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Learning Objectives

• Source and getting NWP model data (NCEP GFS) to plot forecast 
chart / prog chart 

• Exercises on using plotting software (PyNGL) to visualize NWP output

• Assumptions
– Basic on shell scripts 

– Basic on Python language

– Editor (vi, emacs or nano)

• HKO Team:
– Wai-Kin Wong 

– Ping Cheung

– Pluto Chui



Your outcomes



https://nomads.ncep.noaa.gov

https://nomads.ncep.noaa.gov/


Selection of 
analysis / 
forecast time 
levels

Vertical levels

Variables

Specify 
Region

Generate URL for 
web programming 
instead of 
download



• Suppose “all” levels and “all” variables are selected, then this URL will 

be generated:

• Copy the above URL and use “curl” command to download on Linux 

box:

• Select area and check “make subregion” will modify the generated 

URL:

URL=
https://nomads.ncep.noaa.gov/cgi-
bin/filter_gfs_0p25.pl?file=gfs.t12z.pgrb2.0p25.anl&all_lev=on&all_var=on&leftlon=0&rightlon=360&toplat=90&bottomlat=-
90&dir=%2Fgfs.20201205%2F12

curl  https://nomads.ncep.noaa.gov/cgi-
bin/filter_gfs_0p25.pl?file=gfs.t12z.pgrb2.0p25.anl&all_lev=on&all_var=on&leftlon=0&rightlon=360&toplat=90&bottomlat=-
90&dir=%2Fgfs.20201205%2F12  -o  output.grib2

URL=
https://nomads.ncep.noaa.gov/cgi-
bin/filter_gfs_0p25.pl?file=gfs.t12z.pgrb2.0p25.anl&all_lev=on&all_var=on&subregion=&leftlon=40&rightlon=160&toplat=90&bott
omlat=-10&dir=%2Fgfs.20201205%2F12



NCEP Products Inventory – Global Products
https://www.nco.ncep.noaa.gov/pmb/products/gfs/

https://www.nco.ncep.noaa.gov/pmb/products/gfs/


To save time

• A NCEP GFS Forecast GRIB2 file (on surface and selected pressure 

levels) is available at:

• A script to download GFS GRIB2 file with user’s input model initial time 

and forecast hour is available (let’s come back later if have time)

/r2/tutorial/data/2020120512/ gfs_20201205_12z_0p25_f072.grib2



Using PyNGL and PyNIO



Python version of 

NCL (NCAR 

Command 

Language)

Of course 

including text, 

csv, Shapefiles; 

Interface with 

database 

through other 

Python libraries



Installation on Linux box

1. Anaconda:
– wget https://repo.anaconda.com/archive/Anaconda3-2020.11-Linux-x86_64.sh

– bash [path of download file]/Anaconda3-2020.11-Linux-x86_64.sh

– set up Anaconda according to default path ~/anaconda3 or input under another 
path

2. Install PyNGL,  PyNIO and wrf-python
– conda create --name pyn_env --channel conda-forge pynio pyngl

– conda activate pyn_env

– conda install -c conda-forge wrf-python  (* install wrf-python under PyNGL
environment is preferable)

3. Optional tools:
– conda install -c conda-forge wgrib

– conda install -c conda-forge wgrib2

– conda install -c conda-forge netcdf4 



Your outcomes



Let’s start …



(1) Copy required Python scripts

• Source:  /r2/tutorial/python

• Create a directory under your environment, then type:  

cp  /r2/tutorial/python/*.py   ./

GFS_ex1.py  

GFS_ex2.py  

GFS_ex3.py  

GFS_ex4.py  

GFS_ex5.py  

GFS_ex6.py  

GFS_ex7.py  

WRF_ex8.py

exlib.py



import os, sys, types

import numpy  as np

import Ngl, Nio

f_path         = "/r2/tutorial/data/2020120512"

gfs_in         = "gfs_20201205_12z_0p25_f072.grib2"

out_img_prefix = "ex1_mslp_global"   # output image file prefix

wks_type       = "png"

