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Received data
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2014 (nonpoint/point, bank erosion, atmospheric deposition)
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» 1985 Progress
» 1993 Progress

Refined model calibration
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| Examples of Model Calibration

» Tidal freshwater (TF5-5)
* Oligohaline (RET5-2)
* Mesohaline (EL5-3)
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Chl a (TF5-5)

Station | RMSE R Mean Diff. Abs. Diff. Relative Diff. (%] Obs. mean |Model mean| Obs.Std. |Model Std.|# of nata
TF5-2A 8.53| -0.08 -0.74 5.49 120.60 4.55 5.29 7.39 3.70 134
TF5-3 9.43 0.00 0.60 6.63 102.90 6.44 5.84 8.82 3.39 136
TF5-4 12.78 0.81 0.54 7.71 35.90 21.50 20.96 21.70 18.45 139
TF5-5 14.81 0.80 -2.70 9.62 38.90 24.71 27.42 23.78 21.85 139
TF5-5A 18.96 0.69 -0.70 10.60 40.10 26.43 27.13 26.27 17.60 137
TF5-6 12.59 0.27 -0.83 8.77 65.00 13.49 14.32 12.43 7.31 139
RET5-2 12.82 0.36 2.09 5.59 47.30 11.83 9.74 13.53 6.06 139
LE5-1 7.02 0.33 0.43 4.11 49.90 8.23 7.80 7.13 4.43 139
LE5-2 14.80 0.59 1.91 6.62 64.50 10.27 8.36 17.45 5.94 139
LE5-3 10.62 0.44 -0.23 4.75 54.20 8.75 8.97 11.82 5.81 138
LE5-4 4.82 0.70 -1.04 3.01 38.60 7.80 8.83 6.36 5.61 135
LE5-5 4.07 0.79 -0.69 2.73 27.70 9.87 10.56 6.50 5.85 95
Average| 10.94 0.47 -0.11 6.30 57.13 12.82 12.94 13.60 8.83 134




DIN (TF5-5)

Station| RMSE R Mean Diff. Abs. Diff. | Relative Diff. (%)| Obs. mean |Model mean| Obs. Std. | Model Std.| # of nata
TF5-2A | 0.21 0.38 -0.02 0.14 36.80 0.39 0.41 0.12 0.23 132
TF5-3 0.22 0.51 -0.01 0.15 33.70 0.45 0.46 0.15 0.26 134
TF5-4 0.20 0.61 0.09 0.15 43.60 0.35 0.26 0.21 0.18 135
TF5-5 0.25 0.71 -0.10 0.17 30.10 0.56 0.66 0.29 0.30 137
TF5-5A | 0.24 0.69 -0.02 0.16 29.60 0.54 0.56 0.32 0.28 136
TF5-6 0.22 0.66 0.01 0.15 30.40 0.49 0.48 0.28 0.24 137
RET5-2| 0.21 0.69 -0.03 0.15 45.60 0.33 0.35 0.29 0.22 133
LE5-1 0.18 0.71 0.00 0.14 44.30 0.31 0.30 0.24 0.23 135
LE5-2 0.14 0.78 0.05 0.10 42.70 0.24 0.20 0.18 0.20 131
LE5-3 0.12 0.80 0.07 0.09 46.60 0.19 0.12 0.16 0.16 125
LE5-4 0.11 0.72 0.07 0.08 53.80 0.15 0.08 0.11 0.11 126
LE5-5 | 0.08 0.70 0.04 0.05 58.90 0.08 0.04 0.09 0.06 98
Average| 0.18 0.66 0.01 0.13 41.34 0.34 0.33 0.20 0.21 130
Station| RMSE R Mean Diff. Abs. Diff. | Relative Diff. (%)| Obs. mean |Model mean| Obs. Std. | Model Std.| # of nata
TF5-2A| 0.22 0.43 -0.02 0.15 37.00 0.39 0.42 0.14 0.23 130
TF5-3 | 0.22 0.54 -0.02 0.14 32.10 0.45 0.47 0.15 0.26 133
TF5-4 0.22 0.55 0.10 0.16 46.10 0.35 0.26 0.22 0.18 133
TF5-5 0.24 0.68 -0.12 0.16 30.30 0.54 0.66 0.25 0.28 135
TF5-5A | 0.23 0.67 -0.02 0.15 29.20 0.53 0.55 0.29 0.28 134
TF5-6 | 0.21 0.64 0.00 0.14 29.80 0.47 0.48 0.26 0.24 135
RET5-2| 0.19 0.68 -0.03 0.14 45.60 0.31 0.33 0.26 0.21 131
LE5S-1 | 0.17 0.70 -0.01 0.13 44,70 0.28 0.29 0.21 0.22 132
LE5S-2 | 0.15 0.64 0.03 0.11 57.80 0.19 0.17 0.14 0.19 129
LE5S-3 | 0.11 0.69 0.05 0.08 52.80 0.15 0.10 0.11 0.13 125
LE5-4 0.11 0.37 0.06 0.08 65.70 0.12 0.06 0.08 0.08 126
LES-5 0.04 0.37 0.02 0.03 53.80 0.06 0.03 0.04 0.02 99
Average| 0.17 0.58 0.00 0.12 43.74 0.32 0.32 0.18 0.19 129




