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Biogeochemical Model Equation and Parameters 
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Variables: 

NH4: Ammonium 

NO3: Nitrate 

PS: Phytoplankton small (nanophytoplankton)  

PL: Phytoplankton large (diatom)  5 

ZS: Zooplankton small (microzooplankton)  

ZL: Zooplankton large (mesozooplankton) 

DS: Small detritus (slow sinking detritus) 

DL: Fast detritus (fast sinking detritus) 

DON: Dissolved organic nitrogen 10 

SiOH4: Silicate 

Opal: Particulate silica 

O2: Dissolved oxygen 

CHLS: Chlorophyll PS 

CHLL: Chlorophyll PL 15 

I: Photosynthetic Available Radiation 

T: Temperature 

 

Processes: 

µNO3: phytoplankton growth fueled by NO3  20 

µNH4: phytoplankton growth fueled by NH4 

exud: phytoplankton exudation  

grazps: zooplankton grazing upon PS 

grazpl: zooplankton grazing upon PL 

pred: ZL predation upon ZS 25 

excr: zooplankton excretion 

egest: zooplankton egestion 

mort: mortality 

decomp: decomposition of organic nitrogen and opal 

nitr: nitrification 30 

uptakeSi: PL uptake of SiOH4 

ProdO2: O2 production  

ConsO2: O2 consumption  

µCHL: chlorophyll production  
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grazCHL: chlorophyll loss due to zooplankton grazing 

mortCHL: chlorophyll loss due to phytoplankton mortality 

 

Dynamic equations  

 5 

𝛿𝑃𝑆
𝛿𝑡

= 𝜇!"! 𝑃𝑆 + 𝜇!"! 𝑃𝑆 − 𝑔𝑟𝑎𝑧!" 𝑍𝑆 − 𝑔𝑟𝑎𝑧!" 𝑍𝐿 −𝑚𝑜𝑟𝑡 𝑃𝑆 − 𝑒𝑥𝑢𝑑 𝑃𝑆  

 

𝛿𝑃𝐿
𝛿𝑡

= 𝜇!"! 𝑃𝐿 + 𝜇!"! 𝑃𝐿 − 𝑔𝑟𝑎𝑧!" 𝑍𝑆 − 𝑔𝑟𝑎𝑧!" 𝑍𝐿 −𝑚𝑜𝑟𝑡 𝑃𝐿 − 𝑒𝑥𝑢𝑑 𝑃𝐿 − 𝑤!
𝛿𝑃𝐿
𝛿𝑧

 

 

𝛿𝑍𝑆
𝛿𝑡

= 𝑔𝑟𝑎𝑧!" 𝑍𝑆 + 𝑔𝑟𝑎𝑧!" 𝑍𝑆 − 𝑝𝑟𝑒𝑑 𝑍𝐿 −𝑚𝑜𝑟𝑡 𝑍𝑆 − 𝑒𝑥𝑐𝑟 𝑍𝑆 − 𝑒𝑔𝑒𝑠(𝑍𝑆) 

 

𝛿𝑍𝐿
𝛿𝑡

= 𝑔𝑟𝑎𝑧!" 𝑍𝐿 + 𝑔𝑟𝑎𝑧!" 𝑍𝐿 + 𝑝𝑟𝑒𝑑 𝑍𝐿 −𝑚𝑜𝑟𝑡 𝑍𝐿 − 𝑒𝑥𝑐𝑟 𝑍𝐿 − 𝑒𝑔𝑒𝑠(𝑍𝐿) 

 

𝛿𝐷𝑆
𝛿𝑡

= 𝑚𝑜𝑟𝑡 𝑃𝑆 +𝑚𝑜𝑟𝑡 𝑍𝑆 + 𝑒𝑔𝑒𝑠𝑡 𝑍𝑆 − 𝑑𝑒𝑐𝑜𝑚𝑝!"! 𝐷𝑆 − 𝑑𝑒𝑐𝑜𝑚𝑝!"# 𝐷𝑆 − 𝑤!"
𝛿𝐷𝑆
𝛿𝑧
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𝛿𝐷𝐿
𝛿𝑡

