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Abstract
In this paper, the application of neural networks to study the 
minimum temperature for Chandigarh city is explored. One 
important architecture of neural networks named Multi-Layer 
Perceptron (MLP) to model forecasting system is used and 
Back Propagation algorithm is used to train the network. The 
proposed network is trained with actual data of the past ten years 
and tested which comes from meteorological department. The 
results show that minimum temperature can be predicted with 
reasonable accuracy by using the artificial neural network.

Keywords
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I. Introduction
Weather forecasting for the future is one of the most important 
attributes to forecast because agriculture sectors as well as many 
industries are largely dependent on the weather conditions. 
It is often used to predict and warn about natural disasters 
that are caused by abrupt change in climatic conditions. The 
observations of atmospheric pressure, temperature, wind 
speed, wind direction, relative humidity, and precipitation are 
made near the earth’s surface by trained observers. In this 
paper we are just concentrated on minimum temperature of 
Chandigarh city [1]. 

II. Weather prediction using ANN
At macro level, weather forecasting is usually done using the 
data gathered by remote sensing satellites. Weather parameters 
like maximum temperature, minimum temperature, extent of 
rainfall, cloud conditions, wind streams and their directions, 
are projected using images taken by these meteorological 
satellites to assess future trends. The satellite-based systems 
are inherently costlier and require complete support system. 
Moreover, such systems are capable of providing only such 
information, which is usually generalized over a larger 
geographical area. The variables defining weather conditions 
like temperature (maximum or minimum), relative humidity, 
rainfall etc., vary continuously with time, forming time series 
of each parameter and can be used to develop a forecasting 
model either statistically or using some other means like 
artificial neural networks [4]. 

We can consider an artificial neural network as a highly simplified 
model of the structure of the biological neural network. An ANN 
consists of interconnected processing units. The general model 
of a processing unit consists of a summing part followed by an 
output part the summing part receives N input values, weights 
each value, and computes a weighted sum. The weighted sum 
is called the activation value. The output part produces a signal 
from the activation value. The sign of the weight for each input 
determines whether the input is excitatory (positive weight) or 
inhibitory (negative weight). The inputs could be discrete or 

continuous data values, and likewise the outputs also could 
be discrete or continuous. 

Further, Neural networks are composed of simple elements 
operating in parallel. These elements are inspired by biological 
nervous systems. As in nature, the network function is 
determined largely by the connections between elements. We 
can train a neural network to perform a particular function 
by adjusting the values of the connections (weights) between 
elements.
Commonly neural networks are adjusted, or trained, so that 
a particular input leads to a specific target output. Such a 
situation is shown in Fig. 1. There, the network is adjusted, 
based on a comparison of the output and the target, until 
the network output matches the target. Typically many such 
input/target pairs are used, in this supervised learning to train 
a network.

Fig. 1: Neural Network block diagram.

Neural networks have been trained to perform complex 
functions in various fields of application including forecasting, 
pattern recognition, identification, classification and control 
systems [7-9].

III. Multilayer perceptron neural network 
When used without qualification, the terms “Neural Network” 
(NN) and “Artificial Neural Network” (ANN) usually refer to a 
Multilayer Perceptron Network. However, there are many other 
types of neural networks including Radial Basis Function 
Networks, Cascade Correlation, Kohonen networks, Adaline 
networks, Recurrent Networks and Hybrid Networks. The 
particular class of neural network that we are going to use in 
this work is called the Multilayer Perceptron Neural Network.. 
The following diagram illustrates a perceptron network with 
three layers: 

Fig. 2: Multilayer Perceptron Neural Network.

This network has an input layer (on the left) with three neurons, 
one hidden layer (in the middle) with three neurons and an 
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output layer (on the right) with three neurons. There is one 
neuron in the input layer for each predictor variable. 
Input Layer — A vector of predictor variable values (x1...xp) is 
presented to the input layer. The input layer (or processing 
before the input layer) standardizes these values so that the 
range of each variable is -1 to 1. The input layer distributes the 
values to each of the neurons in the hidden layer. In addition 
to the predictor variables, there is a constant input of 1.0, 
called the bias that is fed to each of the hidden layers; the 
bias is multiplied by a weight and added to the sum going into 
the neuron. 
Hidden Layer — Arriving at a neuron in the hidden layer, the 
value from each input neuron is multiplied by a weight (wji), and 
the resulting weighted values are added together producing a 
combined value uj. The weighted sum (uj) is fed into a transfer 
function, σ, which outputs a value hj. The outputs from the 
hidden layer are distributed to the output layer. 
Output Layer — Arriving at a neuron in the output layer, the 
value from each hidden layer neuron is multiplied by a weight 
(wkj), and the resulting weighted values are added together 
producing a combined value vj. The weighted sum (vj) is fed into 
a transfer function, σ, which outputs a value yk. The y values 
are the outputs of the network. 

A. Multilayer Perceptron Architecture 
The network diagram shown above is a full-connected, 
three layer, feed-forward, perceptron neural network. “Fully 
connected” means that the output from each input and hidden 
neuron is distributed to all of the neurons in the following layer. 
“Feed forward” means that the values only move from input 
to hidden to output layers; no values are fed back to earlier 
layers.
All neural networks have an input layer and an output layer, 
but the number of hidden layers may vary. Here is a diagram 
of a perceptron network with two hidden layers and four total 
layers: 

Fig. 3: Perceptron Network with two hidden layers.

When there is more than one hidden layer, the output from 
one hidden layer is fed into the next hidden layer and separate 
weights are applied to the sum going into each layer. 