DIP (TF5-5)

/ |

Station | RMSE R | Mean Diff. | Abs. Diff. | Relative Diff. (%) | Obs. mean | Model mean| Obs. Std. | Model Std. | # of nata
TF5-2A | 0.03 | 0.39 0.02 0.02 48.80 0.04 0.03 0.02 0.02 136
TF5-3 0.02 | 0.35 0.01 0.02 46.40 0.04 0.03 0.02 0.02 137
TF5-4 0.01 | 0.33 0.01 0.01 42.90 0.02 0.01 0.01 0.01 139
TF5-5 0.01 | 0.39 0.00 0.01 33.60 0.02 0.02 0.01 0.01 139
TF5-5A | 0.01 | 0.46 0.00 0.01 34.30 0.02 0.02 0.01 0.01 139
TF5-6 0.01 |0.21 0.00 0.01 42.80 0.02 0.02 0.01 0.01 139
RET5-2 | 0.02 | 0.30 -0.01 0.01 58.20 0.02 0.03 0.01 0.02 138
LE5-1 0.02 | 0.36 0.00 0.01 39.20 0.02 0.03 0.01 0.02 139
LE5-2 0.02 | 0.36 0.01 0.01 45.50 0.03 0.02 0.02 0.01 139
LE5-3 0.02 | 0.55 0.01 0.01 44.10 0.03 0.02 0.02 0.01 138
LE5-4 0.02 | 0.57 0.01 0.01 50.70 0.02 0.01 0.02 0.01 138
LE5-5 0.01 | 0.66 0.01 0.01 43.70 0.01 0.01 0.01 0.00 99
Average| 0.02 | 0.41 0.00 0.01 44,18 0.02 0.02 0.01 0.01 135
Station | RMSE R | Mean Diff. | Abs. Diff. | Relative Diff. (%) | Obs. mean | Model mean| Obs. Std. | Model Std. | # of nata
TF5-2A | 0.03 | 0.34 0.02 0.03 63.40 0.04 0.02 0.02 0.01 135
TF5-3 0.03 | 0.35 0.02 0.02 57.10 0.04 0.02 0.02 0.01 137
TF5-4 0.02 | 0.23 0.01 0.01 55.80 0.02 0.01 0.01 0.01 138
TF5-5 0.02 | 0.30 0.01 0.01 44.80 0.02 0.01 0.01 0.01 139
TF5-5A | 0.01 | 0.35 0.01 0.01 45.40 0.02 0.01 0.01 0.01 138
TF5-6 0.01 | 0.13 0.01 0.01 45.80 0.02 0.01 0.01 0.01 139
RET5-2 | 0.01 | 0.38 0.00 0.01 37.80 0.02 0.02 0.01 0.01 137
LE5-1 0.02 | 0.34 0.01 0.01 47.70 0.03 0.02 0.01 0.01 138
LE5-2 0.02 | 0.41 0.02 0.02 60.00 0.03 0.01 0.02 0.01 138
LE5-3 0.02 | 0.49 0.01 0.01 60.50 0.02 0.01 0.02 0.01 137
LE5-4 0.02 | 0.52 0.01 0.01 65.30 0.02 0.01 0.02 0.00 138
LE5-5 0.01 | 0.57 0.01 0.01 72.80 0.02 0.00 0.01 0.00 98
Average| 0.02 | 0.37 0.01 0.01 54.70 0.02 0.01 0.01 0.01 134
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Chl a
(surface)

