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¢ Epilimnetic Temperature(C)

e Total Phosporous

NOx(mg/€)

Soluble Reactive Silica(ng/¢)
¢ Particulate Organic Carbon(mg/¢)

¢ Chloride(mg/¢)

Chlorophyll A(ug/¢€)

e Total Phytoplankton Biomass(g/nt)

1959l ol ool SPLUS 338 ol $3he] YolHES
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o}-8 4= Qlt} & 7] A biod1.dates &} bio81.dates = Dates ¥4~

> bio4l.dates[1:10]
{1] 19-Mar-1981 23-Mar-1981 31-Mar-1981 09-Apr-1981 16-Apr-1981
(6] 22-Apr-1981 28-Apr-1981 05-May-1981 13-May-1981 21-May-1981
> bio81.dates(1:10]
[1] 16-Mar-1981 24-Mar-1981 31-Mar-1981 08-Apr-1981 17-Apr-1981
{6] 22-Apr-1981 28-Apr-1981 05-May-1981 12-May-1981 22-May-1981

oia & 20-40 3 AX o]RAFTE ol UE AYLR HIFE £ Utk A7A
biodl.yre} bio8l.yr= 2zt A8 A A5 & S8 WHaolt)

> table(bio4l.yr)

1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
38 36 35 31 32 29 28 26 28 27 29 27 30 24 25

> table(bio81.yr)

1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
39 32 3 27 32 28 28 28 28 29 29 27 30 22 27
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23 Ze BAgog 9 4 grh o 7] A bio4l.monZ} bio81.mon-< Fd W
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> table(bio41.mon)

3 4 5 6 7 8 9101112
11 51 63 66 63 65 62 48 14 2

> table(bio81.mon)

3 4 5 6 7 8 910 11 12
7 51 63 67 61 64 60 53 13 2

Az 4 Y E FASHE o2 2 1981
Aer 1985d o] F 2= 11YolE 542 84 FAS&

> table(bio41l.yr,bio41.mon)
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> table(bio81.yr,bio81.mon)
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1990 0 354544 4
1991 0444543 65
1992 044543 4 3
1993 0445454 4
1994 0243244 3
19956 04 45265 4 3

EN ] _4_0 3 2&3x9 M4 e 2o}t o714 bio4l.na®t bio8l.nat: Hy Y
é:ﬂ47ﬁ £ yehdo

> bio4l.na

[1] 0 4 29 20 17 34 35 18 38 104
> bio81.na

[1] 0 0 22 16 14 20 22 32 30 100

L3 2& 9] M7 o] YEFU T 9l Bioplankton Biomass W49 -9 1993
olZ A9l 71Fo] o] R YUSE I the EHEZRH & 5 Utk
> table(bio41.yr[bio41.dat[,10]=="NA"])
1981 1982 1983 1985 1986 1987 1990 1991 1993 1994 1995
7 7 3 1 3 2 1 1 30 24 25
> table(bioSl.yr[bi081.dat[,lO]=="NA"])
1981 1982 1983 1985 1986 1989 1990 1993 1994 1995
7 5 4 2 1 1 1 30 22 27
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3.1.1. Trend?| AtA 3} Outlier?| XA

31004 BAH Trend® AH3H7] A5t} Dates W4T YWAFE SE 24 AYE
§L Agsict A A= o2 2ot o 714 cldl.narm 3 cl81.narm- Z}Stationd
Chloride Level & ZEgtolA =218 A& s Aolth S-PLUSY glm()& ©]§3t &
Fareact

> cl4l.glm. fit
Call: glm(formula = cl4l.narm ~ poly(clé4l.jul, 2))

Coefficients:
(Intercept) poly(cl4l.jul, 2)1 poly(cl4l.jul, 2)2
23.38056 -38.95415 6.36241

Degrees of Freedom: 427 Total; 424 Residual Residual
Deviance:341.9826

> cl81l.glm.fit
Call: glm(formula = cl81.narm ~ poly(cl81.jul, 2))

Coefficients:
(Intercept) poly(cl81.jul, 2)1 poly(cl81.jul, 2)2
23.10782 -36.82542 5.641723

Degrees of Freedom: 409 Total; 406 Residual Residual
Deviance:316.6941
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> cl4l.glm.fit.1
Call: glm(formula = cl4l.narm.2 ~ poly(cldl.jul.2, 2))

Coefficients:
(Intercept) poly(cl41l.jul.2, 2)1 poly(cl4l.jul.2, 2)2
23.45392 -39.10645 7.528427

Degrees of Freedom: 421 Total; 418 Residual Residual
Deviance:149.6545
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> c181.glm.fit.1
Call: glm(formula = cl81.narm.2 ~ poly(cl81l.jul.2, 2))

