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Abstract
One of major challenge of meteorological department is fore casting of rain prediction in

stipulated time to avoid the inconvenience and epidemics to the society. This work explains
how prediction of rainfall can be done by using machine learning by adapting deep learning
concepts. In our approach we used Long Short Term Memory (LSTM) along with ANN
(Artificial Neural Network). These calculate time series data for better prediction approach
with existing data. Our model performed well and given 94.3% accurate results when
compared with the existed works. Our solution is very useful to the formers in taking
decisions related to agricultural aspects. We studied rainfall pattern from 1901 to 20121 in
India by taking data set from India sub division rain fall department act. In this study we have
taken parameters of dataset like wind direction, dew point, humidity, temperature and wind
pressure along with the wind speed, and wind direction. We also focused on other data sets

for improving our results better.

Keywords: LSTM, Rainfall, ANN, machine learning, deep learning, weather forecast.

1. Introduction throughout the world. In India, agriculture

In today’s situation, rainfall is taken into ) ) . )
y ’ is taken into consideration to be one of the

consideration to be certainly considered . . . . .
y vital elements for identifying the financial

one among the only accountable elements system of the agriculture is only depending

for maximum of the wi I matter . o
or maximum of the widespread matters on rainfall. Apart from that withinside the
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coastal regions throughout the world,
mastering the quantity of rainfall may be
very plenty necessary. In a number of the
regions that have water scarcity, to set up
rain water harvester, previous prediction of
the rainfall ought to be done. This task
offers with the prediction of rainfall the
usage of system studying & neural
networks. The task plays the comparative
have a look at of system studying tactics
and neural community tactics then
consequently portrays the green method
for rainfall prediction. First of all,
preprocess is performed. Preprocess is the
manner of representing the dataset
withinside the shape of numerous graphs

together with bar graph, histogram etc.

Previous research of rainfall study have
centered on the spatial temporal
evaluation, start of rainfall, and fashion
evaluation of rainfall in country [3].
Rainfall is significantly encouraged
through the general physical geography of
the country [5]. The reduced fashion of
rainfall over the southern a part of the
country has been determined [6].
Significantly multiplied rainfall fashion at
some point of post-monsoon and reduced
fashion at some point of summer time

season monsoon had been determined [7].

As per the latest research, floor air

temperature has proven an growing
fashion and a lowering fashion has been
determined for the yearly rainfall over the
country [10]. As according to our
preceding study [13], the yearly rainfall
anomaly has proven a lowering fashion for

the country.

RELATED WORK
In India and other part of the globe rainfall

decides an unmarkable impact on economy
of the urban regions. The unexpected
rainfall causes to damage of agricultural
domains not only but also electricity, water
supply, drainage, roads, transportation,
telecommunication and others. Finally,
which impacts on economic crises to the
country. This motivated us to define a
better rainfall prediction model and we
used machine learning and deep learning
approaches. We have taken India sub
division act 1901-2021 data set which was
given various patterns of rainfall sources
and respective measures to be taken by the
governments. We have gone through the
existed studies and performed well and we
observed some gaps in those studies.
Based on the existed gaps we proposed an
new rainfall prediction model with LSTM

and machine learning techniques.
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Numerous methods have been suggested
for precisely predicting the forecast in
urban area into a attractive economic area
[1]. Most of the states of India, people
depend on rainfall for their agriculture, and
in other states, a lack of rainfall has caused
the land to become a desert. Downpours
and landslides caused by more rainfall in
India and leads to great issues which
caused reducing the basic living style and
impact on countries economy. It is very
difficult to pick the right time because rain

does not fall at any particular time.

Propsed Model
In our work we proposed an easy model

for the rainfall prediction. We more
focused on the LSTM working with
rainfall dataset contains training and
testing by using neural network which
produces attributes related to rainfall
forecast. The constraints measured for the
assessment of the performance and the
productivity of the projected rainfall
forecast model are Root Mean Square
Error (RMSE), correctness, amount of
eras, damage, and erudition degree of the

system.

In our work, we planned a sample model
of the comprehensive employed method.
The total working procedure shown in Fig.

1, the four section gives the total work

progress. In the first section, it is an input
section part. Here we gathered more
graphs with 4 main components like Wind
direction, temperature, wind speed, and
pressure. We collect many sets for LSTM
processing. Sample 1, sample 2, Samples

Nth of data set.

