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CHAPTER -1

INTRODUCTION TO PYTHON

1.1 WHAT IS PYTHON?

Python is a versatile, high-level, interpreted programming language known for its
simplicity and readability. Developed by Guido van Rossum in the late 1980s and
released publicly in 1991, Python has since become one of the most widely used
languages across industries.

1.1.1 KEY DESIGN PHILOSOPHY

Python's core philosophy emphasizes code readability and simplicity, following the
principles laid out in PEP 20, known as "The Zen of Python." This philosophy can be
summarized as:

< Simple is better than complex.
< Readability counts.
< Explicit is better than implicit.

You can explore these guiding principles by typing the following in any Python
interpreter:

import this
The output will show the Zen of Python, which underscores how the language aims

to minimize complexity and maximize clarity, making it a great choice for both
beginners and professionals.

1.1.2 PYTHON'S EVOLUTION

Python has seen multiple major versions. The most notable is the transition from
Python 2 to Python 3, which introduced improvements and modernized the language:

< Python 2.x: Released in 2000 and supported until 2020, it had
widespread use but lacked some modern features.

< Python 3.x: Released in 2008 and still actively supported. It's the
recommended version for new projects due to its cleaner syntax
and better performance.

Key differences between Python 2 and 3 include:
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1) Print Statement: In Python 2, print is a statement:
print "Hello, World!"

In Python 3, it is a function:

print ("Hello, World!")

2) Integer Division: In Python 2, dividing two integers results in
integer division:
5 / 2 # Output: 2

In Python 3, it results in floating-point division:

5/ 2 # Output: 2.5
1.1.3 WHY PYTHON?

Python’s popularity is largely due to its versatility and the wide range of libraries and
frameworks that cater to various domains. Some of the reasons Python is preferred
are:

< Ease of Learning and Use: Python has an intuitive and simple
syntax that closely resembles English, making it accessible to
beginners. Consider the comparison between Python and other

languages for a simple task:
Python

print ("Hello, World!”)

C
#include <stdio.h>
int main() {
printf ("Hello, World!");

return 0;
}

< Interpreted Language: Python is interpreted, meaning code is
executed line by line. This allows for easy debugging and rapid
testing of ideas without the need for compiling.

< Cross-Platform Compatibility: Python works on virtually all
platforms, including Windows, macQOS, and Linux. Once written,
Python code can easily be run on any system with minimal
changes.
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< Vast Ecosystem of Libraries: Python has a rich ecosystem of
third-party libraries, which means that tasks ranging from web
development to scientific computation and data analysis can be
performed with minimal coding. Some widely used libraries are:
B NumPy: For numerical computations and matrix operations.
B pandas: For handling structured data and DataFrames.
® matplotlib: For plotting and visualizing data.
B TensorFlow and scikit-learn: For machine learning and
artificial intelligence.
B MetPy: Specialized for meteorological computations and
visualizations.
< Community Support: Python has a large and active community.
This means that if you encounter a problem, chances are high that
someone has already solved it, and the solution can be found in
online forums, documentation, or resources like Stack Overflow.

1.2 APPLICATIONS OF PYTHON

Python’s versatility is demonstrated by its wide range of applications. Here’s how
Python is applied in various fields:

1.2.1 WEB DEVELOPMENT

Python frameworks such as Django and Flask are popular for building robust and
scalable web applications. These frameworks provide tools for database handling,
URL routing, and template generation. Companies like Instagram, Spotify, and
Reddit use Python to power their websites.

1.2.2 DATA SCIENCE AND ANALYTICS

Python is one of the most widely used languages in data science. Libraries such as
pandas, NumPy, SciPy, and matplotlib make Python ideal for:

< Data cleaning and preparation: Transform raw data into a
usable format.

<  Exploratory Data Analysis (EDA): Gain insights into data by
calculating statistical measures and creating visualizations.

< Machine Learning: Python provides excellent support for
implementing machine learning models using scikit-learn,
TensorFlow, and Keras.
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1.2.3 AUTOMATION AND SCRIPTING

Python excels at automating repetitive tasks. Whether it's file manipulation, web
scraping, or sending emails, Python scripts can save time and effort. Common
libraries include:

< os: For file and directory manipulation.

< sys: For system-level operations.

<> shutil: For file and directory copying.
1.2.4 SCIENTIFIC COMPUTING

Python’s ecosystem includes several libraries tailored for scientific computation:

< NumPy: Provides high-performance arrays and matrix operations.

< SciPy: Builds on NumPy for advanced mathematical and scientific
functions.

< SymPy: For symbolic mathematics, useful in engineering and
physics applications.

1.2.5 ARTIFICIAL INTELLIGENCE (AI) AND MACHINE
LEARNING (ML)

Python is the preferred language for Al and ML development due to its simplicity and
the vast number of libraries available. Some notable libraries include:

< TensorFlow: For neural networks and deep learning.
< Keras: A higher-level library that wraps TensorFlow.
< scikit-learn: For traditional machine learning models such as
classification and regression.
1.2.6 METEOROLOGICAL APPLICATIONS

Meteorologists and researchers use Python for processing, analyzing, and visualizing
weather and climate data. Python is particularly well-suited for:

<  Data format handling: Working with NetCDF, HDF5, GRIB, and
CSV formats using libraries like xarray and h5py.

< Visualization: Plotting meteorological data on maps using
libraries such as Cartopy and MetPy.

< Modeling and Simulations: Python is used for running weather
models, simulating climate changes, and performing statistical
analyses of weather patterns.
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1.3 SETTING UP PYTHON

Before diving into Python programming, it is essential to set up the environment and
tools you need to work effectively. In this section, we will cover:

< Installing Python on different operating systems
Setting up virtual environments for project isolation
Installing essential libraries for data analytics
Choosing an Integrated Development Environment (IDE) or code
editor
< Writing and running your first Python script
1.3.1 INSTALLING PYTHON

SR

Python is available for most operating systems, including Windows, macOS, and
Linux. The installation process varies slightly depending on your platform.

1.3.1.1 INSTALLING PYTHON ON WINDOWS
< Download the Python Installer: Visit the official Python

website (python.org) and download the latest version of Python
for Windows.

< Run the Installer: Run the .exe file you downloaded and follow
the installation wizard. Be sure to check the option to Add Python
to PATH during the installation. This ensures that you can use
Python from the command line or terminal without specifying its
full path.

< Verify Installation: After installation, open the Command
Prompt and type:

python --version

This should display the version of Python you just installed. If it doesn’t work,
you might need to manually add Python to your system’s PATH.

1.3.1.2 INSTALLING PYTHON ON MACOS

Python comes pre-installed on macOS, but it is usually an older version. To get the
latest version of Python, you can use the Homebrew package manager.

< Install Homebrew: If you don’t have Homebrew installed, open the
Terminal and paste the following command:

Advance Training Course in Ml & IS, Batch XIV 8
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/bin/bash -c "$(curl -fsSL

https://raw.githubusercontent.com/Homebrew/install/HEAD/in
stall.sh)"

< Install Python: Once Homebrew is installed, you can install Python
by running:
brew install python

< Verify Installation: After the installation is complete, check the
version of Python installed by typing:

python3 --version

1.3.1.3 INSTALLING PYTHON ON LINUX

Most Linux distributions, such as Ubuntu, Fedora, and CentOS, come with Python
pre-installed. However, you may want to upgrade to a newer version.

< Install Python on Ubuntu/Debian: Open a terminal and run the

following commands:
sudo apt update

sudo apt install python3

< Install Python on Fedora/CentOS: On Fedora:
sudo dnf install python3

On CentOS:
sudo yum install python3

< Verify Installation: As with macOS and Windows, check that
Python was installed successfully by running:

python3 --version

1.3.2 VIRTUAL ENVIRONMENTS IN PYTHON

When working on multiple Python projects, it is important to isolate the
environments for each project. This prevents conflicts between dependencies of
different projects. Python’s built-in venv module allows you to create isolated virtual
environments.

1.3.2.1 CREATING A VIRTUAL ENVIRONMENT
To create a virtual environment:

< Open your terminal or command prompt.
< Navigate to the directory where you want your project.
< Run the following command:

python3 -m venv myenv
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Here, myenv is the name of your virtual environment. You can
choose any name you prefer.

