

    
      
          
            
  
Documentation

COSIPY is a Python-based coupled snowpack and ice surface energy and mass balance model which solves the energy balance at the surface and is coupled to an adaptive vertical multi-layer subsurface module.
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Getting started


Requirements


Packages and libraries

COSIPY should run with any Python 3 version on any operating system. If you think the
reason for a problem might be your specific Python 3 version or your operating
system, please create a topic in the forum. The model is tested and
developed on:



	Anaconda Distribution on max OS


	Python 3.6.5 on Ubuntu 18.04


	Anaconda 3 64-bit (Python 3.6.3) on CentOS Linux 7.4


	High-Performance Cluster Erlangen-Nuremberg University







The model requires the following libraries:



	xarray


	netcdf4


	numba


	dask_jobqueue


	numpy (included in Anaconda)


	pandas (included in Anaconda)


	scipy (included in Anaconda)


	distributed (included in Anaconda)







Additional packages (optional):



	gdal (e.g. in Debian-based Linux distributions package called gdal-bin)


	climate date operators (e.g. in Debian-based Linux distributions package called cdo)


	netCDF Operators (e.g. in Debian-based Linux distritutions package called nco)










Quick tutorial


Pre-processing

COSIPY requires a file with the corresponding meteorological and static input
data. Various tools are available to create the file from simple text or
geotiff files.


Create the static file

In the first step, topographic parameters are derived from the Digital Terrain
Model (DEM) and written to a NetCDF file. A shape file is also required to
delimit the glaciated areas. The DEM and the shapefile should be in lat/lon
WGS84 (EPSG:4326) projection.


Note

The DEM can be reprojected to EPSG:4326 using gdal:

> gdalwarp -t_srs EPSG:4326 dgm_hintereisferner.tif dgm_hintereisferner-lat_lon.tif







COSIPY comes with the script create_static_file.py located in the utilities folder.
This script runs some gdal routines in the command line. That’s is the reason that
we can provide this script only for UNIX and MAC users at the moment.
The script creates some intermediate NetCDF files (dem.nc, aspect.nc,
mask.nc and slope.nc) that are automatically deleted after the static file is created.

Here we use the DEM n30_e090_3arc_v2.tif (SRTM) and the shapefile
Zhadang_RGI6.shp provided in the /data/static folder. The static file is
created using:

python create_static_file.py





The command creates a new file Zhadang_static.nc in the /data/static folder.
The file names and paths can be simply changed in the python script.



Create the COSIPY input file

The creation of the input file requires the static information (file) from
section. To convert the data from an automatic weather station
(AWS) we use the conversion script aws2cosipy.py located in the folder
/utilities/aws2cosipy. The script comes with a configuration file
aws2cosipyConfig.py which defines the structure of the AWS file and other
user-defined parameter. Since the input file provides point information, the
data is interpolated via lapse rates for two-dimensional runs.  The solar
radiation fields is based on a model suggested by Wohlfahrt et al.  (2016; doi:
10.1016/j.agrformet.2016.05.012).  Other variables as wind velocity and cloud
cover fraction are assumed to be constant over the domain.


Note

The script aws2cosipy.py only serves to illustrate how data can be
prepared for COSIPY. For most applications it is recommended to develop your
own routine for data interpolation.



The script is executed with

> python aws2cosipy.py /
  -c ../../data/input/Zhadang/Zhadang_ERA5_2009_2018.csv /
  -o ../../data/input/Zhadang/Zhadang_ERA5_2009.nc /
  -s ../../data/static/Zhadang_static.nc /
  -b 20090101 -e 20091231











	Argument

	Description



	-c

	meteo file



	-o

	output file



	-s

	static file



	-b

	start date



	-e

	end date






If the script was executed successfully, the file
/data/input/Zhadang/Zhadang_ERA5_2009.nc should have been created.



Execute the COSIPY model:

To run Cosipy, run the following command in the root directory:

> python COSIPY.py





The example should take about 3-5 minutes on a workstation with 4 cores.


Note

The configuration and definitions of parameters/constants is done
in config.py and constants.py.