# read GFS GRIB file:

f_name=f_path+"/"+gfs_in

file = Nio.open_file(f_name, "r")

fvar = file.variables["PRMSL_P0_L101_GLL0"]

lat  = file.variables["lat_0"]

lon  = file.variables["lon_0"]

# obtain value (in numpy array) from Nio object

fvar_value = fvar.get_value()

fvar_value = fvar_value * 0.01  # Pa to hPa

# create a "workstation" to draw graphics

wks = Ngl.open_wks(wks_type,out_img_prefix,None)

# instantiate contour resources:

cnres = Ngl.Resources()

cnres.nglDraw  = False

cnres.nglFrame = False

# set color map

cmap_name="BkBlAqGrYeOrReViWh200"

cmap = Ngl.read_colormap_file(cmap_name)

# set contour interval

cntr_levels = np.arange(950., 1050., 1.0)

(continue …)

cnres.mpFillOn                    = False

cnres.mpGeophysicalLineColor      = "Grey18"

cnres.mpGeophysicalLineThicknessF = 1.5

#cnres.mpGridAndLimbOn             = False

cnres.cnLinesOn                   = False

cnres.cnLineLabelsOn              = False

cnres.cnFillOn                    = True

cnres.cnFillMode                  = "RasterFill"        # speed up plotting

cnres.trGridType                  = "TriangularMesh"

cnres.cnFillPalette               = cmap[10:,:]

cnres.cnLevelSelectionMode        = "ExplicitLevels"

cnres.cnLevels                    = cntr_levels

cnres.lbOrientation               = "horizontal"

cnres.lbLabelStride               = 5

cnres.lbBoxSeparatorLinesOn       = False

cnres.tiMainString                = "Mean Sea Level Pressure (Initial time=" 

+ fvar.initial_time  + "; Forecast hour: " + 

'{:d}'.format(fvar.forecast_time[0]) + ")"

cnres.tiMainFontHeightF           = 0.0105

cnres.sfXCStartV = float(min(lon))

cnres.sfXCEndV   = float(max(lon))

cnres.sfYCStartV = float(max(lat))

cnres.sfYCEndV   = float(min(lat))

plot = Ngl.contour_map(wks,fvar_value,cnres)

Ngl.draw(plot)

Ngl.frame(wks)

GFS_ex1.py



Now generate your first prog chart

1. Type :  “source /r2/anaconda3/0_conda_init.sh”     enable conda

environment

- your command prompt will be prefixed by (base)

2. Type :  “conda activate pyn_env”   activate PyNGL, PyNIO as 

installed

- Change from (base) to (pyn_env) 

3. Type : “python GFS_ex1.py”

4. A image file “ex1_mslp_global.png” will be generated



Grid lines …



import os, sys, types

import numpy  as np

import Ngl, Nio

f_path         = "/r2/tutorial/data/2020120512"

gfs_in         = "gfs_20201205_12z_0p25_f072.grib2"

out_img_prefix = "ex1_mslp_global"   # output image file prefix

wks_type       = "png"

# read GFS GRIB file:

f_name=f_path+"/"+gfs_in

file = Nio.open_file(f_name, "r")

fvar = file.variables["PRMSL_P0_L101_GLL0"]

lat  = file.variables["lat_0"]

lon  = file.variables["lon_0"]

# obtain value (in numpy array) from Nio object

fvar_value = fvar.get_value()

fvar_value = fvar_value * 0.01  # Pa to hPa

# create a "workstation" to draw graphics

wks = Ngl.open_wks(wks_type,out_img_prefix,None)

# instantiate contour resources:

cnres = Ngl.Resources()

cnres.nglDraw  = False

cnres.nglFrame = False

# set color map

cmap_name="BkBlAqGrYeOrReViWh200"

cmap = Ngl.read_colormap_file(cmap_name)

# set contour interval

cntr_levels = np.arange(950., 1050., 1.0)

