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Cat egory : COVPUTATI ON

Oneli neDesc . Conputes geopotential on nodel |evels

Descri ption : Conputes geopotential on nodel |evels.

Based on code fromNi|ls Wedi, the |IFS docunentation:

https://software. ecmwf.int/wiki/display/lFS/ CY41R1L+O fi ci al +| FS+Docunent ati on
part 111. Dynam cs and nunerical procedures

optim sed inplementation by Dom ni que Lucas.

ported to Python by Cristian Simarro

Par anet er s : tqg.orib - grib file with all the levelist
of t and q
zlnsp.grib - gribfilewith levelist 1 for parans

z and | nsp
-1 levelist (optional) - slash '/' separated list of |evelist
to store in the output
name of the output file
(default="z out.grib")

-0 out put (optional)

Return Value : output (default="z_out.grib")
A fieldset of geopotential on nodel |evels

Dependenci es : None

Exanpl e Usage
conput e_geopotential _on_m .py tqg.grib zlnsp.grib

from__future__ inport print_function

i nport sys

i nport argparse

i mport nunmpy as np

from eccodes inport (codes_index_new fromfile, codes_index_get, codes_get,
codes_i ndex_sel ect, codes_new from.i ndex, codes_set,
codes_i ndex_add_file, codes_get_array, codes_get_val ues



codes_i ndex_rel ease, codes_rel ease, codes_set val ues,
codes_write)

R D = 287.06
R G = 9. 80665

def parse_args():
Par se program argunents using Argunent Parser'’
parser = argparse. Argunent Par ser (
description="Python tool to calculate the Z of the nodel |evels')
parser.add_argument ('-1', '--levelist', help="levelist to store'
default="all")
parser.add_argument ('-0', '--output', hel p='nane of the output file'
default="z_out.grib")
parser.add_argument ('t_q', metavar="tqg.grib', type=str,
hel p=('grib file with tenperature(t) and hum dity(q)
"for the nodel levels'))
parser.add_argunent (' z_I nsp', netavar='zlnsp.grib', type=str
hel p=('grib file with geopotential (z) and Logarithn
"of surface pressure(lnsp) for the m=1"))
args = parser.parse_args()
# Handl e levelist posibilities
if args.levelist == "all"':
args.levelist = range(1, 138)
elif "to" in args.levelist.lower():
if "by" in args.levelist.lower():
args.levelist = args.levelist.split('/")
args.levelist = list(range(int(args.levelist[0]),
int(args.levelist[2]) + 1
int(args.levelist[4])))

el se:
args.levelist = args.levelist.split('/")
args.levelist = list(range(int(args.levelist[0]),
int(args.levelist[2]) + 1))
el se:
args.levelist = [int(l) for I in args.levelist.split('/")]
return args
def nmain():
"''Main function''
args = parse_args()
print('Arguments: %' %", ".join(

["%: %' % (k, v) for k, v in vars(args).itens()]))

fout = open(args.output, 'wbh')
i ndex_keys = ['date', 'time', 'shortName', 'level', 'step']

i dx = codes_i ndex_new fromfile(args.z_Insp, index_keys)
codes_i ndex_add_file(idx, args.t_q)
if "u_v' in args:
codes_i ndex_add_file(idx, args.u_v)
val ues = None
# iterate date
for date in codes_index_get(idx, 'date'):
codes_i ndex_sel ect (i dx, 'date', date)
# iterate tine



for time in codes_index_get(idx, "tinme'):
codes_i ndex_sel ect (idx, "tine', tine)
for step in codes_index_get(idx, 'step'):
codes_i ndex_sel ect (i dx, 'step', step)
i f not val ues:
val ues = get _initial _values(idx, keep_sanple=True)
if "height' in args:
val ues[' height'] = args. hei ght
values['gh'] = args.height * R G + values['z']
if 'levelist' in args:
val ues['levelist'] = args.|evelist
# surface pressure
try:
val ues['sp'] = get_surface_pressure(idx)
production_step(idx, step, values, fout)
except WongStepError:
if step!="'0":
raise

try:
codes_rel ease(val ues['sanple'])
except KeyError:
pass

codes_i ndex_rel ease(i dx)
fout.close()

def get_initial_values(idx, keep_sanple=Fal se):
'"''"Get the values of surface z, pv and nunber of levels "'
codes_i ndex_sel ect (idx, 'level', 1)
codes_i ndex_sel ect (i dx, 'shortName', 'z')
gi d = codes_new from.i ndex(i dx)

val ues = {}
# surface geopotenti al
values['z'] = codes_get_val ues(gid)
val ues[' pv'] = codes_get_array(gid, 'pv')
val ues[' nlevel s'] = codes_get(gid, "NV, int) // 2 -1
check_max_I evel (i dx, val ues)
i f keep_sanple
val ues['sanple'] = gid
el se:
codes_rel ease(gid)
return val ues

def check_max_| evel (idx, val ues):
""" Make sure we have all the levels required’
# how many | evels are we conputing?
max_| evel = max(codes_i ndex_get(idx, 'level', int))
if max_level !'= values['nlevels']:
print('% [WARN] total levels should be: % but it is %' %
(sys.argv[0], values['nlevels'], max_level),
fil e=sys.stderr)
val ues['nlevel s'] = max_| eve

def get_surface_pressure(idx):