DIN
(surface)

—Statistics

Station | RMSE R Mean Diff. Abs. Diff. Relative Diff. (%] Obs. mean |Model mean| Obs.Std. |Model Std.|# of nata
TF5-2A | 9.24 -0.12 2.23 4.27 104.40 4.09 1.86 8.43 2.38 77
TF5-3 6.98 0.49 2.20 4.22 78.50 5.38 3.18 7.64 3.45 78
TF5-4 8.96 0.88 -2.07 6.36 33.60 18.94 21.00 18.54 16.40 73
TF5-5 10.66 0.85 -0.75 6.85 29.20 23.47 24.22 20.15 17.34 79
TF5-5A | 12.07 0.69 -3.69 8.48 42.00 20.21 23.90 15.79 12.74 77
TF5-6 10.90 0.18 -5.40 8.39 106.50 7.88 13.28 7.66 7.16 78
RET5-2 4.20 0.67 0.07 2.43 31.10 7.80 7.74 5.66 3.72 73
LE5-1 19.23 0.34 2.49 4.96 53.50 9.27 6.79 19.97 2.87 72
LE5-2 25.65 0.30 4.37 8.78 68.00 12.92 8.55 26.41 4.38 74
LE5-3 11.19 0.42 1.06 4.32 44.00 9.82 8.76 12.30 3.98 75
LE5-4 5.78 0.60 0.20 2.72 28.30 9.59 9.39 7.26 4.53 76
LE5-5 4.62 0.91 -0.54 2.08 19.40 10.73 11.26 9.22 5.78 97
Average| 10.79 0.52 0.01 5.32 53.21 11.67 11.66 13.25 7.06 77
Station| RMSE R Mean Diff. Abs. Diff. | Relative Diff. (%)| Obs. mean [Model mean| Obs. Std. |Model Std.| # of nata
TF5-2A| 0.25 0.74 -0.15 0.17 40.30 0.42 0.57 0.26 0.30 78
TF5-3 0.22 0.77 -0.14 0.17 36.70 0.45 0.60 0.25 0.26 79
TF5-4 0.16 0.79 0.06 0.10 30.10 0.34 0.28 0.25 0.18 72
TF5-5 0.20 0.80 -0.01 0.09 20.80 0.41 0.42 0.33 0.26 78
TF5-5A| 0.10 0.93 0.00 0.06 17.90 0.36 0.35 0.28 0.26 77
TF5-6 0.19 0.80 0.09 0.13 29.30 0.43 0.34 0.27 0.22 75
RET5-2| 0.12 0.85 0.04 0.09 28.80 0.30 0.27 0.20 0.19 67
LE5-1 0.13 0.79 0.06 0.10 36.50 0.27 0.22 0.18 0.19 66
LE5-2 0.14 0.63 0.08 0.10 55.90 0.18 0.10 0.14 0.13 69
LE5-3 0.11 0.61 0.06 0.07 63.50 0.12 0.06 0.12 0.08 70
LE5-4 0.05 0.85 0.03 0.03 38.70 0.09 0.06 0.08 0.06 68
LE5-5 0.01 0.99 0.00 0.01 12.20 0.05 0.05 0.06 0.06 97
Average| 0.14 0.80 0.01 0.09 34.23 0.28 0.28 0.20 0.18 75
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WWn of phytopla

