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Table 1. Characteristics of river sampling stations {Data set c))

Ota R. Sinano R. Tama R. Okuri R. Hoshioki R.
Sampling point Koyo WPP Toyano WPP  Hamura City Tama City = Miyamachi WPP
Watershed (km?) 1540 11900 505 42 6
Length to river origin (km) 64.5 364.5 57.2 13.4 53
Population (10%) 19.7 2701 14.5 13.0 0.0
Number of Meteorological Stations 2 2 2 1
Sampling period 1989-1996 1982-1996 1978-1996 1978-1996 1980-1996

WPF: Water Purification Plant
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Fig. 1 Relationships between air- (x) and water-
temperatures (y) in Lake Kasumigaura; (1) annually
averaged air temperature vs. annually averaged water
temperature; (2) annually averaged air temperature
difference from the previous year vs. annually
averaged water temperature difference from the

previous year; r*: square of regression coefficient
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Fig. 2 Daily changes

coefficient and partial regression coefficient

estimated by multiple regression analysis in the Ota
River (dependent variable: water temperature,
independent variables: air temperature and water
discharge); (1) direct comparison method, (2) DPY

method (difference from the previous year)
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Fig. 3 Daily changes in the slopes (regression

coefficient and partial regression coefficient)

estimated by regression analysis (dependent variable:
independent  variable: air

water  temperature,
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Fig. 5 Monthly averaged air temperature vs. monthly

averaged water temperature in Lake Kasumigaura
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Fig. 6 Annually averaged air temperature vs. annually

averaged water temperature in 82 river stations

Table 2. Slope of regression line (square of correlation coefficient)

All data (n=16}) Data set A (n=8) Data set B (n=8) Data set C (n=5)
WT St. 1 0.961 (0.41*) 0.715 (0.30) 1.20 (0.64%) 1.12 (0.46)
(°cre) St. 3 0.883 (0.50**) 0.662 (0.39) 1.14 (0.68") 1.22 (0.65)
St. 9 0.851 (0.48"") 0.607 (0.32) 1.10 (0.91™) 1.03 (0.98"%)
TCOD St. 1 1.48 (0.31%) 1.05 (0.18) 2.00 (0.55%) 1.64 (0.61)
(mglirc) |st.3 0.48 (0.05) 0.24 (0.01) 0.76 (0.16) 1.11 (0.31)
St. 9 0.96 (0.25%) 0.72(0.12) 1.27 (0.56%) 0.92 (0.88")
Transparency |St. 1 -5.6 (0.15) -3.5 (0.14) -9.1 (0.21) -22.4 (0.86%)
(cm/C) St.3 -12.7 (0.23) -12.2 (0.25) -15.8 (0.36) -29.9 (0.91%)
St. 9 -10.2 (0.10) -7.9 (0.06) -16.5 (0.43) -29.0 (0.80%)

Data set A: dif-R>1 or dif-R<-1, Data set B: -1<dif-R<1, Data set C: -1<dif-R<1 and -0.5<either of R<0.5, n: numbe
of data, R: normalized annual precipitation (see text), dif-R: difference in R from the previous year

*; p<0.05, **; p<0.01, ***; p<0.001

— 101 —



#ZE, Fig. 2, 3 TREHC, RECEKROE
BEROWEKQEEOREMBREN 1 (T/T) kDX
FWBANBS, THUL Fig 4 KRTLSIC, B
BRI, KB & BN BORICIEDOHBIN H 5 /-8 (FF
NOZENEIFZEN), BHICEOKEBENLERT 23R
BENOTREWNEEZOND, IO ERER
MIIREERRET I THERL TS (BRS, 2000).
2B, EUA THRMHEBFAEN 1 (C/T) Lb/hEn
MW, Fig. 4 TRO5NB LI, [EEBHRIZHEN
HEERMARNWIENREREEZA TN S,

Z0i®, HRERLEBECHOEFERIELLAN
ZEMFPREENZOT, HBRERLBOKEZSIZA

-

o

.
-

Daily averaged water temperature ditference
from the previous day (°C)

-2
109-876-5-4-3-2-10123456780910
Daily averaged air temperature difference
from the previous day {°C)
Fig. 7 Daily averaged air temperature difference from
the previous day vs. daily averaged water temperature
difference from the previous day at St. 9 in Lake