Visualization






            

          

      

      

    

  

    
      
          
            
  
Ressources


Input data









	Variable

	Short name

	Unit

	Comment





	Air pressure

	PRES

	hPa

	


	Air temperature

	T2

	K

	


	Cloud cover

	N

	
	




	


	Relative humidity

	RH2

	%/100

	


	Solar radiation

	G

	W \(\text{m}^2\)

	


	Total precipitation

	RRR

	mm

	


	Wind speed

	U2

	m \(\text{s}^{-1}\)

	


	Snowfall

	SNOWFALL

	m

	optional



	Incoming longwave radiation

	LWin

	W \(\text{m}^2\)

	optional, replaces N








Static fields









	Variable

	Short name

	Unit

	Comment





	Glacier mask

	MASK

	Boolean

	True == glacier



	Elevation

	HGT

	m

	







Output data









	Variable

	Short name

	Unit

	Comment





	Incoming shortwave radiation

	SWin

	W \(\text{m}^{-2}\)

	


	Outgoing shortwave radiation

	SWout

	W \(\text{m}^{-2}\)

	


	Liquid precipitation

	RAIN

	mm

	requires RRR



	Snowfall

	SNOWFALL

	mm

	


	Sensible heat flux

	H

	W \(\text{m}^{-2}\)

	


	Latent heat flux

	LE

	W \(\text{m}^{-2}\)

	


	Ground heat flux

	G

	W \(\text{m}^{-2}\)

	


	Mass balance

	MB

	m w.e.

	


	Surface mass balance

	SMB

	m w.e.

	


	Internal mass balance

	IMB

	m w.e.

	


	Runoff

	Q

	m w.e.

	


	Snowheight

	SNOWHEIGHT

	m

	


	Total height

	TOTALHEIGHT

	m

	


	Surface temperature

	TS

	K

	


	Albedo

	ALBEDO

	
	




	


	Number of layers

	NLAYERS

	
	




	


	Available melt energy

	ME

	W \(\text{m}^{-2}\)

	


	Evaporation

	EVAPORATION

	m w.e.

	


	Condensation

	CONDENSATION

	m w.e.

	


	Sublimation

	SUBLIMATION

	m w.e.

	


	Deposition

	DEPOSITION

	m w.e.

	


	Refreezing

	REFREEZING

	m w.e.

	


	Subsurface melt

	subM

	m w.e.

	


	Surface melt

	surfM

	m w.e.

	


	Aerodynamic roughness length

	z0v

	m

	


	Snow layer Height

	LAYER_HEIGHT

	m

	Profile



	Temperature of snow layers

	LAYER_T

	m

	Profile



	Snow density of layers

	LAYER_RHO

	kg \(\text{m}^{-3}i\)

	Profile



	Ice fraction

	LAYER_ICE_FRACTION

	
	




	Profile



	Porosity

	LAYER_POROSITY

	
	




	Profile



	Liquid water content

	LAYER_LWC

	
	




	Profile



	Irreducible water

	LAYER_IRREDUCIBLE_WATER

	
	




	Profile



	Liquid water in layers

	LAYER_LW

	m w.e.

	Profile



	Refreezing

	LAYER_REFREEZE

	m w.e.

	Profile



	Cold content

	LAYER_CC

	J \(\text{m}^{-2}\)

	Profile








Directory structure








	Directory

	File

	Description





	./

	COSIPY.py

	Main program



	
	config.py

	Configuration file



	
	constants.py

	Constants file



	
	cosipy.yaml

	Cosipy logging configuration file



	
	README.md

	Readme file



	
	slurm_config.py

	SLURM Workload Manager configuration file



	./cpkernel

	cosipy_core.py

	Solves the 1D simulations



	
	init.py

	Initialisation of the snowpack



	
	grid.py

	GRID class



	
	io.py

	IO class



	
	node.py

	Node class



	./dask-worker-space

	
	Folder needed for parallel computing and resulting log files



	./data

	input/Zhadang_ERA5_2009_2018.csv

	Example meteo data (tutorial)



	
	input/Zhadang_ERA5_2009.nc

	Example cosipy input file (tutorial)



	
	output/

	Output files (automatically created)



	
	restart/

	Restart files (automatically created)



	
	static/static.nc

	Example cosipy static file (tutorial)



	
	static/DEM/n30_e090_3arc_v2.tif

	Example dem file (tutorial)



	
	static/Shapefiles/Zhadang_RGI6.*

	Example rgi6 glacier outline (tutorial)



