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NCL

Mesoscale and Microscale Meteorology

• NCAR Command Language

• Website:  http://www.ncl.ucar.edu

• Reads WRF-ARW data directly

• Can generate many types of graphical plots
– Horizontal
– Cross-section
– SkewT
– Meteogram
– Panel

http://www.ncl.ucar.edu


Creating a Plot: NCL script

Mesoscale and Microscale Meteorology

load "$NCARG_ROOT/lib/ncarg/nclscripts/csm/gsn_code.ncl"
load "$NCARG_ROOT/lib/ncarg/nclscripts/wrf/WRFUserARW.ncl”
 
begin

 a = addfile("./wrfout_d01_2012-09-28_00:00:00.nc","r")
 wks = gsn_open_wks(“X11”,"plt_Surface")

 T2 = wrf_user_getvar(a,"T2",0) 

 pltres = True
 mpres = True
 opts = True
 opts@cnFillOn = True
 contour_t2 = wrf_contour(a,wks,T2,opts)
 plot= wrf_map_overlays(a,wks,(/contour_t2/),pltres,mpres)

end
   



Creating a Plot: NCL script

Mesoscale and Microscale Meteorology

load "$NCARG_ROOT/lib/ncarg/nclscripts/csm/gsn_code.ncl"
load "$NCARG_ROOT/lib/ncarg/nclscripts/wrf/WRFUserARW.ncl”
 
begin

 a = addfile("./wrfout_d01_2012-09-28_00:00:00.nc","r")
 wks = gsn_open_wks(“X11”,"plt_Surface")

 T2 = wrf_user_getvar(a,"T2",0) 

 pltres = True
 mpres = True
 opts = True
 opts@cnFillOn = True
 contour_t2 = wrf_contour(a,wks,T2,opts)
 plot= wrf_map_overlays(a,wks,(/contour_t2/),pltres,mpres)

end
   



Creating a Plot: NCL script

Mesoscale and Microscale Meteorology

T2 = wrf_user_getvar(a,"T2",0) 
  slp = wrf_user_getvar(a,”slp",0) 

  pltres = True
  mpres = True
    
  opts = True
  opts@cnFillOn = True
  contour_t2 = wrf_contour(a,wks,T2,opts)
  delete(opts)

  opts = True
  opts@cnLineColor = "Blue”
  contour_slp = wrf_contour(a,wks,slp,opts)
  delete(opts)

  plot = wrf_map_overlays(a,wks,(/contour_t2,contour_slp/),
  pltres,mpres)

end



Creating a Plot: NCL script

Mesoscale and Microscale Meteorology

T2 = wrf_user_getvar(a,"T2",0) 
  slp = wrf_user_getvar(a,”slp",0) 

  pltres = True
  mpres = True
    
  opts = True
  opts@cnFillOn = True
  contour_t2 = wrf_contour(a,wks,T2,opts)
  delete(opts)

  opts = True
  opts@cnLineColor = "Blue”
  contour_slp = wrf_contour(a,wks,slp,opts)
  delete(opts)

  plot = wrf_map_overlays(a,wks,(/contour_t2,contour_slp/),
  pltres,mpres)

end



Domain Design

Mesoscale and Microscale Meteorology

mp = wrf_wps_dom (wks, mpres, lnres, txres)
WPS/util/plotgrids.ncl



Python and WRF

Mesoscale and Microscale Meteorology

• NCAR has transitioned to focusing 
primarily on visualization development in 
Python as opposed to NCL

• NCL will still be supported and bugs will be 
fixed, but development is done

• There are many packages that exist where 
the same features exist and are easier to 
use than with NCL



Python and WRF

Mesoscale and Microscale Meteorology

• Packages you should have:
– WRF-Python

• Analyzes WRF-ARW data directly
• Has much of the same functionality of NCL

– xarray
• Supports multi-dimensional arrays

– matplotlib
• Great for making plots quickly

– cartopy
• Makes maps!