The influence of light on phytoplankton production ig represented by a chlorophyll-
specific production equation (Jassby and Platt, 1976; Cerco and Noel, 2004):

1
PR =P — — (3-1)

NP+ IK?
where:
PE = photosynthetic rate (g C gt Chl d-1)

PEm = maximum photosynthetic rate (g C g-! Chl d-1)
I = irradiance (E m-2 d-1)

Parameter [k is defined as the irradiance at which the initial slope of the production
ys. irradiance relationship intersects the value of PPm:

PEm
o

IK = (3-2)

where: o = initial slope of production vs. irradiance relationship (g C g-! Chl (E m2)-1)

The chlorophyll-specific production rate is readily converted to the carbon-specific
growth rate, through division by the carbon-to-chlorophyll ratio:

PB

G = 3-3
CChi (3-3)

where: CChl = carbon-to-chlorophyll ratio (g C g chlorophyll-a)




AW

gCg’ chl

o0 ) Ob d
a L J sen/e
1607 "o —Model
140 4 .
120 .
100 4 . CChl =30+ 150 "' "®%e
2 _
80 - . R*=0.76
60 A L
40 4
20
U T T T T
0 1 2 3 4 5
Ke (m'1)
St TF54 R =0.81654

B . .

5.

4 Y=0.045098+1.0256

3. 5 © 55
%L) f:u'

2 ot

By
1%@:
(1} 20 40 60 80 100

CHLA

gCg’ chl

b)
100 - .
80 CChl=30+90 e 19Ke
R*=0.79
60 -
40 -
e o - —
20 -
0 . ; [ T |
0 1 2 3 s :
Kem"  Curtesy of Cerco
and Noel. 2004)
7 ' ! T T
% /,/
5- -Y=0.038877+1.1734 //,»/"

e

0 20 40 60 80 100 120 140




Model 1 (vary CChl)

1 50 | I | -II-F5-5 I(surfaCIel) I | |
~ v
*g-) 100 - V v s
© ‘ : y
< 50 r 'u wd M v“ v
O vivid V\ "rvTI‘ ' v.xv-.:'- 7 -.r J‘J‘-h*-: -.VAV;v"‘!.#‘Ji" AR, V ‘.'l""vv "l"."a'
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Year
Model 2 (Fixed CChl)
150 . : TFS-5  (Surface) . .
~ v
= 100 - v .
2 v F
© 4 V v
c 50 v VY "R R
o W'vvv ‘ A . y \V; ?’,, Y'Y, \V, v/ o
y ¥ W W X W ¥ Y
0 vavid ‘l:r‘:Tmﬁav..A. W-.T“YJ‘-"-‘ML‘-J L VAV ‘!j'l 2o, vee oy hy M4 vl
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

Year




3 TF5-5 (Surface)
T T T T T T T T T
/ Q 2+ v |
o))
= EE’ N . v Sl JU
E 1 J'Jii"v'lvv';“v ' M Y=/ ‘ v \vd W v'y'; v, "v']" Y Vi N AW vv“ "v WV Vi v ¥
0 '_’:7' ':v | V ”-, 'A'-"" VI Y v | v § Y 'A"' v| .v.v Y v‘"#é,‘%‘h' '\v V%." v% ’ V‘V"‘t AV
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Year
3 TF5-5 (Bottom)
T T T T T T T T T
Jar -
o))
£ | |
Z 1ra JMEEL ' A v A
&) vW"l Latd 40 V : (4 oLV o b f A
4 3 - v A A A v y W A
0 L A ‘? A| , A L A AI Ax I o I | M
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Year
3 TF5-5 (Surface)
T T T T T T T T T
Jat v -
3
i
~— v \Vi
z A ; vV L
o 1 "v.fv" ‘v Lod , M N | s VMY """., ! F.‘ 'V M ‘v'vvhv " 4 A L 7 v
. 77 v # %i R VI v W \ v WV v' v vl vV VVW | w'*" & an-v"vv Yy AV
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Year
3 TF5-5 (Bottom)
T T T T T T T T T
Lot |
o))
£ {
Z 1 _A (| | A " A
()] L' 4p W (y ARy VAV L TR ™ A L
0 V L A ‘? . A| L A - L A AI A I ““ ! e I l‘""
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Year