= 𝑚𝑜𝑟𝑡 𝑃𝐿 +𝑚𝑜𝑟𝑡 𝑍𝐿 + 𝑒𝑔𝑒𝑠𝑡 𝑍𝐿 − 𝑑𝑒𝑐𝑜𝑚𝑝!"! 𝐷𝐿 − 𝑑𝑒𝑐𝑜𝑚𝑝!"# 𝐷𝐿 − 𝑤!"
𝛿𝐷𝐿
𝛿𝑧

 

 

𝛿𝑁𝑂!
𝛿𝑡

= −𝜇!"! 𝑃𝑆 − 𝜇!"! 𝑃𝐿 + 𝑛𝑖𝑡𝑟 

 

𝛿𝑁𝐻!
𝛿𝑡

= −𝜇!"! 𝑃𝑆 − 𝜇!"! 𝑃𝐿 + 𝑑𝑒𝑐𝑜𝑚𝑝!"! 𝐷𝑆 + 𝑑𝑒𝑐𝑜𝑚𝑝!"! 𝐷𝐿 + 𝑑𝑒𝑐𝑜𝑚𝑝!"! 𝐷𝑂𝑁  

 

 

𝛿𝐷𝑂𝑁
𝛿𝑡

= 𝑒𝑥𝑢𝑑 𝑃𝑆 + 𝑒𝑥𝑢𝑑 𝑃𝐿 + 𝑑𝑒𝑐𝑜𝑚𝑝!"# 𝐷𝑆 − 𝑑𝑒𝑐𝑜𝑚𝑝!"# 𝐷𝐿 − 𝑑𝑒𝑐𝑜𝑚𝑝!"! 𝐷𝑂𝑁  

 15 

𝛿𝑆𝑖(𝑂𝐻)!
𝛿𝑡

= −𝑢𝑝𝑡𝑎𝑘𝑒!" 𝑃𝐿 + 𝑒𝑥𝑢𝑑!" 𝑃𝐿 + 𝑑𝑒𝑐𝑜𝑚𝑝!"(𝑂𝑝𝑎𝑙  ) 
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𝛿𝑜𝑝𝑎𝑙
𝛿𝑡

= 𝑚𝑜𝑟𝑡!" 𝑃𝐿,𝑍𝐿 + 𝑒𝑔𝑒𝑠𝑡!"(𝑍𝑆,𝑍𝐿) − 𝑑𝑒𝑐𝑜𝑚𝑝!"(𝑂𝑝𝑎𝑙  ) − 𝑤!"#$
𝛿𝑜𝑝𝑎𝑙
𝛿𝑧

 

 

𝛿𝑂!
𝛿𝑡

= 𝑃𝑟𝑜𝑑!! − 𝐶𝑜𝑛𝑠!! 

𝛿𝐶𝐻𝐿!
𝛿𝑡

= 𝜇!"#! − 𝑔𝑟𝑎𝑧!"#!(𝑍𝑆,𝑍𝐿) −𝑚𝑜𝑟𝑡!"#! 

 

𝛿𝐶𝐻𝐿!
𝛿𝑡

= 𝜇!"#! − 𝑔𝑟𝑎𝑧!"#!(𝑍𝑆,𝑍𝐿) −𝑚𝑜𝑟𝑡!"#!   − 𝑤!
𝛿𝐶𝐻𝐿!
𝛿𝑧

 

 

Processes equations  

 5 

1.  Growth Phytoplankton Small 

1.1  𝜇!"! 𝑃𝑆 = 𝑉! ∙
!"!

!!"!!!!"!

!
!!!"!/!!"!!

∙ 𝑃𝑆 

1.2  𝜇!"! 𝑃𝑆 = 𝑉! ∙
!"!