(continue …)

cnres.mpFillOn                    = False

cnres.mpGeophysicalLineColor      = "Grey18"

cnres.mpGeophysicalLineThicknessF = 1.5

#cnres.mpGridAndLimbOn             = False

cnres.cnLinesOn                   = False

cnres.cnLineLabelsOn              = False

cnres.cnFillOn                    = True

cnres.cnFillMode                  = "RasterFill"        # speed up plotting

cnres.trGridType                  = "TriangularMesh"

cnres.cnFillPalette               = cmap[10:,:]

cnres.cnLevelSelectionMode        = "ExplicitLevels"

cnres.cnLevels                    = cntr_levels

cnres.lbOrientation               = "horizontal"

cnres.lbLabelStride               = 5

cnres.lbBoxSeparatorLinesOn       = False

cnres.tiMainString                = "Mean Sea Level Pressure (Initial time=" 

+ fvar.initial_time  + "; Forecast hour: " + 

'{:d}'.format(fvar.forecast_time[0]) + ")"

cnres.tiMainFontHeightF           = 0.0105

cnres.sfXCStartV = float(min(lon))

cnres.sfXCEndV   = float(max(lon))

cnres.sfYCStartV = float(max(lat))

cnres.sfYCEndV   = float(min(lat))

plot = Ngl.contour_map(wks,fvar_value,cnres)

Ngl.draw(plot)

Ngl.frame(wks)

GFS_ex1.py

Disable drawing until all graphics (e.g. overlay) 
are completed

Turn off grid lines



GFS_ex2.py



import os, sys, types

import numpy  as np

import Ngl, Nio

f_path         = "/r2/tutorial/data/2020120512"

gfs_in         = "gfs_20201205_12z_0p25_f072.grib2"

out_img_prefix = "ex2_mslp_region"   # output image file prefix

wks_type       = "png"

# selected area (lat:90...-90N, lon: -180..180E)

lat_s = -50

lat_n = 60

lon_w = -90.0

lon_e = 105.0

# read GFS GRIB file:

f_name=f_path+"/"+gfs_in

file = Nio.open_file(f_name, "r")

fvar = file.variables["PRMSL_P0_L101_GLL0"]

lat  = file.variables["lat_0"]

lon  = file.variables["lon_0"]

# extract area of data

fvar_area = fvar['lat_0|%f:%f lon_0|%f:%f' % (lat_n,lat_s,lon_w,lon_e)]

fvar_value = fvar_area  * 0.01

lat_area = lat['lat_0|%f:%f' % (lat_n, lat_s)]

lon_area = lon['lon_0|%f:%f' % (lon_w, lon_e)]

# create 2D array for lat/lon used in regional plot

lat2d = np.zeros((len(lat_area),len(lon_area)))

lon2d = np.zeros((len(lat_area),len(lon_area)))

for i in range(0, len(lon_area)):

lat2d[:,i] = lat_area

for i in range(0, len(lat_area)):

lon2d[i,:] = lon_area

# open a workstation to draw graphics

wks = Ngl.open_wks(wks_type,out_img_prefix,None)

cnres = Ngl.Resources()

cnres.nglDraw  = False

cnres.nglFrame = False

GFS_ex2.py

See  “PyNIO Extended Selection” :

http://www.pynio.ucar.edu/NioExtendedSelect

ion.shtml

http://www.pynio.ucar.edu/NioExtendedSelection.shtml


cmap_name="BkBlAqGrYeOrReViWh200"

cmap = Ngl.read_colormap_file(cmap_name)

# set contour levels

cntr_levels = np.arange(950., 1050., 1.0)

cnres.mpFillOn                    = False

cnres.mpGeophysicalLineColor      = "Grey18"

cnres.mpGeophysicalLineThicknessF = 1.5

cnres.mpGridAndLimbOn             = False

cnres.cnLinesOn                   = False

cnres.cnLineLabelsOn              = False

cnres.cnFillOn                    = True

cnres.cnFillMode                  = "RasterFill"        # speed up plotting

cnres.trGridType                  = "TriangularMesh"

cnres.cnFillPalette               = cmap[10:,:]

cnres.cnLevelSelectionMode        = "ExplicitLevels"

cnres.cnLevels                    = cntr_levels

cnres.lbOrientation               = "horizontal"

cnres.lbLabelStride               = 5

cnres.lbBoxSeparatorLinesOn       = False

cnres.tiMainString                = “Mean Sea Level Pressure(Initial time=” + fvar.initial_time  + “; 

