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ROMS-PISCES characteristics
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ROMS, grid configuration (Vergara et al., 2016)



Light and nutrients co-limitation

Light limitation:
Chl . PAR

L].igl.lt =1 — e(_a(T _u.[.nut)}

o= initial slope of Pl curve.

Potential limitation Amont |
monlo i Chl/C= chlorophyll/carbon ratio.

PAR= photosynthetically active radiation.
u= growth rate temperature dependent.

Nitrato

*when sufficient light is available, this term reaches 1, and
Hierro is less than 1 when light limits development
Silicato T '

Nutrient limitation:

. Ci
=11 ;= —
Lnut =1...n [(Ki+('.‘1-)]

i= nutrient (PO,3, NO;, NH,*, Si, Fe).
Ci= nutrient concentration.
Ki= mean saturation constant.
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Physical mechanisms =~ |——— i—i:—yaxc —00yC — wdzC + (02(k0zC))
of nutrient transport ’ |

u= zonal velocity.

{ v=meridional velocity.

| w= vertical velocity.

K= vertical mixing.

i C= nutrient concentration |
X, Y, z=coordinates, zonal, meridional y vertical.

..........................................................................




General assessments of simulation

Surface chlorophyll (mg Chl m-3)

ROMS-PISCES SeaWIFS
-Nanophytoplankton + diatoms (Sea-Viewing Wide Field-of-
View Sensor
-2000-2006

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

Nutrients (PO4, NO3, SiOH4) y chlorophyll

ROMS-PISCES Station 18 (36.5°S; 73.1°W)

-0-80 meters -2004-2014
-0-80 meters
Temporal (annual cycle)
Fe

ROMS-PISCES “offshore” (33.36°S, 78°W) BIOSOPE cruise (Blain et al., 2008;

-0-400 meters “nearshore” (33.8°, 73.5°W) Bonnet et al., 2008)
"coastal” (34.5°S; 72.4°W) -0-400 meters

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



General assessments of simulation
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Fig. 3. Annual mean surface chlorophyll (in mg Chl-a m™?) es-
timated by (a) the model (red circle: Station 18) and (b) SeaWIFS
observations (1998-2006). Annual cycle of surface chlorophyll
within a 100 km coastal band in (d) the model, and (e) SeaWIFS.
Annual along-shore wind stress (in N m~2) cycle is superimposed.
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General assessments of simualtion
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Fig. 5. Seasonal cycle of (a) Modeled phosphate, (c) nitrate and
(e) silicate versus observed values (b, d, f) at Station 18. Units are
pmol 171,



General assessments of simualtion
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Fig. 6. Iron profiles from model simulations (lines) and BIOSOPE (lines with crosses)
measurements (Blain et al,, 2008; Bonnet et al., 2008) at three stations (see location in

Fig. 1): “offshore” (33.36°S, 78'W; black), “nearshore” (33.8°, 73.5'W; red) and "coastal"
(34.5S; 72.4°W; blue) profiles.
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Surface co-limitation

Light

Si

Fe
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Fig. 7. Maps of surface co-limitation fields during Year 10, from January to December between 0-20 m. Colors indicate whether nutrients or light are limiting. Contours (in cm) represent
the sea level anomaly.



Dynamics of nutrients and phytoplankton in central-southern Chile

Co-limitation  |mmmman)

Phytoplankton = diatoms (70%)

Autumn-winter Summer-autumn Summer-autumn Spring Winter
Costal zone Coastal zone Offshore (100- Offshore (100- Offshore
(<100-200 km) (<100-200 km) 600 km) 600 km) (100-300 km, 30°-

34°S)




Dynamics of nutrients and phytoplankton in central-southern Chile
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Vertical advection
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Horizontal advection

Zonas de “surgencia”

Punta Lengua de Vaca (30.24°S)
Curaumilla (33.1°S)

Punta Nugurne (35.9°5)

Punta Lavapié (37.15°S)

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.
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Total Vertical
advection mixing !
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Total advection

Vertical mixing

Total positive advection
predominated in the
study area, with
highest values (~ 3-5
10-6 uM 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.
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Dynamics of nutrients and phytoplankton in central-southern Chile
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Fig. 11. Annual cycle of silicate transport terms within (a) a coastal band of 100 km, and
(b) an offshore band of 100 km. Vertical advection (black), horizontal advection (red),
total advection (yellow), vertical mixing (green), physical trend (blue), total trend
(purple), biological trend (cyan). Surface chlorophyll (in mg Chl-a m~3) is also shown
(green dashed line). All fields are averaged between 0-20 m and 31°—37°S.
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Modelo Atmosférico Regional (WRF)
(Viento, presion atm , Temp. awre, Radiacién Humedad, etc.)