1.3.2.2 ACTIVATING A VIRTUAL ENVIRONMENT

On Windows:

myenv\Scripts\activate

On macOS/Linux:

source myenv/bin/activate

Once activated, your terminal prompt will change to indicate that you are
working inside the virtual environment.
1.3.2.3 DEACTIVATING A VIRTUAL ENVIRONMENT

When you are done working, you can deactivate the virtual environment by simply
running:
deactivate

1.3.2.4 INSTALLING PACKAGES IN A VIRTUAL ENVIRONMENT

Once your virtual environment is activated, you can install libraries using pip without
affecting other projects. For example, to install pandas, NumPy, and matplotlib, run:

pip install pandas numpy matplotlib

Virtual environments allow you to install specific versions of libraries for
different projects. You can also use the requirements.txt file to manage
dependencies across projects. To generate it:

pip freeze > requirements.txt

And to install dependencies listed in requirements.txt:

pip install -r requirements.txt

1.3.3 INSTALLING ESSENTIAL LIBRARIES FOR DATA
ANALYTICS

Python’s true power for data analytics comes from its extensive ecosystem of
libraries. Some of the key libraries you'll need for meteorological data analysis and
handling include:

1.3.3.1 NUMPY

NumPy (Numerical Python) provides support for large, multi-dimensional arrays and
matrices. It also includes a collection of mathematical functions to operate on these
arrays efficiently.
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Installation:

pip install numpy

Example:

import numpy as np

# Creating a 2x3 matrix
matrix = np.array([[1, 2, 3], [4, 5, 6]11])

print (matrix)

# Basic arithmetic

print (matrix * 2) # Multiply each element by 2

1.3.3.2 PANDAS
pandas is a library used for data manipulation and analysis. It provides data

structures like DataFrame, which is excellent for handling structured data,
such as CSV files or SQL databases.

Installation:

pip install pandas

Example:

import pandas as pd

# Creating a DataFrame

data = {'Temperature': [30, 32, 28, 35],
'"Humidity': [65, 70, 75, 60]}

df = pd.DataFrame (data)

print (df)

# Reading data from a CSV file
df = pd.read csv('weather data.csv')

print (df.head())

1.3.3.3 MATPLOTLIB
matplotlib is a plotting library for creating static, animated, and interactive

visualizations in Python. It is often used to visualize data in pandas
DataFrames.
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Installation:

pip install matplotlib

Example:
import matplotlib.pyplot as plt

# Creating a simple plot
data = [1, 2, 3, 4, 5]
plt.plot (data)
plt.title('Simple Plot')
plt.show ()

1.3.3.4 METPY
MetPy is a specialized library for meteorological computations and

visualizations. It provides tools for working with meteorological data formats
and creating weather-related visualizations.

Installation:

pip install metpy

Example:
from metpy.plots import SkewT

from metpy.units import units

import numpy as np

# Example of creating a Skew-T plot

pressure = np.array([1000, 900, 800, 700]) * units.hPa
temperature = np.array([20, 15, 10, 5]) * units.degC
dewpoint = np.array([10, 8, 6, 4]) * units.degC

skew = SkewT ()
skew.plot (pressure, temperature, 'r')
skew.plot (pressure, dewpoint, 'g')

skew.show ()
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1.3.4 CHOOSING AN INTEGRATED DEVELOPMENT
ENVIRONMENT (IDE)

Choosing the right IDE or text editor is crucial for an efficient coding experience.
Some popular IDEs and editors for Python development include:

1.3.4.1 JUPYTER NOTEBOOK

Jupyter is a browser-based IDE that allows you to write and execute Python code in
a cell-based format. It is widely used in data science due to its ability to integrate
code, text, and visualizations in a single document.

< Best for: Data analysis, teaching, and interactive coding.
Installation

pip install Jjupyter

Launch

jupyter notebook

1.3.4.2 PYCHARM

PyCharm is a full-fledged Python IDE that provides tools for managing projects,
debugging, and testing.

<~  Best for: Large projects, debugging, and web development.
< Community Edition: Free and includes many essential features.
1.3.4.3 VSCODE

VSCode is a lightweight text editor that has become popular due to its wide range of
extensions and support for multiple languages.

< Best for: Flexibility, small projects, and scripting.
< Extension: Install the Python extension for enhanced support.
1.3.5 WRITING AND RUNNING YOUR FIRST PYTHON SCRIPT

Now that your environment is set up, it's time to write and run a simple Python script.
Follow the steps below to create your first program.

1.3.5.1 WRITING YOUR FIRST SCRIPT
<> Open your IDE or text editor (e.g., Jupyter Notebook, VSCode, or

PyCharm).
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< Create a new Python file. In most editors, you can do this by
clicking File > New File or New Project. Name your file
first_script.py.

< Inside the file, type the following code:
# This is a simple Python program

print ("Hello, World!™)

This program simply prints the text "Hello, World!" to the console.
1.3.5.2 RUNNING THE SCRIPT

Depending on your chosen IDE or environment, you can run your script in different
ways.

< In VSCode:

1. Save the file (ctr1 + s or cma + s on macOS).

2. Right-click the file in the file explorer and choose Run Python
File in Terminal.

3. You should see the output "seiio, woria!" printed in the terminal.

< In Jupyter Notebook:

1. Open Jupyter by typing jupyter notebook in your terminal or
command prompt.

2. Navigate to the location of your script.

3. Create a new notebook or script file, type the code, and run the
cell by pressing shift + Enter.

< In PyCharm:

1. Right-click the file and select Run. The output should appear in
the console at the bottom of the screen.

< Running from the Command Line:

1. Open your terminal or command prompt.
2. Navigate to the directory where your first script.py file is
located.
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cd path/to/your/file

Run the script using the following command

python first script.py

You should see the output

Hello, World!

1.3.5.3 BREAKING DOWN THE CODE

Let’s break down the code to understand the basics.

# This is a simple Python program

Web Designing & Al

< Comments: Lines that start with # are comments. They are not
executed by the Python interpreter and are used to add notes or
explanations to your code.

print ("Hello, World!")

< print() Function: This is one of Python’s built-in functions. It
outputs the string "Hello, World!" to the console. The string is
enclosed in double quotes ("), but single quotes (') can also be

used for strings.

1.3.6 BASIC PYTHON SYNTAX

Before moving on to more complex topics, let's cover the basics of Python syntax.
This will give you a strong foundation for writing more advanced programs later.

1.3.6.1 VARIABLES AND DATA TYPES

In Python, variables are containers for storing data values. You don't need to declare
a type for variables; Python automatically infers the type based on the assigned

value.

# Variable assignment

x = 10 # integer
y = 3.14 # float
name = "John" # string

# Printing variables

print (x) # Outputs:
print (y) # Outputs:
print (name) # Outputs:

10
3.14
John
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Python supports several data types:

< Integers (int): Whole numbers, e.g., 10, -5.

<  Floating-point numbers (float): Decimal humbers, e.g., 3.14, -
2.7.

< Strings (str): Text data, e.g., "Hello", 'World'.

<~ Booleans (bool): True or False values, e.g., True, False.

1.3.6.2 BASIC ARITHMETIC OPERATIONS

Python provides the usual arithmetic operators for numbers.
a = 10
b = 3

# Addition
print(a + b) # Outputs: 13

# Subtraction

print (a - b) # Outputs: 7

# Multiplication
print(a * b) # Outputs: 30

# Division

print (a / b) # Outputs: 3.3333333333333335

# Floor Division

print(a // Db) # Outputs: 3 (truncated to integer)

# Modulus (remainder)

print(a % b) # Outputs: 1

# Exponentiation

print (a ** b) # Outputs: 1000 (10 raised to the power of 3)

1.3.6.3 STRINGS
Strings in Python are arrays of characters. You can use either single quotes (')

or double quotes (") to create strings.
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greeting = "Hello"

name = "Alice"

# Concatenation
full greeting = greeting + " " + name

print (full greeting) # Outputs: Hello Alice

# String Length
print (len(greeting)) # Outputs: 5

# String Indexing
print (name[0]) # Outputs: A (first character)

print (name[-1]) # Outputs: e (last character)

# String Slicing

print (name[1:4]) # Outputs: lic (characters from index 1 to 3)

Strings are immutable, meaning you cannot change them after creation.
However, you can create new strings by concatenating or slicing.

1.3.6.4 LISTS
A list is a mutable, ordered sequence of items. Lists can hold any data type,

and the items can be of different types.
# Creating a list
numbers = [1, 2, 3, 4, 5]

mixed = [1, "two", 3.0, True]

# Accessing elements
print (numbers[0]) # Outputs: 1
print (mixed[1]) # Outputs: "two"

# Modifying elements

numbers[0] = 10

print (numbers) # Outputs: [10, 2, 3, 4, 5]
# Slicing lists

print (numbers[1:4]) # Outputs: [2, 3, 4]
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# List methods

numbers.append (6) # Adds 6 to the end of the list
print (numbers) # Outputs: [10, 2, 3, 4, 5, o]
1.3.6.5 TUPLES

Tuples are similar to lists but are immutable, meaning they cannot be changed after
creation.

