Faglig rapport fra DMU nr. 685, 2008

Analyse af miljgtilstanden i
Mariager Fjord fra 1986 til 2006

Empirisk modellering af miljgtilstanden

Stiig Markager

Marc Bassompierre

Ditte L. Jansen Petersen

Bilag1 Empiriske modeller

Bilag 1.1
Bilag 1.2
Bilag 1.3
Bilag 1.4
Bilag 1.5

Mariager Fjord DIN2- og DIP2-modellering
Mariager Fjord Kd1- og Kd2-modellering
Mariager Fjord PA1- og PA2-modellering
Mariager Fjord Sd1 - og Sd2-modellering
Mariager Fjord TN- og TP-modellering



[Tom side]



Mariager Fjord — DIN2-modellering
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Mariager Fjord — DIN2-modellering
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Mariager Fjord — DIN2-modellering
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Mariager Fjord — DIN2-modellering
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Mariager Fjord — DIP2-modellering

PCA -DIP2-Obs(3-7)
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Mariager Fjord — DIP2-modellering
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Mariager Fjord — DIP2-modellering

b-koefficienter for variablene: 12 77 64 34 51
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Mariager Fjord — DIP2-modellering
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Mariager Fjord - Kd1-modellering
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Mariager Fjord - Kd1-modellering
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Mariager Fjord - Kd1-modellering
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P-tvungen lgsning

b coeficients
01
- +
E
z
Q
’2‘701
3 +
°
S 02
3
g
5
Z-03
3
5
8 04
B
L
T 05
2
s
3 -06 ]
K
L
O
08 . . . . . . . . . ,
1 12 14 16 18 2 22 24 26 28 3

Model med de sidste fire ar som valideringsar:
1 variabel

Prediction plot -Kd1-Obs(4-6)

1.05
1 el = 0.01

verlabla selection
"

0.95
RMSECV = 0

09 RMSE (al) =0
Numb V=1

1989 1988 199
O o Q1R AT E oo

p-0bs :Apr-sy to *Jun-sy X (0.07442)

predicted
°
>

%% 05 o6 07 07 08 08 09 0% 1 105
observed

Model med de sidste fire ar som valideringsar: Model med de sidste fire ar som valideringsar:
2 variable 3 variable
Prediction plot -Kd1-Obs(4-6) Prediction plot -Kd1-Obs(4-6)
1.05 1.05
001
Poal = 0. Foal = 0. o?
! variabio sdloction ! veriabla selection Q2008
0% 1174 0.5 1174 59 1986
RMSECV =0 RMSECV = 0
0.9 RMSE (all) = 0 OQ& o1 0.9 RMSE (all) = 0 o004 1998
Numb V=2 o Numb Y5005
085 019851998 0.8 o988
3 2 O1o92
H o997 kK 1991 000
S o8 3 o8 (o) capt §ww2
5 o199 002 5 1993 o'® Qoo
o7 p-obs :Apr-sy t&-*Jun-sy x (-0.2021) 0z p-obs ‘Apr-sy to *fun-sy x (-0.01989)
vindowbe-dpx'BW.yb to *sun-sy x(-0.6018) vindcube-obs :Dec-yb to *Jun-sy X (-0.7878)
o7 roms ¥ otese
W-temp-obs :Sep-yb to *Mar-sy x (0.533)
0.65 0.65
0.6 0.6
0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 1.05 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 1.05
observed observed
P-tvungen Igsning Residualer

Den endelige model med 3 variable
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Mariager Fjord - Kd1-modellering

Outlier: 1997
Den P-tvungne lgsning ligger langt fra den
utvungne, objektive lgsning
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Mariager Fjord - Kd1-modellering

b-koefficienter for variablene: 1 59 21 74 66
N-tvungen lgsning
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Mariager Fjord - Kd1-modellering

N-tvungen lgsning
Den endelige model med 3 variable
NB! Modellen bygger pa subjektive vurderinger!
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Residualer
(den endelige N-tvungne model)
NB! Modellen bygger pa subjektive vurderinger!

residuals
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Outlier: 1997

Den N-tvungne lgsning ligger langt fra den

utvungne, objektive lgsning

Bilag1.2-6




Mariager Fjord - Kd1-modellering

b-koefficienter for variablene: 1 11 59 30 74 21
N- & P-tvungen lgsning
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Mariager Fjord - Kd1-modellering

Model med de sidste fire ar som valideringsar:
6 variable
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Den endelige model med 4 variable
NB! Modellen bygger pa subjektive vurderinger!

02001 1.05
1 Peal = 0.77
varlable sslection , Poaz035
0.%5 T1ees A 1986 o8 varlable selection
O 11158 30
RMSECV = 0 0.9 RMSEP = 0
* v RMSECV = 0 O1986
= 2004 09 RMSE (all) = 0 020
08 fogy2062 Nurb ys 002 O 1998
K - ¥5%0g51995
S
S o8 001788, 2 Q32004
HE,- O ° % 0.8 o198 1994 tercept (1 @F&DHPB)
075 spgp-obs :APr-sy to *Jun-sy x (0.3272) g [e) ops P : 1999
n-obs :Apr-ay to Jun-ay x (0.3564)
p-obs :Apr-sy to *Jun-sy x (0.1852) 075 o1
0.7]
019@19 W-tomp-obs :Sep-yb to *Mar-sy x (0.6851) 07 p-obs :Apr-sy to *Jun-sy x (0.5855)
0.65 1991 —tormp-obs = “Mar-
rad-obs :May-yb to *Mar-sy x (0.2072) s O W-temp-cbs :Sep-yb to “Mar-sy x (0.401)
08 vindcube-obs :Dec-yb to *Jun-sy x (-0.5278) rad-obs :May-ybto *Mar-sy x (0.7793)
06
o . R . . SadobetApseytie.tbunto s i-03T0—t
855 06 065 07 075 0.5 08 09 09 1 105
chssrved %% 06 06 07 07 08 0% 08 0% 1 105
observed
Residualer

(den endelige N- & P-tvungne model)
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residuals

residualKdi-Obs(4-6) OBS: trespassing of model building rues

Outlier: 1997
Den N- & P-tvungne lgsning ligger langt fra den
utvungne, objektive lasning men maske
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forvaltningsvaerktej?
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Mariager Fjord - Kd2-modellering

PCA -Kd2-Obs(7-9)
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Mariager Fjord - Kd2-modellering
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Mariager Fjord - Kd2-modellering

b-koefficienter for variablene: 20 75 21
P-tvungen lgsning
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Mariager Fjord - Kd2-modellering

Outlier: 1997
Den P-tvungne lgsning ligger langt fra den
utvungne, objektive lgsning
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Mariager Fjord - Kd2-modellering

b-koefficienter for variablene: 3 75 55 37
N-tvungen lgsning
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Mariager Fjord - Kd2-modellering

(den endelilz;isrl‘ld-r:l.lli;ne model) Outlier: 1997
Den N-tvungne model er kvivalent med den
e utvungne lgsning
" En god forvaltningslgsning

residualKd2-Obs(7-9)

Bilag 1.2 - 14



Mariager Fjord - Kd2-modellering

b-koefficienter for variablene: 3 11 75 37 57
N- & P-tvungen lgsning

b coeficients
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Model med de sidste fire ar som valideringsar:
1 variabel
Prediction plot -Kd2-Obs(7-9)
12p
M cal = 0.46
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3 oo =1 199, 199401999
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Model med de sidste fire ar som valideringsar:
2 variable

Prediction plot -Kd2-Obs(7-9)

rcal = 0.46
variable selection
311

RMSECV = 0
RMSE (all) = 0 1999
Numb V=2 O
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o1 o100t
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19862004
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0.6)
05 0.6 0.7 0.8 0.9 1 11 12
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Model med de sidste fire ar som valideringsar:
3 variable
Prediction plot -Kd2-Obs(7-9)
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" rcal = 0.66
verlable selection
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1
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Q1992 vindcubeasNov-yb to “Sap-sy x (-0.4432)
06} Q329991989

05 0.6 0.7 038 0.9
observed

©

Model med de sidste fire ar som valideringsar:
4 variable

Prediction plot -Kd2-Obs(7-9)
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1 rcal = 0.62
varlable selection
3117537
1
RMSECV = 0
RMSE (al) =0 0203
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0.7 992 p-a*sééul-sy 1o *Sep-sy x (-0.3808)
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oY Nao :Mar-sy 1o *Jun-sy x (0.4899)
. . o997 A ,
35 0.6 0.7 08 0.9 1 11 12
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Model med de sidste fire ar osm valideringsar:
5 variable

Prediction plot -Kd2-Obs(7-9)

12
" rPcal = 0.6
verlable selection
3117537 67
1
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RMSE (al) =0
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8% 200804
2
5
2
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Mariager Fjord - Kd2-modellering

Residualer
(den endelige N- & P-tvungne model)
NB! Modellen bygger pa subjektive vurderinger!

