
  

The vertical in GEM
By André Plante, CMC, May 7th 2010

Ip1, sigma, eta, hyb, P0, PT, HY, !!

PX, Rcoef, A, B, GZ

r.hy2pres, hyb_to_pres



  

Outline

• The hydrostatic pressure

• Model coordinate in sigma, eta, hybrid-
GEM3 and hybrid-GEM4

• Encode all this in RPN files

• Computing the hydrostatic pressure in 
scripts and in programs



  

The Hydrostatic pressure
The hydrostatic pressure                        is 
the weight of the air in an atmosphere at 
rest over a square meter.
nomvar P0 and PX

π   [N /m2 ]

The atmosphere is very close the be hydrostatic except for some small 
scale systems < 10km. The global (35km) and regional (15km) models 
are hydrostatic but the LAMs (2.5km) are non hydrostatic.

N

Empty

100kPa ¿150 persons /m2 

1m2



  

The Hydrostatic pressure is monotonic with height z, 
therefore it can replace z in the model equations.
This change of independent variable makes the hydrostatic model equations 
simpler. For non hydrostatic model, the advantage doesn’t hold anymore, e.g. 
MC2 is in height coordinate.

∂π
∂ z

=−gρ



  

Model levels in pressure
•Simple equation formulation
•Simple output
•Grid points below topo

Günther Zängl, Monthly Weather Review  2003:

•The step-coordinate formulation employed in the National 
Centers for Environmental Prediction (NCEP) Eta Model 
(Mesinger et al. 1988) turned out to be unsuitable for high-
resolution simulations of airflow over mountains (Gallus and 
Klemp 2000).

•A very promising method to overcome these problems was 
proposed by Steppeler et al. (2002). They use so-called 
shaved cells to impose a smooth forcing of the vertical wind 
component where the coordinate surfaces intersect the 
ground. Yet, coupling the physics packages to this type of 
model is tedious and still in progress. In particular, the 
highly variable distance of the lowermost model level from 
the ground requires substantial modifications of the 
boundary layer parameterizations.



  

σ= π
πs

Phillips 1957



  

σ= π
πs

(Phillips 1957)Model levels in



  

σ= π
πs

(Phillips 1957)Model levels in

σS=
πS

πS

=1

σT=
πT

πS

≠0



  

σ= π
πs

Günther Zängl, Monthly Weather Review  
2003 :

•Easy to couple with boundary layer 
parameterizations because of its almost 
homogeneous vertical resolution near the 
surface
•Implementing the lower boundary condition is 
straightforward

•Imbalances in the discretization of the 
horizontal pressure gradient may lead to 
spurious motions over mountains
•Horizontal diffusion hard to implement

Top not at constant pressure makes it hard to 
implement the upper boundary conditions 

(Phillips 1957)Model levels in



  

η=
π−πT
πS−πT

This is a minor 
generalization of the original 
Phillips (1957) coordinate 
for models with a 
nonvanishing ptop (Mintz 
1965).

Model levels in



  

η=
π−πT
πS−πT

This is a minor 
generalization of the original 
Phillips (1957) coordinate 
for models with a 
nonvanishing ptop (Mintz 
1965).

ηS=
πS−πT

πS−πT

=1

ηT=
πT−πT

πS−πT
=0

Model levels in



  

η=
π−πT
πS−πT

This is a minor 
generalization of the original 
Phillips (1957) coordinate 
for models with a 
nonvanishing ptop (Mintz 
1965).

•Same advantages as the 
sigma but with a flat top in 
pressure.

•Flattens faster than sigma 
but remains bumpy at high 
levels.

Model levels in



  

Imbalances in the discretization of the horizontal pressure gradient 
may lead to spurious motions over mountains

Two big terms of opposite sign

z z

dx



  

Hybrid (sigma-pressure) Model Levels

•Flattens faster 
than eta but 
flattens to 
much near the 
surface (Mt 
Logan 
problem)

π= A
h−B  pref

BπSσ= π
πS

⇒ π= πσ S



  

Low Level Zoom



  

GEM4 Hybrid Model Levels
lnπ=ABln πS

pref 
Rcoef=0.0,7.0Rcoef=2.0



  

Low Level Zoom



  

Encoding all this in RPN files



  

ip1 ip1 ip1 ip1ip1
Encoding all this in RPN files

Pressure Sigma eta Hybrid GEM3 Hybrid GEM4



  

r.ip1



  