# Creating a tuple

coordinates = (10, 20)

# Accessing elements
print (coordinates[0]) # Outputs: 10
print (coordinates[1]) # Outputs: 20

# Tuples cannot be modified

# coordinates[0] = 30 # This will raise an error

1.3.6.6 Dictionaries

Dictionaries are unordered collections of key-value pairs. They are useful when you want to associate
a key with a value.

# Creating a dictionary

person = {"name": "John", "age": 25, "city": "New York"}
# Accessing values
print (person["name"]) # Outputs: John

print (person["age"]) # Outputs: 25

# Adding new key-value pairs

person["job"] = "Engineer"
print (person) # Outputs: {'name': 'John', 'age': 25,
'city': 'New York', 'job': 'Engineer'}

1.3.7 BASIC INPUT AND OUTPUT

Python provides functions to read input from the user and display output to the screen.

# Input from the user
name = input ("Enter your name: ")

print ("Hello, " + name + "!") # Outputs: Hello, <name>!
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You can also use formatted strings (f-strings) to make printing variables

easier:
age = 25
print (f"My age is {age}l") # Outputs: My age is 25

1.3.8 CONTROL FLOW STATEMENTS

In Python, control flow statements allow you to execute code based on certain
conditions or repeat code multiple times. The main control flow statements are if, for,
and while loops.

1.3.8.1 CONDITIONAL STATEMENTS (IF, ELIF, ELSE)

Conditional statements are used to perform different actions based on whether a
condition is true or false

age = 18

if age >= 18:

print ("You are an adult.") # This block executes if the
condition is True
else:

print ("You are a minor.") # This block executes 1if the

condition is False

if Statement: Executes a block of code if the condition is True.
else Statement: Executes if the if condition is False.

elif (else if): Allows for multiple conditions to be checked in sequence.
grade = 85

if grade >= 90:

print ("You got an A!")
elif grade >= 80:

print ("You got a B!")
else:

print ("You got a lower grade.")
1.3.8.2 Comparison and Logical Operators
These operators help in making comparisons and combining conditions.
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< Comparison operators:

B ==: Equal to

B !=: Not equal to

B >: Greater than

B <:Lessthan

B >=: Greater than or equal to
B <=:Less than or equal to

< Logical operators:
B and: Returns True if both conditions are true.

B or: Returns True if at least one condition is true.
B not: Reverses the result of a condition.

Example:

X =5

[
—
o

y

if x < y and x != O:

print ("x is less than y and not zero.")

1.3.8.3 LOOPS (FOR AND WHILE)
Loops are used to repeat a block of code multiple times.

<  for Loop: Iterates over a sequence (like a list, string, or range of

numbers).
# Looping through a list
numbers = [1, 2, 3, 4, 5]

for num in numbers:

print (num) # Outputs each number

# Looping through a range of numbers
for i in range(5):
print (i) # Outputs 0, 1, 2, 3, 4
while Loop: Repeats a block of code as long as a condition is
true.
# While loop
count = 0
while count < 5:
print (count)

count += 1 # Increments count
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1.3.8.4 BREAKING OUT OF LOOPS
< break: Exits the loop completely.

< continue: Skips the current iteration and continues with the next
one.

for i in range(10) :
if 1 ==
break # Stops the loop when 1 is 5

print (i)

for i in range(10) :
if i & 2 ==
continue # Skips even numbers

print (i) # Outputs only odd numbers

1.3.9 FUNCTIONS

Functions allow you to group code into reusable blocks, making your programs
modular and easier to maintain.

1.3.9.1 DEFINING A FUNCTION

To define a function, use the def keyword followed by the function name and
parentheses. The code inside the function runs when the function is called.

# Defining a function
def greet (name) :

print (f"Hello, {name}!'"™)

# Calling the function
greet ("Alice") # Outputs: Hello, Alice!

1.3.9.2 FUNCTION PARAMETERS AND RETURN VALUES

Functions can accept parameters (inputs) and return values (outputs).

# Function with parameters and return value
def add(a, b):

return a + b

result = add (10, 5)
print (result) # Outputs: 15

Advance Training Course in MI & IS, Batch XIV 21



Lecture Notes Web Designing & Al
< Parameters: Variables defined in the function header.
< Return values: Use the return statement to send a value back to
the caller.
1.3.9.3 DEFAULT ARGUMENTS

You can define default values for function parameters. If the caller doesn't provide
an argument, the default value is used.

# Function with default argument
def greet (name="stranger") :

print (f"Hello, {name}!'"™)

greet () # Outputs: Hello, stranger!
greet ("Alice") # Outputs: Hello, Alice!

1.3.9.4 KEYWORD ARGUMENTS

You can specify function arguments by their parameter name.

def describe person(name, age, city):

print (f"{name} is {age} years old and lives in {city}.")

# Calling with keyword arguments

describe person (name="John", age=30, city="New York")

1.3.9.5 VARIABLE-LENGTH ARGUMENTS

You can allow a function to accept any number of arguments using *args for
positional arguments and **kwargs for keyword arguments.

# Function with variable-length positional arguments
def sum all (*args):
total = sum(args)

return total
print (sum all(l, 2, 3, 4)) # Outputs: 10
# Function with variable-length keyword arguments
def print info (**kwargs) :

for key, value in kwargs.items() :

print (f"{key}: {value}l")

print info (name="John", age=25, city="London")
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1.3.10 ERROR HANDLING WITH TRY-EXCEPT

Python allows you to handle errors gracefully using try, except, and optionally finally
blocks.

try:
# Code that might raise an error
result = 10 / O
except ZeroDivisionError:
# This block runs if there is a ZeroDivisionError
print ("Error: Division by zero!")
try block: Contains the code that might raise an exception.
except block: Defines the code to run if an exception occurs.
finally block (optional): Contains code that runs no matter
what, often used for cleanup tasks like closing files.
try:
file

open ("sample.txt", "r")

data file.read()
except FileNotFoundError:

print ("File not found!")
finally:

file.close()

1.4 OBJECT-ORIENTED PROGRAMMING (OOP)

Object-Oriented Programming is a paradigm that uses objects and classes to
structure code. It helps in organizing and managing complex codebases by modeling
real-world entities and their interactions.

1.4.1 INTRODUCTION TO CLASSES AND OBJECTS

1.4.1.1 DEFINING CLASSES

A class is a blueprint for creating objects. It defines a set of attributes and methods
that the objects created from the class can use.

# Define a class

class Person:

def init (self, name, age):
self.name = name
self.age = age
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def greet (self):

return f"Hello, my name is {self.name} and I am

{self.age} years old."

# Create an instance (object) of the class
personl = Person("Alice", 30)

print (personl.greet()) # Outputs: Hello, my name is Alice and I

am 30 years old.

<~ * __init__ Method: The constructor method that initializes the
object’s attributes.

< Attributes: Variables bound to the object.

< *  Methods: Functions defined inside the class that operate on
object attributes.

1.4.1.2 ACCESSING ATTRIBUTES AND METHODS

You can access attributes and methods of an object using the dot notation.

# Accessing attributes

print (personl.name) # Outputs: Alice

# Calling methods
print (personl.greet()) # Outputs: Hello, my name is Alice and T

am 30 years old.

1.4.2 INHERITANCE

Inheritance allows a class to inherit attributes and methods from another class. This
promotes code reusability and establishes a hierarchy between classes.

1.4.2.1 BASIC INHERITANCE

# Base class
class Animal:
def init (self, species):

self.species = species

def make sound(self):

return "Some sound"
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# Derived class
class Dog (Animal) :
def init (self, name):
super (). init ('Dog') # Call the constructor of the
base class

self.name = name

def make sound(self):

return "Woof!"

# Create an instance of the derived class

dog = Dog ("Buddy")

print (dog.species) # Outputs: Dog

print (dog.name) # Outputs: Buddy

print (dog.make sound()) # Outputs: Woof!

super () : A function that allows you to call methods from the

base class.

1.4.2.2 OVERRIDING METHODS

In a derived class, you can override methods from the base class to provide a
specific implementation.

class Cat (Animal) :
def make sound(self):

return "Meow!"

cat = Cat ("Whiskers")

print (cat.make sound()) # Outputs: Meow!