N- & P-tvungne lgsning
Den endelige model med 3 variable
NB! Modellen bygger pa subjektive vurderinger!

residuals

1.2,
02F
8
1 rcal = 0.58 o 0.15
varlable selection £
3175 H
4 RMSEP =0 g o1
RMSECV = 0 ©1999 H
RMSE (all) =0 o003 .|
Numb 2
T 09 6‘3 88 Q2006 ]
3 § o
b 8
] =
a @
0.8] 8 -005F
@Iﬂﬂﬂsy-s@l%ﬂp-sy x(0.387) g
Z .01
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¢
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06 3
02
0. N N s N s s N
05 06 0.7 0.8 0.9 1 11 12

observed

Outlier: 1997
N- & P-tvungne lgsning ligger langt fra den
utvungne, objektive Igsning
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Mariager Fjord — PA1-modellering

PA1-Obs(3-6)
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b-koefficienter for variablene: 17 61 49 1 Model med de sidste fire ar som valideringsar:
Utvungen lgsning 1 variabel
b coeficients Prediction plot -PA1-Obs(3-6)
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Mariager Fjord — PA1-modellering

predicted
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Model med de sidste fire ar som valideringsar:

2 variable
Prediction plot -PA1-Obs(3-6)
oal = 0.66

varlable selection
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RMSE (al) = 661
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p-obs :(6 1 “Feb-sy x (0.664)
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Model med de sidste fire ar som valideringsar:
3 variable

Prediction plot -PA1-Obs(3-6)
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Model med de sidste fire ar som valideringsar: Utvungen lgsning
4 variable Den endelige model med 3 variable
Prediction plot -PA1-Obs(3-6) Prediction plot -PA1-Obs(3-6)
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Mariager Fjord — PA1-modellering

b-koefficienter for variablene: 17 61 49 1
P-tvungen lgsning

b coeficients
0.8
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0.2

koef af den forste (+ rod) og andet variable (o bl4)PA1-Obs(3-6)

Model med de sidste fire ar som valideringsar:
1 variabel

Prediction plot -PA1-Obs(3-6)
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Model med de sidste fire ar som valideringsar:
2 variable

Prediction plot -PA1-Obs(3-6)
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Model med de sidste fire ar som valideringsar:
3 variable

Prediction plot -PA1-Obs(3-6)
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Model med de sidste fire a&r som valideringsar:
4 variable

Prediction plot -PA1-Obs(3-6)
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variable selection
1761491 1987
5000 o
RMSECV = 437
RMSE (all) = 574
4500 Numb V= 4
o
H [o)adad o a1
3 o lorbobt  (0.08624)
4 1989
199
obs : O Feb-sy X (0.5673)
o) 1993,
3500 1996
Q-obs :Feb-sy to *Jun-sy x (-0.461)
3000 salt-obs :Mar-yb to *Feb-sy x (-0.2681)
n-obs :Mar-sy to *Jun-sy x (-0.282)
2500
1999
Lo
2000 2500 3000 3500 4000 4500 5000 5500 6000

observed

P-tvungen lgsning
Den endelige model med 3 variable
Prediction plot -PA1-Obs(3-6)
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variable selection 1988
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Mariager Fjord — PA1-modellering

residualPA1-Obs(3-6)

Residualer
(den endelige P-tvungne model)

it |

residuals

Y
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Outlier: 1988
Den P-tvungne lgsning er ekvivalent med den
utvungne, objektive lgsning
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Mariager Fjord — PA2-modellering

PCA -PA2-Obs(7-10)

PA2-Obs(7-10)

6000

5000 B

4000 B

A2-Obs(7-10)

o 3000 4

2000 q

1002

2002
£002
Y002
5002
9002

PA2-Obs(7-10)
13 100
s NP b ligate
12 8 free
=P obiigate
! 60 — gbl::me

Variabeludvalgelsesfrekvens

correlation to free solution r= 0.67 , p= 0.00 correlation to free soluion r= 0.68 , p=0.00
14

Xn: 0051
.. 6 0078
: 0086
H T
H l o Xgo 0077
: lJ.

2
&

oeu
s
M=

b-koefficienter for variablene: 77 51 64 26
Utvungen lgsning
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Model med de sidste fire ar som valideringsar:
1 variabel

Prediction plot -PA2-Obs(7-10)
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Mariager Fjord — PA2-modellering

(den endelige utvungne model)
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residualPA2-Obs(7-10)
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Model med de sidste fire ar som valideringsar: Model med de sidste fire ar som valideringsar:
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Prediction plot -PA2-Obs(7-10) Prediction plot -PA2-Obs(7-10)
5500 Foal = 0.47 5500 Poal = 0.57
variable selection varlable selection
5000 5 s 775164
RMSECV = 669 RMSECV = 541
RMSE (all) = 668 =
4500 Numb V= 2 4500 :UM:: ‘5:"; bt 1992
O1992 005
4000 02001 og 00
ot onsey, 3
k] o s
E 30 [eaie) iadlobs :Feb-sy to *Jun-sy x (-0.6474) H 350
Q9 =
3000 W-temp-8bd :JuFsy to *Oct-sy x (0.2973) 3000
2500 2500
oY
2000 2000
1500, + . - . - . v 4 n n n n n n n 1
1500 2000 2500 3000 3500 4000 4500 5000 5500 N S 2000 2500 3000 3500 4000 4500 5000 5500
observed observed
Model med de sidste fire a&r som valideringsar: Utvungne lgsning
4 variable Den endelige model med 1 variabel
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Mariager Fjord — PA2-modellering

b-koefficienter for variablene: 6 77 51 64 27 20

koef af den forste (+ rod) og andet variable (o bla)PA2-Obs(7-10)

N-tvungen lgsning

b coeficients

Model med de sidste fire ar som valideringsar:
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Model med de sidste fire ar som valideringsar:
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Model med de sidste fire a&r som valideringsar:
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Mariager Fjord — PA2-modellering

Model med de sidste fire ar som valideringsar:
6 variable
Prediction plot -PA2-Obs(7-10)

N-tvungen lgsning
Den endelige model med 5 variable
NB! Modellen bygger pa subjektive vurderinger!
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Residualer
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Mariager Fjord — PA2-modellering

b-koefficienter for variablene: 16 77 51 61 6

koef af den forste (+ red) og andet variable (o bla)PA2-Obs(7-10)

P-tvungen lgsning
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Model med de sidste fire ar som valideringsar:
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Model med desidste fire ar som valideringsar:
3 variable
Prediction plot -PA2-Obs(7-10)
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(2004 (51993 ©0.02308)

1991 1987
994%bs : Mar-sy to Qm-uy X(-0.1648)

predicted
g
8

gwas
vindcube-5bs : Feb-sy 1o *Jun-sy x (-0.7054)

3000
W-temp-obs :Juksy to *Oct-sy x (0.2648)
2500
o1 9
2000
1500, s s s s s s s N
1500 2000 2500 3000 3500 4000 4500 5000 5500

observed

Model med de sidste fire ar som valideringsar:

4000

3500

predicted

3000

2500

4 variable
Prediction plot -PA2-Obs(7-10)

el = 0.58
variable selection

16 77 51 61

RMSECV = 536
RMSE (all) = 598
Numb V= 4

W-temp-obs :Juksy 1o *Oct-sy x (0.2748)

Q-obs :Jul-sy to *Oct-sy x (-0.305)

%0500

2000 2500 3000 3500 4000 4500 5000 5500
observed

P-tvungen lgsning
Den endelige model med 3 variable
NB! Modellen bygger pa subjektive vurderinger!

