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Abstract: Previous work has shown that the prediction of meteorological conditions through methods based on artificial 

intelligence can get satisfactory results. Forecasts of meteorological time series can help decision-making processes carried out by 

organizations responsible of disaster prevention. We introduce an architecture based on Deep Learning for the prediction of the 

accumulated daily precipitation for the next day. More specifically, it includes an auto encoder for reducing and capturing non-

linear relationships between attributes, and a multilayer perceptron for the prediction task. This architecture is compared with 

other previous proposals and it demonstrates an improvement on the ability to predict the accumulated daily precipitation for the 

next day. 

 

Index Terms – Rainfall Prediction using LASSO Algorithm, Machine Learning, CS Project. 

I. INTRODUCTION 

In India, the complete agriculture relies upon rain. The financial system of India is specially focused on the productiveness from 

the rural outputs. It is consequently a main subject to pick out any developments for rainfall to deviate from its periodicity, which 

could disrupt the financial system of the country. Even a brief time period prediction of rainfall is fantastically tough because of the 

reality that parameter concerned in predicting rainfall are very complicated and uncertain. Rainfall-runoff techniques are non-linear 

complicated structures concerning numerous contributing elements which includes rainfall depth, rainfall distribution, land use, soil 

type, soil moisture content, etc. Due to technique and version complexity, those fashions are regularly outfitted without critical 

attention of parameter values, ensuing in negative overall performance in the course of verification. Another hassle with conceptual 

and physically-primarily based totally fashion is that empirical regulatories or periodicities aren't usually obtrusive and may be 

masked via way of means of noise. 

Predicting Rainfall is helpful as it helps in avoiding situations like flood which will help save lives and properties of humans. 

Moreover, it is also an advancing tool which helps in managing various resources of water. Information of amount of rainfall which 

might occur in advance helps farmers to manage their crops better which result in growth of country’s economy. Variation in 

rainfall timing and its quantity makes rainfall prediction a challenging task for meteorological scientists. 

Among the list of services provided by the meteorological department, Weather forecasting is on the top for all the countries 

across the globe. This task of weather forecasting is very complex as it is only based on previous data and assumptions. 

Heavy rainfall prediction is a chief trouble for meteorological branch as it's far carefully related to the financial system and 

existence of human. It is a motive for herbal failures like flood and drought which can be encountered with the aid of using humans 

throughout the globe each year. Accuracy of rainfall forecasting has tremendous significance for international locations like India 

whose financial system is essentially depending on agriculture. Due to dynamic nature of atmosphere, Statistical strategies fail to 

offer desirable accuracy for rainfall forecasting. Nonlinearity of rainfall facts makes Artificial Neural Network a higher technique. 

Review paintings and assessment of various strategies and algorithms utilized by researchers for rainfall prediction is proven in a 

tabular form. Intention of this paper is to provide non-specialists clean get right of entry to to the strategies and strategies used with 

inside the discipline of rainfall prediction. 

A multi-layer perceptron (MLP) NN is compared to a radial bias function network in this research (RBFN). Because of the local 

solution problem, training an MLP model with the back-propagation (BP) learning approach needs a significant amount of 

computation time. The MLP was thus trained using a hybrid algorithm that included BP and the random optimization (RO) method. 

In addition, the hybrid algorithm has been enhanced to reduce calculation time. The RBFN, on the other hand, was calculated 

quickly using the least squares method (LSM). In previous studies, a three-layer perceptron (3LP, the most common type of MLP) 

and RBFN were employed to predict rainfall. In general, RBFN outperforms 3LP in prediction tasks; however, 3LP outperforms 

RBFN somewhat in river-flow forecast and landslide prediction, and the difference between 3LP and RBFN in the rainfall run-off 

prediction problem is in exact. 

Problem Definition 

The prediction of heavy rainfall is a severe problem for meteorological departments, on account that it's so at once connected to 

the financial system and human existence. It is the reason of annual herbal failures along with floods and droughts that have an 
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effect on humans all around the world. For nations like India, wherein agriculture is the number one supply of income, rainfall 

forecasting accuracy is critical. Statistical techniques for rainfall forecasting are useless because of the dynamic individual of the 

atmosphere. Artificial Neural Network is a higher method because of the nonlinearity of rainfall data. In a tabular format, 

researchers' paintings and comparisons of various methodologies and algorithms for rainfall prediction are presented. The purpose 

of these paintings is to make strategies and processes utilized with the aid of using non-specialists on hand to them. 

Proposed Objective 

The objective of this project: 

 Subdivision of dataset  

 Prediction of future rainfall conditions using previous data.  