Forecast hour: ” + '{:d}'.format(fvar.forecast_time[0]) + ")"

cnres.tiMainFontHeightF           = 0.0105

# need to specify an explict 2D array for lat/lon in regional plot:

cnres.sfXArray = lon2d

cnres.sfYArray = lat2d

# need to align with map boundary:

cnres.mpLimitMode       = "LatLon"              #-- must be set using minLatF/maxLatF/minLonF/maxLonF

cnres.mpMinLatF         = lat_s                 #-- sub-region minimum latitude

cnres.mpMaxLatF         = lat_n                 #-- sub-region maximum latitude

cnres.mpMinLonF         = lon_w                 #-- sub-region minimum longitude

cnres.mpMaxLonF         = lon_e                 #-- sub-region maximum longitude

plot = Ngl.contour_map(wks,fvar_value,cnres)

Ngl.draw(plot)

Ngl.frame(wks)

Need to specify 2D array of 

lat/lon in regional plot of 

contour

Specify area of map 

display



To generate prog chart:

1. Type :  “source /r2/anaconda3/0_conda_init.sh”     enable conda

environment

- your command prompt will be prefixed by (base)

2. Type :  “conda activate pyn_env”   activate PyNGL, PyNIO as 

installed

- Change from (base) to (pyn_env) 

3. Type : “python GFS_ex2.py”

4. A image file “ex2_mslp_region.png” will be generated



But …

!!!



import os, sys, types

import numpy as np

import Ngl, Nio

# import extra function

import exlib as ex

f_path = "/r2/tutorial/data/2020120512"

gfs_in = "gfs_20201205_12z_0p25_f072.grib2"

out_img_prefix = "ex3_mslp_region"   # output image file prefix

wks_type = "png"

# selected area (lat:90...-90N, lon: -180..180E)

lat_s = -50

lat_n = 60

lon_w = -90.0

lon_e = 100.0

# read GFS GRIB file:

f_name=f_path+"/"+gfs_in

file = Nio.open_file(f_name, "r")

fvar = file.variables["PRMSL_P0_L101_GLL0"]

lat = file.variables["lat_0"]

lon = file.variables["lon_0"]

# magnitude of lon_w must be smaller than lon_e

# for handling array extraction and map plotting

if (lon_w > 0 and lon_e < 0) :

lon_e = lon_e + 360.0

fvar_area,lat2d,lon2d = ex.extract_area(fvar,lat,lon,lat_s,lat_n,lon_w,lon_e)

# Pa -> hPa

fvar_value = fvar_area * 0.01

# open workstation to draw graphics:

wks = Ngl.open_wks(wks_type,out_img_prefix,None)

cnres = Ngl.Resources()

cnres.nglDraw = False

cnres.nglFrame = False

(… SAME as GFS_ex2.py …)

GFS_ex3.py
import exlib.py

Get selected area using 
function “extract_area” 
in exlib.py



import os, sys, types

import numpy as np

def extract_area(fvar,flat,flon,lat_s,lat_n,lon_w,lon_e):

lat_temp = flat[:]

lat_s_idx = (np.abs(lat_temp-lat_s)).argmin()

lat_n_idx = (np.abs(lat_temp-lat_n)).argmin()

if lat_s_idx == lat_n_idx:

sys.exit('lat values are too close, need to be on different grid points')

elif lat_s_idx > 1 and lat_n_idx < len(lat_temp)-2:

lat_bound1 = lat_n_idx-2

lat_bound2 = lat_s_idx+2

lat = lat_temp[lat_bound1:lat_bound2]

else:

lat_bound1 = lat_n_idx

lat_bound2 = lat_s_idx

lat = lat_temp[lat_bound1:lat_bound2]