5500 cal = 0.49
variable selection
16877 51
5000
RMSECV = 655
RMSE (all) = 655
4500
Numb V=3 D192 02005
02001
4000
K 2004 (1993
g O / & (5.8988-016)
5 3500 0 1987
£ % 994 hbr-sy to Qm-!y X(-0.1414)
Qo
3000 vindcubelobs : Feb-sy o *Jun-sy x (-0.7412)
W-temp-obs :Juksy to *Oct-sy X (0.2836)
2500
2000
1500 L L L L L L . )
1500 2000 2500 3000 3500 4000 4500 5000 5500

observed
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Mariager Fjord — PA2-modellering

Residualer
(den endelige P-tvungne model)
NB! Modellen bygger pa subjektive vurderinger!

residuals

residualPA2-Obs(7-10) OBS: trespassing of madel building rules
°

-1000

Den P-tvungne model giver ingen oplagte
lgsninger

Bilag 1.3 - 10




Mariager Fjord - Sd1-modellering

PCA -Sd1-Obs(4-6)

Sd1-Obs(4-6)

Sd1-Obs(4-6)

@
@

©

»
o

£002

$002
s00z

9002

Sd1-Obs(4-6)
2 © —;\::eoblgale

1.1

=P obligate
=N obligate

Variabeludvalgelsesfrekvens

correlation to free solution r= 0.78 , p= 0.00

correlation to free soluon r= 0.36 , p=0.00

b-koefficienter for variablene: 74 68 33 59

koef af den forste (+ red) og andet variable (o bl)Sd1-Obs(4-6)

Utvungen lgsning

b coeficients

. 8 28 28 . § 3
,
.
.

iy

(0]

>

@
~
~
b
©

predicted

Model med de sidste fire ar som valideringsar:
1 variabel
Prediction plot -Sd1-Obs(4-6)
38r Pca=0.36
variable selection
36F 74
RMSECV =0
34}  RMSE(al) =0 ote%0 o198
Numb V=1
a2l Q2002 O1993 91994
1992 o199
3k lercept (-0.05766)
@00 06‘1591
28 01998 vindcube-obs : Dec-yb to *Jun-sy x (0.6002)
26[)1986 O1988
24F
2 2 2.4 2‘6 28 i‘i 32 3‘4 356 3.3
observed

Bilag1.4-1



Mariager Fjord - Sd1-modellering

Model med de sidste fire ar som valideringsar:
2 variable
Prediction plot -Sd1-Obs(4-6)

38 r’cal = 0.57
varlable salection 1904
7468
36 o989
o199
RMSECV = 0
34 RMSE (all) = 0
Numb V=2
32 1993
- o) o997
£ o991
g 3 02003 hrl:apb.I 969.08132)
o

vindcube-obs : Dec-yb € Afhsy x (0.784)
1988
iNov-yb to *Mar-sy x (-0.4698)

2002
1998 O
26jQ

26 o
0f
24
5 N N N s N N N s
22 24 26 2.8 3 32 34 36 38
observed

Model med de sidste fire ar som valideringsar:
3 variable

Prediction plot -Sd1-Obs(4-6)

38 rcal=0.68
variable selection
746833 1989
36F Q
1994
[¢]
RMSECV = 0
34f  RMSE(al) =0 o990
Numb V= 3 o997
20
32f O 9891
- O
g
g s &t (-0.02474)
5

O1mm@\7‘l%sc-yb 10 *Jun-sy x(1.158)

Q-obs :Nov-yb to *Mar-sy x (-0.5063)
200
26 O

2000
99 92005 Giso Feb-sy to *Jun-sy x (-0.4768)
o

observed

Model med de sidste fire ar som valideringsar: Utvungne lgsning
4 variable Den endelige model med 4 variable
s seyoq rediction plot -5d1-Obs(4-6) Prediction plot -Sd1-Obs(4-6)
variable selaction 01 989 38 real =0.7
36 74683359 o199A verlable selaction 01 989
36 746833 59 01994
RMSECV = 0
34 RMSE (al) = 0 01997 1997
Numb V= 4 34 ®)
32 01991
2005 52
o
é 3 199:reept (-o.ossos(P E s @.810018)
I3 vindcube-obs :Dec-yb to *Jun-sy x (1.284) ©
5 28 g 28 wmcube-q]bgsg:lz:lec-yb to *Jun-sy x (1.318)
1998 Q:obs : Nov-yb to *Mar-sy x(-0.46) 1998 N
26 © Oz‘fa: . oo v © o Qobe sNov-yb 10 *Mar-oy x(-0.462)
nz0 :Feb-sy 1 *Jun-sy x (-0.
nao :Feb-sy 1 *Jun-sy x (-0.6051)
24 02001 Ozoos W-temp-obs :Sep-yb to *Mar-sy x (-0.3212) 24 W-tomp-cbs :Sep-yb to *Mar-sy x (:0.2327)
22 31986 22[1986
22 2 Z.A 2.6 2.8 i‘! 3‘2 3‘4 3.6 S.B 1 1 1 1 n n n I
observed 22 24 26 28 3 32 34 36 38
observed
Residualer
(den endelige utvungne model) Outlier: 1997
. 2
Den utvungne lgsning peger hverken pa N-
04 eller P-tilfersel som vigtige variable
0.3
0.2
—~ 0.1
)
8 o
3
S -01
8
-02
0.3
-04
0.5
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Mariager Fjord - Sd1-modellering

b-koefficienter for variablene: 11 74 68 33 58
P-tvungen lgsning

b coeficients
14
o O
3
= 12
¥
Z
Q
ﬁ 1
S
S
°
o
g0 o
5
g
3
% os o
g
B
+ 04
2
2
s
5 0.2
g +
5 +
g o + —+
0al . \ . , . . . ,
15 2 25 3 35 4 45 5

Model med de sidste fire ar som valideringsar:
1 variabel
Prediction plot -Sd1-Obs(4-6)

38 r’cal =0.03
varlable selection
36 "
RMSECV = 0
34 RMSE (al) = 0
Numb V=1
32
H
b4 2004 Quappp2005 O
5 3§0)1998 1 oo
: o 20020133805 ooy 1982 Ot991 Q1994
05? o peobs :Apr-sy 1o *Jun-sy x (-0.18561989
20k 1986 Bog Of19ss
26
24

5 N N N s N N N s
22 24 26 2.8 3 32 34 36 38
observed

Model med de sidste fire ar som valideringsar:
2 variable

Prediction plot -Sd1-Obs(4-6)

38 rcal =0.37
varlable selection
sk 1174
1989
RMSECV = 0 o0 O
34 RMSE (al
Numb V=2
2002
o2 o 01993 01994
3 1992
1997
g 3 hrcepp (-0.08251) o
]
& 00 91
2efotoss  O1999 P-obs : Apr-sy to *Jun-8y x (0.1111)
7 - Dec-vb to *Jun-
1986 o0 82003 othp-obs :Dec-yb o “Jun-sy x(0.6464)
256 01 6
o 2006
24 O
2 22 24 26 2.8 3 32 3.4 3.6 38
observed

Model med de sidste fire ar som valideringsar:
3 variable
Prediction plot -Sd1-Obs(4-6)
38 r*cal = 0.58
varlable selection
36 117468 @”’4
RMSECV = 0 01 990
34 RMSE (al) = 0
Numb V=3
2 1993
g © 109917
5 3 tarcapt so.oasw) O
3 01992
3
;@\pr-sy to *Jun- (0.124.
28 01998 b%epr & - g;o(os 2
vim%ge-abs :Dec-yb to *Jun-sy x (0.8368)
26
Q-obs :Nov-yb to *Mar-sy x (-0.4725)
24 D1 98!
2 22 2.4 2.5 2.8 ; 3.2 3.4 3.5 3.8
observed

Model med de sidste fire ar som valideringsar:
4 variable

Prediction plot -Sd1-Obs(4-6)

38 cal = 0.69 1989
varlable selection
11746833
3.6
1994
o
RMSECV = 0
34 RMSE (all) = 0 o199
Numb V= 4
32 Q19©1 997
g o} 05
g 3 (-0.06682)
2
&
p-obs : Ay *Jun-sy x (0.2104)
2.8 3 1995 51%?
1998 o}
O vindcube-obs : Dec-yb to *Jun-sy x (1.285)
26
01987 daﬂmuw-yb 1o *Mar-sy x(-0.5158)
24 01 986, 02006 nao :Feb-sy to *Jun-sy X (-0.541)
2. N s N s N N N N
22 24 26 2.8 3 3.2 34 36 3.8

observed

Model med de sidste fire ar som valideringsar:
5 variable
Prediction plot -Sd1-Obs(4-6)
38 r’cal =0.73
varlable selection 9894
117468 33 58 Gﬂ
36
RMSECV = 0
3.4 RMSE (all) = 0
Numb V=5
- Qo 401997
32 019
3
88
E 3 rcept (-o.os7s'®2°°5
3
5
p-obs :Apr-sy 1o *Jun-sy x (0.1426)
28
1992
vindcubbbbs :Dec-yb to *Jun-sy x (1.328)
01993
26
dmNov-yb to *Mar-sy x (-0.5127)
24 0198 nao :Feb-sy to *Jun-sy x (-0.4966)
2 n n n  W-t gbs :Now-ypb to *Mar-sy x (-0.2311)
2.2 24 26 2.8 3 3.2 34
observed
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Mariager Fjord - Sd1-modellering

P-tvungne Igsning
Den endelige model med 4 variable
NB! Modellen bygger pa subjektive vurderinger!