 To record the pattern rainfall in a particular area.  

 To predict level of disasters in any area.  

 To develop an AI based system so that it can predict automatically and give an alarm.  

 To ensure the safety precautions on the basis of predictions 

Proposed Methodology 

The methodology for the project includes studying about the definition of various methods included in the study of rainfall 

prediction and to implement LASSO and Decision Tree Algorithm. Several of them are listed below:  

 Moving Average (MA).  

 Principle Component Analysis (PCA)  

 Construction of input/output pairs 

II. METHODOLOGY USED IN PREDICTION 

Individual Machine Learning Methods 

Four machine learning models are selected to construct the hybrid multi-model forecasting method. The models are ANN, kNN, 

MARS, and SVR. These are usually called data-driven models because of the ability to capture the mapping between input (e.g. 

antecedent rainfall) and output variables (forecasted rainfall) without directly considering the physical laws that underlie the 

mechanism of rainfall. These models are purely based on the information retrieved from the collected rainfall data. 

Artificial Neural Network(ANN) 

The multilayer perceptron network is by far the most used ANN paradigm, and it trains the network configuration through error 

back propagation. In the input layer, hidden layers, and output layer, the ANN's design consists of a number of hidden layers and a 

number of neurons. ANNs with one hidden layer are often employed in hydrologic modeling (Dawson and Wilby, 2001); (De Vos 

and Rientjes, 2005) because they are thought to provide sufficient complexity to accurately represent the nonlinear features of the 

hydrologic process (Dawson and Wilby, 2001). The ANN forecasting model is formulated as follows using Eq. 9 

: 

xFt+T+(m−1)τ = f(Xt,w,θ,m,h) (9) 

     h     m 

= θ0 + Xwjoutφ(Xwjixt+(i−1)τ + θj), 

j=1 i=1 

where, φ denotes transfer functions; wji are the weights defining the link between the ith node of the input layer and the jth node of 

the hidden layer; θj are biases associated to the jth node of the hidden layer; wj
out are the weights associated to the connection 

between the jth node of the hidden layer and the node of the output layer; and θ0 is the bias at the output node. To apply Eq. 8 to 

rainfall predictions, appropriate training algorithm is required to optimize w and θ. 

    k-nearest neighbor (k-NN). The k-NN is a nonparametric method that bases its prediction on the target outputs of the k nearest 

neighbors of the given query point (see (Hastie, Trevor, Tibshirani, Robert and Friedman, 2009)). Specifically, given a data point 

we compute the Euclidean distance between that point and all points in the training set. We then pick the closest k training data 

points and set the prediction as the average of the target output values for these k points. The prediction of x t+T+(m−1)τ by the 

k-NN method is formulated as: 

 

 

where S(X,n) denotes the set of indices t of the k nearest neighbors to the feature vector X(n). Therefore, if i belongs to S(X,n) and 

j is not in S(X,n), then according to Euclidean distance k Xn − Xi k6k Xn − Xj k. Intuitively speaking, the forecast in Eq. 

11 is the sample-average of output rainfall of the k-nearest neighbors to X(n). 

Multivariate adaptive regression spline 

Friedman (Friedman, 1991) developed MARS as a tree-based local modeling technique that divides the data space into 

numerous, sometimes overlapping regions and fits truncated spline functions in each zone. It's ideal for high-dimensional situations 

and has a lot of potential when it comes to fitting non-linear multivariate functions. MARS has a unique capacity to estimate the 

contributions of the basis functions, allowing the response variable to be determined by both the additive and interaction effects of 

the predictors. 

For each of the descriptive variables in a data set MARS selects the pair of spline functions and the knot location that best 

describes the response variable. In Eq. 12 , all the spline functions are combined in a complex nonlinear model, describing the 

response as a function of the descriptive variables. The model has the form: 
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M yˆ = α0 + Xαiβi(x), 

i=1 

where yˆ is the predicted value for the response variable, α0 is the coefficient of the constant term, M is the number of spline 

functions, and βi and αi are the i th spline function and its coefficient respectively (Friedman, 1991). 

