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Constant

Natural

Factors, potentially influencing the total phosphorus (TP)
in Lake Peipsi:

Year (long-time trends: climate warming, pollution increase etc.)
Day of the year (regular seasonal changes during year, specific for the given site and ...)
Coordinates of the sampling site (morphometric and other condition in the site)

Water level (WL)

Water temperature (\WT)
Photosynthetically active radiation (PAR)
Wind velocity (WV)

The main problem:

How do the natural factors — water temperature (WT), water level (WL),
photosynthetically active radiation (PAR) and the wind velocity (WV) influence
the concentration of the total phosphorus (TP) in the Lake Peipsi?



Flowchart of the first step of the analysis

Eliminate the impact of known

Field data (“constant”) factors: year

(observed == (as aregressor), day within - Getthe

data) a year (as a regressor) and A residuals
the geographical coordinates

Options:

1. Classical regression analyses or variance analyses
2. Spline methods




Two basic methods for calculating
residuals from constant factors:

(1)

Classical regression

and variance analysis

(2)
Thin-Plate Splines

logo(Ptot) =
1+
al+a2+a3+a4+ab+
pl+pl*pl+pl*pl*pl+ip+
t35+t44+t53+

/* vabaliige (intercept) */

/* aastaarvu (year) teisendid */

/* pbhjalaiuse (latitude) ja idapikkuse (longitude) teisendid */
/* pdeva number aastas (Julian day) teisendid */

sg+sg*sg+sg*sgrsg+sg*sg*sg*sg+ /* proovivétu siigavus (sampling depth) */

I*Interaktsioonitermid (Interaction terms) */
al*pl+al*pl*pl+a2*pl+a2*pl*pl+a3*pl+a3*pl*pl+ad*pl+ ad*pl*pl+ a5*pl+a5*pl*pl+a1*ip+ a2*ip+a3*ip+ad*ip+
ab*ip+a1*t35+a1*t44+a1*t53+a2*t35+a2*t44+a2*t53+a3*t35+a3*t44+a3*t53+a4*t35+a4*t44+a4*t53+
a5*t35+a5*t44+a5*t53+pl*ip+pl*pl*ip+pl*t35+pl*t44+pl*t53+pl*pl*t35+pl*pl*t44 +pl*pl*t53+ip*t35+ip*t44+
ip*t53+a1*pl*ip+a1*pl*t35+a1*pl*t44+a1*pl*t53+a2*pl*ip+a2*pl*t35+a2*pl*t44+a2*pl*t53+a3*pl*ip+
a3*pl*t35+a3*pl*t44+a3*pl*t53+ad*pl*ip+ad*pl*t35+ad*pl*t44+a4*pl*t53+a5*pl*ip+a5*pl*t35+a5*pl*t44+
a5*pl*t53+a1*pl*pl*t35+a1*pl*pl*t44+a1*pl*pl*t53+a2*pl*pl*t35+a2*pl*pl*t44+a2*pl*pl*t53+a3*pl*pl*t35+
a3*pl*pl*t44+a3*pl*pl*t53+ad*pl*pl*t35+ad*pl*pl*t44+ad*pl*pl*t53+a5*pl*pl*t35+a5*pl*pl*t44+a5*pl*pl*t53+
al*ip*t35+at1*ip*t44+a1*ip*t53+a2*ip*t35+a2*ip*t44+a2*ip*t53+a3*ip*t35+a3*ip*t44+a3*ip*t53+ad*ip*t35+

ad*ip*t44+ad*ip*t53+aS*ip*t35+as*ip*t44+a5*ip*t53+pl*ip*t35+pl*ip*t44+pl*ip*t53+a1*pl*ip*t35+a1*pl*ip*t44 +

al*pl*ip*t53+a2*pl*ip*t35+a2*pl*ip*t44+a2*pl*ip*t53+a3*pl*ip*t35+a3*pl*ip*t44+a3*pl*ip*t53+ad*pl*ip*t35+
ad*pl*ip*t44+ad*pl*ip*t53+as5*pl*ip*t35+a5*pl*ip*t44+a5*pl*ip*t53+sg*pl+sg*pl*pl+sg*t35+sg*t44+sg*t53+