38 r2cdl = 0.68

variable selection 1989
36 117468 33
RMSEP = 0 1994
RMSECV = 0 [¢]
34F  RMSE(al)=0
Numb V= 4 o9 2005 91997
2 oo™
°
g
3 3 (3.996-016)
2
5
1995004~ 1995 - .
20020 O'%%bs : Jun-sy x (0.1438)
28 01998 O 8 (51%‘?
2004 vindcube-obs : Dec-yb to *Jun-sy x (1.311)
2.6
951957 OAHANov-yb to *Mar-sy x(-0.504)
02006
24[1986 nao iFeb-sy to *Jun-sy X (-0.6444)

2 24 26 2.8 3 32 34 3.6 38
observed

Residualer
(den endelige P-tvungne model)
NB! Modellen bygger pa subjektive vurderinger!

residuals

residual Sd1-Obs(4-6) OBS: trespassing of model building rues.

Den P-tvungne lgsning ligger et stykke fra den
utvungne, objektive lgsning.
1997 er her betragtet som outlier men er ikke
en egentlig outlier

Bilag 1.4 -4




Mariager Fjord - Sd1-modellering

b-koefficienter for variablene: 1 28 39
N-tvungen lgsning

b coeficients
-0.15
&
3
3
8
I -02 +
3
)
3
°
e +
]
£ 025
g
3
5 O
2
8 03
&
8
e
]
8
w -0.35
s
kS O
04 . . . . . . . . . ,
1 12 14 16 18 2 22 24 26 28 3

Model med de sidste fire ar som valideringsar:
1 variabel
Prediction plot -Sd1-Obs(4-6)
38F Peal=0.04

variable selection
1

36
RMSECV = 0
34F  RMSE(al) =0
Numb V=1
3.2F
o
] 01993 1997
T 01998 02006 1940 O
3 3 cept  (0.02864
E Dross O %eaanoe 1992 - ODISST O1989

2 N N N s N s N .
22 24 26 28 3 32 34 36 38
observed

Model med de sidste fire ar som valideringsar: Model med de sidste fire ar som valideringsar:
2 variable 3 variable
Prediction plot -Sd1-Obs(4-6) Prediction plot -Sd1-Obs(4-6)
38 r2cal = 0.32 38 rcal = 0.4
varlable selection varlable selection
sef 128 sl 1289
RMSECV = 0 RMSECV = 0
3.4 RMSE (all) = 0 34 RMSE (al) = 0 01 990 01959
Numb V= 2 1991 Numb V=3
o199 o 1089
32 O N 32 01998 1901
2 01994 £ 1994
1999
% sfotess 01999 frcept (- 3 1505 o (-0.1649) o
S 1986 1996 & [O
= 28 e o (O1986bs :Apr-sy to “Jun-sy x o607 201986 @888%or-sy to Jun-oy x (-0-1891997
2006 QZ_Ohs Nowyb to “Mar-sy x (-0.6548) rad-obs :Now-yb to *Mar-sy x (-0.6056)
26
26 neo :Sep-yb to *Mar-sy x (0.2834)
24 24 Qw03
Q2005 2 . . . . . Q2005 )
2 22 2.4 2.6 2.3 ; 3.2 3.4 3.6 38 22 24 26 28 3 32 34 3.6 3.8
) ’ observed - v observed
Residualer

N-tvungne Igsning
Den endelige model med 2 variable

NB! Modellen bygger pa subjektive vurderinger!
38 %cal = 0.15
varlable selection
36 128
RMSEP =1
RMSECV = 0
34 RMSE (all) = 0
Numb V=2
32 0199 O1991
1989
T 01991993 O
% 3 o998 1996 @SBt (1.363e-015) Q19971994
g [rese 019963 52006,
28 Ombdm-sy to *Jun-sy x (-0.2042)
2003 rad-obs :Nov-yb to *Mar-sy x (-0.3597)
26 02005
24
2 22 2.4 2.5 2.8 ; : 3.4 3.5 3.8
observed

(den endelige N-tvungne model)
NB! Modellen bygger pa subjektive vurderinger!

residuals

o ° ° o
N = > ®

residualSd1-Obs(4-6) OBS: trespassing of model building rules
o

0.2

04

06

-0.8
R EE R EEEEEEEEEE]
82828888 888882R888¢s38
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Mariager Fjord - Sd1-modellering

Den N-tvungne lgsning ligger langt fra den
utvungne, objektive Igsning.
1997 er her betragtet som en outlier men er
ikke en egentlig outlier

Bilag 1.4 -6



Mariager Fjord - Sd1-modellering

b-koefficienter for variablene: 1 11 30 59
N- & P-tvungen lgsning

b coeficients

01 ®

02
03
04
05

06

koef af den forste (+ rod) og andet variable (o ba)Sd1-Obs(4-6)

07 L L L L L

=0

Model med de sidste fire ar som valideringsar:
1 variabel
Prediction plot -Sd1-Obs(4-6)

38 Poal=0.04
variable selection
36 1
RMSECV = 0
34F  RMSE(al) = 0
Numb V=1
3.2F
°
H 01993 1007
T 01998 02006 1940 O
5 3 cept  (0.02864,
3 ’ross  OF%magse 1992 - ODISST O1989
& 01994
pr-sy to *Jun-sy x (-0.1995)
28} o1
26
24fF
2 22 24 26 2.8 3 32 3.4 36 38

observed

Model med de sidste fire ar som valideringsar:
2 variable
Prediction plot -Sd1-Obs(4-6)

38 rcal =0.05
varlable selection

36 111
RMSECV
34 RMSE (all) = 0
Numb V=2
3.2

Q1993 Q1997

°
e 2006
g [O1998 2004 O 1 2005
§ 3 o 01(9)926“03 o rce;o.l gg§u47so)oo1gg1
I 9894
Di9se Sifpdresr O apr-sy 1o *Jun-ey x (-0.1591)GD
2.8

1988
P-obs :Apr-sy to *Jun-sy x (-0.1324)

24

2 L L s s L L L .

3
observed

Model med de sidste fire ar som valideringsar:
3 variable

Prediction plot -Sd1-Obs(4-6)

38 Poal=0.37
variable selection
sef  111%
RMSECV = 0 0199(1)1997
34F  RMSE(al) = 0
Numb V=3
3.2F 1
T 02008 0199 1989
E s lercept  (0.01416) 1994
]
- 2005
25l019%8 neobs :Apr-sy to *Jun-53 x (-0.323)
6
2003 1996bs :Apr-sy to *Jun-sy x (-0.5277,
1ese O otepeire Y X082
26 O
rad-obs :May-yb to *Mar-sy x (-0.7487)
= o9s7
22 24 26 2.8 32 3.4 36 38

3
observed

Model med de sidste fire ar som valideringsar:
4 variable

Prediction plot -Sd1-Obs(4-6)

38 t%cal = 0.46
variable selection 997
36 111305
RMSECV = 0
34 RMSE (al) = 0
Numb V=4
o 2006
H O
4
g 1999 001856 &338
g 2004 (0.01898)
g 1990
3 O 'neobs Apr-sy m'dm-@mﬂﬁan)
28F~1998
o
O"$%bs :Apr-sy to *Jun-sy x (-0.7207)
2000
26 O
rad-obs :May-yb to *Mar-sy x (-0.8386)
1986
24 W-temp-obs :Sep-yb to *Mar-sy x (-0.3548)

22 24 26 28 3 3.2 34 3.6 38
observed

N- & P-tvungne lgsning
Den endelige model med 3 variable
NB! Modellen bygger pa subjektive vurderinger!

38 Peal=03
variable selection
seh 1M1
RMSEP =0
RMSECV = 0 91
34pF RMSE (all) = 0 01 o7
Numb V=3
3.2F
° o
3 02006 15 1
;g 3} O lercept (1.475e-015) %?ggd
g 2

005
neobs :Apr-sy to *Jun-53 x (-0.2697)
28
Og‘m3 oO'% B5APr-8Y to *Jun-sy x (-0.5355)
26
rad-obs :May-yb to *Mar-sy x (-0.7256)

5 N N N s N s N .
22 24 26 28 3 32 34 36 38
observed
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Mariager Fjord - Sd1-modellering

NB! Modellen bygger pa subjektive vurderinger!

residual Sd1-Obs(4-6) OBS: trespassing of model building rules.

