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Ocean Modelling with 
MOHID for Operations
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G
overnance

Industry
Academ

ia

Identify the m
ost 

pressing issues in 
forefront ocean 
industries

Products &
 Services

R&
D

+I Activities

C
om

plem
entary R&

D
+I to 

bring innovative solutions 
to forefront ocean 
industries
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The Team
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Blue econom
y

•
M

any
econom

ic
activities

take
place

in
the

near
ocean

i.e.,
m

arine
renew

able
energy

production,
fisheries

and
aquaculture,coastaland

m
aritim

e
tourism

,ship
transport,

oiland
gasexploration,etc.

•
These

activities
are

subjected
to

risks
and

need
to

be
sustainable.

N
um

erical
operational

m
odels

are
capable

to
analyse

and
forecast

the
environm

entalsuitability
of

those
activities.

•
O

ther
services

such
as

oilspillforecast,
HABs

propagation
and

search
and

rescue
operations

m
ay

also
rely

in
the

accuracy
of

num
erical

m
odels

forecasts
near

the
coastal

area.
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N
um

erical 
o

cean 
m

o
d

elling
 

to
 

kno
w

 
current 

sea 
state 

and
 

p
red

ict 
near 

future events. 

M
o

d
elling

 
p

ro
d

ucts 
tailo

red
 

to
 

users' 
need

s 
anyw

here 
in 

the p
lanet.

Req
uires kno

w
led

g
e 

o
f 

several 
scientific 

and
 

techno
lo

g
ical 

field
s: 

i.e. 
m

eteo
-

o
ceano

g
rap

hy,  
eng

ineering
, IT, d

ata 
science…

M
eteo

cean
p

red
ictio

n system
s in o

ur 
o

cean



The m
odels
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M
athem

aticalm
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prove w
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age.....



W
a
te
r

L
a
n
d

Sedim
ent

BEN
TH

O
SH

ydrodynam
ic

Tides

http://m
ohid.com

/

L
a
g
ra

n
g
ia
n

Atm
osphere

M
ain Contributors: 
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+
 M

O
H

ID
: a global com

m
unity m

odel

12
Institutions used M

OHID


Designed and m

aintained by a 
global com

m
unity since 1985


O

pen-source code at GitHub: 
https://github.com

/M
ohid-

W
ater-M

odelling-System
 

http://m
ohid.com

/
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+
 M

O
H

ID
 and its applications – a global com

m
unity

13


3D hydrodynam

ics and 
biogeochem

istry


Cartesian, sigm
a and 

hybrid vertical grids

M
OHID W

ater applications


O

nline and offline coupling 
w

ith circulation m
odels

http://m
ohid.com

/
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+
 M

O
H

ID
 m

odel and its applications – a global com
m

unity

14
M

OHID Land applications


Physical-oriented m

odel


1D river netw
ork, 2D 

surface and 3D 
groundw

ater processes


Plant dynam
ics

http://m
ohid.com

/



Scientific
background ofM

O
H

ID

Available for dow
nload at:

http://w
iki.m

ohid.com
 



Global circulation m
odels

Provide 3D daily and hourly surface fields for velocity, w
ater 

level, tem
perature and salinity

●
Full nam

e: Global O
cean 1/12°Physics Analysis and 

Forecast updated Daily
●

Product ID: GLO
BAL_AN

ALYSISFO
RECAST_PHY_001_024

●
Copernicus M

arine Catalogue link: 
https://data.m

arine.copernicus.eu/product/GLO
BAL_AN

AL
YSISFO

RECAST_PHY_001_024/description



https://m
arine.copernicus.eu/



Dow
nscalling

“Any procedure to 
infer high-resolution 
inform

ation from
 low

-
resolution variables. 
The term

 dow
nscaling 

usually refers to an 
increase in spatial 
resolution”(W

ikipedia)



The W
indow

 Dow
nscaling Technique

•
Is a delayed m

ode (offline) technique.

•
Consists

in
saving

a
w

indow
ofm

odelresults
from

the
upstream

m
odelw

ith
a

high
tem

poralresolution
able

to
representthe

m
ain

processes
com

ing
from

the
open

ocean
(i.e.the

tide
signal).Som

e
advantagesare:

•
Allow

s the local m
odel to run independently

•
Does not increase the running tim

e of the upstream
 

m
odels 

•
Allow

s running several dow
nstream

 m
odels at the sam

e 
tim

e

•
Allow

s integrating ecological processes w
ith greater 

tim
e scales



Local Scale (dx=35m
)

(w
eb interface: H

idrom
od)

W
ater quality m

odel for 
C

osta do E
storil 



Vertical Discretisation
–

type
oflayer

Sigm
a

Cartesian
orz-layer

Hybrid



Level  1Level  2

Level  3

Level  4

Level  5



Coupled M
odels

W
ater Tem

perature (ºC)

Surface Tem
perature in the M

adeira Archipelago

W
hite arrow

s (W
ind) Black Arrow

s (Surface velocity)



