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•
T

he E
uropean C

entre for M
edium

-R
ange W

eather Forecasts is an international 

organisation supported by 23 E
uropean States. 

•
T

he center w
as established in 1973 by a C

onvention and the real-tim
e m

edium
-

range forecasts w
ere m

ade in June 1979. T
he C

entre has been producing operational 

m
edium

-range w
eather forecasts since 1 A

ugust 1979.

•
 T

he C
entre has three Fujitsu system

s, a 100-processor V
PP5000, a 116-processor 

V
PP700 and a 48-processor V

PP700E
. T

he aggregate sustained perform
ance of 

these three m
achines is about 400 G

flops (400 thousand m
illion floating point 

operations per second).  



 

•
E

C
M

W
F m

odel is a global m
odel w

hich predicts the behavoiur of the atm
osphere 

in the m
edium

-range up to ten days ahead.

•
T

he resolution of the discretization is equivalent to having gridpoints separated by 

about 40 km
 around the globe and at 60 levels in the vertical.T

he m
odel forecasts 

the w
ind, the tem

perature and the hum
idity at 20,911,680 points throughout the 

atm
osphere. W

ith this resolution it is possible, for exam
ple, to distinguish clearly 

the French M
assif C

entral from
 the A

lps.   

•
T

he E
C

M
W

F m
odel is also a spectral m

odel w
ith a triangular truncation of 213 

w
aves in the horizontal and 31 levels in the vertical (T

213/L
31).

•
T

he E
C

M
W

F m
odel has a hybrid coordinate in the vertical , 

 w
ith 

 and 
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•
Physics of the m

odel include:

          R
adiation

          T
urbulent diffusion and interaction w

ith the surface

          Subgrid-scale orographic drag

C
onvection

          C
louds and large-scale precipitation

          L
and surface param

eterization

          M
ethane oxidation

          C
lim

atological data
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•
T

he m
om

entum
 equations
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 is the radius of the E
arth, 

 is the 
-coordinate vertical velocity 

, 

 
 is geopotential, 

 is the gas constant for dry air, and 
 is the virtual tem

perature

defined by 
.

 
 and 

 represent contributions of param
eterized physical processes, w

hile 
 and

 are the horizontal diffusion term
s.

•
T

he therm
odynam

ic equation
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, 
 

is 
the 

p-coordinate 
vertical 

velocity 
 

and

.

•
T

he m
oist equation

(4)

•
T

he continuity equation

(5)
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 is the horizontal w
ind.

•
T

he hydrostatic equation

(6)

•
T

he vertical velocity 
 is given by

(7)

E
xpressions for the rate of change of surface pressure and for vertical velocity 

, 

V
H

U
V,

(
)

=

η∂ ∂Φ
R

dry T
v

p
----------------

η∂ ∂p
=

ωω
V

H
η∂ ∂p







∇
•

η
V

H
p

∇
•

+
d

0 η∫ –
=

η̇



are obtained by integrating (5), using the boundary conditions, 
 at 

 
and 

,

(8)

(9)

η̇
0

=
η

0
=

η
1

=

t∂ ∂
p

s
ln

(
)

1p
s

-----
V

H
η∂ ∂p







∇
•

ηd
0 1∫

–
=

η̇
η∂ ∂p

t∂ ∂p
V

H
η∂ ∂p







∇
•

ηd
0 η∫ –

–
=



V
ertical d

iscretizatio
n

•
T

o represent the vertical variation of the dependent variables 
 and 

 the

atm
osphere is divided into 

 layers. T
hese layers are defined by the pressure

at the interfaces betw
een them

 (the ‘half-levels’), and these pressures are given by(10)

for 
 and 

.T
he 

 and 
 are 

constants w
hose values effectively define the vertical coordinate. T

hey are 

determ
ined by requiring that half-level pressures coincide w

ith those of sigm
a 

coordinates for a surface pressure of 1013.2m
b, that at the top interior levels (1
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and 2
1/2 ) are levels of constant pressure, and that the low

est tw
o layers have half the 

thicness for a surface pressure of 500m
b that they have for the surface pressure of 

1013.2m
b. 

 



•
T

he form
 of this hybrid coordinate is efficient from

 a com
putational view

point, and 

allow
s a direct control over the “flattening” of coordinate surfaces as pressure 

decrease, since the 
‘s and 

‘s m
ay be determ

ined by specifying the distribution 

of m
odel pressure levels for a m

ean sea-level pressure and for a surface pressure 

typical of the low
est expected to be attained in the m

odel. 

