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# Creating a netCDF file (basic)
# This is a script with a tutorial on how to make a NetCDF file.

# Load the netcdf library
library(ncdf4)

## Get data into memory
# This array contains altitude data for 1 transect on 3 different timesteps. 
# Each row is a different year of measurement. 
# In this case data is typed in, usually you have some raw input files
# which you want to read.
data.series <- matrix(c(
                        c(7.62, 7.49, 8.26, 7.91, 7.72, 6.03, 5.41, 5.26, 4.82, 4.66, 4.54, 4.17, 3.89, 3.64, 
3.55, 3.24, 3.01, 2.72, 2.38, 2.18, 1.96, 1.77, 1.69, 1.53, 1.1, 0.72, 0.3, 0.06, 0.05, 0.01, 0.03, -0.06, 0, 
0.09, 0.25, 0.41, 0.37, 0.32, 0.32, 0.33, 0.17, 0, -0.21, -0.46, -0.67, -0.87, -0.9, -0.92, -0.955, -0.99, 
-0.96, -0.93, -1.015, -1.1, -1.17, -1.24, -1.39, -1.54, -1.685, -1.83, -1.98, -2.13, -2.3, -2.47, -2.63, -2.79, 
-2.92, -3.05, -3.175, -3.3, -3.385, -3.47, -3.505, -3.54, -3.49, -3.44, -3.09, -2.74, -2.3, -1.86, -1.905, 
-1.95, -2.035, -2.12, -2.225, -2.33, -2.435, -2.54, -2.67, -2.8, -2.92, -3.04, -3.145, -3.25, -3.38, -3.51, 
-3.7, -3.89, -4.08, -4.27, -4.425, -4.58, -4.715, -4.85, -4.945, -5.04, -5.145, -5.25, -5.375, -5.5, -5.73, 
-5.96, -6.095, -6.23, -6.135, -6.04, -5.925, -5.81, -5.845, -5.88, -5.91, -5.94, -5.99, -6.04, -6.125, -6.21, 
-6.315, -6.42, -6.485, -6.55, -6.505, -6.46, -6.4, -6.34, -6.325, -6.31, -6.255, -6.2, -6.095, -5.99, -5.845, 
-5.7, -5.525, -5.35, -5.22, -5.09, -4.995, -4.9, -4.86, -4.82, -4.805, -4.79, -4.805, -4.82, -4.835, -4.85, 
-4.905, -4.96, -4.99, -5.02, -5.055, -5.09, -5.2, -5.31, -5.375, -5.44, -5.515, -5.59, -5.66, -5.73, -5.83, 
-5.93, -6.01, -6.09, -6.18, -6.27, -6.365, -6.46, -6.525, -6.59, -6.69, -6.79, -6.865, -6.94, -7.045, -7.15, 
-7.23, -7.31, -7.39, -7.47, -7.545, -7.62, -7.705, -7.79, -7.845, -7.9, -7.99, -8.08),
                        c(7.64, 7.49, 7.95, 8.54, 8.34, 7.54, 6.62, 6.03, 5.28, 4.67, 4.4, 4.18, 3.69, 3.24, 
2.9, 2.69, 2.39, 2.05, 1.89, 1.68, 1.5, 1.36, 1.18, 1.03, 0.89, 0.74, 0.6, 0.49, 0.39, 0.27, 0.23, 0.13, 0, 
-0.11, -0.22, -0.32, -0.38, -0.45, -0.5, -0.51, -0.41, -0.55, -0.55, -0.57, -0.6, -0.63, -0.855, -1.08, -1.365, 
-1.65, -1.845, -2.04, -2.235, -2.43, -2.53, -2.63, -2.755, -2.88, -3.01, -3.14, -3.195, -3.25, -2.975, -2.7, 
-2.34, -1.98, -1.73, -1.48, -1.495, -1.51, -1.68, -1.85, -2.335, -2.82, -3.205, -3.59, -3.595, -3.6, -3.78, 
-3.96, -4.005, -4.05, -4.11, -4.17, -4.32, -4.47, -4.62, -4.77, -4.73, -4.69, -4.77, -4.85, -4.535, -4.22, 