Kasumigaura. x,y, and r* are explained in Fig. 1

(/)
2

78 Influence of
/ water discharge
/ \

After enough time

Winter Spring  Summer  Fall

Fig. 8 Schematic view of the slopes between air

temperature and water temperature

HEZANEEERETNVREEZHNVWTTHT AH4E
NHd. HH50E, JREHBFECHBESR RN
EHUAOTRIEZRWA2LENH S, £/=, Efio
EAMNBRNIZABERM ORI TIE, I3 LEEE
WK INTND ZEEERT Z2MNENH D,

28, Fig. 5 KEB-WIcBT3ARHRE LK
BEOBFEE, Fig. 6 CRLERAI (F—-¥tvy b
b)) BT 2RI Lk - ORFEZERY. Fig. 5
DOFEEIXIFIE 1 (CT/T), Fig. 6 OFEZH 0.94(T/T)
EBVWBOERHTNS, EHRKEBEIZIMATH
NHEZLOEERA->TNS, ZOEEBERDBEL
DI, BEHEETFNOYTIIOR, #EOHE, B
BEHOMEDHTORNEETOLEND S,

PLE, 3.2 & 3.3 T3, HERERIcE DTS
ZEBHBEERICTRAIL, EEEROIKESHICH
DLAKEEAAAICGER L TECTWENER SN
TEMBERHLEEERLE, LIL, 2D LETH,
BTIIT AR TOERBRBIZR L TITD T ERFTET
HD, MAMFTPETVRITEORRERTbOL W
A,

3.4 RBEHOBEXT—I

HEHRIT T, SRVKRENICEELEZSEDK
BEBEMITHNRELTNS, DD, SN
7=V OKBREEINLTIE, KEN+SIEBEREL T
WRWAEEENRSH D, DF D, [IE—KEI AT AR

B SARISERHORBERT BT LR, K

HEMIEENE < FRTBERENS 3.
Fig. 7 2By ML TORHE, KB F—5 %
BWT, 5B &OZOMOMBEEKERT, HRRK
IEBEKE 0.001 TEEERZHOD, HEIL 0.06
(T/T) &ME<, SEEDHE ABEBICR
BMEINTNIEERLTVDS,

FINC BT 3 S E AR & DBIR TR, TR
IIEOEEIR (FR, BEAKROBERBET VB
LR EDREREE), KHIN0.60, {Z18)10.77,
£7E)110.60, KE/I 0.84, B@)I0.49 (C/T) &,

1 (C/T) 2FE->TW3, Tiabb, KEMER
LTh, FEOMTFAKENTLLTWRWEE, &
Heks L TORERVBELT, KBRELINAS
NTn3, BOBEYERTNE RROKBLLE
HERHBL RO TR ERA UK EFRINZ0
T, MRS TSRO KB I 2 BN TR

—102—



AR EE W,

BLE, 3.2, 3.3, 3. 4 TIro/-EZ8E2KRE—KE
BIRICEL THERMICE LD D E Fig. 8 DLIITR
60

3.5 FEREEZFOXE

WEETE, FEHOBER, ERFETIVICK
BEMERLICHELEDTEL. UL, WEITHESH
WxBfR, EB S0 MRMEBNEZE T MG, A
BB TH SRS H S,

Fig. 9 IZIZ T-COD (£ COD) &FEWEK DV,
[UREOBEBEERE 2T > R ERTH, ERES
BHEoRohizw, Table2 DF—&tw I CiZxt

—_
—_
~—

o st | (2=061)
3 e TRRET)
(=088) le

A
G

T-COD ditference from the previous year (mg/l)
o -

2 -1 0 1 2
Alr tomperatuil difference from the previous year

{r2=0.86)
(r?=0.91)

® \\ b osti

-2 -1 0 1 2

Transparency ditference from the previous year (cm) ’,‘G
S

Air temperature difference from the previous year

Fig. 9 Increase in; (1) T-COD; (2) Secchi depth vs.
annually averaged air temperature increase (DPY
method; Data set C (see Table 2))

