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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?



Management/
Policy Implications:

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



Study area
and time period

ALake is lon dgltudlnall
segmented based on major

COnStI’ICtIOﬂS

ALake is modeled over three
decades at a monthly time
step (19832018)

Sources: Esri, HERE, Garmin, USGS, Intermap,
INCREMENT P, NR€an; Esri Japan, MET]I, Esri



BayesiarMechanistic Approach:

a) Develop a multdecadal mas$alance water quality
model to simulate nitrogen and phosphorus.

b) Embed model in a Bayesian framework w
uncertain prior information on nutrient cyc

IS updated through calibration to

c) Link reservoir nutrient levels to c
factors through regression mode

d) Apply the nutrient and chlorophy

observed

nere
INng rates
data.

nlorophyl
Ing.

and other

| modeling system

to evaluate future management and climate

scenarios.
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Model formulationc Water column
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Model formulation¢ Sediment layer

Q0 (. 0ZO . . .
— 0 (Q — Settling of nutrients to sediment layer
Qo W

YZY) —

Yz 0) Permanent burial of nutrients/

denitrification

Related Modeling Studies:

ChapraS. C., &analeR. P. (1991). Losigrm phenomenological model of phosphorus and oxygen for
stratified lakesWater research25(6), 707715.

Jensen, J. P., Pedersen, AJBppesenE., &SandergaardM. (2006). An empirical model describing the
seasonal dynamics of phosphorus in 16 shallow eutrophic lakes after external loading
reduction.Limnology and OceanograptBl(1part2), 791800.
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Modeling Results



NC STATE UNIVERSITY

TP model parameterdPriors
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NC STATE UNIVERSITY

TP model parameterdPosteriors
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TP model performance

ASurface nutrient
concentrations

AOverall R=0.58
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Flushing rate (1/ma)
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NC STATE UNIVERSITY

TN model parametersPriors
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TN model parametersPosteriors
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TN model performance

ASurface nutrient

concentrations
AOverall R=0.41
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Flushing rate (1/mo)
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Chlorophyll model formulation

I T6Qatr 11T @ FI1TO 1 119 1
where
AD  =min(TN/ 1w TP) [t 9/I]
A F= flushing rate [1/ mo]
A T= water temperature [°C]

A separate model was developed for each reservoir
segment and season.

Related Modeling Studies:

Dolman A.M. &ViednerC. (2015) Predicting phytoplankton biomass and estimating critical N : P ratios with
LIASOSgsAasS Y2RSta GKIG O2y T EreshwatérBiolpgh® 6888a 1 ¢ 2 F
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Future Scenarios



Combining the TN, TP,&hla models
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TP response to loading reduction