Residualer

(den endelige N- & P-tvungne lgsning)

residuals

Den N- & P-tvungne lgsning ligger langt fra den
utvungne, objektive lgsning.
1997 er her betragtet som en outlier men er
ikke en egentlig outlier

Bilag 1.4 - 8




Mariager Fjord - Sd1-modellering

PCA -Sd1-Obs(4-6)

Sd1-Obs(4-6)

§2222883322¢833888¢8¢8¢8¢
8888888888 EEEES2R88=53

Sd1-Obs(4-6)

1 100
==——=NP obigate
2 80 free
11 =P obligate
60 em— N\ obligate
1
40
09
08 20
07 0
0 2 4 6 8 “o 2 4 6 8

Variabeludvalgelsesfrekvens

correlation to free solution r=0.79 , p= 0.00 correlation to free soluion = 0.49 , p=0.00
20

oXn: 8011e

&
8

8
8

eeseTessBesnns

oeu
L

-
R

correlation to free solution = 1.00 , p= 0.00 correlation to free solufon r= 0.31, p=0.01
2

oot
oXn: 8011e .
o &n: (GO3(
N H n: 0078
1 I ] 1] 1.
5 20, 40 80
3 & 8 B

b-koefficienter for variablene: 74 68 33 59
Utvungen lgsning

b coeficients

& o 8 g g g . &%
‘
.
.

koef af den forste (+ red) og andet variable (o bla)Sd1-Obs(4-6)

@)
(0]

>

o
N
N
@
w
w
o
IS

Model med de sidste fire ar som valideringsar:
1 variabel
Prediction plot -Sd1-Obs(4-6)

38 r*cal =0.37
varlable selection
6 74
AMSECY = 0 o199 01989
34 RMSE (al) = 0
Numb V=
Bo02 01994
32
- 01997
®
5
HE (-0.0479@8%91
S o998
Vindcube-obs : Dec-yb to “Jun-sy x (0.6152)
28
26§)1986
24
2 22 24 26 28 2 34 3.6 3.8

3
observed

Bilag1.4-9



Mariager Fjord - Sd1-modellering

Model med de sidste fire ar som valideringsar:
2 variable
Prediction plot -Sd1-Obs(4-6)

Model med de sidste fire ar som valideringsar:
3 variable

Prediction plot -Sd1-Obs(4-6)

(den endelige utvungne model)

residuals

residual Sd1-Obs(4-6)

1002
2002
£002
$00Z
5002
9002

38 Fed = 0.56 38 2oal =
varlable selection 1994 verable st
989 variable selection 01 989
7468
36 ot o sl 746833 o199
RMSECV = 0 RMSECV = 0
34 RMSE (all) = 0 34 RMSE (al) = 0 01990 01997
Numb V=2 =
01993 1507 Numb V=3 02005
32 o a2 o191
E 1991 E
S s 2003 reerD)1988.05182) 3 3 ftercept  (-0.01462)
3 2002 2005 g
28 01998 V"\‘:glg;ﬂb' :Dec-yb Q'JUN-W x(0.7921) O1mcun®m%m-yn to *Jun-sy x (1.187)
2.8
O FREONov-Yb o “Mar-oy x(-0.4542) Q-0bs :Nov-yb to *Mar-sy x (-0.4895)
2.6
26 2000
Q2006 Qo Feb-sy to *Jun-sy x (-0.5187)
24 24
o,
222 24 26 2.8 3 32 3.4 3.6 38 2 2 24 26 2.8 ; 3.2 3?4 3‘6 3‘8
observed observed
Model med de sidste fire ar som valideringsar: Utvungen lgsning
4 variable Den endelige model med 4 variable
e . Prediction plot -Sd1-Obs(4-6) Prediction plot -Sd1-Obs(4-6)
r’cal = 0.75 1989 38 rPcal = 0.72
veriable sslection 1994 veriabie selection 0198
a6 74683350 o 746833 59
36 01 993 0199A
RMSECV = 0 01997 RMSECV = 0 1997
34 :MS:\;aI:-O 34f  RMSE(an=0
umb V=
1991 Numb V=4 0891
32 O 32
Q2005
3 (-0.05848) e
L -0. g 01909 rcept  (2.012-015)
5 3
[ 28 ﬂ"dcube«qbgcg:zbec-vb to *Jun-sy x(1.302) E 2002 vindcube-obs :Dec-yb to *Jun-sy x (1.313)
3 g1 Baof oo Qoooe 1552
lo1998 Qs Nov-yb to *Mer-sy X (-0.4416) o (S Q-0bs :Nov-yb to *Mar-sy x(-0.4427)
26 o 26 O 2000
nao :Feb-sy fo *Jun-sy x (-0.4924) nao :Feb-sy o *Jun-sy x (-0.6055)
. 2006
24 oot o200 W-temp-abs :Sep-yb to *Mar-sy x (-0.3171) 24 o) W-temp-obs :Sep-yb to *Mar-sy x (-0.2351)
22
22
- [y1986
22.2 24 26 28 3 32 34 36 38 22‘2 2‘4 2.5 zfa :‘; 3?2 3‘4 3.6 JTB
observed observed
Residualer

Ingen outlier
Den utvungne lgsning peger hverken pa N-
eller P-tilforsel som vigtige variable

Bilag 1.4 - 10




Mariager Fjord - Sd1-modellering

b-koefficienter for variablene: 11 74 68 33 58
P-tvungen lgsning

b coeficients

koef af den forste (+ rod) og andet variable (o bl4)Sd1-Obs(4-6)
: °
>

Model med de sidste fire ar som valideringsar:

1 variabel
Prediction plot -Sd1-Obs(4-6)

38 rcal = 0.08
varlable selection
36 11
RMSECV = 0
3.4 RMSE (al) = 0
Numb V=1
32 1997
° 02004 19902005 O
§ [Of1998 02002018%82 19
5 S roa> R oe0mn 1001 1994
- 2001
P-obs :Apr-sy 10 *Jun-sy X (-0.2085) 1989
28 01999
1 O1988
1986
26
24
2 22 24 26 28 3 32 34 36 38
observed

Model med de sidste fire ar som valideringsar:
2 variable
Prediction plot -Sd1-Obs(4-6)

38 rcal = 0.37
variable slection
26 1174
RMSECV = 0 Q9% Q1989
34f  RMSE(a) =0
Numb V=
s Gooz Qross
19
° O
8
HE P COUSION ey
5
lo1998

p-obs :Apr-sy o *Jun-sy x (-0.01315)

vindcube-obs :Dec-yb to *Jun-sy x (0.6093)
261986 1988

observed

Model med de sidste fire ar som valideringsar:

predicted

3 variable
Prediction plot -Sd1-Obs(4-6)

rcal = 0.56
varlable sslection
117468

1994

989
o
0199

RMSECV = 0
RMSE (al) = 0
Numb V=3
o199 oreer
1991

2003 tarcep) 1 98.05326)

2005
Pp-obs :Apr-sy fo 'Jun-Qx (0.007155)
01 988

Of90pobs :Dec-yb to Jun-sy x(0.7954)

Q-obs :Nov-yb 10 *Mar-sy X (-0.4544)

observed

Model med de sidste fire a&r som valideringsar:
4 variable

Prediction plot -Sd1-Obs(4-6)

38F  \oal=0.08 1989
variable selection
117468 33
36 1994
o
RMSECV = 0
34 RMSE (al) = 0 Q199
Numb V=4 1997
9991
32 o
°
S
k]
5 3 (-0.03708)
3
5
28[~1998
o
vindcube-obs :Dec-yb to *Jun-gy x (1.286)
26
1987 (QFHNov-yb to *Mar-sy x(-0.4877)
¢} 02008
24 1 nao :Feb-sy ® *Jun-sy x (-0.5701)
o)
2 24 26 28 3 32 34 36 38
observed

Model med de sidste fire a&r som valideringsar:

38

36

predicted

28

26

24

5 variable
Prediction plot -Sd1-Obs(4-6)

tPcal =0.73 1994
variable selection 989
11746839 58
1993
O

RMSECV = 0
RMSE (al) = 0 1997
Numb V= § 19 99

O

2005

O

(-0.06006)
p-obs :Apr-sy to *Jun-sy X (0.06446)
01 992
o998 vindcub&-obs : Dec-yb to *Jun-sy x (1.316)
omﬂQNw-yb to *Mar-sy x (-0.4932)

Q006 0 Febay b “Juney x (-0.5181)