… code skipped …

if (np.sign(lon_w) + np.sign(lon_e)) >= -1 and (np.sign(lon_w) + np.sign(lon_e)) <= 1:

fvar_temp1 = fvar[lat_bound1:lat_bound2,0:lon_bound1]

fvar_temp2 = fvar[lat_bound1:lat_bound2,lon_bound2:lon_bound3]

fvar_area = np.concatenate((fvar_temp2,fvar_temp1),axis=1)

del fvar_temp1

del fvar_temp2

else:

fvar_area = fvar[lat_bound1:lat_bound2,lon_bound1:lon_bound2]

# create 2d lat and lon

lat2d = np.zeros((len(lat),len(lon)))

lon2d = np.zeros((len(lat),len(lon)))

for i in range(0, len(lon)):

lat2d[:,i] = lat

for i in range(0, len(lat)):

lon2d[i,:] = lon

return fvar_area, lat2d, lon2d

exlib.py



To generate prog chart:

1. Type :  “source /r2/anaconda3/0_conda_init.sh”     enable conda

environment

- your command prompt will be prefixed by (base)

2. Type :  “conda activate pyn_env”   activate PyNGL, PyNIO as 

installed

- Change from (base) to (pyn_env) 

3. Type : “python GFS_ex3.py”

4. A image file “ex3_mslp_region.png” will be generated



Done !

“ex3_mslp_region.png” 



More 

complicated 

composite plots

GFS_ex4.py

ex4_sfc_global.png



import os, sys, types

import numpy as np

import Ngl, Nio

f_path = "/r2/tutorial/data/2020120512"

gfs_in = "gfs_20201205_12z_0p25_f072.grib2"

out_img_prefix = "ex4_sfc_global"   # output image file prefix

wks_type = "png"

# read GFS GRIB file:

f_name=f_path+"/"+gfs_in

file = Nio.open_file(f_name, "r")

pmsl = file.variables["PRMSL_P0_L101_GLL0"]

u10m = file.variables["UGRD_P0_L103_GLL0"]

v10m = file.variables["VGRD_P0_L103_GLL0"]

rf6h = file.variables["APCP_P8_L1_GLL0_acc6h"]

lat = file.variables["lat_0"]

lon = file.variables["lon_0"]

plot_title = "GFS 6-h Rain + 10-m Wind + PMSL (Initial time=" + pmsl.initial_time

+ "; Forecast hour: " + '{:d}'.format(pmsl.forecast_time[0]) + ")"

# create a "workstation" to draw graphics

wks = Ngl.open_wks(wks_type,out_img_prefix,None)

1. Need more variables:



# resources for rainfall

rain_res = Ngl.Resources()

rain_res.nglDraw = False

rain_res.nglFrame = False

rain_rgb = np.array([[255,255,255],[220,220,220],[180,180,180],

[  0,142,  0],[  1,197,  1],[  2,253,  2],[253,248,  2],

[229,188,  0],[253,149,  0],[253,  0,  0],[212,  0,  0],

[188,  0,  0],[248,  0,253],[152, 84,198]], np.float32) / 255.0

rain_levels = [ 0.2, 0.5, 1.0, 2.0, 5.0, 10.0, 15.0, 20.0, 30.0, 40.0, 50.0, 70.0, 100.0]

rain_res.mpFillOn = False

rain_res.mpGeophysicalLineColor = "Black" #"Grey18"

rain_res.mpGeophysicalLineThicknessF = 3.0

rain_res.mpGridAndLimbOn = False    # turn off map grid line

rain_res.cnLinesOn = False

rain_res.cnLineLabelsOn = False

rain_res.cnFillOn = True

rain_res.cnFillMode = "RasterFill"        # speed up plotting

rain_res.trGridType = "TriangularMesh"

rain_res.cnFillPalette = rain_rgb

rain_res.cnLevelSelectionMode = "ExplicitLevels"

rain_res.cnLevels = rain_levels

rain_res.lbOrientation = "horizontal"

rain_res.lbBoxSeparatorLinesOn = False

rain_res.tiMainString = plot_title

rain_res.tiMainFontHeightF = 0.0105

rain_res.sfXCStartV = float(min(lon))

rain_res.sfXCEndV = float(max(lon))

rain_res.sfYCStartV = float(max(lat))

rain_res.sfYCEndV = float(min(lat))