LT 2 RAEGRZYUTIRYD, BHEFABRSOEM
MEREHEL THAMBRELE LS5, JiE
OH ML IRB Yy — APz o7z OKig, T-COD,
BEHECHLTENREN S 1, 3, 9 D& 9 ¥—AT
FENBEE LR SO 2 5—A0H). FKICE
KEE TN (£22F), NO,-N (MEEEFR) OMRF
TH, 2 REKAREAWZEBHERBEAOEMBR
BoOFMNEERMEREDZ 25— R1E 50% (TN,
NO;-N TENFENSL. 1, 3, 9D 3MH, 564 —2
DR 3 r—ATHEM, 3 5—ATHD) &b, ER
BEERERZT A )y MEdaw, Thabs, SE
KEUEDYE, REZCEETIE, BEL2EFEERR
LTHBLT, HBERnENni 3, '

i, BEBNODRIE, KAOKEEZTIK
BTUTOLO BRGNS RS L. BEIFEEEDA
BELIEYE, BAKROSIEEMEMEEEOEDH
B EEEERD, TN 0N EOMOHBGREZERD
ZEZA, TNThOMATHENBRE 25 AN
FE LT (Fig. 10), ZORTHEO n IZFDAKT,
BABOIEEBEDNDED n-1 ANSEZOAXETO
Tl TN ORIFEEEEOEZEOHBEEZERL TNV,
St. 1 Tidn=2, St. 3, 9 TiE n=6 H=DIZHKRAIR
5h, ZhidgthaoiZERE EEEMENDO &
o TS, Thbs, MAKKIDKERENSELT
2HE T, FORERMEEOREENNTEIN
5,

04

—o— St. 1
e St 3

moving

and TN difference

coetficient b
from that of 12-months ago

Square of
[}

u.“rlllillllll
1 2 3 4 5 6 7 8 9 10 11 12

Number of moving-averaged months

Fig. 10. Number of moving-averaged months vs.
correlation coefficients between moving-averaged
precipitation and TN difference from that of 12
months ago (r*>0.1; p<0.001)

—103—



ZHiIZH LT, REEHIS OFEBNRAKZNAKE,
BI AR T, SEORILICIEEH RN < BR
LTZAEL, BMBRIZISIEEERL >3 2 Eathho
7o

B, SEORFTI, KECIEEREENL
Y RMBSNBERIEISEC, SRk D EMPMAL
BB U EREASNAN, UL, RELLE
HMETOMEIL, EBRROBBEENELDE, B
BETBERBbOETFREANS,

4. KEZLOERNTFR

4.1 B

Brfizlorn, EXBAELZHETIE Table 2
OF—Fty b B H30E C ODBFHERICALGNS
EORKEEENTHENS, Tiabb, KBEOLR
IZHEW, KBBLERL, NEEENHEMLT T-COD
Lo HEMBERE <D, BHEIRDT S,

Table 3 Slopes estimated by regression analysis (regression coefficient; a) and multiple regression analysis

(partial regression coefficient; b)

The upper value in the column indicates the mean of all sampling stations.

from the 10" percentile to 90" percentile.
meteorological condition.

correlations between the 10™ and 90" percentiles.

The lower values indicate the range

The column with shadow indicates insignificant correlation with
The column surrounded by thick lines indicates the significantly different

The upper and lower values in the column # are the

proportions (%) of the stations having significant correlation of plus and minus, respectively. As to BOD and

S8, the changing ratios were obtained.

a b .
average # average 25th percentile 50th percentile 75th percentile
Twater/Tair 1.1 79 11 0.73 0.81 1.4
(cro {0.43~1.7) 0 (0.43~1.7) (-0.15~1.8) (-0.12~2.0) (0.22~2.5)
Twater/Precip. -0.18 0 013 0.094 -0.062 -0.28
(CHI0%)) (-0.36~0.031) 34 (-0.29~0.063) (-0.15~0.43) (-0.51~0.27) (-0.75~0.11)
BOD/Tair 1.030 12
(Changing ratio/’'C) | (0,90~1.18) 2
BOD,/Precip. 0.97 0 0.97 0.97 0.98 0.97
(Changing miio/(10%)) | (0,92~1.017) 30 (0.92~1.026) (0.92~1.028) (0.92~1.038) (0.91~1.030)
DO/Mair -0.15 2 -0.15 0.13 -0.087 -0.21
(mg/)°C) (-0.40~0.16) 38 (-0.41~0.18) (-0.47~0.30) (-0.50~0.29) (-0.61~0.20)
DO/Precip. 0.025 20 0.019 0.050 -0.24
(mg)/(10%)) (-0.070~0.12) 7 (-0.070~0.12) (-0.10~0.21) (-0.16~0.099}
DO sat. ratio/Tair 0.61 10 0.66 0.20 0.29 0.66
(%) (-1.5~3.6) 10 (-1.5~3.8) (-2.2~2.7) (-1.6~2.8) (-1.9~3.2)
DO sat. ratio/Precip. 0.19 -0.27
(%)(10%)) (-0.80~0.97) (-1.3~0.63)
SS/Tair 4 1.054 1.3 1.094 1.054
(Changing ratio/"C) 2 (0.83~1.29) (0.94~1.38) (0.89~1.35) (0.84~1.26)
SS/Precip. 1.035 24 1.035 1.022 1.042
(Changing ratio/(10%)) (0.95~1.16) 6 (0.95~1.15) {0.93~1.14) (0.91~1.20)
pH/Tair 0.023 12
o (-0.080~0.13) 6
pH/Precip. -0.018 1 -0.017 -0.0099 -0.014 -0.024
(1/(10%)) (-0.038-0.0076) | 29 (-0.044~0.011) (-0.044~0.024)  (-0.043~0.013)  (-0.065~0.010)
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A E—#ia (FHARE 124m) TREFETIVE
AVTEER 1Co#EMzN LT, ¥ ICOKRBERE
NWHHBRENRB SN TS A (Robertson, D. M. &