!!"!!!!"!
∙ 𝑃𝑆  

1.3  𝑉! = 𝑉!" ∙ 𝑓!" 𝐼   

1.4  𝑉!" = 𝑉!"#$ ∙ 𝑒!!""∙!  10 

1.5 𝑁𝐿!" =
!"!

!!"!!!!"!

!
!!!"!/!!"!!

+ !"!
!!"!!!!"!

 

1.6  𝑓!" 𝐼 = !!"!

!!"! !!!!"
!

  

 

2.  Growth Phytoplankton Large 

2.1  𝜇!"! 𝑃𝐿 = 𝑉!
!"!

!!"!!!!"!
∙ !

!!!"!/!!"!!
∙𝑚𝑖𝑛 1, !!"

!!
∙ 𝑃𝐿 15 

2.2  𝜇!"! 𝑃𝐿 = 𝑉!
!"!

!!"!!!!"!
∙𝑚𝑖𝑛 1, !!"

!!
∙ 𝑃𝐿  

2.3  𝑉!" = 𝑉!"#$ ∙ 𝑒!!""∙! 

2.4  𝑉! = 𝑉!" ∙ 𝑓!" 𝐼  

2.5 𝑁𝐿𝐹 = !"!
!!"!!!!"!

∙ !

!! !"!
!!"!!

+ !"!
!!"!!!!"!

 

2.6 𝑆𝐿𝑀 = !"#$!
!!"!!"#$!

 20 

2.7 𝑁𝐿!" = 𝑚𝑖𝑛 𝑁𝐿𝐹, 𝑆𝐿𝐹  
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2.8  𝑓!" 𝐼 = !!"!

!!"! !!!!"
!

  

 

3.  Phytoplankton Exudation 

3.1  𝑒𝑥𝑢𝑑 𝑃𝑆 = 𝜑!" ∙ 𝜇!"! 𝑃𝑆 + 𝜇!"! 𝑃𝑆  

3.2  𝑒𝑥𝑢𝑑 𝑃𝐿 = 𝜑!" ∙ 𝜇!"! 𝑃𝐿 + 𝜇!"! 𝑃𝐿  5 

 

4.  Grazing Zooplankton Small 

4.1  𝑔𝑟𝑎𝑧!" 𝑍𝑆 = 𝐺𝑅!"#$ ∙ 𝑒!!"#$∙!
!"!

!"!!!!"#"
∙ 𝑍𝑆 

4.2  𝑔𝑟𝑎𝑧!" 𝑍𝐿 = 𝐺𝑅!"#$% ∙ 𝑒!!"#$∙!
!"!

!"!!!!"#$
∙ 𝑍𝑆 

 10 

5.  Grazing-Predation Zooplankton Large 

5.1  𝑔𝑟𝑎𝑧!" 𝑍𝐿 = 𝐺𝑅!"#$ ∙ 𝑒!!"#$∙!
!"!

!"!!!!"#$
∙ 𝑍𝐿 

5.2  𝑔𝑟𝑎𝑧!" 𝑍𝐿 = 𝐺𝑅!"#$# ∙ 𝑒!!"#$∙!
!"!

!"!!!!"#"
∙ 𝑍𝐿 

5.3  𝑝𝑟𝑒𝑑!" 𝑍𝐿 = 𝐺𝑅!"#"$ ∙ 𝑒!!"#$∙!
!"!

!"!!!!"!#
∙ 𝑍𝐿 

 15 

6.  Zooplankton Egestion 

6.1  𝑒𝑔𝑒𝑠𝑡 𝑍𝑆 = 1 − 𝛼!" ∙ 𝑔𝑟𝑎𝑧!" 𝑍𝑆 + 𝑔𝑟𝑎𝑧!" 𝑍𝑆  

6.2  𝑒𝑔𝑒𝑠𝑡 𝑍𝐿 = 1 − 𝛼!" ∙ 𝑔𝑟𝑎𝑧!" 𝑍𝐿 + 𝑔𝑟𝑎𝑧!" 𝑍𝐿 + 𝑝𝑟𝑒𝑑!" 𝑍𝐿  

 