-3.88, -3.54, -3.295, -3.05, -2.975, -2.9, -2.875, -2.85, -2.865, -2.88, -2.935, -2.99, -3.07, -3.15, -3.38, 
-3.61, -3.92, -4.23, -4.49, -4.75, -4.99, -5.23, -5.43, -5.63, -5.825, -6.02, -6.18, -6.34, -6.515, -6.69, 
-6.63, -6.57, -6.575, -6.58, -6.61, -6.64, -6.605, -6.57, -6.66, -6.75, -6.7, -6.65, -6.665, -6.68, -6.54, 
-6.4, -6.305, -6.21, -6.09, -5.97, -5.885, -5.8, -5.755, -5.71, -5.645, -5.58, -5.54, -5.5, -5.47, -5.44, 
-5.395, -5.35, -5.325, -5.3, -5.29, -5.28, -5.295, -5.31, -5.335, -5.36, -5.39, -5.42, -5.485, -5.55, -5.605, 
-5.66, -5.745, -5.83, -5.905, -5.98, -6.07, -6.16, -6.23, -6.3, -6.4, -6.5, -6.585, -6.67, -6.755, -6.84, 
-6.94, -7.04, -7.135, -7.23, -7.31, -7.39, -7.465, -7.54, -7.635, -7.73, -7.8, -7.87, -7.945, -8.02), 
                        c(7.56, 7.43, 7.95, 8.84, 8.42, 7.7, 6.77, 6.28, 4.9, 4.62, 3.82, 3.1, 2.68, 2.41, 
2.14, 1.94, 1.77, 1.6, 1.49, 1.34, 1.23, 1.08, 0.97, 0.99, 0.9, 0.77, 0.65, 0.77, 0.79, 0.63, 0.48, 0.32, 0.16, 
0, -0.19, -0.54, -0.88, -1.13, -1.27, -1.41, -1.51, -1.61, -1.635, -1.66, -1.62, -1.58, -1.57, -1.56, -1.45, 
-1.34, -1.15, -0.96, -0.97, -0.98, -1.06, -1.14, -1.24, -1.34, -1.44, -1.54, -1.73, -1.92, -2.155, -2.39, 
-2.62, -2.85, -3.06, -3.27, -3.6, -3.93, -4.16, -4.39, -4.555, -4.72, -4.77, -4.82, -4.79, -4.76, -4.45, -4.14, 
-3.71, -3.28, -3.075, -2.87, -2.825, -2.78, -2.79, -2.8, -2.725, -2.65, -2.59, -2.53, -2.52, -2.51, -2.52, 
-2.53, -2.595, -2.66, -2.81, -2.96, -3.18, -3.4, -3.655, -3.91, -4.125, -4.34, -4.53, -4.72, -4.9, -5.08, 
-5.23, -5.38, -5.495, -5.61, -5.735, -5.86, -5.955, -6.05, -6.125, -6.2, -6.285, -6.37, -6.43, -6.49, -6.52, 
-6.55, -6.595, -6.64, -6.65, -6.66, -6.665, -6.67, -6.67, -6.67, -6.66, -6.65, -6.615, -6.58, -6.525, -6.47, 
-6.395, -6.32, -6.245, -6.17, -6.08, -5.99, -5.915, -5.84, -5.77, -5.7, -5.635, -5.57, -5.53, -5.49, -5.45, 
-5.41, -5.4, -5.39, -5.39, -5.39, -5.39, -5.39, -5.435, -5.48, -5.505, -5.53, -5.59, -5.65, -5.7, -5.75, 
-5.815, -5.88, -5.955, -6.03, -6.105, -6.18, -6.255, -6.33, -6.41, -6.49, -6.57, -6.65, -6.74, -6.83, -6.9, 
-6.97, -7.06, -7.15, -7.22, -7.29, -7.375, -7.46, -7.535, -7.61, -7.695, -7.78, -7.865, -7.95)
                        ),
                      nrow=3,
                      ncol=198)
## 
# For each point cross-shore there is a distance from the 0 point which is
# roughly at the beach line. Positive is in the direction of the sea.
data.distance <- seq(-65,920, by=5)
## 
# Data is stored for 3 different years
data.time <- 2006:2008



