NetCDF Data Analysis and Visualization in Python

1. Introduction to NetCDF
NetCDF (Network Common Data Form) is a file format designed to store
scientific data, particularly multidimensional data such as time, space, and

variables like temperature or salinity. Al e sl 4825 isn ‘Network Common Data Form
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Importance of NetCDF: el

NetCDF is widely used in oceanography, meteorology, climate studies, and
engineering fields. It allows efficient storage and retrieval of data, making it ideal
for scientific analysis.

2. Libraries Used
Python provides several libraries to work with NetCDF data effectively:

- ‘xarray : A powerful library for processing and analyzing multidimensional
scientific data.

- ‘'matplotlib™: To plot charts.

- ‘numpy : Used for mathematical operations on arrays.

- “‘pandas’: Provides DataFrame structures for data analysis and allows exporting
to CSV and Excel.

- "DataFrame: Works excellently with two-dimensional data (rows and columns) and is
part of the Pandas library.
-"datetime’: For managing dates and times.

3. Reading NetCDF Files with xarray
Use the “xarray library to read NetCDF files from the internet or local storage.

Example:
Import xarray as xr

import pandas as pa# <l cilila (e W 8 5 JusY) lila g Jalaill



netcdf_file = 'https://opendapl.nodc.no/opendap/physics/point/cruise/nansen_legacy-
single_profile/NMDC_Nansen-Legacy_PR_CT_58US_2021708/CTD_station_P1_NLEGO01-1_-
_Nansen_Legacy_Cruise_-_2021_]Joint_Cruise_2-1.nc'

xrds = xr.open_dataset(netcdf file)

print(xrds)

To extract a specific variable such as temperature:

myarray = xrds[ TEMP'].values

print(myarray)

To display details about the variable: dimensions (such as temporal or
geographical dimensions) and the index:
print(xrds[ TEMP'])

To display details of all variables: dimensions (such as temporal or geographical
dimensions) and the index:
print(xrds)

4. Converting Data to DataFrames
To convert a specific variable into a DataFrame:
df = xrds['PSAL'].to_dataframe()
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To get multiple variables as a DataFrame: 1

df_multi = xrds[[ TEMP', 'PSAL', 'DENS', 'SVEL"].to_dataframe()
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5. Saving Data to External Files Ce Al Ll Gouti 25 (CSV G335 o S5 Pandas 2 4
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To save the data as a CSV file: - -

dt = xrds.to_dataframe() dushcale e it ¢ 3ad dt.to_excel(/path/to/ctd_data.xIsx')

dt.to_csv('/nhome/alaa/Desktop/net.csv') 0 eV .
. lemperature.

To save the data as an Excel file: g II;SE?\:;' %";:}T%
dt.to_excel('/home/alaa/Desktop/net.xlIsx’) 1 SVEL: Speed V.elocity.

6. Calculating the Average of a Specific Variable
Suppose we have the temperature variable TEMP' and want to calculate its
average. Slagia JS i ia
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average_temp = xrds[ TEMP'].mean().item()
print(f 'Average Temperature: {average_temp}')

7. Plotting Data Using Matplotlib

Import xarray as Xxr

import matplotlib.pyplot as plt

# Variable extract

temperature = xrds[ TEMP'].values # 3_) jall 4 )
salinity = xrds['PSAL".values  # 3= sl
density = xrds[[DENS.values  # 48

plt.figure(figsize=(10, 6))
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sc = plt.scatter(salinity, density, c=temperature, cmap='"viridis', s=50) 1

plt.title('Density vs Salinity with Temperature', fontsize=14)

plt.xlabel("Salinity (PSU))
plt.ylabel('Density (kg/m?)’)

cbar = plt.colorbar(sc)
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cbar.set_label("'Temperature (°C)")

plt.grid()
plt.show()

plt.colorbar(sc):
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S python3 lien3.py

xrds = xr.open_dataset(netcdf file)
print(xrds)
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S python3 lion3.py

df = xrds[ TEMP'"].to_dataframe()
print(df)
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