Stimulated via way of means of the traits
of Artificial NN. This paper futured
extraordinary neural network primarily
depends on totally technique for prediction

of rainfall.

Our main contributions on this paper are as

said below:

* Four, Neural Network getting to know
fashions which have the potential to are
expecting rainfall with minimum Root
Mean Square Error (RMSE) turned into
proposed.

* Better class accuracy turned into finished
through the utility of Feed Forward Neural
Network (FFNN), Cascade Forward
Neural Network(CFNN), Recurrent Neural
Network (RNN), and Elman Neural
Network (ENN) on rainfall data.

* An common RMSE price of 6.710 for
ELMAN became achieved. The proposed
version became evaluated the use of

distinct overall performance metrics.
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strategies for rainfall prediction is
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Fig. 1. Data set parameters
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Fig 2. Confusion matrix of all state’s rainfall accuracy
Correctly Classified Instances 158 1.2685 %
Incorrectly Classified Instances 12258 98.7315 %
Fappa statistic 0.0041
Mean absolute error 0.017
Root mean sgquared error 0.0545
Relative absolute error 99.6055 %
Root relative squared error 102.6379 %
Total Number of Instances 12456

Fig 3. Dataset values before preprocess

The LSTM version became educated the
usage of a Python package deal said to be
‘keras’ on pinnacle of Tensorflow based.

Hyper constraint looking is an essential

technique previous to the studying

technique A group of numbers are
allocated for hyper attributes like layers,

studying worth, range of unseen ,range of
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hidden nodes in each layer, dropout price
and letting the system randomly choose
one price withinside the set for each hyper
parameter present.

Rainfall statistics of Hyderabad area
starting from 1980 until 2021 is the dataset
considered for the prediction technique.
This dataset is split into training dataset
Rainfall

and attempting out dataset.

statistics (38 years from 1980 to 2020) is

www.ijiemr.

taken due to the fact the dataset for

training the proposed Intensified LSTM

based definitely RNN model. This
knowledgeable model is then tested with
the dataset of the 12 months 2014. The
experimental variables used are Maximum
Temperature, Minimum Temperature,
Maximum Relative Humidity, Minimum
Relative Humidity, Wind Speed, Sunshine
and Evapotranspiration and the very last

consequences variable is Rainfall.

TE Rate FP Rate Precision BRecall F-Measure MCC ROC Area PRC Area Class
0.611 0.020 0.210 0.611 0.312 0.349 0.970 0.386 1901-2015
0.019 0.004 0.043 0.0159 0.02¢ 0.023 0556 0.013 1901
0.000 0.009 0.000 0.000 0.000 -0.008 0.452 0.008 1902
0.010 0.005 0.01e 0.010 0.012 0.006 0529 0.020 1903
0.010 0.004 0.019 0.010 0.013 0.007 0.414 0.008 1904
0.000 0.008 0.000 0.000 0.000 -0.008 0.501 0.009 1905
0.000 0.005 0.000 0.000 0.000 -0.006 0.451 0.008 1906
0.000 0.003 0.000 0.000 0.000 —-0.005 0.502 0.008 1307
0.010 0.013 0.00& 0.010 0.007 -0.003 0.460 0.008 1908
0.000 0.010 0.000 0.000 0.000 -0.009 0.451 0.007 1910
0.000 0.004 0.000 0.000 0.000 -0.006 0.42¢ 0.007 iz R
0.019 0.008 0.019 0.0189 0.019 0.011 0.472 0.008 1912
0.019 0.004 0.035 0.019 0.025 0.020 eyt 0.012 1513
0.010 0.012 0.007 0.010 0.008 -0.002 0.453 0.007 1914
0.019 0.008 0.020 0.019 0.020 0.012 0.502 0.008 1915
0.028 0.037 0.006 0.028 0.010 —0.005 0.534 0.010 1916
0.019 0.022 0.007 0.019 0.010 -0.002 0.544 0.010 a2 B
0.019 0.006 0.028 0.019 0.023 0.016 0.518 0.014 1918
0.00% 0.011 0.007 0.00%9 0.008 -0.001 0.504 0.009 1915
0.008% 0.005 0.017 0.0059 0.012 0.006 0.504 0.010 1520
0.019 0.036 0.005 0.019 0.007 -0.003 AR S 0.009 1921
0.000 0.006 0.000 0.000 0.000 =0.007 0.501 0.009 1922
0.00% 0.007 0.011 0.009 0.010 0.002 0.459 0.008 ¥923
0.000 0.003 0.000 0.000 0.000 —-0.006 0.446 0.007 1524
0.00% 0.006 0.014 0.009 0.011 0.004 0502 0.009 1925
0.000 0.005 0.000 0.000 0.000 -0.007 0.479 0.008 1926
0.000 0.005 0.000 0.000 0.000 —0.007 0.470 0.009%9 1927
0.019 0.002 BEeA LT 0.015 0.030 0.034 0543 0.011 1528
0.000 0.004 0.000 0.000 0.000 -0.006 0.465 0.008 1929
0.000 0.004 0.000 0.000 0.000 -0.006 0.500 0.009%9