e

AW
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Chl a
(Surface)

DIN
(surface)

\

M-2 M-1 M-2 M-1 M-2 M-1 M2 | M1
Station RMSE ——————R—____ | Mean Difference Relamce (%)
TF5-2A 8.27 8.53 -0.10 -0.08 0.04 -0.74 112.40 120.60
TF5-3 9.49 9.43 -0.05 0.00 1.41 0.60 99.20 102.90
TF5-4 13.09 12.78 0.80 0.81 1.56 0.54 37.20 35.90
TF5-5 14.43 14.81 0.80 0.80 2.05 -2.70 36.10 38.90
TF5-5A 19.35 18.96 0.69 0.69 2.67 -0.70 38.50 40.10
TF5-6 10.90 12.59 0.48 0.27 0.43 -0.83 52.30 65.00
RET5-2 13.92 12.82 0.30 0.36 5.33 2.09 54.70 47.30
LE5-1 7.67 7.02 0.21 0.33 2.87 0.43 56.10 49.90
LE5-2 15.94 14.80 0.50 0.59 3.28 1.91 67.10 64.50
LES5-3 10.77 10.62 0.41 0.44 0.38 -0.23 58.90 54.20
LE5-4 5.15 4.82 0.61 0.70 -1.03 -1.04 44.20 38.60
LE5-5 4.78 4.07 0.67 0.79 0.13 -0.69 29.00 27.70
Average 11.15 10.94 0.45 0.47 1.59 -0.11 57.14 57.13
M-2 M-1 M-2 M-1 M-2 M-1 M2 | M1
Station RMSE Mean Difference [Relative Difference (%)
TF5-2A 0.22 0.22 0.38 0.43 -0.03 -1.38 37.10 -0.02
TF5-3 0.23 0.22 0.50 0.54 -0.03 -0.02 34.40 32.10
TF5-4 0.20 0.22 0.62 0.55 0.08 0.10 42.60 46.10
TF5-5 0.29 0.24 0.66 0.68 -0.14 -0.12 35.80 30.30
TF5-5A 0.26 0.23 0.64 0.67 -0.06 -0.02 33.80 29.20
TF5-6 0.23 0.21 0.63 0.64 -0.02 0.00 32.20 29.80
RET5-2 0.26 0.19 0.56 0.68 -0.10 -0.03 60.80 45.60
LE5-1 0.22 0.17 0.58 0.70 -0.07 -0.01 54.60 44.70
LE5-2 0.13 0.15 0.74 0.64 0.00 0.03 42.80 57.80
LE5S-3 0.12 0.11 0.78 0.69 0.05 0.05 43.80 52.80
LE5-4 0.10 0.11 0.71 0.37 0.06 0.06 48.80 65.70
LE5-5 0.08 0.04 0.68 0.37 0.04 0.02 59.80 53.80
Average 0.19 0.17 0.62 0.58 -0.02 -0.11 43.88 40.66
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* Conduct model experiments with 5% perturbation of
model kinetic parameters. Compute sensitivity matrix
and model uncertainty (inverse of sensitivity matrix)
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pom




