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Mesocosm Experiment 

 Treatments: 

– Control:  Bag A 

– Organic Matter: Bag B 

– Daily Nutrients: Bag C 

– DOM + Nutrients: Bag D 

 Additions: 

– NO3 (5 mM), PO4 (0.5 mM), Si (7 mM) 

– Leaf litter leachate (300 mM DOC) 

 Samples Taken: 

– NO3, NH4, PO4, Si, O2 DIC 

– PAR 

– POC, PON, DOC, DON 

– Chl a 

– PP (14C and O2 incubations) 

– Bacterial No. and productivity 

– Phyto- and zooplankton counts 

– DI13C, DO13C, DO15N 

– Size fractionated d13C and d15N 
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Mesocosm Food Web Model 

 Aggregated, coupled C and N model 

 Emphasis on OM processing 

 Holling type II and III growth kinetics 

 State Eqns: 10 

– Auto. C, N 

– Osomo. C, N 

– Hetero. C, N 

– Detritus C 

– Detritus N 

– DIN N 

– DOM-L C 

– DOM-L N 

– DOM-R C 

– DOM-R N 

 Parameters 

– 29 Kinetic 

– 10 Initial cond. 
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Data Assimilation Problem 

 State Model: );( kx t

 Mapping to Observations: )( ty

 Objective Function: )( kJ

e.g.,  POC(t) = A(t) + H(t) + B(t) + DC (t) 

Measurement error 



O p tim iz a t io n  P ro b le m

  G ra d ie n t R e q u ire d  fo r  C la s s ic  A lg o r ith m s

–  N e e d ,
)(
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

 J

  “ C u rs e  o f  D im e n s io n ”

– C la s s ic  a lg o r ith m s  a s s u m e  J  q u a d ra t ic  in

n e ig h b o rh o o d  o f  m in im u m

  P a ra m e te r  O b s e rv a b ility  a n d  D e p e n d e n c y

–  P e r tu rb a t io n  a n a ly s is

–  S V D  a t  m in im u m  (o n ly  lo c a lly  v a lid !)

  G lo b a l a n d  L o c a l M in im a

  P a ra m e te r  S c a lin g  a n d  B o u n d s

–  U s e  S in 2  t ra n s fo rm

–  U s e  A d jo in t  e q u a t io n s

– A re a  o f  a c t iv e

re s e a rc h

– T e s t  b o th  lo c a l a n d

g lo b a l ro u t in e s

b u t J  im p lic it  in  k



R o u tin e A lg o r ith m O p tim a G ra d ie n t

C G  R o u tin e s

P R A X IS P o w e l’s  C o n ju g a te  g ra d ie n t L o c a l N o

D N 2 F B A d a p tiv e  N e w to n L o c a l Y e s

D N L S 1 L e v e n b e rg -M a rq u a rd t L o c a l Y e s

B B V S C G q u a s i-N e w to n  a n d  C G L o c a l Y e s

V E 0 8 Q u a s i-N e w to n L o c a l Y e s

T N T ru n c a te d  N e w to n L o c a l Y e s

T E N S O R T e n s o r m e th o d L o c a l Y e s

N o n  C G  R o u tin e s

S U B P L E X M o d if ie d  s im p le x L o c a l N o

S A S im u la te d  a n n e a lin g G lo b a l N o

S IG M A S to c h a s tic  d if fe re n t ia l e q u a tio n s G lo b a l N o

G L O B A L Q N  w ith  s to c h a s tic  s e a rc h in g . G lo b a l N o

G A G e n e tic  a lg o r ith m G lo b a l N o

Optimization Routines Tested 



R o u tin e F u n c tio n

C a lls

C P U  T im e

(h r )

F in a l C o s t

J ( t f)

S A 3 5 0 0 0 0 2 5 3 1 7 0

G L O B A L 1 8 1 2 7 3 3 4 7 2 0 4

D N 2 F B 3 5 3 7 7 .7 7 2 3 7

P R A X IS 8 4 5 5 6 .6 5 2 4 8

D N L S 1 5 6 6 1 .1 5 2 5 8

S U B P L E X 6 9 4 6 5 .1 2 9 2

B B V S C G 1 6 9 0 .7 4 3 3 7

V E 0 8 2 4 1 1 .3 5 3 4 5

T N 5 3 9 2 .1 3 4 7 1

S IG M A 1 7 9 4 2 2 4 8 5 5 4 6

G A 2 0 0 0 2 0 3 2 1 5 7 7

T E N S O R 5 7 9 0 2 2 7 8 6 9 3

Optimization Results 
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Scaled Parameter Value
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 Aggregation Error 

True parameter values 

Estimated aggregated 

parameter values 

P1 
P2 Z 

Z 
P1+2 

N 

True Model 

Approx. Model 

 Process Errors 

– Organic matter production and consumption. 

– Constant parameter values, such as C:N ratio of phytoplankton. 

– Mortality closure scheme. 

– Etc. 

P 1 + 2
ZN

P 1

P 2

ZN
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Conclusions 

 Mesocosms useful for process based modeling 

– However, should separately model bag walls, etc. 

 Optimization Routines 

– Simulated annealing, if computation limits permits 

– PRAXIS (no Grad.) or Levenberg-Marquardt (w/ Grad.) routines 

– Adjoint useful for computationally intense problems 

 Integrate model development with experimental observations 

 Improve model robustness based on aggregation techniques 

– Holistic versus reductionist approach 

 Establish modeling benchmarks 
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