1.4.3 ENCAPSULATION

Encapsulation is the concept of restricting access to certain details of an object and
only exposing what is necessary. It is achieved using private and public access
modifiers.

1.4.3.1 PUBLIC AND PRIVATE ATTRIBUTES
< Public Attributes: Can be accessed from outside the class.

< Private Attributes: Prefixed with double underscores (_ ), they
are intended to be accessed only within the class.
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1.4.3 ENCAPSULATION

Encapsulation is the concept of restricting access to certain details of an object and
only exposing what is necessary. It is achieved using private and public access
modifiers.

1.4.3.1 PUBLIC AND PRIVATE ATTRIBUTES
< Public Attributes: Can be accessed from outside the class.

<  Private Attributes: Prefixed with double underscores (_ ), they
are intended to be accessed only within the class.
Attempting to access private attributes directly from outside the class will
raise an error.

# Direct access will raise an error

print (account. balance)

# AttributeError: 'Account' object has no attribute ' balance'

1.4.4 POLYMORPHISM

Polymorphism allows different classes to be treated as instances of the same class
through a common interface. It is often implemented using method overriding and
method overloading.

1.4.4.1 METHOD OVERRIDING

Derived classes can override methods of their base classes to provide specific
implementations.

class Bird(Animal) :
def make sound(self):

return "Chirp!"

bird = Bird("Sparrow")
print (bird.make sound()) # Outputs: Chirp!
1.4.4.2 METHOD OVERLOADING

Python does not support method overloading by default, but you can achieve similar
behavior using default arguments or variable-length arguments.

class Calculator:
def add(self, a, b, c=0):

return a + b + ¢
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calc = Calculator ()
print (calc.add (2, 3)) # Outputs: 5
print (calc.add (2, 3, 4)) # Outputs: 9

1.5 MODULES AND PACKAGES

Modules and packages allow you to organize and reuse code efficiently. They help
manage large codebases by dividing them into manageable sections.

1.5.1 IMPORTING MODULES

A module is a file containing Python code. You can import and use its functions and
classes in other scripts.

1.5.1.1 IMPORTING A MODULE

# Import the entire module

import math
print (math.sqrt (16)) # Outputs: 4.0

# Import specific functions

from math import sqrt, pi

print (sqrt(25)) # Outputs: 5.0
print (pi) # Outputs: 3.141592653589793

1.5.1.2 CREATING YOUR OWN MODULES

You can create your own modules by writing Python code in a file with the .py
extension. For example, save the following code in a file named mymodule.py.

# mymodule.py

def greet (name) :

return f"Hello, {name}!"

def add(a, b):

return a + b
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You can then import and use it in another script:

import mymodule

print (mymodule.greet ("Alice")) # Outputs: Hello, Alice!
print (mymodule.add (5, 7)) # Outputs: 12

1.5.2 PACKAGES

A package is a collection of modules organized in a directory hierarchy. Each
directory in the hierarchy contains an __init__.py file (which can be empty) to
indicate that it is a package.

1.5.2.1 CREATING A PACKAGE
<  Create a directory for the package, e.g., mypackage/.

<  Inside mypackage/, create an __init__.py file.
<> Add your module files inside the mypackage/ directory.

Directory structure:

mypackage/
__init .py
modulel.py
module?2.py

You can import modules from the package like this:

from mypackage import modulel

modulel.some function()

1.5.3 USING STANDARD LIBRARY MODULES

Python’s standard library includes many built-in modules and packages that provide
functionality for various tasks, such as file I/O, system operations, and data
manipulation.

# Using the os module to interact with the operating system

import os

print (os.getcwd()) # Outputs the current working directory

os.makedirs ('new directory') # Creates a new directory
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1.6 FILE HANDLING

File handling in Python involves working with files on the filesystem—creating,
reading, writing, and closing files. Python provides built-in functions and methods to
manage files efficiently.

1.6.1 OPENING AND CLOSING FILES

To work with a file, you need to open it first using the open() function, and close it
when done to free up system resources.

1.6.1.1 OPENING FILES

The open() function is used to open a file. It requires the filename and optionally a
mode which specifies the purpose of opening the file.

# Open a file for reading (default mode)

file = open ("example.txt", "r")

Modes:

'r': Read (default mode). Opens a file for reading.

« 'W': Write. Opens a file for writing (creates a new file or truncates the
existing one).

. 'a': Append. Opens a file for writing (creates a new file if it does not
exist).

. 'b": Binary mode. Reads or writes files in binary mode (e.g., 'rb' for
reading binary).

1.6.1.2 CLOSING FILES

Always close files after completing operations to ensure data integrity and release
system resources.

file.close()

1.6.2 READING FILES
Reading a file allows you to retrieve its content.
1.6.2.1 READING ENTIRE FILE

You can read the entire content of a file into a string using the read () method.

file = open ("example.txt", r")

content = file.read()

Advance Training Course in MI & IS, Batch XIV 29



Lecture Notes Web Designing & Al

print (content)

file.close()

1.6.2.2 READING LINE BY LINE

To process a file line by line, use the readline() method or iterate over the file object.

file = open ("example.txt", r")

# Using readline ()
line = file.readline ()
while line:

print (line, end="'")

line = file.readline ()

# Using iteration
for line in file:

print (line, end="'")

file.close()

1.6.2.3 READING ALL LINES INTO A LIST

The readlines() method reads all lines into a list.

file = open ("example.txt", r")
lines = file.readlines ()
print (lines)

file.close()

1.6.3 WRITING TO FILES
Writing to a file involves creating new content or modifying existing content.
1.6.3.1 WRITING TEXT

You can write text to a file using the write() method. If the file does not exist, it will
be created.

file = open ("example.txt", "w")
file.write ("Hello, World!\n")
file.write("This is a new line.")

file.close()
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1.6.3.2 APPENDING TEXT

To append text to a file without overwriting existing content, use the 'a' mode.

file = open ("example.txt", "a")
file.write ("\nAppending this line.")

file.close()

1.6.3.3 WRITING BINARY DATA

For binary files, use the 'b' mode.

data = b"Binary data"
file

open ("example.bin", "wb")
file.write (data)

file.close()

1.6.4 WORKING WITH FILE PATHS

You can use the os module to handle file paths and directories.
1.6.4.1 JOINING PATHS

Use os.path.join() to create a path string that is compatible with the operating
system.

import os

file path = os.path.join("directory", "file.txt")
1.6.4.2 CHECKING FILE EXISTENCE

Use os.path.exists() to check if a file or directory exists.

import os

if os.path.exists ("example.txt") :
print ("File exists.")
else:

print ("File does not exist.")

1.6.4.3 CREATING DIRECTORIES

Create directories using os.makedirs().

import os
os.makedirs ("new directory", exist ok=True) # Creates the

directory if it does not exist
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1.6.4.4 LISTING FILES IN A DIRECTORY

List files and directories using os.listdir().

import os

files = os.listdir("some directory")
for file in files:

print (file)

1.7 INTRODUCTION TO LIBRARIES FOR DATA
ANALYTICS

Libraries are essential in Python for data analytics, providing functionalities for data
manipulation, mathematical operations, and statistical analysis.

1.7.1 NUMPY

NumPy is a fundamental package for scientific computing in Python. It provides
support for arrays, matrices, and many mathematical functions.

1.7.1.1 CREATING ARRAYS

Use numpy.array() to create arrays.

import numpy as np

array = np.array([1l, 2, 3, 4, 51)
print (array) # Outputs: [1 2 3 4 5]

1.7.1.2 ARRAY OPERATIONS

NumPy supports vectorized operations on arrays.

arrayl = np.array([1l, 2, 3])
array2 = np.array([4, 5, 6])
result = arrayl + array?2

print (result) # Outputs: [5 7 9]
1.7.1.3 MATHEMATICAL FUNCTIONS

NumPy provides mathematical functions such as mean(), std(), and sum().

data = np.array([1l, 2, 3, 4, 51])

mean = np.mean (data)

std dev = np.std(data)

print (f"Mean: {mean}, Standard Deviation: {std dev}")
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1.7.2 PANDAS

Pandas is a powerful library for data manipulation and analysis, providing data
structures like DataFrames and Series.

1.7.2.1 CREATING DATAFRAMES

Use pandas.DataFrame() to create DataFrames.

import pandas as pd

data = {'Name': ['Alice', 'Bob', 'Charlie'],
'Age': [25, 30, 35]}

df = pd.DataFrame (data)

print (df)

1.7.2.2 READING AND WRITING DATA

Pandas supports various file formats for reading and writing data.

