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1.1 Introduction

This document describes the netCDF convention to be used for TMSI’s development of models using unstructured grids or meshes.  The convention is based on the model, ELCIRC.
There are various schemes and conventions for unstructured grids or meshes in use in the world today for hydrodynamics and atmospheric modeling.  Examples are grids used by FVCOM and ELCIRC.  SELFE is a semi-implicit Eulerian–Lagrangian finite-element model for cross-scale ocean circulation.  SELFE presently does not provide netCDF output.  We selected ELCIRC as a basis for our unstructured grid scheme and netcdf convention.
1.2 NetCDF Convention

We describe the unstructured grid netCDF convention in the following example netcdf header where most items are described in inline comments.  This example contains most of the variables that can be output by SELFE.  Depending on implementation, not necessarily all the variables will be output.  But if the user wishes to output a given variable, then the variable attributes and conventions below should be followed.

netcdf 1 {

dimensions:


node = 40591 ;
! number of nodes


nele = 67020 ;
! number of elements


nbnd = 14188 ;
! max number of boundary nodes in a boundary segment

nface = 3 ;

! number of faces = 3 because it is triangle

nbi = 51 ;

! number of boundaries

nzlayer = 1 ;

! number of zeta layers


nslayer = 5 ; 
! number of sigma layers


nlayer = 6 ; 

! total number of zeta+sigma layers


time = UNLIMITED ; // (289 currently)


two = 2 ;  

! dimension of 2D arrays

one = 1 ; 

! dimension of 1D arrays
variables:


int ele(nele, nface) ;



ele:long_name = "Horizontal Triangular Element Incidence List" ;



ele:unit = "index_start_1" ;



ele:_FillValue = -9999 ;


int bndi(nbnd) ;



bndi:long_name = "Boundary Segment Type List" ;



bndi:unit = "index_start_1" ;



bndi:_FillValue = -9999 ;


int bnd(nbnd, nbi) ;



bnd:long_name = "Boundary Segment Node List" ;



bnd:unit = "index_start_1" ;



bnd:_FillValue = -9999 ;


float lon(node) ;



lon:long_name = "Nodal Longitude" ;



lon:unit = "degrees_east" ;



lon:standard_name = "longitude" ;



lon:_FillValue = -9999.f ;


float lat(node) ;



lat:long_name = "Nodal Latitude" ;



lat:unit = "degrees_north" ;



lat:standard_name = "latitude" ;



lat:_FillValue = -9999.f ;


float x(node) ;



x:long_name = "Nodal x-coordinate" ;



x:unit = "m" ;



x:standard_name = "x_coordinate" ;



x:_FillValue = -9999.f ;


float y(node) ;



y:long_name = "Nodal y-coordinate" ;



y:unit = "m" ;



y:standard_name = "y_coordinate" ;



y:_FillValue = -9999.f ;


float depth(node) ;



depth:long_name = "Bathymetry" ;



depth:unit = "m" ;



depth:positive = "down" ;



depth:standard_name = "still_water_depth" ;


float sigma(nslayer) ;



sigma:long_name = "Sigma Stretched Vertical Coordinate at Nodes" ;



sigma:unit = "sigma_layer" ;



sigma:positive = "down" ; ! convention of sigma coordinate


sigma:standard_name = "ocean_sigma_coordinate" ;



sigma:_FillValue = -9999.f ;


float zeta(nzlayer) ;



zeta:long_name = "Zeta Vertical Coordinate at Nodes" ;



zeta:unit = "m" ;



zeta:positive = "down" ;  ! zeta coordinate follows the bathymetry


zeta:standard_name = "zeta_coordinate" ;



zeta:_FillValue = -9999.f ;


float time(time) ;



time:long_name = "Time" ;



time:unit = "days since 2009-06-01 00:00:00" ;



time:base_date = "2009-06-01 00:00:00" ;



time:standard_name = "time" ;



time:_FillValue = -9999.f ;


float elev(time, node) ;



elev:long_name = "Sea Surface Elevation" ;