The TPSPLINE Procedure
Dependent Variable: LPTOT

Summary of Input Data Set

Non-Missing Observations 1862
Number of Missing Observations 0
Unique Smoothing Design Points 1858

Summary of Final Model

Number of Regression Variables 0
Number of Smoothing Variables 4
Order of Derivative in the Penalty 3
Dimension of Polynomial Space 15

Summary Statistics

of Final Estimation
log10(n*Lambda)  -3.5198
Smoothing Penalty 157309.9076

Residual SS 324.0839
Tr(I-A) 1596.1030
Model DF 265.8970

Standard Deviation 0.4506
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\ Section of the 4-dimensional

Thin-Plate-Spline surface fitted
to the 1862 LTP measurements

7.20 1

6.56 1

made during years1985 to 2010
in Lake Peipsi.
5.28 1 ~
)V 2010 Section intersects the point
) 2005 corresponding to 183t day of

"50.00° |7 2000 the year and the geographical

P a6 I 71995 vear point at 27.5° eastern longitude

Northern latitude 58.34° 55;1\2"0“\-._/;;851990
57.90°

proc TPspline data = Peipsitihe_Ptotst;
ND M \ N model LPtot = (a t pl ip) / d=0.1 ;
score data=to_pred out=vaip;
output out = predy_Realdat pred resid;
run;
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Sections of the 4-dimensional
Thin-Plate-Spline surface fitted
to the 1862 LTP measurements
of years 1985 — 2010 in Lake
Peipsi.

Each line corresponds to a
specific year from 1985-2010.
Sections on figure (a) intersect
the point corresponding to the
site <58.23N, 27.42E> in Lake
Lammijarv, lines on figure (b) run
through site <68.80N, 27.36E >
(Lake Peipsi s.s.)
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Summary Statistics
of Final Estimation

log10(n*Lambda) -0.6959
Smoothing Penalty  70.5186
Residual SS 190.2115
Tr(l-A) 1663.3565
Model DF 185.6435

Standard Deviation 0.3382



R_LPTOT

0.7

0,4

0.1
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300

Non-Missing Observations 1849
Missing Observations 13
Unique Smoothing Design Points 255

Summary of Final Model

Number of Regression Variables 0
Number of Smoothing Variables 3
Order of Derivative in the Penalty 2
Dimension of Polynomial Space 4

Summary Statistics
of Final Estimation

log10(n*Lambda) 0.8149
Smoothing Penalty 3.2342
Residual SS 252.3960
Tr(l-A) 1799.0000
Model DF 50.0000

Standard Deviation 0.3746



Non-Missing Observations 1849

13

Unique Smoothing Design Points 255

Missing Observations

Summary of Final Model

Number of Regression Variables 0
Number of Smoothing Variables 3
Order of Derivative in the Penalty 2
Dimension of Polynomial Space 4

R_LPTOT

186

0.50 1

-0.25 1

262

224

148

S8 o
o
Sagooo
—mmog
87_29M
; N0 O
" SPAR B
O c =
A=
- (O >
nges S8
n T <
Sw =29
o
© — S n
EC < Dw
€ .S -4 S _ L
NS S 9O9T O
5 2nLT
DE o T O
SwvEr =
o
ot
N
[Te)
//o.
\ x
\ x
N\
AV
\
n
o
N
\
// Q
\N ™M
AV}
\
// n
\ O
o

WL

0.3746

Standard Deviation



Using the time shifts in estimating of influence of natural factors
makes the results more trustworthy

(Generation of new model terms with shifts and interactions)

WT: water temperature. When measured?
In the time of sampling?
Three days ago?
Maximal WT last year?

