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Biogeochemical fields
Nutrients  
Oxygen
Dissolved inorganic carbon
Particulate organic carbon
Alkalinity

CARS
CARS 2009 climatology (CSIRO 
Atlas of Regional Seas)

initial boundary

ROMS, grid configuration (Vergara et al., 2016)

ROMS-PISCES

simulation 15 years coupled

climatology

10 years

ROMS-PISCES characteristics



Potential limitation

Nutrient limitation:

i= nutrient (PO4
3-, NO3

-, NH4
+, Si, Fe). 

Ci= nutrient concentration.
Ki= mean saturation constant.

Light limitation:

α= initial slope of PI curve.
Chl/C= chlorophyll/carbon ratio.
PAR= photosynthetically active radiation.
μ= growth rate temperature dependent.

*when sufficient light is available, this term reaches 1, and 

is less than 1 when light limits development

“Limiting nutrient" is (i0) with the lowest ratio

Physical mechanisms 
of nutrient transport

u= zonal velocity.
v= meridional velocity.
w= vertical velocity.
K= vertical mixing.
C= nutrient concentration
x, y, z=coordinates, zonal, meridional y vertical.

Light and nutrients co-limitation



Surface chlorophyll (mg Chl m-3)

Fuente: Marrari et al. (2017), Anabalón et al. (2017)

ROMS-PISCES
-Nanophytoplankton + diatoms

Spatial (30-40°S; 70-
78°W) and temporal
(100 km coastal
band; annual cycle)

Nutrients (PO4, NO3, SiOH4) y chlorophyll

Station 18 (36.5°S; 73.1°W)
-2004-2014
-0-80meters

ROMS-PISCES
-0-80meters

Temporal (annual cycle)

Fe

BIOSOPE cruise (Blain et al., 2008; 
Bonnet et al., 2008)
-0-400meters

ROMS-PISCES
-0-400meters

“offshore” (33.36°S, 78°W) 
“nearshore” (33.8°, 73.5°W) 
"coastal“ (34.5°S; 72.4°W)

SeaWIFS
(Sea-Viewing Wide Field-of-
View Sensor

-2000-2006

General assessments of simulation



General assessments of simulation



General assessments of simualtion



Surface co-limitation



Co-limitation

Light Silicate Nitrate Fe

Phytoplankton = diatoms (70%)

Autumn-winter  
Costal zone 

(<100-200 km)

Spring
Offshore (100-

600 km)

Summer-autumn
Offshore (100-

600 km)

Summer-autumn  
Coastal zone 

(<100-200 km)

Phosphate

Winter
Offshore

(100-300 km, 30°-
34°S)

Dynamics of nutrients and phytoplanktonin central-southern Chile



Vertical advection

30°-32°S 33°-34°S

35°-36°S 37°-38°S

Horizontal advection Total advection Vertical mixing

Dynamics of nutrients and phytoplanktonin central-southern Chile

Signature of permanent
mesoscale eddies and jets
between 30° and 35°S: while
vertical advection brought
nutrients to the coastal area,
Ekman currents and enhanced
offshoreward jets near 32°S,
33°S, 34°S transported part of
the high coastal nutrient load
offshore thus partly
compensating for the vertical
input associated with coastal
upwelling.

Total positive advection 
predominated
study area,
highest values

in the  
with

(~ 3–5
10−6 μM Si s-1) at ~ 
32°, 36° and 37°S.

The input of
nutrients through
vertical mixing
was positive  
everywhere, 
mainly between
30°S and 36°S.



Vertical advection Horizontal advection

Vertical mix

balanced

compensated

Chlorophyll high correlation with vertical mix
(rho=0.77, p=0.005) and with MLD
(rho=0.83, p= 0.001)

Dynamics of nutrients and phytoplanktonin central-southern Chile



MOSA-ROMS (South-
Austral Operational 

Model)

www.ifop.cl/chonos
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MOSA-PISCES: boundary conditions: WOA-PISCES

Nitrate (uM)

North

South

Oxygen (ml/L)

North

South



MOSA-PISCES: Results
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MOSA-PISCES: Results



MOSA-PISCES - validation



MOSA-PISCES - Climatology

January

April

July

October



MOSA-PISCES - Climatology

January

April

July

October



Actualvalue Parameter in namelis New value Modification  

percentage

Relative to original  

namelist

4 grazrat 3 25% Decreases

0.7 grazrat2 0.525 25% Decreases

0.1 excret 0.05 50% Decreases

0.1 excret 2 0.05 50% Decreases

0.01 wchl 0.0075 25% Decreases

0.02 wchld 0.015 25% Decreases

0.03 mprat 0.015 50% Decreases

0.03 mprat2 0.015 50% Decreases

0.025 nitrif 0.05 100% Increases

0.153 xremik 0.306 100% Increases

1.2 xremip 0.24 80% Decreases

0.004 mzrat 0.006 50% Increases

0.012 mzrat2 0.024 100% Increases

MOSA-PISCES Results- sensivity experiments

Experiment S01: Modification of parameters in the "namelist_pisces" to increase the concentration of
chlorophyll and nitrate and decrease the concentration of oxygen.
The modified parameters are found in the nanophytoplankton, diatom, microzooplankton,
mesozooplankton, nitrate, and oxygen equations, which are described in detail in Aumont et al.
(2015).



MOSA-PISCES Results- sensivity experiments

Experiment S02: Rivers nutrients concentration were increased by 50% this

to increasing their flow towards Mar interior de Chiloé and surrounding areas.

Experiment S03: Through this experiment, the concentration of oxygen in

the north boundary was reduced by 50%, to observe a reduced concentration

in the south



MOSA-PISCES Results- sensivity experiments

Sensivity S01

Sensivity S02

Sensivity S03



MOSA-PISCES Results- sensivity experiments

Sensivity S01

Sensivity S02

Sensivity S03



Work in progress………..



Interannual simulation: from 1
january 2013 to 31 december
2018, daily outputs.

Whitout rivers

“ No river simulation” 

+ PISCES

Interannual simulation: from 1 january 2013
to 31 december 2018, daily outputs.

Interannual rivers discharge (2013-2018):
Biobío, Itata, Maule y Mataquito (Dirección
General de Aguas, http://www.dga.cl)).

“Control simulation” + PISCES”

Interannual simulation: from 1 january 2013 to 31
december 2018, daily outputs.

Interannual rivers discharge (2013-2018): Biobío, Itata,
Maule y Mataquito.

Rivers biogeochemical variables: Si, NO3, Fe, PO4, NH4
(EULA+DGA)

“Control simulation” + PISCES +  

nutrients by rivers

Control 
sim + 

PISCES

Control 
sim + 

PISCES

Obs

Obs

Work in progress………..

http://www.dga.cl/
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Work in progress………..



Si= 0, Control sim + PISCES
Si=200 uM, River-BGQ sim

Surface Chla

“Control 

simulation” 
+ PISCES

“Control simulation” 

+ PISCES +  nutrients 
by rivers (Si)

Difference

Work in progress………..