" " " W-t .gbs :Nowvp to *Mar-gy x (-0.2377)
2 24 26 28 3 3.2 34 3.6 38
observed

Bilag 1.4 - 11



Mariager Fjord - Sd1-modellering

P-tvungen Igsning q p I_Res:)d:]aler del
Den endelige model med 4 variable . (den endelige P-tvungne model) ,
NB! Modellen bygger pa subjektive vurderinger! NB! Modellen bygger pa subjektive vurderinger!
residuals
38 rcal = 0.69 1989 i
varlable sslection
36 117468 33 1993 ﬁ
le) 1994 2
RMSECV = 0 o 5
34 RMSE (al) = 0 2
Numb v:4 o' 02005 (ol E
01991 €
32 E,
3 7
-;:: 3 (2.0336-015) %
s g
2811998 2.
vindcube-obs :Dec-yb to *Jun-sy X (1.205) g’
* sg200s OBy o tary x oty
24:)19 nao :Feb-sy o *Jun-sy x (-0.6374) g
*%z 2 2 28 g 32 D D 3 O izzzzzzszszzzaiinssas
observed EBIBB82VELESL8B8E8IRBRES

Ingen outlier
P-tvungne lgsning ligger relativt langt fra den
utvungne, objektive lgsning

Bilag 1.4 - 12



Mariager Fjord - Sd1-modellering

b-koefficienter for variablene: 1 21 59 66
N-tvungen lgsning

b coeficients

06 o o

0.1

02

koef af den forste (+ rod) og andet variable (o bl4)Sd1-Obs(4-6)

03

04 L L L L L

Model med de sidste fire ar som valideringsar:
1 variabel

Prediction plot -Sd1-Obs(4-6)

38 t%al = 0.08
variable selection
36 1
RMSECV = 0
34f  RMSE(an=0
Numb V=1
1993
32 O Q1997
°  [O1998 02006 (5199,
g 2004, 91 1989
5 3p)1986 o @6809;003 ferconD)1 eexzuampmdg O
5 O1994
(§nieApr-sy o *Jun-sy X (-0.3016)
28 1983
01995
26
24

2 24 26 28 3 3.2 34 3.6 38
observed

Model med de sidste fire ar som valideringsar:
2 variable

Prediction plot -Sd1-Obs(4-6)

38 r’cal = 0.32
varlable selection
sef 12 o193
RMSECV = 0
34 RMSE (al) = 0 01992 10
Numb v= 2 (e} 0917959
32 2005
© o1y o
g 2008 O™
S 3yt98s O ®Gcept  (0.05405)
& 02003

rad-obs :Apr-sy to *Jun-sy x (0.4585)

3
observed

1904
25019 002159 O3 5apr-ey o *aun-sy RERh9) °
: o201

Model med de sidste fire ar som valideringsar:
3 variable
Prediction plot -Sd1-Obs(4-6)
38 rical = 0.42
varlable selection
W e 01993
RMSECV = 0 01 997
3.4 RMSE (al) = 0
Numb V=3 o' 0ad0"%% orose
32
H 02005
2004
E 3 O @598@ tercept  (0.03954)
& 1986 1996 1991 Q1994
. o) (e} O‘?%sgsoéixu-;y fo *Jun-sy x (-0.4092)
019949 O
lO1998 o (O 'r28%s :Apr-sy to *Jun-sy x (0.553)
26
W-temp-obs :Sep-yb to *Mar-sy x (-0.3418)
24
2 22 Z.A 2.6 2.8 i‘! 3.2 3‘4 3.6 S.B
observed

Model med de sidste fire a&r som valideringsar:
4 variable

Prediction plot -Sd1-Obs(4-6)

38 t%cal = 0.43
variable selection
36 12159 66 O1 993
RMSECV = 0 o997
34 RMSE (al) = 0 108001992
Numb V=4 O D 01 989
32
® 2004 2006
£ O 2005
3 3 820"3 orcont (004434 01994
]
& 1986 ot ‘Apr-sy to*J 109:?;72
25 odb%m. pr-sy to *Jun-sy X (-0.3872)
195319 oZO 00
lo1998 O O@%’b‘ :Apr-sy to *Jun-sy X (0.5912)
26
W-temp-cbs :Sep-yb to *Mar-sy x (-0.3418)
24 Q-obs :Jan-sy to *Mar-sy x (-0.09863)

2 24 26 28 3 3.2 34 3.6 38
observed

N-tvungen lgsning
Den endelige model med 2 variable
NB! Modellen bygger pa subjektive vurderinger!
38 r%cal =03
varlable selection
36 121
O1 993
RMSECV = 0
34 RMSE (al) = 0 01992
Numb V=2 o @IBSQ
32
E 02005
ke 2006
3 3 Esas 02004 O 19;;“,;: (2.7766-015) 0e
&
02002 OZDO sn?nbs :Apr-sy to *Jun-sy 8mg) o
28[1998 ettt o 2000
red-obs :Apr-sy to *Jun-sy x (0.4831)
26
24 o187
2 22 274 ZTS 2.8 ;1 3.2 374 3f5 3.8
observed

Bilag 1.4 - 13



Mariager Fjord - Sd1-modellering

Residualer
(den endelige N-tvungne model)
NB! Modellen bygger pa subjektive vurderinger!

residuals

02

04

residualSd1-Obs(4-6) OBS: trespassing of model building rules

06

Ingen outlier
Den N-tvungne model ligger langt fra den
utvungne, objektive lgsning

Bilag 1.4 - 14




Mariager Fjord - Sd1-modellering

b-koefficienter for variablene: 1 11 30 59 78
N- & P-tvungen lgsning

b coeficients

0
g
¥ 01
Q
3 ®
5 -02
e
> L
3
g-03 +
B
' +
4 04 N
B
+
2
£ 05
§
3
: o ©
g 06

7 . . . . . : . ,

074 15 2 25 3 35 4 45 5

Model med de sidste fire ar som valideringsar:
1 variabel
Prediction plot -Sd1-Obs(4-6)

38 Poal =0.09
variable selection
36 1
RMSECV = 0
34F  RMSE(al) = 0
Numb V=1
sk 01993 e
T o198 Q2008 51990
3 004 91 1989
5 31986 o2 8092003 hree;@ﬂ)ﬂ!zaaespﬁdg O
& 01994
2001 §0Apr-sy to *Jun-sy x (-0.3016)
28 2002 1988
1999 01995
26
24F
2 22 24 26 2.8 3 32 3.4 36 38

observed

Model med de sidste fire ar som valideringsar:
2 variable
Prediction plot -Sd1-Obs(4-6)

38 rcal = 0.13
varlable selection
36 1
RMSECV = 0
34 RMSE (al) = 0
Numb V=2 O1993 O1997
32
o [O1998 (2004 Q2008 01990 (2005
2 01996
g 1992 o991
3 3 02003 ftarced? *oroar)
3
5 2000 Q984

2002
1986 &0001937 (O THabs :Apr-sy to *Jun-sy x (-0.2203)

28

PR8Ny to *Jun-sy x (-0.2034)

22 2.4 26 2.8 3 32 34 3.6 38
observed

Model med de sidste fire ar som valideringsar:
3 variable
Prediction plot -Sd1-Obs(4-6)

38 rcal = 0.44
varlable sslection
ssb 113
19941997
RMSECV = 0 o
34} RMSE(a) =0
Numb V=3
32
2006
H O oY o989
3 01994
5 3 feroept  (0.02302)
g egzg 005
lO1998 ¥ n-0bs :Apr-sy to *Jun-sy x (-0.354)
28 019
02903 _ 1 gabs :Apr-sy to *Jun-sy x (-0.5699)
ytess O <2000
26 O
rad-obs :May-yb to *Mar-sy x (-0.7363)
24
22 24 26 28 3 32 34 36 38

observed

Model med de sidste fire a&r som valideringsar:
4 variable

Prediction plot -Sd1-Obs(4-6)

38 r?cal = 0.53
variable selection 997
36 11130 58
RMSECV = 0
34} RMSE(al)=0
Numb V= 4
2 2006
3 (e}
4
£ 01999 &3%3
g 3 004 (0.01728)
& 1996
o) 4 O30 Apr-sy to *Jun-gy RAU434)
281998 02002 (o)
O"9%bs : Apr-sy to *Jun-sy x (-0.7123)
26l 020 2000
rad-obs :May-yb to *Mar-sy x (-0.7886)
1986
240 W-temp-obs :Sep-yb to *Mar-sy x (-0.3333)

2 24 26 2.8 3 32 34 3.6 38
observed

Model med de sidste fire a&r som valideringsar:
5 variable

Prediction plot -Sd1-Obs(4-6)

38 real =0.71
verlabla selection 997
26 111305978
RMSECV = 0 01 993, 01 991 01 989
34 RMSE (al) = 0
Numb V=5
32 019 0199A
- o990 [©)
2 3 torcept  (-0.07484)
5
© 1995
3 () 1988 GAP-SY 10 *Jun-sy X (-0.3657)
g 28 O 0

005
185882 p-0bs :Apr-sy fo *Jun-by x (-0.5255)
rad-obs :May-yb to *Mar-sy x (-0.7055)
W-temp-obs :Sep-yb to *Mar-sy x (-0.4627)

vindcube-obs :Nov-yb to *Mar-sy x (0.5165)

