Model Uncertainty

Reporting Error of Surface Water Models
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Presented 5/28/2013

* Water level within 10 cm

« Velocity within 10 cm/sec

* Temperature within 1°C

« Dissolved oxygen within 2 mg/L

* Nutrient and algal concentration within 10-25% of the
range of the field data

# TSS within 10-25% of the range of the field data—
suggestion added 10/22/2013

RMSE accentuates the biggest outliers
AME averages the big outliers
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Figure 15. Water level prediction compared with data for the Spokane River at Long Lake Dam.

Image from 2001 calibration report for upper Spokane River model
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Image from www.ce.pdx.edu/w2/download _model_information.html



What is a model?
.‘

« A container of all expert knowledge

« A prediction of a future condition

The modeler’s job is to quantify the
model uncertainty



Three basic principles of modeling

‘\

1) The model is wrong.

2) | can never know exactly how wrong the model is.
3) | can only describe my propensity for error.
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Outputs

Inputs
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X describes system configuration

0 =M (X,p,l)

Image from PEST workshop October 2013—Dr. John Doherty
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Measurements

h

Inputs
|

X describes system configuration
D, i = M1 (x,h)

Image from PEST workshop October 2013—Dr. John Doherty
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Measurements

Inputs "

X describes system configuration

p= M1 (x,i,h)

Image from PEST workshop October 2013—Dr. John Doherty



Solving the inverse problem
works well in linear systems, but:
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Hydrodynamics: x-z model

Two-dimensional hydrodynamics
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Sources of model error

Measurement Noise

Structural Noise












Search
for Truth




' Describing the

propensity for
error




Simple flow simulations in AQUATOX

where:
dVolume/dt
Inflow
Discharge
Evap

where
Velocity
AvgFlow
XSecArea
86400
100

where:
Inflow
Discharge

dVolume

dt

= Inflow - Discharge - Evap

derivative for volume of water (m3/d).

mnflow of water into waterbody (m3/d).
discharge of water from waterbody (m3/d). and
evaporation (m3/d). see (3).

AvgFlow 1

Velocity = -100
XSecArea 86400

velocity (em/s),
average flow over the reach (mg.-"'d),
cross sectional area (mz),

s/d. and
cm/m.
AvgFlow= Inflow + ?ischarge

tflow into the reach (ma.-"d};
tflow out of the reach (m?'.-"d}.



Complex parameter sets in AQUATOX

AQUATOX- Edif

[~ n]-]

Plant |[Peri Low-Nut Diatom  Scientific
Name
‘Search Names

Plant Type: |Periphyton -

Periphyton Linkage | EditAll |

Plant Data:

Search Scientific Mames
Toxicity Record: |Diatoms « | EditAl

Taxonomic Type: |Diatoms -

Saturating Light

References:
Lyid Cmvelll |15WB; Hill 1996;Goldsborough & Robinson 1996

Max. Saturating Light
Min. Saturating Light

P Half-saturation

N Half-saturation

Inorg. C Half-saturation
Temp. Response Slope
Optimum Temperature
Maximum Temperature
Min Adaptation Temp.
Max. Photasynthetic Rate
Photorespiration Coefficient
Resp Rate at 20 deg. C
Mortality Coefficient
Exponential Mort. Coeff.
P : Organics

N : Organics

Light Extinction

‘Wet to Dry

Fraction that is lipid

[ Use Adaptive Light

Lyid CmveltIIDefaull

[m
300
[ 80 Ly Gonven |[Default
[ 0006 maiL [0:002, cal for WB, Borchardt, 1996 {0.006)
[ 007 moiL [0.008; Home and Goldman, 1994, p. 140 = 0.07
lw mgiL I " (greens)
[ 2 [DeNicola, 1996
[ Tmx [DeNicola, 1996 (20-28)
|—39 o [DeNicola, 1396
I—Z ‘c Iadapled to cold conditions
—

Icalihrated; Fragilaria = 0.77

0.026 1/d Isame as high-nut
[ 008 grga [smith 1979, cited in C.8 W.1983
W gig-d Iprof. judgment
0.01 gigd |1%m if phosynthesis = 0
[ 0018 raio [Redfield et al., '63 stoichiometry
0.079 ratio I "

003 mom’  [o.14

|<.-- default

Iiﬁ ratio
l—

0.2 (wetwt) IDefauIt when loading simulation.

DL, 4 Hmam 14, ~

AQUATOX- Edif

Mortality Coefficient
Exponential Mort. Coeff.
P : Organics

N : Organics

Light Extinction

Wet to Dry

Fraction that is lipid

Sedimentation Rate (KSed)

Temperature of Obs. KSed
(estuary only)

Salinity of Obs. KSed

Exp. Sedimentation Coeff

lw aglg-d
liﬂ.l" aglg-d
IW ratio
IW ratio
003 Um-gm’
|—5 ratio
[0z wetwy)

prm || Graods || Export o excr |t |

Iprof. judgment

[1%/d if phosynthesis = 0

[Redfield et al., '63 stoichiometry

Jo.14

|<..- default

IDefauIt when loading simulation.

Phytoplankton Only:

[0 mua
[ o
™
o

[cawres

Iplaoeholder

Iplaoeholder

Iif photosyn = 0, sed is 2X

Periphyton and Macrophytes Only:

Carrying Capacity
(macrophytes)

VelMax (macrophytes)
Reduction in Still Water
(periphyton)

Critical Force (FCrit for
periphyton only)
Percent Lost in Slough
Event (periphyton)

Percent in Riffle
Percent in Pool

Percent in Run

—TE
I—D cmls

[ 05 raction
IW newtons
|—90 percent

IESF; Colby & Mclntire 78 = 80

[ra.

Isee VLimit.xls {Colby & Mclntire 78 = 0.2)

Ireferenoe, cal 0.001-0.002

|5o% lost in sloughing event as default

If in Stream:

T
——r

50.00 %

(All Biomass not in Riffle or Pool)

Salinity Effects (Estuary only):

Effect
Minis Maximum
Id:.r::gle oo Tolemnoeuiwmm CoenZ Reference:
Photosynth. | o | o | o | 0 [placeholder
Mortality | o | 0 | o | 0 [placeholder




Reporting error

Parameter Sensitivity

Effects of Uncertainty



The scientific method

‘\

* Propose a hypothesis

* Test it against observations using an experiment
* Reject the hypothesis if it doesn’t fit data



Prediction Error

\

* The differences between values predicted by a model
and the sample data are called residuals—we are
reducing the residuals as much as possible during the
calibration period.

+ The difference between modeled values and actual
values is called Prediction Error



Field or laboratory measurements
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Field or laboratory measurements and model output

Model output

Imagelfrom PEST workshop—Dr. John Doherty




Residuals
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