elev:unit = "m" ;



elev:location = "node" ;



elev:positive = "up" ;



elev:standard_name = "elevation" ;



elev:_FillValue = -9999.f ;

float pres(time, node) ;  ! Atmospheric pressure at sea surface (Pa)


pres:long_name = " Atmospheric pressure at sea surface " ;


pres:unit = “Pa”;


pres:location = "node" ;


pres:standard_name = "air_pressure_at_sea_level" ;


pres:_FillValue = -9999.f ;

float airt(time, node) ;  ! Air temperature 2m above sea surface (oC)


airt:long_name = "Air temperature 2m above sea surface" ;


airt:unit = “Celcius”;


airt:location = "node" ;


airt:standard_name = "air_temperature_at_2m_above_sea_surface" ;


airt:_FillValue = -9999.f ;

float shum(time, node) ;  ! Specific humidity 2m above sea surface (kg/kg)

shum:long_name = " Specific humidity 2m above sea surface " ;


shum:unit = “kg/kg”;


shum:location = "node" ;


shum:standard_name = "specific_humidity_at_2m_above_sea_surface" ;


shum:_FillValue = -9999.f ;

float srad(time, node) ;  ! Solar radiation (W/m^2)


srad:long_name = "Solar radiation" ;


srad :unit = “W m-2”;


srad:location = "node" ;


srad:standard_name = "solar_radiation" ;


srad:_FillValue = -9999.f ;

float flsu(time, node) ;  ! Turbulent flux of sensible heat (upwelling) (W/m^2)


flsu:long_name = "Turbulent upwelling flux of sensible heat" ;


flsu :unit = “W m-2”;


flsu:location = "node" ;


flsu:standard_name = "turbulent_upwelling_flux_of_sensible_heat" ;


flsu:_FillValue = -9999.f ;

float fllu(time, node) ;  ! Turbulent flux of latent heat (upwelling) (W/m^2)

fllu:long_name = "Turbulent upwelling flux of latent heat" ;


fllu :unit = “W m-2”;


fllu:location = "node" ;


fllu:standard_name = "turbulent_upwelling_flux_of_latent_heat" ;


fllu:_FillValue = -9999.f ;

float radu(time, node) ;  ! Upwelling longwave fluxes at surface (W/m^2)


radu:long_name = "Upwelling longwave flux at surface" ;


radu :unit = “W m-2”;


radu:location = "node" ;


radu:standard_name = "upwelling_longwave_flux_at_surface " ;


radu:_FillValue = -9999.f ;

float radd(time, node) ;  ! Downwelling longwave fluxes at surface (W/m^2)

radd:long_name = "Downwelling longwave flux at surface " ;


radd :unit = “W m-2”;


radd:location = "node" ;


radd:standard_name = "downwelling_longwave_flux_at_surface " ;


radd:_FillValue = -9999.f ;

float flux(time, node) ;  ! Net heat flux (W/m^2)

flux:long_name = "Net heat flux" ;


flux :unit = “W m-2”;


flux:location = "node" ;


flux:standard_name = "net_heat_flux" ;


flux:_FillValue = -9999.f ;

float evap(time, node) ;  ! Evaporation rate (kg/m^2/s)


evap:long_name = "Evaporation rate" ;


evap:unit = “kg m-2 s-1”;


evap:location = "node" ;


evap:standard_name = "evaporation_rate" ;


evap:_FillValue = -9999.f ;

float prcp(time, node) ;  ! Precipitation rate (kg/m^2/s)


prcp:long_name = "Precipitation rate" ;


prcp:unit = “kg m-2 s-1”;


prcp:location = "node" ;


prcp:standard_name = "precipitation_rate" ;


prcp:_FillValue = -9999.f ;

float wind(time, node, two) ;  ! Wind speed 10m above sea surface (m/s)

wind:long_name = “Wind speed 10m above sea surface" ;


wind:unit = “m s-1”;


wind:location = "node" ;


wind:standard_name = " wind_speed_10m_above_sea_surface " ;


wind:_FillValue = -9999.f ;