Ragotzkie, 1990), SEDHERIIREZERLVWHDOTH

5,

¥z, TOK, BKEMNEMNTHIE, TN, NO,;-
N ZRERL, BAESBLITHE, Zh50BER
BTT5. BANDZELBBREERINEBEER
A HH L, TN, NO,-N OBE LR 287257,
BARKEBOZNEICIE, Br HRAFNKST TN,
NO,N BEXEWI ENbh>TV3 (F&5,
1998). FO#EHR, —MRICI D LAME ORI HiRE

EHERREL DENOT, SEKBROECHEBE:
BB ENTEEN, ENEOENEHNTS.

BB, BKRE TREAOERE E OBER S,
BUKBRr—VTRS &, ZLT 5 TS 50
T, SEOBREVBBETH S,

4.2 AN

Table 3 IZIZLEWFMNF—FRX—- A0 5H
ENiRiE, BRAkBEKEOBFREZELD S, BKE
OWTIE 10% B Lz Z2DKREELEEELT
H5, £z, BOD & SS 3L TR EOEKR
ERNR, FNEEEFRRLTRT,

Table 4 Slopes (partial regression coefficients) for the respective seasons estimated by multiple regression

analysis.

The upper value in the column indicates the mean of all sampling stations. The lower values indicate the range

from the 10" percentile to 90® percentile. The column with shadow indicates insignificant correlation with

meteorological condition.

The column surrounded by thick lines indicates the significantly different

correlations between during January to March and during July to September.

Jan~Mar Apr~Jun Jul~Sep Oct~Dec
Twa(e,frah- 0.63 1 .37 0.85
(cro) (0.012~1.4) (-0.12~1.5) (0.35~2.3) (0.19~1.4)
Twater/Precip. . -0.55 -0.13
(CI10%) (-0.26~0.25) (-0.33~0.075)
BOD/Tair 1.10
(Changing ratio/°C) (0.90~1.31)

BOD/Precip. 0.99 - 0.98 0.98
(Changing ratiol(10%)) {0.91~1.066) 2} (0.94~1.032) {0.94~1.026)
DO/Mair -0.24 -0.12 | o0ss -0.22

(mgh"C) (-1.0~0.22) (-0.40~0.29) ~033) = (-0.50~0.11)
DO/Precip. = 0.026 . 0006
(mg//(10%))  (-0.057~0.13) (£
DO sat. ratio/Tgjp 9 %35;3«; 2.1
«%°C) , . (15~73)
DO sat. ratio/Precip. - : 4;;; ‘%, Q
(FV(10%)) . ;.

SS/Tair 1.14 L . 0.92 112
(Changing ratio/"C) (0.76~1.69) . (0.62~1.30) (0.83~1.50)
$8/Precip. 1.022 . 1.034 1.036
+ (Changing ratio(10%)) (0.89~1.16) . (093-1.14) (0.95~1.16)
PH/Tair 012 . o082 00

wo (-0.040~0.24)
pH/Precip. -0.022 -0.019 -0.013 ~ 0.0028
(1/(10%)) (-0.056~0.025)  (-0.039~0.024)  (-0.040~0.016)  (-0.032~0.034)
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3. 2 T~ AKDiC, BMEEL D EMETEEN
fEiNTEEEZA SN S, T/bb, Table 3 OKIE
—BOD, &KiE—pH Tid, BEHEETREE 20
O, BEMHETERMEEBRVWIIRTOUAN, ZhiE&
BEBKBECEOBENSD D20, BABRICHBNT
3, BABOZENRER TR LOEENRR WL X
NEboEEZLNS, $IZ, KE—SS OBEZE
3 CBEE TR R WE SN, EMETHES
RuwEahtns, EfilERS &, SS RRRCH
LTH, BARBICHLTHEOHBEE > TS, &
B—SS OBMERICBW TR 2 DOMIEER, KBR
UBABNBEOHBZRF> TWB 2D, EBIZIIHFE
THHEEMENEsh b0 EEZI NS,