2 N N s s N N s .
22 24 26 2.8 3 32 34 3.6 38
observed
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Mariager Fjord - Sd1-modellering

N- & P-tvungen lgsning

Den endelige model med 2 variable
NB! Modellen bygger pa subjektive vurderinger!
r%cal = 0.08

varlable selection
1

RMSECV = 0
34 RMSE (al) = 0
Numb V=2

01993 o1997
02005

O1998 2004 02006 g
1996 farceRt) 190420068-01511991

02003

82002
28§)1986 200101987

predicted
o

(9804

00
O%a “Apr-sy to *Jun-sy X (-0.1682)

CXBRpr-sy to *Jun-sy x (-0.1703)

observed

Ingen outlier
N- & P-tvungne model ligger langt fra den
utvungne, objektive Igsning

Bilag 1.4 - 16




Mariager Fjord - Sd2-modellering

PCA -Sd2-Obs(7-9)

Sd2-Obs(7-9)

Sd2-Obs(7-
Py
by

1002
2002

£002
Y002
5002
9002

Sd2-Obs(7-9)

=P obligate
1 80 free
© = obligate
09 =N obiigale

Variabeludvalgelsesfrekvens

correlation to free solution r=0.73,p=0.00  correlaiion to free soluion r= 0.74, p=0.00
15

Xn»0008 0076

0076 10
$68 Z

po9

ZOﬁ 40m 60 < 80 20 ADM 60 B 80
g3 ERLEEYS 3T ERgEER S
correlation to free solution r=1.00 , p= 0.00 correlation to free solufon r= 0.67, p=0.00

0076

10} eXn: 0110 X032 Xrv 0085

Xnyg0008  ofn: 6030 s o

- 4001e Xn
21

free

%8

II“I
40
g =

o
00 fmam
JE-—--);

ERERE

b-koefficienter for variablene: 3 11 76 32 55 30
Utvungen lgsning

b coeficients

0.3 o

0.1
02

03 -+

-04

koef af den forste (+ rod) og andet variable (o bl4)Sd2-Obs(7-9)

05 n

06 L L L L L L L L L ,

Model med de sidste fire ar som valideringsar:
1 variabel

Prediction plot -Sd2-Obs(7-9)

cal =0.31
45 variable selection

predicted

Bi5 2 25 3 35 4 45 5
observed

Bilag 1.4 - 17




Mariager Fjord - Sd2-modellering

Model med de sidste fire ar som valideringsar:
2 variable
Prediction plot -Sd2-Obs(7-9)

cal =0.32
4.5 varlable selection
an
4 RMSECV = 1

RMSE (al) = 1
Numb V=2

E 35 O2008y1997 1993

3 1 (0.2020)1990

8 3 n-obs :May-sy to *Sep-sy x(-0.5693)

1 s N s N N s s
15 2 25 3 35 4 45 5
observed

Model med de sidste fire ar som valideringsar:
3 variable
Prediction plot -Sd2-Obs(7-9)

Pcal = 0.47
45 variable selection
31176
4 RMSECV = 0
RMSE (al) = 1
Numb V=3
2 a5 1990 1000
- 006
% og 0 q3i2Eme (0.1765)
a bs -sy to *Sep-: -0.6258,
3 -0bs :May.sy 10 *Sep-sy x (. )
p-obs :Jul-sy to *Sep-sy x (0.1336)
25 vindcube-obs :Apr-sy to *Jun-sy x (-0.3968)
2 02002
1.5 2 25 3 35 4 45 5

observed

Model med de sidste fire ar som valideringsar:
4 variable

Prediction plot -Sd2-Obs(7-9)

rcal = 0.54
45 variable selection
3117632
W RMSECV = 0
RMSE (al) = 1 01990
Numb V= 4
o7 19961
g 02005 O 9) (0.1652) 01993
g 02006 0
< n-olgE);Méylsy to *Sep-sy x (-0.4382)
p-obs :Juk-sy to *Sep-sy x (0.1576)
25f Vindoube-obs 1 Apr-sy to *Jun-sy x (-0.3938)
nao :Jun-sy to *Sep-sy x (0.3235)
AR 02002
35 2 25 3 35 4 45 5

observed

Model med de sidste fire ar som valideringsar:
5 variable

Prediction plot -Sd2-Obs(7-9)

cal = 0.56
45F variable selection
311763255
na
T 3sp
% 0200(55? fept  (0.1532) Q1993
987
8 4 032006 :May-sy to *Sep-sy x (-0.4658)
: o997 214y o " Sep-sy x(04638)
p-obs :Jul-sy to *Sep-sy x (0.201)
25) vindcube-obs :Apr-sy fo *Jun-sy x(-0.4401)
neo :Jun-sy 1o *Sep-sy x (0.2658)
2 02002
3 W-temp-cbs :Nov-yb to *Sep-sy x (0.1253)
, L L L L L L .
15 2 25 3 35 4 45 5

observed

Model med de sidste fire ar som valideringsar:
6 variable

Prediction plot -Sd2-Obs(7-9)

5
Peal =0.73
4.5 varlable selection
31176325530
4 RMSECV =0
RMSE (al) = 0
Numb V=6
E 35 o193
H (0.03583)
s . .
3 L0765 :May-sy 1o *Sep-sy x(-0.5688)
Q2008 Ozotp
p-obs :Jul-sy to *Sep-sy x (0.03556)
25 vindcube-obs :Apr-sy to *Jun-sy x(-0.5423)
nao :Jun-sy to *Sep-sy x (0.1874)
2 00?2004 W-temp-obs :Now-yb to *Sep-sy x (0.1923)
rad-obs :Aug-yb to *Jun-sy x (-0.6073)
1'1 5 2 25 3 35 4 45 5

observed

Utvungne Igsning
Den endelige model med 5 variable

Prediction plot -Sd2-Obs(7-9)

Feal =0.47
45 variable selection
311763255
. RMSECV = 0
RMSE (all) = 0 1990
Numb V= §
T 35
E (-6.939-017)
2 1993
e 3 Dorﬂ‘ss:%y-sy 10 *Sep-sy x(QsAm)
2006 p-ol@UaPdy to *Sep-sy x (0.3562)
25 vindcube-obs : Apr-sy to *Jun-sy x (-0.4357)
nao :Jun-sy 10 *Sep-sy x (0.3366)
2 W-temp-cbs :Nov-yb to *Sep-sy x (0.1753)
. s s s N s s s
15 2 25 3 35 4 45 5

observed
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Mariager Fjord - Sd2-modellering

residual Sd2-Obs(7-9)

Residualer
(den endelige utvungne model)

residuals

mmmmmmmmmmmmmmmmmmm

Den utvungne Igsning peger pa N- og P-
tilforsel

Bilag 1.4 - 19



Mariager Fjord - Sd2-modellering

b-koefficienter for variablene: 11 21 76 1
P-tvungen lgsning
b coeficients

0.2
& +
;‘r 01F
2 op
s + +
% 01F
g -02F
8
B
£ 03
s 04r
5 o
8 0l

0.5 O

. Q . , . ,
1 15 2 25 3 3.5 4

Model med de sidste fire ar som valideringsar:
1 variabel

Prediction plot -Sd2-Obs(7-9)

5
Peal =0.01
45 variable selection
1"
4
E 35
- (0.1697)
5 5 Q200 ; 8 A8y o SDIPRLEIRIES
987
2.5
2
4 s N s N s s s
15 2 25 4 45 5

Model med de sidste fire ar som valideringsar:
2 variable

Prediction plot -Sd2-Obs(7-9)

Model med de sidste fire ar som valideringsar:
3 variable

Prediction plot -Sd2-Obs(7-9)