float wist(time, node, two) ;  ! Wind stress (N/m^2)

wist:long_name = "Wind stress" ;


wist:unit = “N m-2”;


wist:location = "node" ;


wist:standard_name = " wind_stress" ;


wist:_FillValue = -9999.f ;

float dahv(time, node, two) ;  ! Depth averaged horizontal water velocity (m/s)


dahv:long_name = "Depth averaged horizontal water velocity" ;


dahv:unit = “m s-1”;


dahv:location = "node" ;


dahv:standard_name = "depth_averaged_horizontal_water_velocity " ;


dahv:_FillValue = -9999.f ;

float temp(time, node, nlayer) ;



temp:long_name = "Temperature of Water" ;



temp:unit = "Celsius" ;



temp:location = "node" ;



temp:_FillValue = -9999.f ;



temp:standard_name = "water_temperature" ;


float salt(time, node, nlayer) ;



salt:long_name = "Salinity of Water" ;



salt:unit = "ppt" ;



salt:location = "node" ;



salt:_FillValue = -9999.f ;


salt:standard_name = "water_salinity" ;
float conc(time, nlayer, nnode) ;



conc:long_name = " Density of Water" ;



conc:location = "node";



conc:units = "kg/m^3" ;



conc:fill_value = -9999.f ;



conc:standard_name = "water_density" ;

float tdff(time, nlayer, nnode) ;



tdff:long_name = "Horizontal Eddy Diffusivity" ;



tdff:location = "node";



tdff:units = "m^2/s" ;



tdff:fill_value = -9999.f ;



tdff:standard_name = "horizontal_eddy_diffusivity" ;


float vdff(time, nlayer, nnode) ;



vdff:long_name = "Vertical Eddy Diffusivity" ;



vdff:location = "node";



vdff:unit = "m^2/s" ;



vdff:fill_value = -9999.f ;



vdff:standard_name = "vertical_eddy_diffusivity" ;


float kine(time, nlayer, nnode) ;



kine:long_name = "Turbulent Kinetic Energy" ;



kine:location = "node";



kine:unit = "m^2/s^2" ;



kine:fill_value = -9999.f ;



kine:standard_name = "turbulent_kinetic_energy" ;


float mixl(time, nlayer, nnode) ;



mixl:long_name = "Macroscale Mixing Length" ;



mixl:location = "node";



mixl:unit = "m" ;



mixl:fill_value = -9999.f ;



mixl:standard_name = "macroscale_mixing_length" ;

float zcor(time, node, nlayer) ;



zcor:long_name = "Height of Vertical Layers" ; ! Vertical coordinate of each node at each level



zcor:unit = "m" ;



zcor:positive = "down" ;



zcor:_FillValue = -9999.f ;



zcor:standard_name = "layer_height" ;


float qnon(time, nlayer, nnode) ;



qnon:long_name = "Nonhydrostatic Pressure" ;



qnon:location = "node";



qnon:unit = "N/m^2" ;



qnon:fill_value = -9999.f ;



qnon:standard_name = "nonhydrostatic_pressure" ;

float u(time, node, nlayer) ;



u:long_name = "Eastward Water Velocity" ;



u:unit = "m/s" ;



u:location = "node" ;



u:_FillValue = -9999.f ;



u:standard_name = "eastward_horizontal_water_velocity" ;


float v(time, node, nlayer) ;



v:long_name = "Northward Water Velocity" ;



v:unit = "m/s" ;



v:location = "node" ;



v:_FillValue = -9999.f ;


v:standard_name = "northward_horizontal_water_velocity" ;

float w(time, node, nlayer) ;



w:long_name = "Upward Water Velocity" ; ! Implies positive upwards


w:unit = "m/s" ;



w:location = "node" ;



w:_FillValue = -9999.f ;



w:standard_name = "upward_vertical _water_velocity" ;

float trcr_1(time, node, nlayer) ;  ! tracer_x (x=1, ntracers) used in simulation of scalar transport


trcr_1:long_name = " Tracer #1" ;



