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Modeling Efforts in NCPC Study
3-D lake model Hybrid lake model Hybrid watershed model

High spatio-
temporal resolution

Coarse (e.g., monthly) 
resolution 

Coarse (e.g., yearly) 
resolution

Detailed 
representation of 
biophysical processes

Nutrient mass balance 
with Bayesian calib. & 
uncertainty quant.

Nutrient loading and 
transport with Bayesian 
calib. & uncertainty quant.

5-year study period 35-year study period 35-year study period.
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Lake Modeling
Research Questions:

a)How important is the sediment layer as a source or 
sink for nutrients, relative to watershed loads?

b)What are the primary controls on lake chlorophyll 
concentrations (e.g., nutrients, flushing, temp.)?

c)How do the answers to (a) and (b) vary over time 
and in different regions of the reservoir?
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Management/
Policy Implications:

a) Compare the efficacy of various N & P watershed 
loading reductions for reducing algal levels in the 
reservoir (e.g., to 40 µg/L criterion).

b) Estimate how long it will take for the benefits of 
watershed loading reductions to be fully realized.

c) Estimate future lake eutrophication trajectories 
under status quo or increased nutrient loading.
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Study area
and time period
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ÅLake is longitudinally 
segmented based on major 
constrictions.

ÅLake is modeled over three 
decades at a monthly time 
step (1983-2018)



Bayesian-Mechanistic Approach:

a) Develop a multi-decadal mass-balance water quality 
model to simulate nitrogen and phosphorus.

b) Embed model in a Bayesian framework where 
uncertain prior information on nutrient cycling rates 
is updated through calibration to observed data.

c) Link reservoir nutrient levels to chlorophyll and other 
factors through regression modeling.

d) Apply the nutrient and chlorophyll modeling system 
to evaluate future management and climate 
scenarios.
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Nutrient Model Schematic
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Model formulation ςWater column 
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Model formulation ςSediment layer

9

Ὠὓ

Ὠὸ

Ὓ Ὑz — Recycle of nutrients to water column

ὓ Ὧ
ὺz ὃ

ὠ
— Settling of nutrients to sediment layer

Permanent burial of nutrients/
denitrification

Ὓ ὄz
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WRTDS load estimates
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Modeling Results
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TP model parameters - Priors
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TP model parameters - Posteriors

13



TP model performance

ÅSurface nutrient 
concentrations

ÅOverall R2=0.58

14



TP
Yearly 
Results

15



TP
Monthly 
Results
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TN model parameters - Priors

17



TN model parameters - Posteriors
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TN model performance

ÅSurface nutrient 
concentrations

ÅOverall R2=0.41
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TN
Yearly 
Results
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TN
Monthly 
Results
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Chlorophyll model formulation

where
Åὓ = min(TN/ ɼNP,TP) [ʈg/l]
ÅF = flushing rate [1/ mo]
ÅT = water temperature [ °C]

A separate model was developed for each reservoir 
segment and season.
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Related Modeling Studies:

Dolman A.M. & WiednerC. (2015) Predicting phytoplankton biomass and estimating critical N : P ratios with 
ǇƛŜŎŜǿƛǎŜ ƳƻŘŜƭǎ ǘƘŀǘ ŎƻƴŦƻǊƳ ǘƻ [ƛŜōƛƎΩǎ ƭŀǿ ƻŦ ǘƘŜ ƳƛƴƛƳǳƳ. Freshwater Biology, 60, 686ς697.



Median parameter 
estimate (summer)

Å̡ L = 0.9

Å̡ NP= 12

Å̡ F = -0.02

Å̡ T = 1.1 

(summer models)

Chl-a model 
performance

Overall R2=0.59



Future Scenarios
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Combining the TN, TP, & Chla models
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TP response to loading reduction
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