
T
h

e G
H

E
R

 hydrodynam
ical m

odel is im
plem

ented in the 
B

lack S
ea

1
,2, and run operationally since 21/12/2011. 

T
h

e 
m

odel 
runs 

daily 
in 

free 
m

od
e 

and 
as 

a 
data-

assim
ilative ensem

ble run,
T

h
e ensem

ble is built by applying m
ultiple, rand

om
 but 

physically consistent perturbations
3 to the

 m
em

b
ers.

T
h

e e
nsem

ble forecast allow
s to estim

a
te th

e a priori 
forecast uncertainty.
W

hen observations becom
e available,

- 
m

odel 
perform

ance 
is 

assesse
d 

(validation 
of 

the 
ensem

ble m
ean)

- 
the 

forecast 
uncertainty 

is 
evaluated 

a 
posteriori 

(validation of the ensem
ble spread)

- o
bservations are assim

ilated using an E
nK

F
  (O

A
K

4)
O

perational 
forecasts 

of 
the 

ocean 
state 

and 
it’s 

expected uncertainty (as estim
ated w

ith the ensem
ble) 

are publically available o
n http://w

w
w

.seam
od.ro
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•
m

odel already im
plem

ented in different studies of 
the B

lack S
ea

•
lo

n
g

-term
, exten

sive valid
atio

n
 (see 2 )

•
horizontal resolution ~

4km
•

31 vertica
l double-sigm

a levels
•

B
aroclinic tim

estep: 10 m
inuts

•
6 rivers, B

osphorus channel
•

B
ulk form

ulae using atm
o

spheric fields dow
nloaded 
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 N
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ilation. J. of 
O

perational O
ceanography, 2010

2 
C

apet 
et 

al, 
Interannual 

variability 
of 

the 
B

lack 
S

ea’s 
hydrodynam

ics and connection to atm
ostpheric patterns. D

eep S
ea 

R
esearch part II, 2012

3 B
arth et al, D
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4 O
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ssim

ilation K
it, B

arth et al, see publication list and 
softw

are 
source 

on: 
http://w

w
w

.data-assim
ilation.net/m

ediaw
iki/index.php/O

cean_A
ssi

m
ilation_K

it

E
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N

M
odel param

eters, inputs…
 that are not perfectly know

n 
are different in each ensem

ble m
em

ber
•

rivers flow
 and diffusion coefficients are perturbed 

random
ly, centred on our “best estim

ate”
•

w
hen creating a new

 m
em

ber, initial conditions are 
generated by applying :

        -current-aligned random
 perturbations on T,S

 fields
         w

ith different spatial correlation lengths on the 
         shelf and in the open sea
        -in the open sea, surface elevation and velocity 
         fields are applied the perturbation in geostrophic 
         equilibrium

 w
ith the density perturbation

•
atm

ospheric forcing fields are perturbed so that:
        -perturbation intensity is, on average, of the sam

e 
         m

agnitude as the difference betw
een N

C
E

P
 and 

         E
C

M
W

F
 forecasts

        -perturbations are obtained as a changing,random
 

         com
bination of E

O
F

s  of atm
ospheric tim

eseries

E
xam

ple of ensem
ble spread for S

S
H

 (a priori error) :

D
A

TA
 A

S
S

IM
ILA

T
IO

N
•

daily assim
ilation of S

S
T

 and A
R

G
O

 profiles
•

observations are supposed uncorrelated
•

their rm
s error is set as 0.25°C

 and 0.05psu
•

data assim
ilation localisation radius ~

 100km
•

correction 
lim

ited 
to 

1°C
 

(tem
perature), 

0.3psu 
(salinity), 5cm

/s (velocity), 3cm
 (elevation)
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Tem

perature rm
s error:

seam
od

.ro

M
o

d
el valid

atio
n

•
operational m

odel sim
ulates w

ell the large scales:
•

R
im

 current position
•

sem
i-perm

anent eddies
•

elevation difference from
 coastal

        areas and open see ~
 20 cm

•
surface and deep salinity values

•
hydrodyanm

ic regim
e on the shelf

•
A

lso sim
ulates w

e
ll shelf-open sea exchanges

•
A

lso sim
ulates w

e
ll the m

ixed layed depth
•

spatial and tem
poral evolution

Lead days
1

2
3

4
5

rm
s error

0,71
0,76

0,85
0,92

0,96

V
alid

atio
n

 o
f th

e en
sem

b
le

T
he 

a 
priori 

error 
(estim

ated 
by 

the 
ensem

ble 
spread) 

corresponds w
ell to the a posteriori error (ensem

ble m
ean 

m
inus 

observations), 
suggesting 

that 
the 

ensem
ble 

initialization 
and 

perturbations 
during 

the 
sim

ulation 
are 

sized relatively w
ell.

D
ifferences betw

een a priori and a posteriori errors indicate 
that the ensem

ble slightly underestim
ates  the error (e.g. 

~
0.1° for tem

perature).

If the error distribution w
ere G

aussian, 60,85 and 90%
 of 

points 
w

ould 
fall 

w
ithin 

1,2, 
and 

3 
std.dev. 

around 
the 

m
ean.

T
he 

ensem
ble 

sim
ulation 

has 
slightly 

low
er 

am
ounts of 

points, again indicating that the ensem
ble spread is slightly 

too low
,
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