trcr_1:unit = "na" ;



trcr_1:location = "node" ;



trcr_1:_FillValue = -9999.f ;



trcr_1:standard_name = " Tracer #1" ;

int kbp00(node) ;  ! start index of bottom layer in the vertical direction 



kbp00:long_name = "Bottom Vertical Index" ;



kbp00:unit = "NON" ;



kbp00:location = "node" ;



kbp00:_FillValue = -9999 ;



kbp00:standard_name = "bottom_vertical_index" ;


float theta_b(two) ;  ! Parameter used to compute zcor (if not output) from sigma, depth and elev.


theta_b:long_name = "Theta_b" ;



theta_b:unit = "NON" ;



theta_b:location = "node" ;



theta_b:_FillValue = -9999.f ;



theta_b:standard_name = "theta_b" ;


float theta_f(two) ;  ! Parameter used to compute zcor (if not output) from sigma, depth and elev


theta_f:long_name = "Theta_f" ;



theta_f:unit = "NON" ;



theta_f:location = "node" ;



theta_f:_FillValue = -9999.f ;



theta_f:standard_name = "theta_f" ;


float h_s(two) ;  ! Parameter used to compute zcor (if not output) from sigma, depth and elev


h_s:long_name = "h_s" ;



h_s:unit = "NON" ;



h_s:location = "node" ;



h_s:_FillValue = -9999.f ;



h_s:standard_name = "h_s" ;


float h_c(two) ;  ! Parameter used to compute zcor (if not output) from sigma, depth and elev


h_c:long_name = "h_c" ;



h_c:unit = "NON" ;



h_c:location = "node" ;



h_c:_FillValue = -9999.f ;



h_c:standard_name = "h_c" ;


float h0(two) ;  ! Parameter used to compute zcor (if not output) from sigma, depth and elev


h0:long_name = "h0" ;



h0:unit = "NON" ;



h0:location = "node" ;



h0:_FillValue = -9999.f ;



h0:standard_name = "h0" ;

// global attributes:



:conventions = "ELCIRC-based" ; 


:grid_type = "Triangular" ;



:model = "SELFE uCWR version xx" ;



:title = "CER" ; ! A succinct description of what is in the dataset


:comment = "" ;



:source = "SELFE uCWR v xx" ;



:institution = "PORL/TMSI/NUS" ;



:history = "original" ;



:references = "" ;



:creation_date = "2011-07-14 15:59:55" ;

}

1.3 Appendix: Miscellaneous Notes
NetCDF convention for SELFE, version “src-jet-netcdf-v3-20110606”, bk-20110614
Here is the list of variables can be output by SELFE in parameter file “param.in”. The variables can be grouped into: Atmospherics, Hydrodynamics and Tracers.
- Atmospherics (air, vapor, rain, radiation):

  pres.61 = 0

  airt.61 = 0

  shum.61 = 0

  srad.61 = 0 

  flsu.61 = 0 

  fllu.61 = 0

  radu.61 = 0

  radd.61 = 0

  flux.61 = 0

  evap.61 = 0

  prcp.61 = 0

  wind.62 = 0

  wist.62 = 0

-Hydrodynamics (water):

  elev.61 = 1 !0: off; 1: on

  vert.63 = 1 !vertical velocity

  temp.63 = 1

  salt.63 = 1

  conc.63 = 1 !density

  tdff.63 = 0  !diffusivity

  vdff.63 = 0

  kine.63 = 0 !turbulence kinematic

  mixl.63 = 0 !mixing length

  qnon.63 = 0 !non-hydrostatic pressure

  hvel.64 = 1 !horizontal velocity
  hdav = 0! Depth averaged horizontal velocity
-Tracers (sediment, oil, bio-chemical species):

  trcr_1.63 = 1
  trcr_2.63 = 0

  trcr_n.63 = 0

If the value of a variable is 1, it will be output. Many of them are used for research purpose and not output frequently for practical purposes.

Variables in red are implemented (able to output) but their attributes have not been implemented yet.
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