2?77

Solution by using indexes:
1) WT5_3 = mean WT of five days, measured three days
earlier (green asterisks)  sampling day

')
S e

2) Realmaxtemp2 = maximal WT two years earlier




Oluliste termide leidmine suure hulga termide seast

Faktorite ja nendest moodustatud termide hulk v6ib olla vaga suur — nt.
=30 000

Miks nii palju terme?
5 looduslikku faktorit (Wt, WI, PAR, Wvmean, Wvmax)
6 erineva aknaga keskmistamine (1 ... 6 paeva)
8 erinevat nihet ajas varasemaks (0 ... 7 paeva)

Kokku 5x6x8 = 240 termi

Kuna mudelis on ka interaktsioonid (termide korrutised), siis
veel 240x241 / 2 = 28920 interaktsioonitermi

Kokku 240 + 28920 = 29160 termi

Jarjekorras oleksid nad naiteks nii:

Wt1_0, Wt2_0,..., Wt6_0, ..., Wvmax6_7*Wvmax6_7

Nende 29160 termide seast tuleb leida kdige olulisemad TP mojutajad

llus otsimise meetod on: Samm-sammuline (stepwise) regressioon
Teine, meil vahe proovitud on GLMSELECT



Results of the statistical analysis are difficult to interpret and present

For example, the stepwise regression analysis has found
amongst 29160 model terms seven significant terms:

Term Effect P

WTI 1 + <0.0001
WL1 4*WL1 3 - <0.0001
WT1 3*WL2 7 + <0.0001
PARI 0*WL1 0 + <0.0001
PAR4 0*WT1 0 - <0.0001
PAR4 0*WL1 6 - 0.0002

PAR3 1*PAR3 1 + <0.0001



generated by TPS procedure in the first step.

2 {1 The seven best model terms were used for predicting the RESIDUALS,

-~

|lenpisal paAlasqQO

-0.1 0.1 0.3 0.5
Predicted residual

-0.3

-0.5



Analysis of residuals

proc glm data= set0;
model R LPtot=wt3 4 |wl3 4| qgf3 4 |wv_av3 4 |wv_mx3 4|
wt3 4 |wl3 4| qgf3 4 |wv_av3 4 |wv_mx3 4 @2/ ss1 solution;

estimate "Wt3 4"

wt3 4 1
wt3 4*wl3 4 mean_wl
wt3 4*qf3 4 mean_qf

wt3 4*wv_av3 4 mean_wv_av
wt3_ 4*wv_mx3 4 mean_wv_mx
wt3 4*wt3 4 mean_wt2;

estimate "WI3 4"

wi3 4 1
wi3_ 4*wt3 4 mean_wt
wi3 4*qf3 4 mean_qf

wil3 4*wv_av3 4 mean_wv_av
wi3 4*wv_mx3 4 mean_wv_mx
wi3_4*wl3 4 mean_wili2;

run; quit;



Analysis of residuals (kernel of the SAS macro)

proc glm data= set0;
model R_LPtot = wt&i. &j|wl&i. &j|qf&i. &jlwv_av&i. &jlwv_mx&i. &l
wi&i._&j|wl&i._&j|gf&i._&j|lwv_av&i. &jlwv_mx&i._&j @2 / ss1 solution;

estimate "Wit&i. &j"

wi&i. &j 1
wi&i. &) wl&i._ &j &alwl
wi&i. &j*qf&i._ & &a0qf

wit&i._ &j*wv_av&i. &j &alwv_av
wi&i. &j*wv_mx&i. &j &alwv_mx

wit&i._ &) wt&i. & &alwt2;
estimate "WI&i. &j"

wI&i. & 1

wI&i. &j*wit&i. & &alwt

wi&i._&j*qf&i._&j &a0qgf

wi&i. &j*wv_avé&i. & &alwv_av

wi&i. &j*wv_mx&i. & &alwv_mx

wI&i._ &j*wl&i. &j &alwl2;