IV. Back-propagation algorithm
In order to train a neural network to perform some task, we 
must adjust the weights of each unit in such a way that the error 
between the desired output and the actual output is reduced. 
This process requires that the neural network compute the 
error derivative of the weights (EW). In other words, it must 
calculate how the error changes as each weight is increased 
or decreased slightly. The back propagation algorithm is the 
most widely used method for determining the EW.
The back-propagation algorithm is easiest to understand if all 
the units in the network are linear. The algorithm computes 

each EW by first computing the EA, the rate at which the error 
changes as the activity level of a unit is changed. For output 
units, the EA is simply the difference between the actual and 
the desired output. To compute the EA for a hidden unit in 
the layer just before the output layer, we first identify all the 
weights between that hidden unit and the output units to which 
it is connected. We then multiply those weights by the EAs of 
those output units and add the products. This sum equals the 
EA for the chosen hidden unit. After calculating all the EAs in 
the hidden layer just before the output layer, we can compute 
in like fashion the EAs for other layers, moving from layer to 
layer in a direction opposite to the way activities propagate 
through the network. This is what gives back propagation its 
name. Once the EA has been computed for a unit, it is straight 
forward to compute the EW for each incoming connection of the 
unit. The EW is the product of the EA and the activity through 
the incoming connection.

A. The back-propagation Algorithm - a mathematical 
approach
Units are connected to one another. Connections correspond 
to the edges of the underlying directed graph. There is a real 
number associated with each connection, which is called 
the weight of the connection. We denote by ijW the weight of 
the connection from unit ui to unit uj. It is then convenient to 
represent the pattern of connectivity in the network by a weight 
matrix W whose elements are the weights ijW . Two types of 
connection are usually distinguished: excitatory and inhibitory. 
A positive weight represents an excitatory connection whereas 
a negative weight represents an inhibitory connection. The 
pattern of connectivity characterizes the architecture of the 
network as shown in Fig. 4.

Fig. 4: Architecture of the Network.

A unit in the output layer determines its activity by following a 
two step procedure. 
First, it computes the total weighted input jX ,using the 
formula: 

  
j i ij

i
X yW=∑

     
where iy is the activity level of the jth unit in the previous layer 
and ijW is the weight of the connection between the ith and 
the jth unit.
Next, the unit calculates the activity jy using some function 
of the total weighted input. Typically we use the sigmoid 
function:
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Once the activities of all output units have been determined, 
the network computes the error E, which is defined by the 
expression:

                       

21 ( )
2 j j

i
E y d= −∑

                                                                     where
jy is the activity level of the jth unit in the top layer and jd is 

the desired output of the jth unit [6].

V. Methodology

A. Data collection
The observations of atmospheric pressure, temperature, wind 
speed, wind direction, humidity, and precipitation are made 
near the earth's surface by trained observers. 

B. Data Assimilation
This is the best estimate of the current state of the atmosphere. 
It is a three dimensional representation of the distribution of 
temperature, moisture and wind.

C. Weather Prediction
Weather Prediction uses the power of computers to make a 
forecast. Complex computer programs, also known as forecast 
models, run on supercomputers and provide predictions on 
many atmospheric variables such as temperature, pressure, 
wind, and rainfall.
The network “learns” by adjusting the interconnections (called 
weights) between layers. When the network is adequately 
trained, it is able to generalize relevant output for a set of 
input data. A valuable property of neural networks is that of 
generalization, whereby a trained neural network is able to 
provide a correct matching in the form of output data for a set 
of previously unseen input data. Backpropagation is one of the 
most famous training algorithms for multilayer perceptron.
Then, Matlab is used as a simulation tool and first step is loading 
the past data and visualizing it then removal of abnormal data 
is done for training the data. Next step is construction of training 
inputs and targets and pre-processing for training inputs and 
targets. Then the Neural Network is constructed and training 
the Neural Network is done and finally testing the Network 
Performance is done and comparison of the forecasted weather 
and the actual weather is done and the Forecast Accuracy 
is computed. After that number of neurons and layers are 
changed to achieve maximum accuracy.

VI. Results & Discussion
The results of this work are in the form of graphs of accuracy of 
weather prediction. The graph below shows the actual minimum 
temperature of Chandigarh city plotted for the year 2000.

Fig. 5: Actual minimum temperature of Chandigarh city plotted 
for the year 2000.

The graph below shows the actual minimum temperature of 
Chandigarh city plotted for the year 2001.

Fig. 6: Actual minimum temperature of Chandigarh city plotted 
for the year 2001.

Similarly, the graphs of all the years are plotted. Below the 
graph shows the actual minimum temperature of Chandigarh 
city plotted for the year 2010.

Fig. 7: Actual minimum temperature of Chandigarh city plotted 
for the year 2010.

This data is used to train the ANN and the following graph 
shows the progress of training:
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Fig. 8: Graph showing the progress of training.

Half of the data is used for training and remaining half is used 
for testing the network performance. The training and testing 
data plots are as shown below:

Fig. 9: Actual vs Forecasted minimum temperature.

Now query is made on the trained neural network to find the 
expected minimum temperature in the seventh year. The graph 
of expected minimum temperature and forecast accuracy is 
given below:

Fig. 10: Expected minimum temperature for the year 2007.

The forecast accuracy is >>  93.3541

VII. Conclusion & future work 
Thus from this work it can be concluded that a feed-forward 
NN model using back-propagation algorithm is developed to 
identify the minimum temperature. The results show that an 
appropriate accuracy can be achieved using this network. The 
neural network approach for weather forecasting is capable of 
yielding good results and can be considered as an alternative to 
traditional meteorological approaches. Further, this approach 
is also able to determine the values of other parameters 
like maximum relative humidity, minimum relative humidity, 
maximum temperature etc in a particular year.
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