# Reading from a CSV file

df = pd.read csv("data.csv")

# Writing to a CSV file

df.to csv("output.csv", index=False)

1.7.2.3 DATA MANIPULATION
Pandas provides methods for data manipulation, such as filtering, grouping, and
merging.

# Filtering data
filtered df = df[df['Age'] > 30]

# Grouping data
grouped df = df.groupby('Age') .mean ()

# Merging DataFrames
dfl = pd.DataFrame ({'Key': ['A', 'B', 'C'], 'Value': [1, 2, 311})
df2 = pd.DataFrame ({'Key': ['A', 'B', 'D'], 'Value': [4, 5, 6]})

merged df = pd.merge(dfl, df2, on='Key', how='outer')
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1.8 INTRODUCTION TO DATABASES

Databases are used to store, retrieve, and manage data efficiently. Python provides
various libraries for interacting with databases.

1.8.1 SQLITE
SQLite is a lightweight database engine that comes built-in with Python.
1.8.1.1 CONNECTING TO A DATABASE

Use sqlite3.connect() to connect to a SQLite database.

import sglite3

connection = sglite3.connect ('example.db')

cursor = connection.cursor ()

1.8.1.2 EXECUTING SQL QUERIES

Use cursor objects to execute SQL queries.

# Create a table
cursor.execute ('''CREATE TABLE IF NOT EXISTS users (id INTEGER
PRIMARY KEY, name TEXT, age INTEGER)''")

# Insert data
cursor.execute ('''INSERT INTO users (name, age) VALUES (2, 2)''',
("Alice', 30))

# Query data

cursor.execute ('''SELECT * FROM users''')
rows = cursor.fetchall ()

for row in rows:

print (row)

1.8.1.3 COMMITTING TRANSACTIONS

Commit changes to the database using commit() and close the connection.

connection.commit ()

connection.close ()
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1.8.2 SQLALCHEMY

SQLAIchemy is an ORM (Object-Relational Mapping) library that provides a higher-
level interface for working with databases.

1.8.2.1 SETTING UP SQLALCHEMY

Install SQLAIchemy using pip install sqglalchemy.

from sglalchemy import create engine, Column, Integer, String
from sglalchemy.ext.declarative import declarative base

from sglalchemy.orm import sessionmaker
Base = declarative base()

class User (Base):
___tablename = 'users'
id = Column(Integer, primary key=True)
name = Column (String)

age = Column (Integer)

engine = create engine('sglite:///example.db')

Base.metadata.create all (engine)

Session sessionmaker (bind=engine)

session = Session|()

1.8.2.2 ADDING AND QUERYING DATA
# Adding data

new user = User (name='Alice',6 age=30)
session.add (new_user)

session.commit ()

# Querying data
users = session.query (User) .all ()
for user in users:

print (user.name, user.age)
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CHAPTER 2:

BASICS OF METEOROLOGICAL DATA
HANDLING IN PYTHON

2.1 INTRODUCTION TO METEOROLOGICAL DATA
FORMATS

2.1.1 OVERVIEW OF COMMON FORMATS

Meteorological data is stored in various formats, each suited for specific types of
data and analysis needs. Understanding these formats is crucial for effective data
handling.

<~ HDF (Hierarchical Data Format): A file format designed to
store complex data relationships. Commonly used for satellite
imagery and large-scale data.

< NetCDF (Network Common Data Form): A format designed
for array-oriented scientific data, widely used in climate and
weather research.

<~ GRIB (General Regularly-distributed Information in
Binary): A format used by meteorologists to store weather
forecast data.

< CSV (Comma-Separated Values): A simple text format for
tabular data, often used for weather station records and other
straightforward datasets.

2.2 HANDLING HDF FILES

2.2.1 OVERVIEW OF HDF FORMAT

HDF is a versatile format that supports the creation, access, and sharing of scientific
data. It is particularly useful for storing large volumes of data with complex

relationships.
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2.2.1 WRITING HDF FILES IN PYTHON

You can also write data to HDF files.

# Sample code to create a dummy HDF5 file
import hbpy

import numpy as np

# Create a new HDF5 file
with hbSpy.File('hdf data sample.h5', 'w') as f:
# Create a dataset with random data
data = np.random.rand (100, 3) # 100 rows, 3 columns

f.create dataset ('weather data', data=data)

# Add attributes
f['weather data'].attrs['description'] = 'Sample

meteorological data'

2.2.3 READING HDF FILES IN PYTHON

Python’s h5py library allows you to read HDF files.

# Sample code to read from the dummy HDF5 file
import hbpy

# Open the HDF5 file
with hb5py.File('hdf data sample.hb5', 'r') as f:
data = f['weather data'][:]

print (data)

2.2.4 EXAMPLE: HANDLING SATELLITE IMAGERY DATA

Handling satellite imagery data involves reading large HDF files and processing the
data for analysis.

import hbpy
import numpy as np

import matplotlib.pyplot as plt
# Open an HDF file containing satellite imagery

with hbSpy.File('satellite image.hb5', 'r') as file:
image data = file['/path/to/image data'][:]
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# Display the image
plt.imshow (image data, cmap='gray')
plt.title('Satellite Image')
plt.show ()

2.3 HANDLING NETCDF FILES

2.3.1 OVERVIEW OF NETCDF FORMAT

NetCDF is designed to store multi-dimensional data arrays, commonly used in
climate and weather modeling.

2.3.2 WRITING NETCDF FILES IN PYTHON

Writing to NetCDF files involves creating datasets and dimensions.

import netCDF4 as nc

import numpy as np

# Create a NetCDF file

dataset = nc.Dataset ('netcdf data.nc', 'w', format='NETCDF4')

# Create dimensions
dataset.createDimension('time', None)
dataset.createDimension('lat', 10)

dataset.createDimension('lon', 10)

# Create variables

times = dataset.createVariable('time', 'f4', ('time',))
latitudes = dataset.createVariable('lat', 'f4', ('lat',))
longitudes = dataset.createVariable('lon', 'f4', ('lon',))
temperature = dataset.createVariable ('temperature', 'f4',

("time', 'lat', 'lon'))

# Fill variables with data

latitudes[:] = np.linspace(-90, 90, 10)
longitudes[:] = np.linspace(-180, 180, 10)
temperature[:, :, :] = np.random.rand(5, 10, 10) # 5 time steps

dataset.close ()
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2.3.3 READING NETCDF FILES IN PYTHON

Use the netCDF4 library to work with NetCDF files.

import netCDF4 as nc

# Open the NetCDF file

dataset = nc.Dataset ('netcdf data.nc', 'r')

# Read data
temperature = dataset.variables|['temperature'][:]

print (temperature)

dataset.close ()

2.3.4 EXAMPLE: ANALYZING CLIMATE MODEL OUTPUTS

Analyzing climate model outputs involves extracting and plotting data from NetCDF
files.

from netCDF4 import Dataset
import matplotlib.pyplot as plt

# Open a NetCDF file

dataset = Dataset('climate model output.nc', 'r')

# Extract temperature data

temperature = dataset.variables|['temperature'][:]

# Plot a slice of the data

plt.imshow (temperature[0, :, :], cmap='hot')
plt.title('Temperature at Time 0'")
plt.colorbar ()

plt.show ()

2.4 HANDLING GRIB FILES
2.4.1 OVERVIEW OF GRIB FORMAT

GRIB is used by meteorologists to store weather forecast data. It stores data in a
compact binary format.
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2.4.2 READING GRIB FILES IN PYTHON

Use the pygrib library for working with GRIB files.

import pygrib

# Open a GRIB file
grbs = pygrib.open ('weather data.grib')

# Print available messages
for grb in grbs:
print (grb)

# Read a specific message
message = grbs.select (name='Temperature') [0]

data = message.values

2.4.3 WRITING GRIB FILES IN PYTHON

Writing GRIB files typically requires specialized libraries and is less common
compared to reading.

2.4.4 EXAMPLE: PROCESSING WEATHER FORECAST DATA

Processing GRIB data involves extracting and visualizing weather parameters.

import pygrib
import matplotlib.pyplot as plt

# Open a GRIB file

grbs = pygrib.open ('weather forecast.grib')

# Extract temperature data

temperature = grbs.select (name="'Temperature') [0] .values

# Plot temperature data

plt.imshow (temperature, cmap='coolwarm')
plt.title('Temperature Forecast')
plt.colorbar ()

plt.show ()
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2.5 HANDLING CSV FILES
2.5.1 OVERVIEW OF CSV FORMAT

CSV files are used for tabular data, often collected from weather stations or other
observational sources.

