0.02
&, HEt&, i , 2
g = [*JZK& A& each one probability distri. N,U LNO,E U,N LNO,N LN,E
D3y 1978 —1980 ) b i
8 ( 8 80 ) b5 month data| rate of var. in month 0.13 |0.87 0.69 0.40 0.95
A7 —s%blcitBshicPsiE ave. of standard devi 2.8 |2.1  |132 0.076  |7.6

=N Sy
FOHABLOURIYEHIOH a.t.: air temperature averaged in a day, w.v.: maximum wind velocity in a day
DERTEDTF -2 ELIBEOR 1.i: amount of light intensity in a day, w.1.:
BOMANSEL Y LEDTCRT, EXH Lake Kasumigaura, r.: daily rainfall

DEGER( 2y ABRBFHEOTH

water level in the center of

— 1 =B Table-8. correlation between meteoralogical conditions and water gqualities
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Table-9. Multiple regression coefficient
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