Table 1 Significant effects of natural factors on the residuals of
logarithmic TP (LTP)
Effect Effects Mean Min Max
Natural factor Unit days count effect effect effect
All the days (1175 observations)
Water temperature C 4-8 4 1.3% 1.0% 1.6%
Water level dm 0-12 46 -14% -1.4% -2.1%
Photosynthetically active radiation MJ m-2 0-9 31 -2% -1.3% -2.8%
Wind velocity (mean) m s 1-12 8 24%  -87% 32%
Wind velocity (max) ms” 3-6 4 -9% 23% 7%
Days before the 180th Julian day (479 observations)
Water temperature C 0-8 19 28% -25% -5.5%
Water level dm 0-10 16 29%  -21% -3.5%
Photosynthetically active radiation MJ m-2 0-12 6 0.5% -7.3% 4.8%
114.4
Wind velocity (mean) ms’ 2-12 10 -47%  -646% %
Wind velocity (max) ms” - - - - -
Days after the 180th Julian day (703 observations)
Water temperature C 0-8 8 2.5% 2% 3%
Water level dm 2-5 4 -14% -1.4% -1.4%
Photosynthetically active radiation MJ m-2 0-9 25 -3.6% -2.2% -3.6%
Wind velocity (mean) ms” 7-7 1 31% 31%
Wind velocity (max) ms’ 1-5 3 -22% -9%  30.9%



Kangur, K., Kangur, A., Kangur, P., Ginter, K., Orru K., Haldna, M., Mdls, T.
Long-term effects of extreme weather events and eutrophication on the fish
community of shallow Lake Peipsi (Estonia/Russia) [rejected by Fisheries
Management and Ecology]

The original version was split into three separate papers
1) One presented, but not related with bioinformatics chair

2) Two papers are in course of preparation
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Moodustame uue uuritava tunnuse Dec3

Arvutame iga kombinatsiooni <aastax traaliminexkalaliik> kohta suhte
Liigi osakaal antud traalimisel saadud kalade summaarses kaalus
ja analoogilise suhte, kuid arvutatud eelmise aasta koigi traalimiste andmetest:
Liigi osakaal koigil eelmise aasta traalimistel saadud kalade summaarses kaalus

Dec3 on nende kahe suhte jagatise logaritm:

Liigi osakaal antud traalimisel saadud kalade summaarses kaalus

Dec3 = logy

Liigi osakaal eelmise aasta traalimistel saadud kalade kaalus

Dec3 mdddab liigi osakaalu muutust kahel jarjestikkusel aastal (kaalu
absoluutseid muute ei saa vorrelda, sest traalimise intensiivsus eri aastatel voib

erineda).

/Dec3 on nn. kolmandat tldpi dekrement/



OOV R

Y catch
1994
1994
1994
1994
1994
1994
1995
1995
1996
1996
1996
1996
1996
1996

WWMNMNMNRPRNDMNROVOUBA_ WDNDR

Andmed traalimiste kaupa (trawl data)

Smelt

[
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.5784
.3039
.4216
.1373
.5882
.5294
.8376
.4235
.6863
.1765
15.
11.
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2941
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.00000
.00000
.00000
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Whitefish
.00000
.00000
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.80392
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0398
4347
0660
5097
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.9300
.6679
.3897
.6339
.5525
.3219
.6471
.0470

E
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Andmed aastate kaupa (trawl data, summarised by years)

Y Smelt
1994 3.559
1995 4.261
1996 80.431

Vendace
0.00000
0.02745
0.00000

Whitefish
1.82353
1.76471
0.00000

(Sarg = Roach)

Pike
101.979
5.598
67.592

Roach

47.506
65.049
452 .302

Roach jne Tot
2.471 150.228
11.133 193.015
7.420 154.672
8.249 189.064
9.312 140.850
8.920 180.709
38.382 405.388
26.667 211.200
0.000 270.031
127.741 631.647
84.451 501.170
105.914 483.747
39.529 282.516
94.667 528.233
Ruffe Tott
41.105 1008.54
18.286 616.59
45.270 2697 .34

Lugeja (numerator) = 26.667/211.200 = 0.126264

Nimetaja (denominator) = 47.506/1008.54 = 0.04710
Dec3 = log,(lugeja / nimetaja) = log,(0.2815) = 1.422644

Positiivne Dec3 naitab, et roach osakaal oli 1995. aasta 2. traalimisel suurem kui
1994. a. traalimiste andmetel keskmiselt.



Principal Components Prin3 and Prin4
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It is not clear, which of the
principal components is
the “predator component”



Principal Component 3

1992 1993

4 0 1 2
Principal Component 4

3

Phase portrait of two
principal components based
on fish catches (different
species)
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