- Fodl =0.34
45 e cton 45 \ariable selection
121 112176
4 RMSECV = 1 4
RMSE (al) = 1
Numb V= 2
E 35 0199505901 01993 E 35 o1 00O DB, 1993
3 (0.1438) 5 (0.1337))1990
3 1 990 g Q3051 . (0}
e 3 Q32004 pbelitdy to *sep-sy x (:0.214) 3 P g to "Sep-sy x (-0.1884)
1989
Q20 1986 rad-obs :Juksy to *Sep-sy x (-0.5322) ozoq@mg 6 red-obs :Juksy to *Sep-sy x (-0.4853)
25 9 Cﬂwe 25 vindcube-obs : Apr-sy to *Jun-sy x (-0.1667)
2 2
1 y y y Y v Y : ! 15 .2 2.5 ; 3‘5 ; A‘S .5
15 2 25 35 4 45 5
observed observed
Model med de sidste fire ar som valideringsar: P-tvungen lgsning
4 variable Den endelige model med 3 variable
Prediction plot -Sd2-Obs(7-9) . Prediction plot -Sd2-Obs(7-9)
.
= Pcal = 0.34
45 RO hon 45, variable selection
1121761 112176
RMSECV = 0 RMSECV =1
a RMSE (al) = 1 4 RMSE (al) = 1
Numb V= 4 Numb V= 3
3 3s) 01990 01993 3 3s forl
2 199,
H 2 o (-43020-016) O1993
o 990
@ 2006 s 3! *
S gt © 56 pol Ry to *sep-sy x (0.02689) 23 & P-oDs idu-ay to *Sep5Y X (-0.0452)
rad-obs :Jul-sy fo *Sep-sy x (-0.36) % radladd Whsy 0 *Sep-sy x (-0.523)
25k O1995  dcubo-obs :Apr-gy to *Jun-sy x(-0.2408) 25 Q200! ODW6  yindcubs-obs :Apr-sy to *Jun-sy x(-0.1584)
1997
n-obs :Juk-sy to *Sep-sy x (-0.4754)
2} 2
n n n n n n I 1
35 2 25 3 35 4 45 5 15 2 25 3 35 4 45 5
observed observed
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Mariager Fjord - Sd2-modellering

residual Sd2-Obs(7-9)

Residualer
(den endelige P-tvungne lgsning)

residuals

1
I Ilmp

|

mmmmmmmmmmmmmmmmmmm

|

Den P-tvungne model er ikke anvendelig som
forudsigelsesveerktgj

Bilag 1.4 - 21



Mariager Fjord - Sd2-modellering

b-koefficienter for variablene: 3 22 76 40 61 Model med de sidate fire ar som valideringsar:
N-tvungen lgsning 1 variabel
b coeficients Prediction plot -Sd2-Obs(7-9)
0.2 5
O
g 025t . e secton
? o 3
3
3 -03f 4
o
8 oss- + FEN O2008y1907 1993
£ + Z e
3 Ty
":: 04 g 4 nQ'eg:W-y-sy to *Sep-sy x (-0.5476)
é O . + 51090908
8 -0.45F 2.5
% 051 O 2
0 1 1‘5 é 2‘5 ‘3 3‘5 1‘3 4‘5 ‘5 1'1 5 ; 2.5 3 3‘5 :‘ 4‘5 é
observed
Model med de sidste fire ar som valideringsar: Model med de sidste fire ar som valideringsar:
2 variable 3 variable
Prediction plot -Sd2-Obs(7-9) Prediction plot -Sd2-Obs(7-9)
5 5r
i sabton S aiaesdeton
322 32278
RMSECV = 0 RMSECV = 0
4 RMSE (al) = 1 r RMSE (al) = 1
Numb V=2 Numb V=3
. O1998 1993 b 01998 01990
E 35 O19900 T asf 01993
2 X 2 2005 (0.177)
3 005 SR, (01800 3 oo O o)
Y Sa l}bm UG 935y -y 10 *sep-sy x(-0.5085) s 1 1@3 6 n-obs :May-sy to *Sep-sy x (-0.5408)
-obs :Jun-sy lo *Sep-sy X (-0.3956) %2003 rad-obs :Jun-sy to *Sep-sy x (-0.3009)
2.5 25} O cube-obs :Apr-sy to *Jun-sy x (-0.2607)
2 2F 02002
! 15 ; 2.5 Z.i 3‘5 4‘! 4?5 ; ! 15 é 2.5 ; 3.5 .4 455 .5
observed observed
Model med de sidste fire ar som valideringsar: Model med de sidste fire ar som valideringsar:
4 variable 5 variable
. Prediction plot -Sd2-Obs(7-9) Prediction plot -Sd2-Obs(7-9)
s
Poal =0.73 sl =
45| lable select! | cal = 0.79
o e o R ¢
RMSECV = 0 1990 RMSECV =0
¢ RMSE (=0 © O1993 i RGE (al) =0 o993
3 35 395
3 1998 2 0206
2 (0.1401) bt 200
E_ 02006 o 3 O 5199;b v (0.1665)
3 nol©Mdlsy to *Sep-sy x (-0.5784) & L n-obs : May-sy to *Sep-sy x (-0.5838)
1995 (O HdBbs :Jun-sy to *Sep-sy x (-0.1388) 198306 wdun-sy to *Sep-sy x (0.02746)
(00
2.5] b1995 vindcube-obs :Apr-sy to *Jun-sy x(-0.419) 25F Vindcube-obs :Apr-sy 10 *Jun-sy X (-0.4956)
0294 nao :Aug-yb to *Jun-sy x (0.4503) nao :Aug-yb to *Jun-sy x (0.5911)
: 2r Q-obs :Juk-sy to *Sep-sy x (0.2986)
155 ; 2.5 .3 3‘5 4‘1 4.5 é 155 2 25 3 35 " a5 5
observed observed
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Mariager Fjord - Sd2-modellering

predicted

N-tvungen lgsning

Den endelige model med 4 variable

Prediction plot -Sd2-Obs(7-9)

real = 0.61
variable selection
3227640

RMSECV = 0
RMSE (al) = 0
Numb V=4

o199

01993
(-9.714e-016)
n-ogEyMiytsy to *Sep-sy x(-0.4393)
(O 1BBbs :Jun-sy to “Sep-sy x (-0.2643)
vindcube-obs :Apr-sy to *Jun-sy x (-0.3364)

Q1996 1o :Aug-yb to *Jun-sy x (0.4708)

2 25 3 35
observed

residual Sd2-Obs (7-9)

Residualer
(den endelige N-tvungne model)

residuals

Den N-tvungne lgsning giver en svag model
med negative koefficienter for N-tilfarslen
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Mariager Fjord - Sd2-modellering

b-koefficienter for variablene: 3 11 22 76 31 38
N- & P-tvungen lgsning
b coeficients
0.3
_ ¢}
2 02 0]
4
4 @) o
g o1 o
3
§ 0
5
E 01
8
B
LVDZ
s 03 +
5 +
:55-04 +
+ +
S
1 15 2 25 3 3.5 4 45 5 55 6

Model med de sidste fire ar som valideringsar:
1 variabel
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Model med de sidste fire ar som valideringsar: N- og P-tvungne lgsning
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Mariager Fjord - TN-modellering
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PCA -TN-Obs(1-12)

150
140
130 1
= 20 1
g 110 1
£ 100 v B
90 1
80 1
2222233222283 335888888
ge3ecc88B8888888R8c8¢88
Variabeludvaelgelsesfrekvens
TN-Obs(1-12) g
correlation to free solufon r=0.99, p= 0.00 correlation to free solution r= 0.90, p=0.00
12 100 xdoog X ogro 2
e NP Obligate .. PR
80 free o Xmpose
11 —P obligate 60
60 e N obligate o R B34
1 40
20
0.9
0
S ool S 30, =w10j:20m§300540
% 2 4 6 s % 2 4 6 8 65 &8 % 83 6o 88 X85S
correlation to free solufon r=1.00 , p= 0.00 correlation to free soluion r= 0.74, p=0.00
St L mobto s s Snidooss = s ool
181 xn: 000G YmP0% g5l Bxn000s 2 s Sxnd03
. . : n: 0919 H
g™ o 10 H ¢ gdoo
" ool gt sy PO
5 5 j : l
, J A ol
10 20 30 40 10 20, 30, 40
; ; g ; : : ; 13% 8% 2% s 73% 3% 5% 3
b-koefficienter for variablene: 5 6 36 19 27 29 Model med de sidste fire ar som valideringsar:
Utvungen lgsning 1 variabel
12 b coeficients Prediction plot -TN-Obs(1-12)
140
2
= rcal =0
S 9 o variable selection
7 5
8 130
,E\ 08 O RMSECV = 12
3 O RMSE (all) = 14
° O
r ik Numbv=1
@ 06
g °
3 g
5 o4 5 110 0]
s ] 0200 RosoDB@EBID  O19801994
= &
K] 02 n-obs :May-yb to *Oct-sy x (-0.0002102)
2 100
t 0
3
®
2., + + + %
= + +
1 1.5 2 25 3 35 4 45 5 55 6 B0 90 100 110 120 130 140
observed

Bilag1.5-1



Mariager Fjord - TN-modellering
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Residualer
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N-tvungen lgsning
Den endelige model med 3 variable
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Mariager Fjord - TP-modellering
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Outlier: 1986
Den objektive, utvungne lgsning giver P-
tilforsel som vigtigste variabel

Bilag 1.5 -8



Mariager Fjord - TP-modellering
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lgsning

Bilag 1.5 - 10
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