Coefficients:
(Intercept) poly(cl81.jul.2, 2)1 poly(cl81.jul.2, 2)2
23.15672 -36.61465 6.753313

Degrees of Freedom: 402 Total; 399 Residual Residual
Deviance:132.9074

19 339 3G RE AR W FAACz g3 T JE AFT seasonal
component”’} ZA &S & 5 Utk

3.1.2. Seasonal component2| %
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> cl4l.glm.fit.2
Call: glm(formula = cl4l.narm.2 ~ poly(cl4l.jul.2, 2) +

cl41.mon.2)
Coefficients:
(Intercept) poly(cl4l.jul.2, 2)1 poly(cl4l.jul.2, 2)2
23.51231 -38.82414 7.427725

cl41l.mon.21 c¢l41.mon.22 cl41.mon.23 cl41l.mon.24 cl41l.mon.25
0.1990121 0.06814715 0.04228211 -0.006067543 -0.08616248
cl41.mon.26 clél.mon.27 cl41.mon.28 cl41.mon.29
-0.07114464 -0.02857532 -0.002692709 0.08443004
Degrees of Freedom: 421 Total; 409 Residual Residual
Deviance:113.8416

> ¢181.glm.fit.2
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Call: glm(formula = cl81.narm.2 ~ poly(cl81.jul.2, 2) +

c181.mon.2)
Coefficients:
(Intercept) poly(cl81.jul.2, 2)1 poly(cl81.jul.2, 2)2
23.20434 -36.68096 6.686211

c181.mon.21 c181.mon.22 cl181.mon.23 c181.mon.24 cl81.mon.25
0.3235833 0.09517363 -0.05090353 -0.02956033 -0.00137921
c181.mon.26 c181.mon.27 cl81.mon.28 c181.mon.29
0.0160649 0.01957397 0.02532219 0.06751848
Degrees of Freedom: 402 Total; 390 Residual Residual
Deviance:120.4059

o2t A Chloride Level- 2 Dates®} Monthe] A3 23 o7 thea) Zo] g ok=h

Cly = 23.5123 — 38.8241 x Dates + 7.4277 x Dates® + Monthy,
Clg; = 23.2043 — 36.6810 x Dates + 6.6862 x Dates? + Monthy,

& o] 71 A Cl41 3 CI81 -2 Station 417} Station 812} Chloride Level- 2 Ve 22 Month=
938 599 gtk

3.2. Variogram ¥ Correlogram®| &}
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Variogram
> variogram.ts
function(x, y, 1 = 15, hmax = 90, plotit = T, ...} {
n <- length(x)
h <- NULL

diff <- NULL
for(i in 1:1) {

h <- append(h,x[-(1:1)])-x[-((n-i+1):n)])

diff <- append(diff,y[-(1:1)]1-y[-((n-i+1):n)])
}
h <- h[h <= hmax]
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cnt <- sapply(split(diff, h), length)
yp <- sapply(split(diff~2, h), mean)
xp <- as.numeric(names(cnt))[cat > 5]
yp <- yplent > 5]
if(xp[1] > 0) {

xp <~ c(0, xp)

yp <~ <(0, yp)

}
z <- list(ent = cnt, x = xp, y = as.vector(yp))
if (plotit)
if (exists(".Device")) {
plot(xp, yp, type = "p", ...)
invisible(z)
}
else {
warning("Device not active")
return(z)
}
z
}
>
Correlogram

> correlogram.ts

function(x, y, 1 = 15, hmax = 90, plotit =T, ...) {
v <- variogram.ts{(x, y, 1, hmax, plotit = F)
Xp <- v$x
yp <- v8y
variance <- var(y)
yp <- 1 - yp/(2 * variance)

z <- list(x = xp, y = yp, variance = variance)

if (plotit)
if(exists(".Device")) {
plot(xp, yp, type = "p", ...)
invisible(z)
}
else {

warning("Device not active')
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return(z)
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(1] Cressie, N. A. C. (1991}, Statistics for Spatial Data, Wiley.

[2] Gilbert, R. O. (1987), Statistical Methods for Environmental Pollution Monitoring, Van
Nostrand Reinhold.
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Exploratory Analysis of Bioindex Data : Based on a
Data Set from Lake Ontario

Kee-Won Lee U

ABSTRACT

In this study, we will construct a statistical model which considered the irregularity
of observed time sequence in order to analyze sets of bioindex data gathered from
stations in Lake Ontario for a number of years. We fit a linear model to account for
the trend and seasonal component in an exploratory way and draw variogram and

correlogram for further confirmatory studies.

Keywords: Bioindex; Variogram; Correlogram
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