'"'"'"CGet the surface pressure for date-tinme-step'’
codes_i ndex_sel ect (idx, 'level', 1)
codes_i ndex_sel ect (i dx, 'shortNanme', 'Insp")
gid = codes_new_from.i ndex(i dx)
if gidis None:
rai se WongStepError()
if codes_get(gid, 'gridType', str) == 'sh'
print('% [ERROR] fields nust be gridded, not spectral' % sys.argv[O0],
fil e=sys.stderr)
sys.exit(1)
# surface pressure
sfc_p = np. exp(codes_get _val ues(gid))
codes_rel ease(gid)
return sfc_p

def get_ph_l evs(val ues, |evel):
'"''"Return the presure at a given level and the next''
a_coef = values['pv'][0:values['nlevels'] + 1]
b_coef = values['pv'][values['nlevels'] + 1:]
ph_lev = a_coef[level - 1] + (b_coef[level - 1] * values['sp'])
ph_l evpl usone = a_coef[level] + (b_coef[level] * values['sp'])
return ph_lev, ph_Ilevplusone

def conpute_z_level (idx, lev, values, z_h):
"'"'"Conpute z at half & full level for the given |evel, based on t/qg/sp
# select the levelist and retrieve the vaules of t and q
# t_level: values for t
# g_level: values for q
codes_i ndex_sel ect (idx, 'level', lev)
codes_i ndex_sel ect (i dx, 'shortName', 't')
gi d = codes_new from.i ndex(i dx)
if gidis None:
rai se MssingLevel Error('T at level {} missing frominput'.format(lev))

t _|evel = codes_get_val ues(gid)
codes_rel ease(qgid)
codes_i ndex_sel ect (i dx, 'shortNanme', 'q')

gi d = codes_new_from.i ndex(i dx)
if gidis None:
rai se MssinglLevel Error('Qat level {} mssing frominput'.format(lev))
g_l evel = codes_get _val ues(gi d)
codes_rel ease(gid)

# conpute noi st tenperature
t level =t _level * (1. + 0.609133 * g_l evel)

# conpute the pressures (on half-Ievels)
ph_l ev, ph_l evplusone = get_ph_I evs(val ues, |ev)

if lev == 1:
dl og_p = np.log(ph_l evplusone / 0.1)
al pha = np.log(2)
el se:
dl og_p = np.log(ph_l evplusone / ph_|ev)
alpha = 1. - ((ph_lev / (ph_levplusone - ph_lev)) * dlog_p)

t level =t _level * RD



# z f is the geopotential of this full Ieve

# integrate fromprevious (lower) half-level z_h to the
# full level

zf =z _h + (t_level * al pha)

# z_h is the geopotential of 'half-levels
# integrate z_h to next half |eve
z_h=2zh+ (t_level * dlog_p)

return z_h, z_f

def production_step(idx, step, values, fout):
"'*Conpute z at half & full level for the given level, based on t/qg/sp'’
# W want to integrate up into the atnosphere, starting at the
# ground so we start at the | owest |evel (highest nunber) and
# keep accumul ating the hei ght as we go.
# See the | FS docunentation, part |11
# For speed and file I/O we performthe conputations with
# nunpy vectors instead of fieldsets

z_h = values['z']
codes_set (val ues['sanple'], 'step', int(step))

for lev in sorted(values['levelist'], reverse=True):

try:
z_h, z_f = conpute_z_|evel (idx, lev, values, z_h)
# store the result (z_f) in a field and add to the out put
codes_set (val ues[' sanple'], 'level', lev)
codes_set _val ues(val ues['sanple'], z_f)
codes_write(val ues['sanple'], fout)

except M ssingLevel Error as e:
print('% [WARN] %' % (sys.argv[0], e),

fil e=sys.stderr)

cl ass WongSt epError (Exception):
"'' Exception capturing wong step''’
pass

cl ass M ssi ngLevel Error ( Exception):
""" Exception capturing missing |levels in input

pass
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