	./modules

	albedo.py

	Albedo module



	
	densification.py

	Densification module



	
	heatEquation.py

	Solves the heat equation



	
	penetratingRadiation.py

	Penetrating radiation module



	
	percolation.py

	Percolation module



	
	radCor.py

	Radiation module (used for preprocessing)



	
	refreezing.py

	Refreezing of water



	
	roughness.py

	Roughness parametrisation



	
	surfaceTemperature.py

	Solves the surface energy balance / surface temperature



	./postprocessing

	plot_cosipy_fields.py

	Quick visualisation of results



	./utilities

	aws2cosipy/aws2cosipy.py

	Creates a coispy input file from a data file



	
	aws2cosipy/aws2cosipyConfig.py

	Configuration file for the utility aws_logger2cosipy



	
	createStatic/create_static_file.py

	Utility to create the static input data



	
	wrf2cosipy/wrf2cosipy.py

	Create an input file from WRF model output



	
	wrf2cosipy/config.py

	Configuration file for the utility wrf2cosipy










            

          

      

      

    

  

    
      
          
            
  
API


Kernel classes












Parametrizations







	modules.albedo

	



	modules.evaluation

	



	modules.roughness

	








Utilities







	wrf2cosipy.wrf2cosipy

	This file reads the input data (model forcing) and write the output to netcdf file








Postprocessing














            

          

      

      

    

  

    
      
          
            
  
cosipy.modules.albedo

Functions







	method_Oerlemans(GRID)

	



	updateAlbedo(GRID)

	This methods updates the albedo









            

          

      

      

    

  

    
      
          
            
  
cosipy.modules.evaluation

Functions







	evaluate(stake_names, stake_data, df_)

	This methods evaluates the simulation with the stake measurements stake_name  .



	rmse(stake_names, stake_data, df_)

	









            

          

      

      

    

  

    
      
          
            
  
cosipy.modules.roughness

Functions







	method_Moelg(GRID)

	This method updates the roughness length (Moelg et al 2009, J.Clim.)



	updateRoughness(GRID)

	









            

          

      

      

    

  

    
      
          
            
  
utilities.wrf2cosipy.wrf2cosipy

This file reads the input data (model forcing) and write the output to netcdf file

Functions







	add_variable_along_latlon(ds, var, name, ...)

	This function self.adds missing variables to the self.DATA class



	add_variable_along_timelatlon(ds, var, name, ...)

	This function adds missing variables to the DATA class



	check(field, max, min)

	Check the validity of the input data



	create_input(wrf_file, cosipy_file, ...)

	This function creates an input dataset from the Hintereisferner CR3000 Logger Dataset Here you need to define how to interpolate the data.



	wrf_rh(T2, Q2, PSFC)
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cosipy.cpkernel.cosipy_core




            

          

      

      

    

  

    
      
          
            
  
cosipy.cpkernel.grid.Grid




            

          

      

      

    

  

    
      
          
            
  
cosipy.cpkernel.grid.Node




            

          

      

      

    

  

    
      
          
            
  
cosipy.modules.densification




            

          

      

      

    

  

    
      
          
            
  
cosipy.modules.heatEquation




            

          

      

      

    

  

    
      
          
            
  
cosipy.modules.penetratingRadiation




            

          

      

      

    

  

    
      
          
            
  
cosipy.modules.percolation




            

          

      

      

    

  

    
      
          
            
  
cosipy.modules.radCor




            

          

      

      

    

  

    
      
          
            
  
cosipy.modules.refreezing




            

          

      

      

    

  

    
      
          
            
  
cosipy.modules.surfaceTemperature




            

          

      

      

    

  

    
      
          
            
  
postprocessing.profile_plots.plot_profiles




            

          

      

      

    

  

    
      
          
            
  
postprocessing.vtk_plots.plot_cosipy_fields_vtk




            

          

      

      

    

  

    
      
          
            
  
utilities.aws2cosipy.aws2cosipy




            

          

      

      

    

  

    
      
          
            
  
utilities.wrf2cosipy
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