## Add dimensions and variables which accompany the dimensions (avoided by create_dimvar = FALSE)
dimCross <- ncdim_def(name='cross_shore', units='m', longname='cross-shore coordinate', vals=data.distance )

# Time has the dimension time. The time dimension is the number of time
# steps, while the time variable contains the time value (in this case the
# year) of the time step. Using a year should generally be avoided because
# it's a bit ambiguous. You can find some comments on this in the 
# <http://cf-pcmdi.llnl.gov/documents/cf-conventions/1.4/cf-conventions.html#time-co
dimTime <- ncdim_def('time', units='year', longname='measurement year', calendar="standard", vals=data.time)

# Usually you want to add some coordinate variables like this
# We have a latitude and longitude coordinate for each cross-shore
# coordinate. Therefor the dimension is cross_shore. You can also say that
# latitude and longitudes are a function of the cross-shore distance.

varLat <- ncvar_def(name='lat', units='degrees_north', dim=list(dimCross), missval=NA, longname='latitude', 
prec='double')
varLon <- ncvar_def(name='lon', units='degrees_east', dim=list(dimCross), missval=NA, longname='latitude', 
prec='double')
    
# Finally we create a variable to store the altitude. Here we make a reference
# to the lat and lon coordinates.
varAlt <- ncvar_def(name='altitude', units='m', dim=list(dimCross, dimTime), missval=-9999, longname='altitude 
above geoid (NAP)')
    
# we'll create a list of all variables so we can add them all at once
vars <- list(varLat, varLon, varAlt)

# We got the headers done, now let's make the file
outputfile <- 'transect.nc';
# Create a new empty netcdf file.
con <- nc_create(outputfile, vars)
# Add some extra attributes
ncatt_put(con, varLat, 'standard_name', 'latitude')
ncatt_put(con, varLon, 'standard_name', 'longitude')
ncatt_put(con, varAlt, 'standard_name', 'surface_altitude')
# This variable was implicitly created by the dimension, so we'll just specify it by name
ncatt_put(con, 'time', 'standard_name', 'time')
ncatt_put(con, varLon, 'axis', 'X')
ncatt_put(con, varLat, 'axis', 'Y')
ncatt_put(con, 'time', 'axis', 'T')
ncatt_put(con, varAlt, 'coordinates', 'lat lon')

## store values
# We can put data into nc file. In this case we can store the whole array
# in one go. Sometimes an array is too big to fit into memory. You can then
# loop over variables and use strides.
ncvar_put(con, varAlt, data.series)
# TODO: add the latitude and longitude variable. 

                    

# To check wether our outputfile looks as expected we can dump the text
# representation of the header. This is equivalent to doing ncdump -h
# outputfile on the command line. 
(con)
nc_close(con)

## read values
# The file is created and we can now read the values we put in. The
# variables are returned as arrays.
con <- nc_open(outputfile)
vars <- list()
# Read the attributes so we can use them as labels
for (name in c('cross_shore', 'time', 'altitude')) {
  var <- ncvar_get(con, name)



  # assign a label attribute to the array
  attr(var, 'lab') <- sprintf('%s [%s]',
                       ncatt_get(con, name, 'long_name')$value,
                       ncatt_get(con, name, 'units')$value)
  vars[[name]] <- var
}
nc_close(con)

## plot values
# Now let's create some nice plots.

# Create a separate scale for values below 0 and above 0, I'm sure this can be done easier, but this was the 
first thing which I thought of.
zcol <- topo.colors(100, alpha=0.5)[100*(
                           punif(vars$altitude, min=min(c(0,vars$altitude)),max=0)  +
                           punif(vars$altitude, min=0,max=max(c(0,vars$altitude)))
                           )/2]
# Create a perspective plot
persp(vars$cross_shore,
      vars$time,
      vars$altitude,
      theta=20,
      phi=40,
      ltheta=-30,
      shade=0.7, 
      col=zcol, 
      ticktype='detailed', nticks=3,
      xlab = attr(vars$cross_shore,'lab'),
      ylab = attr(vars$time,'lab'),
      zlab = attr(vars$altitude, 'lab'))
# For more advanced 3d plots you can use rgl
library(rgl)
plot3d(
       rep(vars$cross_shore, times=length(vars$time)),
       rep(vars$time, each=length(vars$cross_shore)),
       c(vars$altitude),
       col=c(zcol),
       type='p',
       xlab = attr(vars$cross_shore,'lab'),
       ylab = attr(vars$time,'lab'),
       zlab = attr(vars$altitude, 'lab')
       )
# other options are surface3d

## Finding out more
# If you want to find out more about creating netcdf files, please refer to
# the following websites:
# <http://cf-pcmdi.llnl.gov> CF standard for metadata in netcdf files
# <http://www.unidata.ucar.edu/software/netcdf/> Unidata netcdf pages. You
# can find the latest versions of the c,c++,fortran and java libraries
# here as well as mailing lists and a lot of documentation. 
# More information about the ncdf4 package can be found in the
# package documentation, 
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