2.5.2 READING CSV FILES IN PYTHON

Use the pandas library to read CSV files.

Filename: weather station data.csv
Date, Temperature, Humidity
2024-01-01,15.0,80
2024-01-02,16.5,75
2024-01-03,14.8,70
2024-01-04,17.2,85
2024-01-05,16.0,78
2024-01-06,15.3,72
2024-01-07,16.7,80
2024-01-08,14.5,69
2024-01-09,15.9,77
2024-01-10,16.1,74

import pandas as pd

# Read a CSV file

df = pd.read csv('weather station data.csv')

# Display the DataFrame
print (df.head())

2.5.3 WRITING CSV FILES IN PYTHON

You can write data to CSV files using pandas.

import pandas as pd

# Create a DataFrame

data = {'Date': ['2024-01-01', '2024-01-02"'],
'Temperature': [25.3, 26.1]}

df = pd.DataFrame (data)

# Write DataFrame to CSV

df.to csv('processed weather data.csv', index=False)
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2.5.4 EXAMPLE: PROCESSING WEATHER STATION RECORDS

Processing weather station records involves analyzing time series data from CSV files.

import pandas as pd

import matplotlib.pyplot as plt

# Read CSV data

df = pd.read csv('weather station data.csv')

# Plot temperature over time

plt.plot(pd.to datetime(df['Date']), df['Temperature'])
plt.xlabel ('Date')

plt.ylabel ('Temperature')

plt.title ('Temperature Over Time')

plt.show ()

2.6 DATA MANIPULATION AND VISUALIZATION
2.6.1 USING PANDAS FOR DATA MANIPULATION
Pandas is a powerful library for data manipulation, providing tools for cleaning

and analyzing data.

import pandas as pd

# Read data

df = pd.read csv('weather data.csv')

# Data manipulation

df['Date'] = pd.to datetime(df['Date'])
df.set index('Date', inplace=True)
monthly avg = df.resample('M') .mean ()

print (monthly avg)

2.6.2 VISUALIZING DATA WITH MATPLOTLIB

Matplotlib is used for creating visualizations, which is crucial for analyzing
meteorological data.

import matplotlib.pyplot as plt

# Example data

dates = pd.date range('2024-01-01"', periods=10)
temperatures = [25, 27, 26, 24, 22, 23, 24, 25, 27, 28]
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# Plotting

plt.plot (dates, temperatures, marker='o')
plt.xlabel ('Date')

plt.ylabel ('Temperature')
plt.title('Temperature Trend')
plt.grid(True)

plt.show ()

2.6.3 EXAMPLE: PLOTTING TEMPERATURE TRENDS

import pandas as pd

import matplotlib.pyplot as plt

# Read CSV data

df = pd.read csv('weather data.csv')

# Convert 'Date' column to datetime

df['Date'] = pd.to datetime(df['Date'])

# Plot temperature data

plt.figure(figsize=(10, 5))

plt.plot (df['Date'], df['Temperature'], color='red', marker='o"')
plt.xlabel ('Date')

plt.ylabel ('Temperature (°C)"')

plt.title('Daily Temperature Trends')

plt.grid(True)

plt.show ()

2.7 PRACTICAL EXAMPLES AND EXERCISES
2.7.1 EXAMPLE 1: ANALYZING TEMPERATURE DATA FROM HDF

FILES
< Objective: Demonstrate how to extract and analyze temperature

data from an HDF file.

< Example: Suppose we have an HDF file containing temperature
data from a satellite. We want to extract this data and perform
some basic analysis, such as calculating average temperatures and
visualizing temperature distributions.

< Code Example:
import hbpy

import numpy as np
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import matplotlib.pyplot as plt

# Open the HDF file
with hbSpy.File('satellite temperature data.h5', 'r') as file:
# Access the temperature data

temperature data = file['/temperature'] [:]

# Compute basic statistics

mean temp = np.mean (temperature data)

std temp = np.std(temperature data)

print (f"Mean Temperature: {mean temp:.2f} °c")

print (£"Standard Deviation: {std temp:.2f} °C")

# Visualize the temperature data
plt.figure(figsize=(10, 6))
plt.hist (temperature data.flatten(), bins=50, color='blue',
edgecolor="black')
plt.title ('Temperature Distribution')
plt.xlabel ('Temperature (°C)")
plt.ylabel ('Frequency')
plt.grid(True)
plt.show ()
< Explanation:
B Opening the HDF file: We use h5py.File to open the HDF file
and access the temperature dataset.
W Extracting Data: Extract the temperature data from the
specified path within the HDF file.
B Basic Statistics: Compute the mean and standard deviation of
the temperature data.
W Visualization: Plot a histogram to visualize the distribution of
temperatures.
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2.7.2 EXAMPLE 2: CREATING CLIMATE PLOTS FROM NETCDF
DATA
<~  Objective: Show how to generate climate-related plots from

NetCDF data.

< Example: Suppose we have NetCDF data with monthly average
temperature values. We want to plot these values to analyze
climate trends.

<  Code Example:
from netCDF4 import Dataset

import matplotlib.pyplot as plt

# Open the NetCDF file
dataset = Dataset ('monthly climate data.nc', 'r')
# Extract temperature data and time
temperature = dataset.variables|['temperature'][:]
time = dataset.variables['time'][:]
# Convert time to readable format (assuming time is in months)
import pandas as pd
time dates = pd.date range(start='2000-01-01"', periods=len(time),
freg="M")
# Plot the temperature data
plt.figure(figsize=(12, 6))
plt.plot(time dates, temperature, marker='o', color='red')
plt.title ('Monthly Average Temperature')
plt.xlabel ('Date')
plt.ylabel ('Temperature (°C)")
plt.grid(True)
plt.show ()
< Explanation:
B Opening the NetCDF file: Use Dataset from netCDF4 to open
the NetCDF file and access temperature and time variables.
W Extracting Data: Extract temperature data and time from the
dataset.
m Time Conversion: Convert the time variable into a pandas date
range for plotting.
W Plotting: Plot the monthly average temperature over time to
visualize climate trends.
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2.7.3 EXERCISE: EXTRACTING AND VISUALIZING WEATHER
DATA
< Objective: Practice extracting and visualizing weather data using

Python. This exercise will help reinforce the concepts learned in

the chapter and give hands-on experience with real data.

< Exercise Instructions:

1. Download a Sample Data File:

B Obtain a sample HDF or NetCDF file that contains weather data
(e.g., temperature, humidity, precipitation). You can find
sample datasets from sources like NOAA, NASA, or other
meteorological data providers. For this exercise, let's assume
we are working with an HDF file named weather data.ns.

2. Extract Weather Data:

m Write a Python script to extract temperature and precipitation
data from the HDF file.

3. Calculate Basic Statistics:

m Compute the following statistics for the temperature data:
€ Mean
€ Median
€ Standard Deviation

B Calculate the total precipitation over the period covered by the
dataset.

4. Visualize Data:

B Create the following plots:
€ A time series plot of daily temperatures.
€ A histogram of temperature distribution.
€ A bar plot of total monthly precipitation.