Support vector regression. Support vector regression (Scholkopf¨ and Smola, 2002; Scholkopf¨ and Smola, n.d.), is a successful 

method and penalizing the ensuing complexity using a penalty term added to the error function. Considering a linear model for 

illustration. Then, the prediction is given by: 

f(x) = wTx + b 

 

    where w is the weight vector, b is the bias and x is the input vector. Let xm and ym denote respectively the m th training input 

vector and target output, m = 1,...,M. The error function is given by: 

 

 

 

The first term in the error function is a term that penalizes model complexity. The second term is the insensitive loss function, 

defined as: 
 

 

It does not penalize errors below , allowing it some wiggle room for the parameters to move to reduce model complexity. It can be 

explained that the solution that minimizes the error function is given by 

 

f(x) = X(αm
∗ − αm)xT

mx + b, m=1 

 

where αm and α*m are Lagrange multipliers. The training vectors giving non-zero Lagrange multipliers are called support vectors, 

and this is a key concept in SVR theory. Non-support vectors do not contribute directly to the solution, and the number of support 

vectors is some measure of model complexity (Cherkassky and Ma, 2004),( Chalimourda et al., 2004). This model is extended to 

the non-linear case through the concept of kernel κ, giving a solution: 

 
M f(x) = X(αm

∗ − αm)κ(xT
mx) + b 

m=1 

In this paper, we have used the Gaussian kernel, which is a common kernel. Its width, σK is the standard deviation of the Gaussian 

function.    

Parameter optimization of the individual models 

All the methods discussed above require a parameter tuning process to extract the optimal performance. In this paper we have 

employed a different form of cross validation, the popular model validation technique to tune the parameters of the above methods. 

For model validation, a special care should be taken when the data are serially correlated (i.e., for the time series data). More 

specifically, data points adjacent to or near the omitted observation(s) usually tend to be more similar to them than randomly 

selected ones, so the omitted observation(s) will be more easily predicted than the uncorrelated future observations they are meant 

to simulate. We have employed hv-block cross validation technique (Racine, 2000) to tune the parameters of all the methods. In the 

hv-block cross-validation technique, a model is trained on a set of observations of size Nh and is validated on a set of size Nv while 

the h-blocking assert the near-independence of the training and validation data. 

Let, for a given method, a tuning parameter α for a set of models f(x,α) are indexed, then the hv cross validation function can be 

defined as: 

 

where f ˆ−(i:h,v)(xi:v,α) is the αth model fit with the 2h + 2v + 1 observations removed. The parameter h controls the dependence of 

the validation and training sets and is set to insure near independence of these sets. The parameter v controls the relationship 

between the training set, validation set, and the sample size. The parameter αˆ which minimizes the function CV (α) is chosen to 

construct the model f(x,αˆ). 

In this paper, we have used h = 6 and v = 3. That is, the size of each block Nh = N/6 or 15% of the original training set size and 

the size of the validation set Nc = N/3 or 33% of the original training set. For consistency of the results we have repeated the hv-

cross-validation process 20 times for each parameter of each method. 

Design of the project 

In constructing the hybrid method, lesser complex sub-models of the aforementioned candidate models are preferred. The sub-

models are the models constructed from the parameter grids of the candidate models. After construction of sufficient sub-models, a 

model ranking technique is employed to extract top ranked sub-models based on the predicted rainfall values. Then a model 

selection method is applied to select the most accurate top ranked sub-models to construct the hybrid multi-model forecasting 

method. The pseudo-code of the hybrid multi-model forecasting method is given in Algorithm 1. 

Sub-model ranking using Least angle regression (LARS) 

Efron et al. (Efron et al., 2004) proposed Least Angle Regression which provides ranking of the variables according to their 

predictive performance. A convenient feature of LARS is that the resulting sequence of the covariates can be derived from the 

correlation matrix of the data (without the observations themselves).  
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Let Y,X1,··· ,Xd be the standardized variables. Let rj denote the correlation between Xj and Y , and RX be the correlation matrix 

of the covariates X1,...,Xd. Suppose that Xm has the maximum absolute correlation r with Y and denote sm = sign(rm). Then, Xm 

becomes the first active variable and the current prediction µˆ ←− 0 should be modified by moving along the direction of smXm up 

to a certain distance γ that can be expressed in terms of correlations between the variables. By determining γ, LARS simultaneously 

identifies the new covariate that will enter the model, that is the second active variable.  

 

 

In this paper, we have employed LARS to rank the sub- models based on the forecasting performance on the training responses. 

In addition to this, to reduce the computational complexity, we have used the blocked LARS (Fraley and Hesterberg, 2009). This 

method performs original LARS but in blocks of the original variables, which speed up the process. These weights are later utilized 

for weighted average combination (Timmermann, 2006) of the forecasts of the sub-models in the testing phase. 

Sub-model selection using leave-one-out ( LOO ) error 

Using LARS, the only the top ranked sub-models are extracted; but to select the actual best sub-models we have employed the 

leave-one-out cross-validation (LOOCV) method. The main disadvantage of the LOOCV method is that, it is computationally 

burdensome if the dataset is large. Fortunately, the prediction Sum of Squares (PRESS) (Myers, 1990) statistic provides a direct 

and exact formula for the calculation of the LOO error for linear models (please see, (Syed, 2011) for the implementation). 

