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Xarray has become an essential software infrastructure for the basic analysis and visualization of 
netCDF geoscientific datasets, including CESM-simulated climate fields. However, even with this 
great tool, advanced CESM diagnostics still require nontrivial programming skills and efforts.  

x4c is an Xarray extension that features intuitive, flexible, concise, and easy-to-use workflows for 
general geoscientific data analysis and visualization, as well as CESM-dedicated diagnostics.

A “Spell” System

ds = x4c.open_dataset(path, [comp=..., grid=..., adjust_month=True])
• path: the path to the netCDF file 
• comp: the component info; e.g., 'atm', 'ocn', 'lnd', 'ice', 'rof' 
• grid: the grid info; e.g., 'ne16', 'g16' 
• adjust_month: correct the timestamp in CESM Postprocessing timeseries files

ds_rgd = ds.x.regrid([dlon=1, dlat=1, weight_file=...])
• dlon: the longitude spacing 
• dlat: the latitude spacing 
• weight_file: the path to a user-provided 

ESMF weighting file for other regridding cases

Leveraging xESMF 
• atm: ne16/30/120 to 1x1 / 2x2 
• ocn: gXX to any regular grid

Spatial Averaging
ds_rgd = ds.x.regrid().x.geo_mean([ind=..., latlon_range=...])
• ind: a climate index; 'nino3.4', 'nino1+2', 'nino3', 'nino4', 'tpi', 'wp', 'dmi', 'iobw' 
• latlon_range: a square range in [lat_min, lat_max, lon_min, lon_max] to perform 

an arbitrary geo-spatial averaging; default: global mean

Annualization / Seasonalization
ds_ann = ds.x.annualize([months=...])
• months: a list of months over which to annualize; default: calendar year. Examples: 

• [6, 7, 8]: JJA seasonalization 
• [-12, 1, 2]: DJF seasonalization 
• [3, 9, 10]: an arbitrary combination

Visualization

x4c.set_style(style, [font_scale=1.0])

fig, ax = ds.x.plot([...])

• style: set a style for the plots: 
• 'journal': journal paper like style 
• 'web': web-like style 
• In addition, the following strings can 

be appended to the base string 
• '_spines' / '_nospines': allow to 

show/hide spines 
• '_grid' / '_nogrid': allow to show/

hide gridlines 
• font_scale: set a global font size

• an easy way to leverage Cartopy and plot 
maps without worrying about the details

case = x4c.Timeseries(dirpath, [grid_dict=...])
• dirpath: the CESM Postprocessing generated timeseries directory 
• grid_dict: the grid info; default:  

• {'atm': 'ne16', 'lnd': 'ne16', 'rof': 'ne16', 'ocn': 'g16', 'ice': 'g16'}

case.load(vn, [timespan=None, load_idx=-1])
• vn: an existing variable name under the timeseries directory 
• timespan: a timespan in (start_year, end_year) pointing to a single or multiple files 
• load_idx: the file index to load; default: -1 (the last file)

spell = 'diag:[:ann:sa]' 
case.calc(spell) 
case.plot(spell)

• diag: diagnostic variable name  
• ann: annualization / seasonalization method 
• sa: spatial averaging method 

1st order variables deduced variables [contributions needed]

spell = 'TS:ann' 

spell = 'SST:-12,1,2' 

spell = 'TS:ann:gm' 

spell = 'LST:ann:zm' 

spell = 'MOC:ann:yz' 

spell = 'MLD:mix' 
customized spells

spell = 'TS:climo:gm' 