2. Define and set up 

“resources” for each field 



# vector resources:

wind_res = Ngl.Resources()

wind_res.nglDraw = False

wind_res.nglFrame = False

wind_res.vfXCStartV = float(min(lon))

wind_res.vfXCEndV = float(max(lon))

wind_res.vfYCStartV = float(max(lat))

wind_res.vfYCEndV = float(min(lat))

wind_style = "LineArrow" # "WindBarb" / "LineArrow" / "CurlyVector"

if ( wind_style == "WindBarb" ) :

wind_res.vcGlyphStyle = wind_style

wind_res.vcRefLengthF = 0.01            # define length of vec ref

wind_res.vcMinDistanceF = 0.010

wind_res.vcWindBarbLineThicknessF = 1.5

wind_res.vcRefAnnoOn = False

else:

# for vector

wind_res.vcFillArrowsOn = True

wind_res.vcRefMagnitudeF = 20.0             # define vector ref mag

wind_res.vcRefLengthF = 0.015            # define length of vec ref

wind_res.vcMinFracLengthF = 0.3

wind_res.vcMinDistanceF = 0.010

wind_res.vcRefAnnoOrthogonalPosF = -0.20

wind_res.vcRefAnnoFontHeightF = 0.005

wind_res.vcLineArrowThicknessF = 3.0

# contour for MSLP:

pmsl_res = Ngl.Resources()

pmsl_res.nglDraw = False

pmsl_res.nglFrame = False

pmsl_res.sfXCStartV = float(min(lon))

pmsl_res.sfXCEndV = float(max(lon))

pmsl_res.sfYCStartV = float(max(lat))

pmsl_res.sfYCEndV = float(min(lat))

pmsl_value = pmsl.get_value()

pmsl_value = pmsl_value * 0.01

pmsl_levels = np.arange(900., 1080., 4.0)

pmsl_res.cnLinesOn = True

pmsl_res.cnLineLabelsOn = False

pmsl_res.cnFillOn = False

pmsl_res.cnLevelSelectionMode = "ExplicitLevels"

pmsl_res.cnLevels = pmsl_levels

pmsl_res.cnLineColor = "Blue"

pmsl_res.cnInfoLabelOn = False

2. Define and set up “resources” for each field 



# plot:

pmsl_plot = Ngl.contour(wks,pmsl_value,pmsl_res)

wind_plot = Ngl.vector(wks,u10m,v10m,wind_res)

rain_plot = Ngl.contour_map(wks,rf6h,rain_res)

Ngl.overlay(rain_plot,wind_plot)

Ngl.overlay(rain_plot,pmsl_plot)

Ngl.maximize_plot(wks, rain_plot)

Ngl.draw(rain_plot)

Ngl.frame(wks)

3. Generate plot of each field, overlay and draw the 

composite

ex4_sfc_global.png



GFS_ex5.py

Modified from GFS_ex4.py 

using area extraction 

function in “exlib.py”

ex5_sfc_region.png



GFS_ex6.py                               GFS_ex7.py

ex6_rh_wind.png                           ex7_rh_wind_region.png



GFS_ex6.py
import os, sys, types

import numpy as np

import Ngl, Nio

f_path = "/r2/tutorial/data/2020120512"

gfs_in = "gfs_20201205_12z_0p25_f072.grib2"

out_img_prefix = "ex6_rh_wind"   # output image file prefix

wks_type = "png"