•
O

ne disadvantage of sigm
a coordinate is cancellation of geopotential and pressure 

gradient term
s over steep orography. Sim

m
ons and B

urridge (1981) have com
pared 

the error in the representation of pressure gradient over steep orography for hybrid 

and sigm
a coordinates. T

hey considered a tem
perature field w

hich is a function of 

pressure alone and calculated an error function. 

A
B



geostrophic w
ind error (m

/s))



•
T

he prognostic variables are represented by their values at ‘full-level’ pressures 
. 

V
alues for 

 are not explicitly required by the m
odel’s vertical finite-difference 

schem
e and they are calculated as 

(11)

•
T

he discrete analogue of the surface pressure tendency equation (8) is

(12)

w
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(13)

w
here 

 is the divergence at level 
,

, and
(14)
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•
T

he discrete analogue of (9) is
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(16)

and from
 (10) w

e obtain

(17)

In evaluating 
 at tim

e 
 , 

 should first be used to com
pute values 

of 
 at the follow

ing tim
e step 

. T
he new

 value of 
 m

ay then be 

calculated, and thus 
 found using, for exam

ple a centered difference in 

tim
e.
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•
C

onservation of energy is preserved by the vertical advection term
s if the advection 

of a variable 
 is such as to satisfy the finite-difference analogue of the relations(18)
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T
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•
T

he discrete analogue of the hydrostatic equation is 

(21)

w
hich gives 

 
(22)

w
here 

 is the geopotential at the surface. T
he full-level values of the 

geopotential, as requiered in the m
om

entum
 equations (1) and (2), are given by
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T
he value of 

 m
ust be specified, but is not necessary to specify it in order to

assure conservation of energy. O
ne choise could be to require cancellation of error

in 
the 

sum
 

of 
the 

geopotential 
and 

pressure 
gradient 

term
s 

for 
a 

reference

tem
perature distribution w

hich is a function of pressure alone. T
herefore,

 and 
(24)

•
C

onnected w
ith the form

 chosen for the integration of the hydrostatic equation is

the expression for full level values of the pressure gradient term
 

, in

(1) and (2), in term
s of the know

n ‘half-level’ values 
. T

his expression is

determ
ined 

by 
requiring 

that 
the 

vertical 
difference 

schem
e 

preserves 
the

conservation of angular m
om

entum
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(25)

T
his requires in finite-difference form

,

(26)

w
hich is satisfied if

(27)

A
ngular m

om
entum

 conservation is hereby achieved w
ithout the artificial 

dependence of geopotential on the tem
perature of all m

odel levels. T
his is a 
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consequence of using ‘half-level’ values of 
 in the sum

ation of the hydrostatic 

equation. 

•
T

o obtain a form
 of the energy conversion term

 
in the 

therm
odynam

ic equation (3) w
e use the definition of vertical velocity 

 to w
rite (28)

Full-level values of this expression are then determ
ined by the requirm

ent that the 

difference schem
e conserves the total energy of the m

odel atm
osphere for 

adaiabatic, frictionless m
otion. T

his is achieved by evaluating the first term
 at level 
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 by

(29)

and the second term
 as

(30)

after substitute for 
, 

 and 
 w

e obtain

k

κ
T

v
(

)k

1
1

δ
–

(
)q

k
+

-------------------------------
1∆
p

k
---------

p
k

1
2⁄

+

p
k

1
2⁄

–
------------------






V

j ∆
p

j
(

)
α

k
V

k ∆
p

k
(

)
∇

•
+

∇
•

j
1

=

k
1

–∑
ln

–

κ
T

v
(

)k

1
1

δ
–

(
)q

k
+

-------------------------------
1p ---

p
∇







k

α
k

∆
p

(
)k

1p ---
p

∇






k



(31)

w
here 

.

•
Full-level values of pressure

T
w

o different full level values of 
 are suggested by the finite-diference schem

e. 

For this w
e go back to first term

 in (28) 
 w

hich m
ay be generally 

w
ritten
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(32)

For 
 the sim

plest equivalent is

(33)

T
hese expressions suggest the full-level values

(34)
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A
w

ay from
 the upper boundary (34) yields 

(35)

but top-level values are given by 
 and 
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