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B i lib ti f ti bi h i l d lB i lib ti f ti bi h i l d l•• Bayesian calibration of aquatic biogeochemical models Bayesian calibration of aquatic biogeochemical models 
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How well do the numerical How well do the numerical 
aquatic biogeochemical modelsaquatic biogeochemical modelsaquatic biogeochemical models aquatic biogeochemical models 
simulate realsimulate real--world dynamics?world dynamics?



NPZ-MODEL PERFORMANCE
(STUDY PERIOD 1990-2002)
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H i l d d l f llH i l d d l f llHow consistently do modelers follow How consistently do modelers follow 
conventionalconventionalconventionalconventional

modeling procedures?modeling procedures?



QUANTIFICATION OF GOODNESS-OF-FIT

71%
NO

29%
YES

Only a small fraction (<6%) of the studies objectively quantified theOnly a small fraction (<6%) of the studies objectively quantified the
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Only a small fraction (<6%) of the studies objectively quantified the Only a small fraction (<6%) of the studies objectively quantified the 
model’s performance by applying all appropriate measures of fit (e.g., model’s performance by applying all appropriate measures of fit (e.g., 

RE, mean absolute error) and statistical significance (e.g., RE, mean absolute error) and statistical significance (e.g., tt--test, test, 
i l i )i l i )regression analysis)regression analysis)



VALIDATION
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•• Predictive validationPredictive validation
•• Structural validationStructural validation

M d l t f bilitM d l t f bilit•• Model transferabilityModel transferability



What can we learn from their What can we learn from their 
citation frequency?citation frequency?



Scientific classification of the papers that cite modeling studiesScientific classification of the papers that cite modeling studies



Citation frequency for different types of modeled ecosystemCitation frequency for different types of modeled ecosystem



Model Complexity & Citation FrequencyModel Complexity & Citation Frequency



Model Performance & Citation FrequencyModel Performance & Citation Frequency



The analysis provided evidence that modeling papers are citedThe analysis provided evidence that modeling papers are citedThe analysis provided evidence that modeling papers are cited The analysis provided evidence that modeling papers are cited 
mainly mainly based on the questions being askedbased on the questions being asked; models that aim to ; models that aim to 
elucidate oceanic patterns are more highly cited than models elucidate oceanic patterns are more highly cited than models p g yp g y

developed for addressing local water quality management issues developed for addressing local water quality management issues 
regardless of their methodological features and technical value.regardless of their methodological features and technical value.



B i lib ti fB i lib ti fBayesian calibration of Bayesian calibration of 
mechanistic aquatic mechanistic aquatic qq

biogeochemical modelsbiogeochemical models



W d t h th k l d fW d t h th k l d fWe do not have the knowledge for We do not have the knowledge for 
deterministic statements!  deterministic statements!  



The only defensible strategy for The only defensible strategy for 
supporting the policysupporting the policy makersmakerssupporting the policysupporting the policy--makersmakers

is….   is….   



….the adoption of probabilistic ….the adoption of probabilistic ….t e adoptio of p obabilistic….t e adoptio of p obabilistic
statements   statements   
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Bayes’ theoremBayes’ theorem

p(p(θθ||D) D) ∝∝ p(p(θθ) L(D) L(D|θ|θ))
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P i b li fP i b li f

Posterior beliefPosterior belief on on θθ after after 
observing the new dataobserving the new data

likelihood functionlikelihood function::
used to update theused to update the
prior beliefs onprior beliefs on θθPrior beliefsPrior beliefs

on on θθ
prior beliefs on prior beliefs on θθ

to account for the new datato account for the new data

Sequential updatingSequential updating
•• Repeated use of the Bayes’ theoremRepeated use of the Bayes’ theorem

C t t i b i h d t il blC t t i b i h d t il bl•• Current posterior becomes prior when new data are availableCurrent posterior becomes prior when new data are available



BenefitsBenefitsBenefitsBenefits
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Realistic uncertainty estimates of the ecological Realistic uncertainty estimates of the ecological 
forecastsforecastsforecastsforecasts



Eutrophication Risk AssessmentEutrophication Risk Assessment

There is 15% probability that chlorophyll will be higher than 4 There is 15% probability that chlorophyll will be higher than 4 μμg/L g/L 
during the summer stratified period in Lake Washington.during the summer stratified period in Lake Washington.



TheThe modelmodel predictionspredictions suggestsuggest thatthat ifif ourour targettarget forfor thethe chlorophyllchlorophyll levellevel
ofof 44 μμg/Lg/L isis anan exceedanceexceedance frequencyfrequency lowerlower thanthan 1010%%,, thenthen thethe summersummer
TPTP concentrationsconcentrations shouldshould bebe lowerlower thanthan 1414 μμg/Lg/L



Atmospheric modelAtmospheric model Watershed modelWatershed model

3D Water quality model3D Water quality model

Adaptive management implementationAdaptive management implementation
BayesianBayesian
updatingupdating Atmospheric modelAtmospheric model

Watershed modelWatershed model

Groundwater modelGroundwater model
p g pp g p

&&
Optimization of monitoring programsOptimization of monitoring programsOptimization of monitoring programsOptimization of monitoring programs

3D Water quality model3D Water quality model

Groundwater modelGroundwater model
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