Correlation among parameters

Param. | HN HP Gd Gg Rc Rg Mc Mg Seltd Seltg Ke C:Nd C:Ng Seltpom KDN KLN KDP KLP
HN 1 038 016 075 076 041 0.76 0.03 0.26 0.74 067 0.62 0.81 0.30 0.47 0.89 0.33 0.58
HP 1 0.81 052 029 0.28 042 055 0.15 050 0.69 0.31 0.14 039 062 033 034 0.13
Gd 1 0.22 013 064 005 077 054 018 0.47 0.27 0.39 0.23 060 0.03 043 0.11
Gg 1 090 050 095 024 041 099 095 0.14 0.59 0.16 0.61 091 0.50 0.88
Rc 1 0.70 098 0.13 065 092 0.76 0.22 0.75 0.04 040 090 056 0.81
Rg 1 059 063 047 050 031 041 0.72 0.13 0.30 0.54 0.52 0.69
Mc 1 0.03 059 097 085 0.15 0.68 0.08 0.53 092 0.51 0.81
Mg 1 023 019 039 033 0.34 0.01 079 0.10 0.06 0.12

Seltd 1 0.49 0.15 0.01 0.54 0.27 0.26 055 0.63 0.45
Seltg 1 0.92 0.13 0.62 0.13 060 0.92 048 0.83
Ke 1 0.02 0.36 034 064 077 030 0.76
C:Nd 1 0.78 0.63 0.16 0.43 0.23 0.20
C:Ng 1 0.47 0.13 0.83 0.58 0.62
Selt pom 1 0.18 0.21 0.31 0.12
KDN 1 0.58 0.31 0.39
KLN 1 0.57 0.80
KDP 1 0.78
KLP 1
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. St LE5-3 St: LE5-3 (Base vs. 2013 Pro.) Mean Df=-26.18%
T T T T T T T

10 T T T T T T 40
g
—_ g
g0 <20
o @
= D
. < e Y
®© 10 0 f ! A !
© 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
0 20 Year
| 2013 Prog. wip2 E3| , St: LE5-3Mean Df=-26.25%
_30 1 1 1 1 Il 1 1 Il 1 ! ! ! !
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 =
Eos |
Year =
a
: 5 T T T T T T T 0 e i S L_.__A...
o) 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
=2 Year
8 o1 . St: LIE5-3 Me:an Df=-t|§.70%
c
9 -
Q o
= E 005
) o
® WIP2-2013 Prog. E3-2013 Prog. .
E O 1 1 Il 1 Il Il
0 -15 L 1 L L ! 1 1 ! 1 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 Year
40 St: LE5-3 (Base vs. WIP2) Mean Df=-37.91% %0 St: LE5-3 (Base vs. E3) Mean Df=-56.62%
T T T T T T T T T T T
3 I
(=] o
= =
@ 20 o 20
© o
L= o
< W \ =
0 L Y h I 0 I h I
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Year Year
1 St: LE5-3 Mean Df=-36.28% 1 St: LE5-3 Mean Df=-55.59%
T T T T T T T T T T
-y
=
Eos _
Z
=}
0 L L 1 I 1 Ao, s . - o ot - A
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Year Year
01 St: LE5-3 Mean Df=-11.05% 01 St: LES-3 Mean Df=-21.27%
. T T T T . T T T T T T
- g
(=) (=]
Eoos 1 Eoos 1
3 <
o} o
@ Y " y . T
0 1 | L L Too 0 4 ¥ / »
1981 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Year

Year




AW

Comparison elta (hypohaline)
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~Discussion and'Summary~

The model uncertainty analysis, including using
different kinetic model of phytoplankton and model
parameter sensitivity analysis, indicates that model is
reliable.

Model calibration can affect the model response to
loading reduction. Model calibration to high Chl-a
values can result in more reduction although there is no
significant difference statistically for the model
calibration.

Model uncertainty needs to be considered for water
quality assessment.

Model response to nitrogen reduction is reasonable and
there is a high reduction corresponding to low Chl-a
concentration.




