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Growth Factor

1
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*Bass Becking, 1934
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“Everything is everywhere, but the
environment selects™”.

Moisan et al., 2002
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GP Year 2 Task 1: Carry out 1D model
development using BATS and HOTS data sets

Bermuda-Atlantic Time Series Experiments
Fasham et al., 1990 Spitz et al., 2001

. -2 ]
Annual nitrogen cycle (mol N m™ yr™') Annual nitrogen cycle (mol N m yr-)
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Satellite Algorithms: @

Box Models

dt

One Dimensional (Vertical) Models
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Three Dimensional Models
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dt



Box Models
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Box Models
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Ecosystem/Food Web Models can be represented as a matrix of terms/equations

P P
dt K+ N "KL+ P "KL+ P
dP N P
- = H - Z
dt Prnax K +N & max + P
d/ P
a P8k T .

Sink

Source




PHYTO BACT DET DON NHz* NOs Source

Z00P

Fasham et al. (1990) BioFlo Matrix

Sink NOs (N,) NH.* (N,) DON (N,) DET (D) BACT (B) PHYTO (P) ZOOP (Z)

(m+ h*)

0

(1-p1)G,
+ (1 - B2)G;
+ (1 - B3)G3

Total RHS = Sum of Source Terms — Sum of Sink Terms; Total Possible Equations = (N)? — (N) = 56




NPZ Franks et al., Mar. Bio. 1986 N=3

Z

wMIII :

Total RHS = Sum of Source Terms — Sum of Sink Terms;
Total Possible Equations = (N+1)%-(N+1)=12; N=3



v | N | 1
Growth=V, K +N |1 +1

LISP prefix representation:

(Vi C N+ (Ky N)) T+ (I 1))

Calculation of Tree
value moves from
the bottom up.




Binary Tree Architecture

Example of randomly generated initial tree structures

b




Use of Fortran-90 ‘Defined Type’

Operator°
[+,-,*,/,Boolean,etc]
Input nodes can vary.

Input Nodes:
[Variable, parameter,
New defined type]

Calculation starts from top of tree
Performance improved by orders of magnitude!



‘Digitized’” Ecosystem Model Equations
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Standard Predator—Prey Lotka—Volterra Model Franks et al., 1986 Mar. Bio. NPZ Model
NASA and The Gordon and Betty Moore Foundation NASA and The Gordon and Betty Moore Foundation
Ocean Ecosystem Diversity GPCODE Project Ocean Ecosystem Diversity GPCODE Project
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Half-saturation constant, K,;, of species 1




Genetic Programming Overview

1) Generate initial random population of models
2) Calculate fitness of all individual models

3) Randomly select based on fitness for:
— Asexual reproduction
— Sexual reproduction (i.e. Tournament Selection)

4) Carry out genetic mutation

5) Calculate fitness of new individuals

6) Test for completion criteria (low SSE value met?)
7) No:goto 3; Yes: end program
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GPCODE Box Model Twin Experiments

Standard Predator—Prey Lotka—Volterra Model
NASA and The Gordon and Betty Moore Foundation

o Ocean Ecosystem Diversity GPCODE Project
O 100 I
i
Q-l 80 I -
L 60 LN
-8 0 ’ ‘ | ‘ |
..g 4 | | |
O 20 | T A !
A, O '

0 100 200 300 400

Franks et al., 1986 Mar. Bio. NPZ Model

NASA and The Gordon and Betty Moore Foundation
O 50 Ocean Ecosystem Diversity GPCODE Project
O - rrrrroorrpreorrrieoreorprrrroeorrrTrpoerTrTrTrTr U
i)
O
-+
)
DI" 0.8
g 04

I N N T N S ey T TN T Y Y I T s e AN N I I Y T Y N O e

= 0.0

0.0 10.0 120.0 30.0 40.0
Time



300 N T N N N O T N T T T T T T T Y T T T T T T T T T T I O Y
E Population Generation No. 1 E
1 Simple Lotka-Volterra Model [
"G 200 - '
H I
+2 i -
E ] -
5 ] -
O
- - ;
75 100 i
0- i
0 1000 2000 3000 4000 5000

normalized SSE [n.d.]



53()() T T TN O U T O T T T T T T T T T O A O Y |

Population Generation No. 1

. 200

Bin Count [no.]

—
(-
o

[ N NN (NN NN TN (RN WU NN NN NN (NN SN UUNN SN SN U SN NN S U SN SN S S S N . |
rrrrrrrrrr1rrrrrrrrrrrrrrr T

rY sl .lll'llll‘ ‘ ‘IIIIIII.-..-..-
0
L0 Dl e el Il Il I I I 1

L0 D Dl D Il At e I A e Al e e At A A A A D e D A I o el Il el Il I }
0 1000 2000 3000 4000 5000
normalized SSE [n.d.]




0O 100 200 300 400 500 600 700 800 900 1000
Generation Number [n.d.]



: E g

LL)
)
(V)
©
()]
N
©
£
—
o
2

:

0 100 200 300 400 500 600 700 800 900 1000

Generation Number [n.d.]



GP Year 2 Task 2: Begin off-line global GPCODE
modeling experiments

ECCOZ 1992-2013 SST Solutlons

SST




GP Year 2 Task 2 (cont’d): Develop GPCODE
global modeling at coarse scales using
satellite observations

S deg X 5 deg SeaWiFS mean chl. a
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Individual Phytoplankton Groups

Linking parameters to traits for
diversity and acclimation

Model with 100 phytoplankton groups
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