In this paper, a threshold value of the LOO error is used for final selection of the top ranked sub-models. The threshold value θ 

(please see in Algorithm 1) is set in such a way that, the sub-models with LOO error within the +3SD (standard deviation) limit of 

the lowest LOO error are selected for creating the hybrid multi-model forecasting method. 

Advantage of the proposed hybrid multi-model forecasting method 

The proposed hybrid multi-model forecasting method consist of ranking the sub-models and finally selecting the sub-models 

with LOOCV error within a threshold value. The final sub-model selection by LOOCV error incur extra amount of variance in the 

prediction of each individual sub-models (Hastie, Trevor, Tibshirani, Robert and Friedman, 2009). The higher amount of variance 

cause individual sub-models to predict ( forecast ) different parts of the forecasting problem. As a result, when all these forecast 

results are combined (the multi-model forecasting) this variance is reduced significantly, which is the underlying success of 

ensemble learners with high variance sub-learners (Hastie, Trevor, Tibshirani, Robert and Friedman, 2009). In this way, an 

approximately accurate forecasting can be done by combining forecasting results from multi-models. 

 

 
The proposed forecasting method is designed to construct sub-models from a narrow span of parameter values. The parameter 

values which exert lesser complexity are employed to construct each sub-model. This training procedure is carried out to facilitate 

the multi-model method making lesser computational burden. As, the parameter optimization of each sub-model would make the 
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training process of the multi-model intractable. In this way, the proposed method becomes computationally advantageous than the 

single models. In the Figure 2, it can be seen that for both the rainfall series the multi-model (MM) forecasting method is 

computationally less expensive than ANN, SVR and MARS. 

Statistical test for comparing forecast accuracy 

We have hired a distribution-loose take a look at called Diebold-Marino take a look at (Diebold and Mariano, 1995) to evaluate 

the distinction among the forecasts of competing methods. The primary motive to apply this take a look at is that, it's far a model-

loose take a look at of forecast accuracy and may be immediately carried out for non-quadratic loss functions, multi-length 

forecasts, and forecast mistakes which are non-Gaussian, non-zero-mean, serially correlated, and contemporaneously correlated. In 

this paper, the take a look at is done the use of the R software program bundle named, forecast (Rob J and Schmidt, 2012). In the 

experiments, we've used 95% importance stage for trying out the forecast accuracy of the methods. 

III. ALGORITHM AND APPROACH 

LASSO Algorithm 

LASSO-Least Absolute Shrinkage and Selection Operator - turned into first formulated through Robert Tibshirani in 1996. It 

is an effective technique that plays fundamental tasks: regularization and function choice. The LASSO technique places a constraint 

at the sum of absolutely the values of the version parameters, the sum needs to be much less than a set value (top bound). In order 

to achieve this, the technique practice a shrinking (regularization) manner in which it penalizes the coefficients of the regression 

variables shrinking a number of them to 0. During functions choice manner the variables that also have a non-0 coefficient after the 

shrinking manner are decided on to be a part of the version. The purpose of this manner is to limit the prediction error. 

Linear Model 

Linear Model, often called Linear Regression Model, is the model that describes the relationship between response Yi and 

explanatory variables Xij. The case of one explanatory variable is called Simple Linear Regression while the case with two or more 

explanatory variables is called Multiple Linear Regression. 

The LASSO Estimator 

LASSO is a regularization and variable choice approach for statistical models. We first introduce this approach for linear 

regression case. The LASSO minimizes the sum of squared errors, with a top sure at the sum of absolutely the values of the 
version parameters. 

 

 

Decision Tree 

A selection tree is a selection aid device that makes use of a tree-like version of choices and their feasible consequences, 

together with danger occasion outcomes, useful resource costs, and utility. It is one manner to show a set of rules that simplest 

consists of conditional manage statements. Decision timber is normally utilized in operations research, in particular in selection 

analysis; to assist becomes aware of an approach maximum probably to attain a goal, however also are a famous device in gadget 

learning. A selection tree is a flowchart-like shape wherein every inner node represents a "test" on an attribute (e.g. whether a coin 

turn comes up heads or tails), every department represents the final results of the test, and every leaf node represents a category 

label (selection taken after computing all attributes). The paths from root to leaf constitute type rules. In selection analysis, a 

selection tree and the intently associated have an effect on diagram are used as a visible and analytical selection aid device, in 

which the predicted values (or predicted utility) of competing options are calculated. 