– netCDF4
• To read in your data for use in WRF-Python



Example Plots

Mesoscale and Microscale Meteorology

Sfc Temperature
Horizontal X-section

Soil Temperature

Relative Humidity
Vertical X-section

Terrain Height

Total PrecipitationLU-INDEX



Special WRF-Python Functions

Mesoscale and Microscale Meteorology

• getvar
– Get native and diagnostic variables

• interplevel
– Returns the 3D field interpolated to a horizontal plane at the specified vertical level

• vertlevel
– Returns the vertical cross section for a 3D field

• interpline
– Returns the 2D field interpolated along a line

• vinterp
– Returns the field vertically interpolated to the given type of surface and a set of new levels

• ll_to_xy / xy_to_ll 
– Returns the x,y coordinates for a specified lat/lon… and the other way around

• destagger 
– Returns the variable on the unstaggered grid



getvar

Mesoscale and Microscale Meteorology

• avo
• eth/theta_e
• cape_2d (MCAPE/MCIN/LCL/LFC)
• cape_3d (3D cape and cin)
• ctt
• cloudfrac
• dbz
• mdbz
• geopotential
• geopt_stag
• helicity
• lat
• lon
• omega
• pres
• pressure
• pvo
• pw
• rh

• rh2
• slp
• T2
• ter
• td2
• td
• th/theta
• temp
• tk
• times
• tv
• twb
• updraft_helicity
• ua/va/wa
• uvmet10
• uvmet
• wspd_wdir
• wspd_wdir10
• z

• height_agl
• zstag
• uvmet_wspd_wdir
• uvmet10_wspd_wdir

tc2 = getvar(a, "T2", timeidx=ALL_TIMES)-273.15



Easy plotting!

Mesoscale and Microscale Meteorology

60 ; 73



vinterp

Mesoscale and Microscale Meteorology

60 ; 73

• Interpolate to:
– "pressure", "pres" - pressure [hPa]
– "ght_msl" - grid point height msl [km]
– "ght_agl" - grid point height agl [km]
– "theta" - potential temperature [K]
– "theta-e" - equivalent potential temperature [K]

• Extrapolate below the ground
– extrapolate=True



vinterp

Mesoscale and Microscale Meteorology

60 ; 73



vinterp

Mesoscale and Microscale Meteorology

60 ; 73



ll_to_xy

Mesoscale and Microscale Meteorology

• Your point of 
interest will likely 
not coincide with 
a model grid 
point

• Most researchers 
pick the closest 
point

locij = ll_to_xy(a, lat, lon, True)

• Alternatively, pick 
all points around 
point of interest 
and interpolate 



ll_to_xy

Mesoscale and Microscale Meteorology

T2 taken from 
a lat/lon 
point in 
Boulder

locij = ll_to_xy(a,40.02,-105.27,True)
locY = locij(0)
locX = locij(1)
t2_point = a.T2[:,locY,locX]



Change Fields in a netCDF File

Mesoscale and Microscale Meteorology



Change Fields in a netCDF File

Mesoscale and Microscale Meteorology



Mapping with cartopy

Mesoscale and Microscale Meteorology

60 ; 73



Mapping with cartopy

Mesoscale and Microscale Meteorology

60 ; 73



Masking with a shapefile

Mesoscale and Microscale Meteorology

60 ; 73



Masking with a shapefile

Mesoscale and Microscale Meteorology

Add some observational data to compare to

Rerun the masking over the prism data



Plotting with a shapefile

Mesoscale and Microscale Meteorology



GeoCAT

Mesoscale and Microscale Meteorology

60 ; 73

• GeoCAT is the Geoscience Community 
Analysis Toolkit

• A collection of Python tools related to NCL 
developed at NCAR

• Examples page:
https://geocat-examples.readthedocs.io/

• Updates:
https://geocat.ucar.edu/blog/



vertcross

Mesoscale and Microscale Meteorology

60 ; 73

• Returns the vertical cross-section of a 3d field
• Cross section is defined by a horizontal line 

through the domain
– You can either have a pivot point and angle
– Or a start point and end point
– Pivot point, start point and end point can be input as i,j grid cell 

number or as a lat/lon point



GeoCAT and vertcross

Mesoscale and Microscale Meteorology

60 ; 73



MetPy

Mesoscale and Microscale Meteorology

60 ; 73

• A collection of tools for reading, visualizing and performing 
calculations on weather data

• Developed at Unidata (Part of UCAR with NCAR)
• MetPy Mondays!
• Examples page:

https://unidata.github.io/MetPy/latest/examples/index.html
Github:

https://github.com/Unidata/MetPy



MetPy and GeoCAT (skewT)

Mesoscale and Microscale Meteorology

60 ; 73



Data Manipulation and Testing

Mesoscale and Microscale Meteorology

60 ; 73



Data Manipulation and Testing

Mesoscale and Microscale Meteorology

60 ; 73



More examples

Mesoscale and Microscale Meteorology



Overlay Domains

Mesoscale and Microscale Meteorology



Thank you!

Mesoscale and Microscale Meteorology

60 ; 73

Questions??