7.  Zooplankton Excretion 20 

7.1  𝑒𝑥𝑐𝑟 𝑍𝑆 = 𝛼!" − 𝛽!" ∙ 𝑔𝑟𝑎𝑧!" 𝑍𝑆 + 𝑔𝑟𝑎𝑧!" 𝑍𝑆  

7.2  𝑒𝑥𝑐𝑟 𝑍𝐿 = 𝛼!" − 𝛽!" ∙ 𝑔𝑟𝑎𝑧!" 𝑍𝐿 + 𝑔𝑟𝑎𝑧!" 𝑍𝐿 + 𝑝𝑟𝑒𝑑!" 𝑍𝐿  

 

8.  Plankton Mortality 

8.1  𝑚𝑜𝑟𝑡 𝑃𝑆 = 𝑃𝑀𝑜𝑟! ∙ 𝑒!!"#$∙! ∙ 𝑃𝑆 25 

8.2  𝑚𝑜𝑟𝑡 𝑃𝐿 = 𝑃𝑀𝑜𝑟! ∙ 𝑒!!"#$∙! ∙ 𝑃𝐿 

8.3  𝑚𝑜𝑟𝑡 𝑍𝑆 = 𝑍𝑀𝑜𝑟! ∙ 𝑒!!"#$∙! ∙ 𝑍𝐿 

8.4  𝑚𝑜𝑟𝑡 𝑍𝐿 = 𝑍𝑀𝑜𝑟! ∙ 𝑒!!"#$∙! ∙ 𝑍𝐿 
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9.  Decomposition/Remineralization 

9.1  𝑑𝑒𝑐𝑜𝑚𝑝!"! 𝐷𝑆 = 𝜏!"!! ∙ 𝑒
!!∙! ∙ !!!!"!!

!!!! !!!!"!!
∙ 𝐷𝑆 

9.2  𝑑𝑒𝑐𝑜𝑚𝑝!"! 𝐷𝐿 = 𝜏!"!! ∙ 𝑒
!!∙! ∙ !!!!"!!

!!!! !!!!"!!
∙ 𝐷𝐿 

9.3  𝑑𝑒𝑐𝑜𝑚𝑝!"# 𝐷𝑆 = 𝜏!"#! ∙ 𝑒
!!∙! ∙ !!!!"!!

!!!! !!!!"!!
∙ 𝐷𝑆 

9.4  𝑑𝑒𝑐𝑜𝑚!"# 𝐷𝐿 = 𝜏!"#! ∙ 𝑒
!!∙! ∙ !!!!"!!

!!!! !!!!"!!
∙ 𝐷𝐿 5 

9.5  𝑑𝑒𝑐𝑜𝑚𝑝!"! 𝐷𝑂𝑁 = 𝛾!"! ∙ 𝑒!!∙! ∙
!!!!"!!

!!!! !!!!"!!
∙ 𝐷𝑂𝑁 

9.6  𝑛𝑖𝑡𝑟 = 𝑁𝑖𝑡 ∙ 𝑒!!"#∙! ∙ !!!!"!!
!!!! !!!!"!!

∙ 1 − !!!!!
!!!!!!∙!!!

∙ 𝑁𝐻! 

 

10.  Oxygen 

10.1 𝑃𝑟𝑜𝑑!! = 𝜇!"! ∙ 𝑅!!:!"!   + 𝜇!"! ∙ 𝑅!!:!"! 10 

10.2 𝐶𝑜𝑛𝑠!! = 𝑛𝑖𝑡𝑟 ∙ 𝑅!!:!"#$ + 𝑒𝑥𝑐𝑟 + 𝑑𝑒𝑐𝑜𝑚𝑝 ∙ 𝑅!!:!"! 