A decision tree consists of three types of nodes: 

1) Decision nodes – typically represented by squares 

2) Chance nodes – typically represented by circles 

3) End nodes – typically represented by triangles 

Decision trees are commonly used in operations research and operations management. If, in practice, decisions have to be taken 

online with no recall under incomplete knowledge, a decision tree should be paralleled by a probability model as a best choice 

model or online selection model algorithm. Another use of decision trees is as a descriptive means for calculating conditional 

probabilities. 

Decision trees, influence diagrams, utility functions, and other decision analysis tools and methods are taught to undergraduate 

students in schools of business, health economics, and public health, and are examples of operations research or management 

science methods. 
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IV. RESULT ANALYSIS AND DISCUSSION 

Testing 

Testing is a process of executing a program with the interest of finding an error. A good test is one that must have high 

probability of finding the yet undiscovered error. Testing should symmetrically uncover different classes of errors in a minimum 

amount of time with a minimum amount of efforts. In our project testing for different constraints satisfaction of the user are done. 

The testing performed mostly was white box testing and is done by us. Two inputs are provided to test the project: 

 All the subjects that teacher will teach 

 All the finalized subjects of teachers choice 

Testing Objectives 

Basically, testing is done for the following purposes: 

 Testing is a process of executing a program with intend of finding an error. 

 A good test case is one that has a high probability of finding a yet undiscovered error. 

 A successful test case is one that uncovers a yet undiscovered error. 

Our objective is to design test cases that symmetrically uncover different classes of errors and do so with a minimum amount of 

time and effort. This process has two parts: 

Planning: This involves writing and checking of units, integration, functional validation and acceptance of test cases and plans. 

Execution: This involves executing these test plans, measuring, collecting data and verifying if it means the quality criteria. 

Data which is collected is used to make appropriate changes in the plans related to development and testing. 
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Principles of Software Testing 

Software testing is an extremely creative and challenging task. Some important principles of software testing are as given: 

All tests should be traceable to customer requirements. 

 Use effective resources to test. 

 Test should be planned long before testing begins i.e. after requirement phase. 

 Test for invalid and unexpected input conditions as well as valid conditions. 

 Testing should begin in “in the small” and progress towards testing “in the large”. 

 Keep software static (without change mean while) during test. 

 Document test cases and test results. 

 Examining what the software not doing which it expected to do and also checking, What it is doing that was not 

expected to do. 

 Testing time and resources should be limited i.e. avoid redundant testing. 

 It is impossible to test everything. 

 Cost/Benefit Analysis 

Cost/Benefit analysis performed to ascertain whether the cost in the system match with the benefits it will provide. The various 

kinds of costs incurred in the development and implementation of the system include: 

 Hardware costs- Cost incurred in purchase of hardware i.e. laptop. 

 Operating costs- Including all the associated with the day to day operation of the system which include internet cost. 

V. CONCLUSION AND FUTURE SCOPE 

Rainfall being one of the sole responsibilities for maximum economy of India, it should be considered the primary concern for 

most of us. The current approach for rainfall prediction fails in most of the complex cases, as it is unable to predict the hidden 

layers present, which is yet to be recognized for performing the precise prediction. To achieve an effective way to predict rainfall, 

two ways are being compared. One is machine-learning approach and the second one is artificial neural networks approach. 

Initially, LASSO regression approach is being taken. Dataset is divided into two parts namely, train data and test data. Train data is 

used for training the algorithm and test data is for doing the prediction. Both of these processes were compared based on their 

accuracy and along with that, error types such as MSE, MAE, R-SQUARED and RSME were considered. The one with more 

accurate was considered and prediction was performed with that approach itself. The rainfall was predicted from that data used for 

testing as part of the data being used to train the algorithm. After performing the comparison, the conclusion of the system is that 

LASSO regression process is more accurate than the artificial neural network process. After comparison, we got to understand that 

the accuracy for LASSO is around 94% whereas ANN is 77%. Therefore, LASSO is considered as the best analytical algorithm for 

predicting the rainfall in any given region. The future aspect of this project can be an approach towards about how to reduce the 

percentage of errors present. Along with that one of the major enhancements will be to decrease the ratio for train data to test data, 

so that it will assist in improving the level of prediction within the available time and complexity. The accuracy of the algorithm 

can be additionally tested on increase in the complexity. Many other types of errors can be calculated in order to test the accuracy 

of any of the above algorithms. Henceforth, the algorithm which is used for testing daily basis dataset instead of accumulated 

dataset could be of paramount Importance for further research. Along with that, this will be an efficient tool for people in coastal 

areas of the country thereby making them well aware of the situation in advance. 
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