LHE—DO OMETIE, DO BETIAO, #
ETIREOHBEZEL TS, ZHIIKEBEERICXS
tfI DO BEDHICENDOBEI TN DD,
KBOEICIIELITLEHEY, FokOfET
BECHBEE > bDEEZ NS,

—7%, BABEOBEFKTIE, DO BERXLRLT
W3HOOEMETIIHENRWEZINTHiaL, B
KEOEMIZHEY, REOMREAREIZED DO FE
BT5b00, FHCKEMETL, TOBRELT
f3F0 DO HEMT D, CNHHFERBICELB I &T
DO fafEIIREMEREh, BKEBIKLZHENE
Chino 2O TidnhEEZ 5N 3,

SS ZBL TR, [KURICBEL THRAKRIZEL TS
EOHEER> TV, BARBICKIHEER, RED
B BEBEYORALBEALNS, KREOHBA
BB ERIU < AMEEDORZEN S LW, M
BREATH 3,

BAE—H RACHEZFE>TWS, ZhiZW
NALDOEAKROFNEETH 5280, BRKEOEMZ
o TNV EERN 2220 EEZ NS,

KRICHBBEREELOEMBEMEFEZEZRS L, Kl
—Kii, [IE—DO B, MKE—DO fAfENLD
12, FBERREOHEDENICL DHBEOFIE, EE
DEBERZHENDHZ. FIC, ZHOEBNICED
HEOFE, EENRELZIEDHEN (Table d), 3.3
TR KIB—KBOBFEO LS, BFNERSHO
SEETORERHDIHDEEZISNS GEHEOER
IR 5(1999)).

Bz, HIEREBLICHEWEERERT S L, BB
ERULANITY, KBED LR, HFEHEHOHEM, DO

DEDFENEC LATRAEN®R S, KEBL, F)IER
ROHIREDEHBNTEEINS.,

5 &bHYIC

BEtWFEIZL D, KLEHOMNI - HBEKEC
EETHEEZERMICTHML 2. MEWTRIE, HiE
B, [REEOEE, HRERLIcEDEL S
SEZBONE, BRI —ILEDEL, ERHES
DEHE, Lo KT, THBRLAEBSHEITEE
DLBENRHDLOD, REOTHRTECEEASKLS
HELTWAOT, EFNVTREODADI EMHLL
HEBEERBL THWSEBX6NE, Z0ORD, EF
BRI D =D DEERZME ERBTHAD,

¥z, M EEL T, HEBREB/LICL DR
N-HEKRE DB TOEBROLENTHINE,
HERIB B R IET 2 Z &N TERVET B E, AM
ERRICBTBEIE, EBAEEY L0720 OxEHE
DOHEREICET IMELRITILEND D,
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Statistical Analysis on the Influences of Climate Changes on River and Lake Water Quality

Takehiko FUKUSHIMA, Noriatsu OZAKI, Katsunori KAWASHIMA *, Hideo HARASAWA**
and Toshiharu KOJIRI***

* Faculty of Engineering, Hiroshima University
** National Institute for Environmental Studies

*#* [isaster Prevention Research Institute, Kyoto University
Synopsis

In order to forcast the influences of global warming on the water environment, the relationship between
meteorological conditions and lake water quality was investigated statistically using long-term monitoring data
on river and lake water quality. Several analytical problems i. e. 1) change in watershed characteristics, 2)
influence due to the interference between air temperature and precipitation, 3) difference of the meteorological
processes and time scales between before and after global changes, 4) non-linearity, delay and irreversibility of
the relationship, were discussed and solved. Through the quantitative analyses, we have confirmed that an
increase in air temperature possibly caused by global warming will result in the deterioration of river and lake

water quality such as increase in COD, BOD, decrease in DO, transparency.

Keywords: global warming, river and lake water quality, statistical analysis, comparison method between

successive 2 years
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