100 m

100
 m

Phytoplankton Surface
Vertical Profile Phytoplankton

Phosphate Surface
Vertical Profile N

itrate

Ecological M
odel
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 Azores

Level2  -Azores –
6 km

 resolution

Level2

Level3 –
Azores Triangle –

2km

Level4 –
Faial –

400m
 

Level5 –
Pico-Faial channel –

80m
 

AzoresM
odeling

dom
ains



Azores
-Pico-Faial channel 

Credits: Fernando Tem
pera



https://m
arine.copernicus.eu/



Azores
M

odelling
D

om
ains

-Pico-Faial channel
Level5

–
Pico –

Faial channel–
80 m

 hor. resolution



A paradigm
 shift: Integrated 

w
ater cycle approach

Current
research

trends
include

to
im

prove
the

coastalcirculation
in

regionalocean
m

odel
applications

by
a

bettercharacterisation
ofthe

land-ocean
boundary

conditions.
Tow

ards
a

holistic
view

ofthe
coastalarea.
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Integrated w
ater cycle approach/W

ater Continuum
•

Coastal w
ater are deeply influenced by river outflow

Estuary
Open Ocean

River

Com
plete description at:

Cam
puzano F (2018). Coupling w

atersheds, estuaries and regional seas through num
erical m

odelling 
for W

estern Iberia. PhD Thesis, Instituto Superior Técnico, U
niversidade de Lisboa, Portugal. 

Sedim
ents, pollutants, litter, …



M
O

HID W
atershed

m
odelling



Integrated
ocean-w

atershedsin M
adeira island

M
adeira Island



R
unning 

M
odels

Post-
Processing

Pre-
processing

ART

Publishing Results Data SourcesProcessing

Validation

W
aveW

atch
III

W
ATER &

 LAN
D





Previously used softw
are



Instantaneous results for w
ebsite

Source: http://forecast.m
aretec.org 

M
O

HID 0.24º
75 z-levels



Surface Tem
perature

-Sado

The m
odel show

s the spatial variability of surface 
tem

perature in the estuary and correctly sim
ulates 

observations from
 m

onitoring cam
paigns



The
m

odel
accurately

reproduces
the

general
conditions

ofthe
estuary

and
the

heavy
rainfallevent.

Surface Salinity
-Sado



Validation –
Rem

ote sensing
SST M

U
R

20180807



July 2007 - Reanalysis
Validation – Vertical profiles (Argo floats)



Validation – M
oving profiles (gliders)



-
Sm

all objects:
-

Drifting buoys
-

Search-and-rescue
-

Sm
all ships

-
Large O

bjects:
-

Floating containers
-

Vessels or ships

Lagrangian



The Prestige Accident (2002)

Forcing conditions:
- Space and tim

e Variable w
ind fields: predictions using A

RPS m
odel (M

eteoG
alicia);

- hydrodynam
ics: 20 layers (surface layer = 10cm

) variable density (clim
atological density) + slope 

current;
- Vertical turbulence (G

O
TM

 M
odel);

- 2 K
m

 m
inim

um
 spatial step.

Ship
Trajectory

M
O

H
ID

 –
O

ilSpiltalong
ship

trajectory



M
odel com

parison

EN
VISAT satellite im

age taken on 
17

th N
ovem

ber 2002
M

O
HID sim

ulation, w
ith tracers at 

different depths: surface tracers 
(green) + 1m

 depth tracers (red)



61
European

Rivers
(daily average)

Action 4 M
odelling influence of river and land-based sources of m

arine litter

•
Hydrodynam

ic

CM
EM

S
      N

o w
aves

      N
o tide

      N
o rivers 

•
Lagrangian

Lagrangian tool
Conservative particles (=w

ater)
61 Rivers
Surface
1 500 000 particles

•
Sim

ulation tim
e = 4 years

Atlantic Scenarios



Action 4 M
odelling influence of river and land-based sources of m

arine litter

•
Hydrodynam

ic

CM
EM

S 2D surface velocity 
field data
      N

o w
aves

      N
o tide

      N
o rivers 

•
Lagrangian

neutrally buoyant particles
270 days

1 500 000 particles

•
Sim

ulation tim
e = 270 days

Atlantic Scenarios



Reduction Scenarios: M
aps w

ith ICES rectangles: em
ission from

 Atlantic rivers
.

Dom
ain: Atlantic

Sim
ulation:

2D (surface)

Tim
e: 4years (2016-2020)

InputData: currents, w
ind, w

aves

Source: 68 rivers
Em

ission rate:
constant (left) variable(right)

Particles type: lagrangian
N

ºtotal: ~320 000 particles 
      

Scenario 2: Em
ission rate: variable

 (rivers em
it particles depending on their daily flow

)
m

ean particle concentration (part / km
2) in each rectangle

50%
 reduction - sam

e distribution pattern
 (conservative particles) - concentration halved
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M
odelling outputs -Azores



N
um

erical M
odel Fields &

 Stream
lines
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FFICE



+
 D

AILY M
ESSAG

E

Period
tw

o
dayslater

Sunrise
Sunset

High
Tide

Low
Tide

Tide lim
it

to w
orkQ

uestionário http://tiny.cc/ytide 

Average
for 

3 hours

O
ptim

altide
interval

Location
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The Challenge!

N
um

erical m
odels im

prove w
ith age but support tools get older



R
eq

u
irem

en
ts are clear

Not w
asting tim

e on user/developer 
feedback

User satisfaction guaranteed 

A
ccess to

 en
d

-u
sers co

m
m

u
n

ity

Jackpot!

G
ain

in
g

 m
o

re Ju
lia u

sers

Tool can be distributed along the 
num

erical m
odel
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