 

11. Silica 

11.1 𝑢𝑝𝑡𝑎𝑘𝑒!"(𝑃𝐿) = (𝜇!"!(𝑃𝐿) + 𝜇!"!(𝑃𝐿)) ∙ 𝑆𝑖:𝑁 

11.2 𝑒𝑥𝑢𝑑!"(𝑃𝐿) = 𝑒𝑥𝑢𝑑!"#(𝑃𝐿) ∙ 𝑆𝑖:𝑁 15 

11.3  𝑑𝑒𝑐𝑜𝑚!" 𝑜𝑝𝑎𝑙 = 𝜏!" ∙ 𝑒!!"∙! ∙ 𝑜𝑝𝑎𝑙 

11.4  𝑚𝑜𝑟𝑡!" 𝑃𝐿,𝑍𝐿 = 𝑚𝑜𝑟𝑡 𝑃𝐿 +𝑚𝑜𝑟𝑡 𝑃𝐿 ∙ 𝑆𝑖:𝑁 

11.5 𝑒𝑔𝑒𝑠𝑡!" 𝑍𝑆,𝑍𝐿 = 1 − 𝛼!! ∙ 𝑔𝑟𝑎𝑧!" 𝑍𝑆 + 1 − 𝛼!" ∙ 𝑔𝑟𝑎𝑧!" 𝑍𝐿 ∙ 𝑆𝑖:𝑁 

 

12.  Chlorophyll Phytoplankton Small 20 

12.1  𝜇!"#! = 𝜇!"! 𝑃𝑆 + 𝜇!"! 𝑃𝑆 ∙ 𝜌!"#! ∙ 𝐶𝐻𝐿! 

12.2 𝜌!"#! =
!!"#$∙!!∙!"
!!"∙!∙!"#!

 

12.3 𝑔𝑟𝑎𝑧!"#! 𝑍𝑆,𝑍𝐿 = (𝑔𝑟𝑎𝑧!" 𝑍𝑆 + 𝑔𝑟𝑎𝑧!" 𝑍𝐿 )
!"#!
!"

 

12.4  𝑚𝑜𝑟𝑡!"#! = 𝑃𝑀𝑜𝑟! ∙ 𝑒!!"#$∙! ∙ 𝐶𝐻𝐿! 

 25 

13.  Chlorophyll Phytoplankton Large 

13.1  𝜇!"#! = 𝜇!"! 𝑃𝐿 + 𝜇!"! 𝑃𝐿 ∙ 𝜌!"#! ∙ 𝐶𝐻𝐿! 

13.2 𝜌!"#! =
!!"#$∙!!∙!"
!!"∙!∙!"#!

 



7 
 

13.3 𝑔𝑟𝑎𝑧!"#! 𝑍𝑆,𝑍𝐿 = (𝑔𝑟𝑎𝑧!" 𝑍𝑆 + 𝑔𝑟𝑎𝑧!" 𝑍𝐿 )
!"#!
!"

 

13.4  𝑚𝑜𝑟𝑡!"#! = 𝑃𝑀𝑜𝑟! ∙ 𝑒!!"#$∙! ∙ 𝐶𝐻𝐿! 

 

14.  Light attenuation 

14.1   𝐼! = 𝐼! ∙ 𝑒!""∙! 5 

14.2   𝐴𝑡𝑡 = 𝐴𝑡𝑡!" + 𝐴𝑡𝑡!" ∙ 𝐶𝐻𝐿! + 𝐴𝑡𝑡!" ∙ 𝐶𝐻𝐿! 

 

Sediment flux formulation 

 

𝛿𝑁𝐻!
𝛿𝑡

= 𝑤!𝑃𝐿 + 𝑤!"𝐷𝑆 + 𝑤!"𝐷𝐿 ∙
4

16Δ𝑧 !!!
 

 10 

𝛿𝑂!
𝛿𝑡

= − 𝑤!𝑃𝐿 + 𝑤!"𝐷𝑆 + 𝑤!"𝐷𝐿 ∙
115
16Δ𝑧 !!!

 

 

𝛿𝑆𝑖𝑂𝐻!
𝛿𝑡

=
𝑤!" ∙ 𝑜𝑝𝑎𝑙

Δ𝑧
∙ 0.9

!!!
 

 

 