Kind=2

ip1 ip1 ip1 ip1ip1
Encoding all this in RPN files

Kind=1
P0

σ= π
πs

Kind=1
P0,PT

η=
π−πT
πS−πT

Kind=5
P0,HY

π=A3B3 πS

Pressure Sigma eta Hybrid GEM3 Hybrid GEM4

Kind=5
P0,!!

lnπ=A4B4ln πS

pref




  

Kind=2

π=convip ip1 

ip1

Computing the hydrostatic pressure
Pressure Levels (r.ip1, convip)

r.ip1 -k 500 
500.000000 2
r.ip1 500
500 mb

Pressure



  

ip1
Kind=1
P0

σ=convip ip1 

σ=π
πs

     ⇒     π= πσ s

Computing the hydrostatic pressure
Sigma Levels (use r.hy2pres , hyb_to_pres)

σ=
 ip1−2000 
10000

r.ip1 -on 1.0 1
12000 it works!

r.ip1 -n 1.0 1
26314400 oups

[
. . .
. . .
. . . ]=[

.

.

. ]×[. . . ]

π       =  σ×     πs

PX not in file to
save space!

r.ip1 -k 11950
0.995000 1
 r.ip1 11950
0.9950 sg

Sigma



  

ip1
Kind=1
P0,PT

η=convip ip1 

η=
π−πT

πs−πT
⇒ π=η πs−πT πT

Computing the hydrostatic pressure
Eta Levels (use r.hy2pres, hyb_to_pres)

r.ip1 -k 11950
0.995000 1
 r.ip1 11950
0.9950 sg

eta



  

Kind=5
P0,HY

ip1

Computing the hydrostatic pressure
Hybrid Levels GEM3 (use r.hy2pres, hyb_to_pres)

r.ip1 -k 93423264
1.000000 5
r.ip1 93423264
1 hy

Hybrid GEM3

h=convip ip1 

hT=
pT

pref

π=ABπS

B=h−hT1−hT 
r

, A= h−B  pref

HY



  

ip1
πS=P0

lnπ=ABln πS/pref 

………

BAip1

emptyP0rcoef2

rcoef1prefptop

Skip=2Version=2Kind=5

ζT=lnpT ,     ζS=ln pref
A=ζ=+ζS ln H 

B=ζ−ζT
ζS−ζT 

r

0r=rmax− rmax−rmin  ζ−ζT
ζS−ζT 30

!! Record for GEM4.1.2+

Computing the hydrostatic pressure
Hybrid Levels GEM4 (use r.hy2pres eventually)

Kind=5
P0,!!

Hybrid GEM4
r.ip1 -k 93423264
1.000000 5
r.ip1 93423264
1 hy



  

Output example from GEM4
nk=3, hyb=0.08, 0.3, 0.6

There are NK UU + one 10m diag UU

The horizontal momentum levels are specified in gem_settings.nml



  

Output example from GEM4
3 levels model, hyb=0.08, 0.3, 0.6

There are NK+1 TT + one 2m diag TT

The thermodynamic levels are not specified in the gem_settings.nml, they are 
computed by the model



  

Output example from GEM4
3 levels model, hyb=0.08, 0.3, 0.6

There are NK+1 TR + one copy at surface



  

Output example from GEM4
3 levels model, hyb=0.08, 0.3, 0.6

Metric variables are defined on all levels but top
Therefore there are 2nk+2 GZ and PX

GZ at hyb=1.0 is the model topo
PX at hyb=1.0 is P0 the surface pressure



  

Making a profile of TT and UU
1) Get all TT records and their ip1

2) Sort the record by hyb value, not ip1, use convip

3) Get matching PX

4) Make TT profile

5) Get all UU records and their ip1

6) Sort the record by hyb value, not ip1, use convip

7) Get matching PX

8) Make UU profile

With GEM4, never assume that two variables 
are on same levels, make a test in your code.

Converted code should work with GEM3



  

Computing the pressure in 
programs

• If possible use r.hy2pres in script and read 
PX in your program, or have model write 
PX

• Use armnlib function HYB_TO_PRE



  

A simple universal Interpolator
pxs2pxt 

(PX Source To PX Target)

PXs

PXt

TT

pxs2pxt
TT

pxs2pxt -s var_source\
   -pxs px_source\
  -pxt px_target\
  -d var_target\
  -var CUB_VT CUBP_HU CUB_UU CUB_VV

Or a list of
pressure levels

Search for pxs2pxt on the wiki

The preparation of PXs and PXt is
left to the user (Use r.hy2pres or
add PX in you model output)



  

Conclusions

?pxs2pxtInterpolate to a

pressure cube

convipr.ip1Convert ip1

hyb_to_presr.hy2presCalculate PX

In programsIn scriptsI want to