# read GFS GRIB file:

f_name=f_path+"/"+gfs_in

file = Nio.open_file(f_name, "r")

rh_lvl = file.variables["RH_P0_L100_GLL0"]

uu_lvl = file.variables["UGRD_P0_L100_GLL0"]

vv_lvl = file.variables["VGRD_P0_L100_GLL0"]

lat = file.variables["lat_0"]

lon = file.variables["lon_0"]

lvl = file.variables["lv_ISBL0"]

plv = 850

rh = rh_lvl['lv_ISBL0|%f' % (plv*100) ]

uu = uu_lvl['lv_ISBL0|%f' % (plv*100) ]

vv = vv_lvl['lv_ISBL0|%f' % (plv*100) ]

plot_title = "GFS RH + Wind on " + '{:d}'.format(plv) + "hPa (Initial time=" + rh_lvl.initial_time + 

"; Forecast hour: " + '{:d}'.format(rh_lvl.forecast_time[0]) + ")"

# create workstation to draw graphics

wks = Ngl.open_wks(wks_type,out_img_prefix,None)



# resources for rainfall

rh_res = Ngl.Resources()

rh_res.nglDraw = False

rh_res.nglFrame = False

rh_rgb = np.array([[254,124, 12],[254,152, 12],[254,178, 24],[254,204, 

24],[254,254, 38],[228,241, 50], 

[254,254,254],[254,254,254],[176,248,254],[164,204,254],[154,178,254]], 

np.float32) / 255.0

rh_levels = np.arange( 5., 105., 10.0)

rh_res.mpFillOn = False

rh_res.mpGeophysicalLineColor = "Black" #"Grey18"

rh_res.mpGeophysicalLineThicknessF = 3.0

rh_res.mpGridAndLimbOn = False    # turn off map grid line 

rh_res.cnLinesOn = False

rh_res.cnLineLabelsOn = False

rh_res.cnFillOn = True

rh_res.cnFillMode = "RasterFill"        # speed up plotting

rh_res.trGridType = "TriangularMesh"

rh_res.cnFillPalette = rh_rgb

rh_res.cnLevelSelectionMode = "ExplicitLevels"

rh_res.cnLevels = rh_levels

rh_res.lbOrientation = "horizontal"

rh_res.lbBoxSeparatorLinesOn = False

rh_res.lbLabelFontHeightF = 0.01

rh_res.tiMainString = plot_title

rh_res.tiMainFontHeightF = 0.0105

rh_res.sfXCStartV = float(min(lon))

rh_res.sfXCEndV = float(max(lon))

rh_res.sfYCStartV = float(max(lat))

rh_res.sfYCEndV = float(min(lat))

# vector resources:

wind_res = Ngl.Resources()

wind_res.nglDraw = False

wind_res.nglFrame = False

wind_res.vfXCStartV = float(min(lon))

wind_res.vfXCEndV = float(max(lon))

wind_res.vfYCStartV = float(max(lat))

wind_res.vfYCEndV = float(min(lat))

wind_style = "LineArrow"   #"WindBarb" / "LineArrow" / "CurlyVector"

if ( wind_style == "WindBarb" ) :

wind_res.vcGlyphStyle = wind_style #"WindBarb"

wind_res.vcRefLengthF = 0.01            # define length of vec ref

wind_res.vcMinDistanceF = 0.010

wind_res.vcWindBarbLineThicknessF = 1.5

wind_res.vcRefAnnoOn = False

else:

# for vector

wind_res.vcFillArrowsOn = True

wind_res.vcRefMagnitudeF = 20.0             # define vector ref mag

wind_res.vcRefLengthF = 0.015            # define length of vec ref

wind_res.vcMinFracLengthF = 0.3

wind_res.vcMinDistanceF = 0.010

wind_res.vcRefAnnoOrthogonalPosF = -0.20

wind_res.vcRefAnnoFontHeightF = 0.005

wind_res.vcLineArrowThicknessF = 3.0

# plot:

wind_plot = Ngl.vector(wks,uu,vv,wind_res)

rh_plot = Ngl.contour_map(wks,rh,rh_res)