1930

Fig 4. Detailed accuracy by class after preprocess
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The network is fed all the experimental
variables and its corresponding very last
outcomes variable sooner or later of the
training phase, in order for it to analyze
and remit the expected very last outcomes
variable Rainfall because the output. The
simulation results are received from
Jetbrains Pycharm. Further, comparative
evaluation have become done for six
unique predictive models, namely, Holt—
Winters, ARIMA, ELM, RNN with Relu,
RNN with Silu and LSTM with sigmoid
as activation

and hyperbolic tangent

function. RMSE, losses, accuracy and

MCC

[ = R R R R I ]

-044
-054
-119
-180
-870
-999
-678

www.ijiemr.org

reading costs were computed for all the
models to expose the supremacy of the
proposed Intensified LSTM based totally
definitely RNN prediction version.

Correctly Classified Instances 7759 £2.2913 %
Incorrectly Classified Instances 4697 37.7087 %
Fappa statistic 0.5253
Mean absolute error 0.1271
Root mean squared error 0.3224
Relative absolute error 36.6932 %
Root relative sguared error 96.2963 %
Total Number of Instances 12436
Fig 5.Accuracy after stratified cross-
validation
ROC Area PRC Area Class
0.782 0.007 Msan
0.891 0.022 Standard deviation
0.944 0.146 Coefficient of variation
0.807 0.718 Actual
0.979 0.975 Percentage departure
1.000 1.000 No. of districts
0.928 0.890

Fig 6. Detailed Accuracy by class average weights

TP Rate FP Rate Precision Recall F-Measure
0.667 0.294 0.007 0.667 0.013
0.500 0.0c4 0.022 0.500 0.042
0.333 0.019 0.047 0.333 0.083
0.045 0.000 0.990 0.045% 0.093
0.824 0.000 1.000 0.824 0.903
1.000 0.000 0.999 1.000 1.000
0.623 0.001 0.588 0.623 0.660

a b c d s £ <-- classified as

24 6 5 1 0 0| a = Mean

12 18 6 0 0 0| b = Standard deviation

7 17 12 0 0 0| c = Coefficient of variation
3045 664 204 200 1 2 | d = Actual
585 113 27 0 3390 1] e = Percentage departure

0 0 0 1 0 4115 | f = No. of districts

Fig 7. Confusion matrix for F1 score
values

Plot: sub-division_rainfall_act_dep_1901-2015

Fig 8. Rainfall prediction of Indian sub
division set as per states

AR BI CO BA B
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withinside the route of a terrible gradient

after we've received the gradients from the
internally  current nodes of the
computational graph. This is the technique

we use to discover a neighborhood

minimal the quickest.

AN A3 ©H ©O EA ®A HA JA KE TA MA NO PU SA 8 TE VI WE
AR BT @0 EA BA GU HI JH KO MA NA OR RA 80 TA UT WE WE

Fig 9. Over all rainfall as per seasons The essential constructing block of an
LSTM is known as a reminiscence
memory for explicitly remembering and
propagating unit outputs over numerous
time steps. The reminiscence molecular of
the LSTM makes use of molecular states