MOSA-ROMS (South-

; Modelo Hidrologico Modelo
Austral Operational Descarga de rios y 8 Hidrodinamico .
Mod e|) glaciares Regional Satélite (SST,

SSH, SSS), Boyas

ROMS (T, 8,U,V)

(Comentes,
temperatura,
salimdad)

CONDICIONES DE
www.ifop.cl/chonos BORDE
Modelo Hidrodindmico
Global (Mercator)
(T,S,U, V)

Satélite (Chl-a),

Modelo
Biogeoquimico

etc.)

Sistema de monitoreo, control y asimilacion

— USUARIOS
Sistema de informacién: Datos en iempo real, pronésticos de modelos, aplicaciones, etc G

Figura 1: Modelo conceptual propuesto para el desarrollo a largo plazo del modelo
operacional Sur-Austral, MOSA, el cual incluye todos los elementos contemplados en
etapas futuras de desarrollo.

Informe Final

Convenio de Desempefio 2019

Desarrollo de sistema de prediccidn sindptico de circulacién
marina, VI Etapa.

SUBSECRETARIA DE ECONOMIA Y EMT | Octubre 2020
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Batimetria y mascara: MOSA m
MOSA-ROMS 419+
Horizontal resolution = 1km
Boundary conditions = Mercator-Ocean 25 . :
Initial condition = From the forecast generated : =
the previous day. 43°s . e
! : -100
Atmospheric forcing =5 km MOSA-WRF.
. . :5 4438 . ................. >
Fresh water forcing = Point sources, flows il -
from hydrological models and DGA.
Bathymetry = SHOA + GEBCO 45°s i &y 500
Vertical levels = 42 sigma levels. 1000
46°S
-2000
YW 7ewW W TewW 7SW 7AW 7W ~4000

Longitud

Figura 3: Batimetria del modelo operacional MOSA-ROMS interpolada desde datos
GEBCQ y cartas nauticas digitales del SHOA

Informe Final

Convenio de Desempefio 2019

Desarrollo de sistema de prediccion sindptico de circulacicn
marina, VI Etapa.

SUBSECRETARIA DE ECONOMIA Y EMT / Octubre 2020
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3.5 Metodologia objetivo especifico S5: Diagnosticar y diseiar un modelo
biogeoquimico (BGQ) climatolégico en el mar interior de Chiloé.

____________________________________________________________________________________________________________

Modelo NPZD Modelo PISCES

NAR
Produccion primaria s
B Fitoplancton
Nitrato f‘ Amonio C,Fe,Chl C
N z . _
5 Nanofitoplancton Microzooplancton
e G\p“\ E Nitrato \
=] . =,
g Q&\ E % C,Fe,Si,Chl >< C l
B 3 . /N
H & Hierro .
z *-.':3% L~ Diatomeas Macrozooplancton
£ %
N Silicato
- Mortalidad +
Detritus | ™~ qallet fecales Zooplancton
C,Fe,Si

=

3 C DOM SPOM bPOM

7

E

=]
b

Los parametros recopilados para las costas de Chile son los siguientes:
Después de una revision bibliografica solo se encontraron 8 pardmetros 1. Mixima tasa de pastoreo del zooplancton (Bottjer y Morales, 2005).

biogeoquimicos para Chile. Los otros pardmetros fueron ajustados de la siguiente forma: 9 2. Tasa de remineralizacion de carbono orgdnico disuelto (Pantoja et al., 2004).
valores tomados del sistema de surgencia de Pera (Albert et al., 2010) y el resto a valores 3. g"sa de “"‘;1“;";)1'82)2“'011 del carbono orgdnico particulado (Pantoja et al., 2006;
. . uevas et al., N
del trabajo de Kane et al. (2010), los cuales son valores estandar del modelo PISCES. 4 Tasa de exudacion del mesozooplancton (Pérez-Aragén et al, 2011).
5. Tasa de mortalidad del zooplancton (Yafiez et al., 2012).
6. Tasa de nitrificacion (Fernandez y Farias., 2012).
7. Tasa de excrecion de materia organica disuelta (Gonzilez et al., 2007).

Informe Final

Convenio de Desempefio 2019

Desarrollo de sistema de prediccién sindptico de circulacion
marina, VI Etapa.

SUBSECRETARIA DE ECONOMIA Y EMT | Octubre 2020
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MOSA-PISCES: boundary conditions: WOA-PISCES

Nitrato (uM)

NOIMe —

SUur —y

Oxigeno (ml/L)
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MOSA-PISCES: Results
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MOSA-PISCES: Results

Clorofila (DCHL+NCHL, mg/m3)
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MOSA-PISCES: Results

Oxigeno (ml/L)
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MOSA-PISCES - validation
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MOSA-PISCES - Climatology
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MOSA-PISCES - Climatology
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MOSA-PISCES Results- sensivity experiments

Experiment SO01: 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).

Actual value Parameter in namelis New value Modification Relative to original
percentage 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 S02: Rivers nutrients concentration were increased by 50% this to
increasing their flow towards Mar interior de Chiloé and surrounding areas.

Experiment SO03: 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
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MOSA-PISCES Results- sensivity experiments
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