Ngl.overlay(rh_plot,wind_plot)

Ngl.maximize_plot(wks, rh_plot)

Ngl.draw(rh_plot)

Ngl.frame(wks)



WRF_ex8.py

import Nio, Ngl, os, sys

import numpy as np

from wrf import getvar, get_pyngl

f_path = "/r2/tutorial/data"

wrf_in = "wrfout_d01_2018-09-15_12:00:00"

out_img_prefix = "ex8_wrf_dbz"   # output image file prefix

wks_type = "png"

filename = f_path + "/" + wrf_in

#---Read data

a  = Nio.open_file(filename+".nc")  # Must add ".nc" suffix for Nio.open_file

#dbz = getvar(a,"dbz")   # 3-d reflectivity field

mdbz = getvar(a,"mdbz")  # maximum reflectivity

dbz_levels = np.arange(0., 70., 5.)

# Create the color table for radar reflectivity

dbz_rgb = np.array([[255,255,255],[4,233,231],

[1,159,244], [3,0,244],

[2,253,2], [1,197,1],

[0,142,0], [253,248,2],

[229,188,0], [253,149,0],

[253,0,0], [212,0,0],

[188,0,0],[248,0,253],

[152,84,198]], np.float32) / 255.0

#---Open file for graphics

wks_type = "png"

wks = Ngl.open_wks(wks_type,out_img_prefix)

# Set map options based on information in WRF output file

res = get_pyngl(mdbz)

res.tfDoNDCOverlay = True          # required for native projection

#---Contour options

res.cnFillOn = True          # turn on contour fill

res.cnLinesOn = False         # turn off contour lines

res.cnLineLabelsOn = False         # turn off line labels

res.cnFillMode = "RasterFill"        # speed up plotting  

res.cnFillPalette = dbz_rgb

res.cnLevelSelectionMode = "ExplicitLevels"

res.cnLevels = dbz_levels

res.lbOrientation = "horizontal"   # default is vertical

res.pmLabelBarHeightF = 0.08

res.pmLabelBarWidthF = 0.65

res.lbTitleString = "%s (%s)" % (mdbz.description, mdbz.units)

res.lbTitleFontHeightF = 0.015

res.lbLabelFontHeightF = 0.015

res.tiMainString = "WRF simulated reflectivity~C~" + wrf_in

res.tiMainFont = "helvetica-bold"

res.tiMainFontHeightF = 0.01

#plot = Ngl.contour_map(wks,dbz[1,:,:],res)

plot = Ngl.contour_map(wks,mdbz,res)

Ngl.end()



To generate prog chart:

1. Type :  “source /r2/anaconda3/0_conda_init.sh”     enable conda

environment

- your command prompt will be prefixed by (base)

2. Type :  “conda activate pyn_env”   activate PyNGL, PyNIO as 

installed

- Change from (base) to (pyn_env) 

3. Type : “python WRF_ex8.py”

4. A image file “ex8_wrf_dbz.png” will be generated



https://wrf-

python.readthedocs.io/en/latest/user_

api/generated/wrf.getvar.html

wrf.getvar :

return basic diagnostics from WRF model output

https://wrf-python.readthedocs.io/en/latest/user_api/generated/wrf.getvar.html


Any other choices of plotting software (using 

Python) ?

https://matplotlib.org/
https://matplotlib.org/
https://scitools.org.uk/iris/docs/latest/index.html
https://scitools.org.uk/iris/docs/latest/index.html


Q&A



• Supplementary:

– /r2/tutorial/python/supp

• ex1_mslp/  change input of GRIB2 file to command line argument (use full path)

• ex2_tt2m/  demonstrate plotting of global 2m temperature forecast

• gfs/  contain a script get_gfs.sh to download the data (surface + isobaric levels) with 

input options of selected area, output location and output file name

• readgrid/  demonstrate PyNIO functions on showing the names, attributes and keys 

of the data fieldcontained in the GFS GRIB2 data.