<  Detailed Solution:

B Step 1: Import Libraries and Load Data
import hbpy
import numpy as np
import pandas as pd

import matplotlib.pyplot as plt

# Open the HDF file
with hb5py.File('weather data.h5', 'r') as file:
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# Extract datasets

temperature = file['/temperature'] [:]
precipitation = file['/precipitation'][:]
time = file['/time'][:]

B Step 2: Calculate Basic Statistics

# Convert time to pandas datetime format

time dates = pd.to datetime(time, unit='D', origin='unix')

# Create DataFrame

df = pd.DataFrame ({
'Date': time dates,
'Temperature': temperature,
'Precipitation': precipitation

})

# Set Date as index

df.set index('Date', inplace=True)

# Calculate statistics

mean temp = df['Temperature'].mean ()
median temp = df['Temperature'].median ()
std temp = df['Temperature'].std()

total precipitation = df['Precipitation'].sum{()

print (f"Mean Temperature: {mean temp:.2f} °C")
print (f"Median Temperature: {median temp:.2f} el
print (f"Standard Deviation of Temperature: {std temp:.2f} °c")

print (f"Total Precipitation: {total precipitation:.2f} mm")

W Step 3: Visualize Data
€ 3.1 Time Series Plot of Daily Temperatures

plt.figure (figsize=(12, 6))
plt.plot (df.index, df['Temperature'], color='blue', marker='o',
linestyle="'-"', markersize=2)
plt.title('Daily Temperature Over Time')
plt.xlabel ('Date')
plt.ylabel ('Temperature (°C)"')
plt.grid(True)
plt.show ()
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€ 3.2 Histogram of Temperature Distribution

plt.figure (figsize=(10, 6))

plt.hist (df['Temperature'], bins=30, color='orange',

edgecolor="'black')

plt.title('Temperature Distribution')

plt.xlabel ('Temperature (°C)")

plt.ylabel ('Frequency')

plt.grid(True)

plt.show ()
€ 3.3 Bar Plot of Total Monthly Precipitation

# Resample data to monthly frequency

monthly precipitation = df['Precipitation'].resample('M') .sum()

plt.figure(figsize=(12, 6))
monthly precipitation.plot (kind='bar', color='green')
plt.title('Total Monthly Precipitation')
plt.xlabel ('Month')
plt.ylabel ('Total Precipitation (mm) ')
plt.grid(True)
plt.show ()
B Explanation:
€ Data Extraction: The script opens the HDF file and extracts
temperature, precipitation, and time datasets.
€ Statistics Calculation: Uses pandas to compute mean,
median, standard deviation for temperature, and total
precipitation.
€ Visualization:
® Time Series Plot: Shows temperature trends over time.
® Histogram: Displays the distribution of temperatures.
® Bar Plot: Represents total precipitation for each month.
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2.8 BEST PRACTICES
2.8.1 BEST PRACTICES FOR HANDLING METEOROLOGICAL
DATA

<>  Data Integrity: Always check the integrity and validity of your data

before analysis. Ensure data is complete and correctly formatted.

<  Efficient Storage: Use appropriate file formats (e.g., NetCDF for
large-scale data) to manage large volumes of meteorological data
efficiently.

<> Data Documentation: Document the structure and source of your
data to ensure reproducibility and ease of use.

< Code Efficiency: Optimize your code for performance, especially
when working with large datasets. Use efficient data structures
and algorithms.

< Visualization: Choose appropriate visualization methods to
accurately represent your data. Ensure plots are clear and labeled
correctly.

< Regular Updates: Keep your libraries and tools up-to-date to
leverage new features and improvements.

2.8.2 RESOURCES FOR FURTHER READING
BOOKS:

o Python for Data Analysis by Wes McKinney Climate Data Analysis:
Methods and Applications by T. J. Phillips

ONLINE RESOURCES:

o Python HDF5 Documentation
o NetCDF4 Documentation

o Matplotlib Documentation

o Pandas Documentation

TUTORIALS AND COURSES:

o Khan Academy’s Data Analysis Course
o Coursera’s Python for Everybody
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CHAPTER 3:

INTRODUCTION TO AI & ML

3.1 INTRODUCTION TO ARTIFICIAL INTELLIGENCE (AI)

AND MACHINE LEARNING (ML)

3.1.1 DEFINING AI AND ML
ARTIFICIAL INTELLIGENCE (AI):
<> Definition: Al is a branch of computer science that aims to create

machines capable of performing tasks that typically require human

intelligence. These tasks include reasoning, learning, problem-

solving, and understanding natural language.

< Types of Al

m Narrow Al: Al systems designed for a specific task (e.g., voice
assistants, recommendation systems). Most of the AI
applications today fall under this category.

B General AI: AI systems with generalized human cognitive
abilities. This type is still theoretical and not yet realized.

MACHINE LEARNING (ML):
< Definition: ML is a subset of Al focused on the development of

algorithms that allow computers to learn from and make decisions

based on data. Unlike traditional programming, where the

programmer writes explicit instructions, ML algorithms learn
patterns and make predictions from data.
< Types of ML:

W Supervised Learning: Algorithms learn from labeled training
data and make predictions or decisions based on new, unseen
data. Examples include classification and regression tasks.

B Unsupervised Learning: Algorithms identify patterns and
relationships in unlabeled data. Examples include clustering
and dimensionality reduction.

B Reinforcement Learning: Algorithms learn by interacting with
an environment and receiving rewards or penalties based on
their actions. This approach is used in scenarios like game
playing and robotic control.
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EXAMPLE IN METEOROLOGY:
< AL An Al system that predicts the likelihood of severe weather

events based on historical weather patterns.
< ML: A machine learning model that classifies weather conditions as
sunny, rainy, or stormy based on weather sensor data.

3.1.2 APPLICATIONS OF AI & ML IN METEOROLOGY
WEATHER FORECASTING:
< Objective: Predict weather conditions for upcoming days based on

historical data and current observations.
< Example: ML models that use past weather data (temperature,
humidity, wind speed) to forecast future weather conditions.

CLIMATE MODELING:
< Objective: Understand and predict long-term climate patterns and

changes.

< Example: Al-driven climate models that simulate the impact of
different greenhouse gas emission scenarios on global
temperatures.

EXTREME WEATHER PREDICTION:
< Objective: Forecast severe weather events such as hurricanes,

tornadoes, and heatwaves.
<  Example: ML algorithms that analyze satellite images and

atmospheric data to predict the formation and path of hurricanes.

PUBLIC DATA SOURCE EXAMPLE:
< NOAA’s Climate Data Online (CDO): Provides access to weather

and climate data, including historical weather observations, which
can be used for training ML models.

3.2 DATA PREPARATION FOR MACHINE LEARNING

3.2.1 DATA COLLECTION AND SOURCES
PUBLICLY AVAILABLE METEOROLOGICAL DATASETS:
< NOAA’s National Centers for Environmental Information (NCEI):

Provides datasets on temperature, precipitation, and more.

< NASA's Earthdata: Offers satellite data including global weather
patterns and climate data.

< ECMWEF (European Centre for Medium-Range Weather Forecasts):
Provides global atmospheric reanalysis data.

EXAMPLE:
<>  Dataset: Historical temperature and precipitation data from NOAA's

NCEI can be used for building and training ML models.
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3.2.2 DATA CLEANING AND PREPROCESSING
HANDLING MISSING DATA:
< Techniques:

B Imputation: Replace missing values with estimated values
using mean, median, or interpolation.
B Removal: Exclude records with missing values if they are few
and do not impact the overall dataset.
B Normalization and Standardization:
€ Normalization: Scale data to a range of [0, 1] to ensure
features contribute equally to the model.

from sklearn.preprocessing import MinMaxScaler
scaler = MinMaxScaler ()
scaled data = scaler.fit transform(data)
€ Standardization: Transform data to have a mean of 0 and
standard deviation of 1.

from sklearn.preprocessing import StandardScaler
scaler = StandardScaler ()

standardized data = scaler.fit transform(data)

FEATURE EXTRACTION AND SELECTION:
< Feature Extraction: Create new features from existing data (e.g.,

extracting month and year from a date).
< Feature Selection: Identify and retain the most relevant features
for the model.
< Example:
W Feature Extraction: From a dataset with temperature and
humidity, create a new feature for “temperature anomaly”
(difference from average temperature).

3.2.3 SPLITTING DATA FOR TRAINING AND TESTING
TRAIN-TEST SPLIT:
< Objective: Divide the dataset into training and testing subsets to

evaluate the model’s performance on unseen data.

from sklearn.model selection import train test split
X train, X test, y train, y test = train test split(X, vy,

test size=0.2, random state=42)

CROSS-VALIDATION TECHNIQUES:
< K-Fold Cross-Validation: Split data into K subsets, train on K-1

subsets, and validate on the remaining subset. Repeat K times and
average results.

Advance Training Course in Ml & IS, Batch XIV

52



Lecture Notes Web Designing & Al

from sklearn.model selection import cross val score

scores = cross val score(model, X, y, cv=)5)

< Example:
Train-Test Split: Use 80% of the weather data for training the
model and 20% for testing its accuracy.

3.3 MACHINE LEARNING ALGORITHMS AND

TECHNIQUES

3.3.1 SUPERVISED LEARNING
REGRESSION:
< Definition: Regression algorithms predict a continuous output

variable based on one or more input features. In meteorology,

regression models can predict temperature, precipitation, or other

continuous weather variables.

< Example Algorithm: Linear Regression

B Concept: Models the relationship between a dependent
variable and one or more independent variables by fitting a
linear equation.

B Implementation:

from sklearn.linear model import LinearRegression
from sklearn.model selection import train test split

from sklearn.metrics import mean squared error

# Load dataset

data = pd.read csv('temperature data.csv')

X = data[['featurel', 'feature2'l]] # Replace with actual
feature names

y = datal'temperature']

# Split data
X train, X test, y train, y test = train test split(X, vy,

test size=0.2, random state=42)

# Train model
model = LinearRegression ()

model.fit (X train, y train)

# Predict and evaluate

y pred = model.predict (X test)
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mse = mean_ squared error(y test, y pred)

print (f'Mean Squared Error: {mse:.2f}")

CLASSIFICATION:
< Definition: Classification algorithms predict categorical labels for

data instances. In meteorology, classification can be used to
categorize weather conditions (e.g., sunny, cloudy, rainy).
< Example Algorithm: Decision Tree Classifier
B Concept: Builds a tree-like model of decisions and their
possible consequences. The model splits data into subsets
based on feature values.
B Implementation:

from sklearn.tree import DecisionTreeClassifier

from sklearn.metrics import accuracy score

# Load dataset

data = pd.read csv('weather conditions.csv')

X = datal[['featurel', 'feature2'l]] # Replace with actual
feature names

y = data['condition'] # Categorical target variable

# Split data
X train, X test, y train, y test = train test split(X, vy,

test size=0.2, random state=42)

# Train model
model = DecisionTreeClassifier()

model.fit (X train, y train)

# Predict and evaluate
y pred = model.predict (X test)
accuracy = accuracy score(y test, y pred)

print (f'Accuracy: {accuracy:.2f}")
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<~ Definition: Clustering algorithms group similar data points into
clusters without predefined labels. This can help identify patterns

or structures in meteorological data.
<>  Example Algorithm: K-Means Clustering

B Concept: Partitions data into K clusters by minimizing the

variance within each cluster.
B Implementation

from sklearn.cluster import KMeans

import matplotlib.pyplot as plt

# Load dataset

data = pd.read csv('weather data.csv')

X = data[['featurel', 'feature2']] # Replace with actual

feature names

# Train model

kmeans = KMeans (n_clusters=3) # Set number of clusters

kmeans. fit (X)

clusters = kmeans.predict (X)

# Plot clusters

plt.scatter (X['featurel'], X['feature2'], c=clusters,
cmap='viridis')

plt.title ('K-Means Clustering of Weather Data')
plt.xlabel ('Feature 1'")

plt.ylabel ('Feature 2')

plt.show ()

DIMENSIONALITY REDUCTION:

< Definition: Dimensionality reduction techniques reduce the number
of features while retaining essential information. This can simplify

data and improve model performance.

< Example Algorithm: Principal Component Analysis (PCA)

B Concept: Projects data onto a lower-dimensional subspace

while retaining maximum variance.
B Implementation

from sklearn.decomposition import PCA
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import matplotlib.pyplot as plt

# Load dataset
data = pd.read csv('high dimensional weather data.csv')
X = datal[['featurel', 'feature2', 'featurel3', 'featured']] #

Replace with actual feature names

# Apply PCA
pca = PCA(n components=2)

X pca = pca.fit transform(X)

# Plot PCA results

plt.scatter (X pcal:, 0], X pcal:, 1])

plt.title ('PCA of High-Dimensional Weather Data')
plt.xlabel ('Principal Component 1')

plt.ylabel ('Principal Component 2')

plt.show ()

3.3.3 MODEL EVALUATION AND TUNING
METRICS:
< Accuracy: The proportion of correctly predicted instances among

the total instances.
< Precision: The proportion of true positives among all positive
predictions.
< Recall: The proportion of true positives among all actual positives.
< F1 Score: The harmonic mean of precision and recall.

from sklearn.metrics import classification report

# Assuming y test and y pred are defined from previous examples

print (classification report(y test, y pred))

HYPERPARAMETER TUNING:
< Definition: Adjusting model parameters to improve performance.

This can be done using techniques like grid search or random
search.
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from sklearn.model selection import GridSearchCV

# Define parameter grid

param grid = {'n estimators': [50, 100, 200], 'max depth': [10,
20, 301}

grid search = GridSearchCV (estimator=RandomForestClassifier(),
param grid=param grid, cv=5)

grid search.fit (X train, y train)

# Best parameters

print (grid search.best params )

MODEL SELECTION:
< Definition: Choosing the best model based on evaluation metrics

and performance on validation data.
< Example: Comparing different algorithms (e.g., Decision Trees vs.
Random Forests) to determine which performs best for the given
task.
3.4 PRACTICAL EXAMPLES AND HANDS-ON EXERCISES

3.4.1 EXAMPLE 1: PREDICTING TEMPERATURE WITH LINEAR

REGRESSION
< Objective: Build a linear regression model to predict future

temperatures based on historical weather data.
< Steps:
m Data Preparation:
€ Source: NOAA’s National Centers for Environmental
Information (NCEI) provides historical temperature data.
€ Load Data

import pandas as pd

# Load dataset
data = pd.read csv('temperature data.csv')
print (data.head())
B Feature Selection and Preprocessing:
¢ Select relevant features (e.g., date, humidity) and
preprocess data

data['Date'] = pd.to datetime (data['Date'])
data['Year'] = datal['Date'].dt.year
data['Month'] = data['Date'].dt.month
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>
Il

data[['Year', 'Month', 'Humidity']] # Features
y = datal['Temperature'] # Target
B Training and Testing:
€ Split data and train the model
from sklearn.model selection import train test split
from sklearn.linear model import LinearRegression

from sklearn.metrics import mean squared error

X train, X test, y train, y test = train test split(X, vy,

test size=0.2, random state=42)

model = LinearRegression ()

model.fit (X train, y train)

# Predict and evaluate
y pred = model.predict (X test)
mse = mean_ squared error(y test, y pred)

print (f'Mean Squared Error: {mse:.2f}")

B Results and Visualization:

€ Plot predictions vs. actual temperatures
import matplotlib.pyplot as plt

plt.scatter(y test, y pred)

plt.xlabel ('Actual Temperature')

plt.ylabel ('Predicted Temperature')
plt.title('Actual vs. Predicted Temperature')
plt.show ()

3.4.2 EXAMPLE 2: CLUSTERING WEATHER PATTERNS
<  Objective: Use clustering algorithms to identify distinct weather

patterns from historical weather data.

STEPS:
< Data Preparation:

B Source: Use weather data containing multiple features such as
temperature, humidity, and wind speed.
< Load Data

data = pd.read csv('weather data.csv')

X = data[['Temperature', 'Humidity', 'WindSpeed']] # Features
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< Applying K-Means Clustering:
B Train the K-Means model and assign clusters.

from sklearn.cluster import KMeans

import matplotlib.pyplot as plt

kmeans = KMeans (n_clusters=3, random state=42)

clusters = kmeans.fit predict (X)

# Add cluster labels to the dataframe

data['Cluster'] = clusters

# Plot clusters

plt.scatter (data['Temperature'], data['Humidity'],
c=datal['Cluster'], cmap='viridis')

plt.xlabel ('Temperature')

plt.ylabel ("Humidity"')

plt.title('Clustering of Weather Patterns')
plt.show ()

< Analyzing Clusters:

B Analyze each cluster to understand the characteristics of

different weather patterns.
3.4.3 EXERCISE: FORECASTING PRECIPITATION LEVELS
< Objective: Build a machine learning model to forecast precipitation
levels using historical weather data.

STEPS:
< Data Preparation:

B Source: Obtain precipitation data from NOAA or other

meteorological data sources.
< Load Data

data = pd.read csv('precipitation data.csv')
print (data.head())
< Feature Engineering and Preprocessing:

B Prepare features and target variable

data['Date'] = pd.to datetime (data['Date'])
datal['Year'] = datal['Date'].dt.year
data['Month'] = data['Date'].dt.month
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X = data[['Year', 'Month', 'Temperature', 'Humidity']] #
Features
y = data['Precipitation'] # Target

<> Model Training and Evaluation:
B Train a regression model and evaluate its performance

from sklearn.ensemble import RandomForestRegressor
from sklearn.model selection import train test split

from sklearn.metrics import mean squared error

X train, X test, y train, y test = train test split(X, vy,

test size=0.2, random state=42)

model = RandomForestRegressor (n estimators=100, random state=42)

model.fit (X train, y train)

y pred = model.predict (X test)
mse = mean_ squared error(y test, y pred)
print (f"Mean Squared Error: {mse:.2f}"')
<> Results and Visualization:
B Plot predicted vs. actual precipitation levels
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