to keep facts approximately temporal

contexts. To control facts float among

Fig 10.AUC of classification

numerous time stages, it additionally

III. LSTM (Long Term Short Memory)

; ot capabilities forget, enter, and output gates.
LSTM is a specific RNN structure that
) ] In this study, time-collection
became created with modelling temporal
o _ meteorological records had been used to
sequences in mind. LSTM is extra correct
) ] teach neural networks primarily based
than conventional RNNs because of its
) ) . totally on LSTM to forecast history
long-variety reliance. Error backflow is a
radiation. The "trouble of vanishing
trouble because of the RNN structure's
_ _ gradient" refers back to the mathematical
back-propagation algorithm [30]. The
) ) ) trouble in know-how the long-time period
composite feature chain rule is the
) dependencies withinside the shape of
underlying  precept of the back-
] ) recurrent neural networks. It receives extra
propagation algorithm. An powerful
‘ ‘ hard to seize the have an effect on of the
technique to search for the neighborhood
o ) ) sooner levels because the enter collection
minimal of the loss feature is stochastic
) ] lengthens.
gradient descent (SGD). The gradients of

the nodes with a start line may be received
with the aid of using computing the

gradient of that factor and searching
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Figure 11. Schematic representation of
LSTM

0.9

RMSE

Fig 12. RMSE for Intensified LSTM.
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Figure 13. Decrease of sufferers for
Increased LSTM.
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Meth | Epo | Accur | RM | Los | Learn

od ch |acy SE |ses |ing
Rate

ARI - 82.12 [ 3.09 | - -

MA

ELM | - 65.23 | 5.87 | - -

RNN |45 |88.94 |0.86|0.57 | 0.91

with 76

Relu

LST |45 |92 0.33 | 0.00 | 0..28

M 57

New |48 [943 |0.45]0.00]|0.32

Appro 87

ach

Table 1. Performance comparison table.

RMSE of our proposed machine is as
compared with the aforementioned
fashions, and the contrast is proven in
Figure 8. The RMSE values acquired for
the strategies Holt—Winters, ARIMA,
ELM, RNN with Relu, RNN with Silu and
LSTM are 3.08, 2.84, 5.68, 0.7631,
0.7595, 0.35 respectively, while the RMSE
of Intensified LSTM is 0.33. The graph
infers that RMSE of LSTM primarily
based totally RNN fashions indicates
higher consequences than RNN with out
LSTM gadgets withinside the hidden
layer. This is because of the long-time

period cell kingdom statistics maintained.
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Validation of our proposed tool is further
completed with understand to accuracy.
Accuracy of those models have become in
contrast with the Intensified LSTM, and it
have become placed that the accuracy of
Intensified LSTM is better than that of
Holt—Winters, ARIMA, RNN, ELM and
LSTM models. Figure 9 illustrates the
superiority of the proposed prediction
model over specific prediction models.
Accuracy achieved with the aid of using
the Intensified LSTM based absolutely

rainfall prediction model is 94.3%.

Accuracy (%)

sified LSTM I ©
TV I 2 /.01

RNN with silu 86.91

RNN with relu I 2644
ELM N 63.5
ARIMA I 51.15

72.55

Figure 14. Comparison accuracies of
various prediction models.

Rainfall Prediction

s AC11U3| s Predlicted

July to september

Figure 15. Comparison of original and
proposed model.

Number of hidden layers wused for
enforcing the model is other than input and
output layers, with 50 neurons in each
hidden layer. The initial studying price is
steady to 0.1, and no momentum is set as
default, with batch period of 2500 handed
via for 5 iterations for the reason that the
total form of rows withinside the dataset is
12,410 which incorporates 8 attributes.
The studying price is expected to decay
withinside the direction of the education
period. The loss function we select proper
right here is the suggest squared errors; the
optimizer used is Adam, and BPTT is
steady as 4. The proposed model uses
sigmoid and tanh which may be the
endemic activation abilities of neural
networks accomplished with the novel
technique noted in Section 3.4 to
improvise the consequences in several

aspects.

In this section, all the simulation
consequences, comparisons and validation
of the endorsed prediction model are
noted. RMSE is the same old deviation of

the prediction errors (residuals).

As typical overall performance

assessment for the reduced prediction
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errors of the proposed methodology,
RMSE is calculated. Computed RMSE is
plotted toward the form of epochs for
Intensified LSTM  model and is
demonstrated in Figure 3. It can be seen
that RMSE reduces itself to no less than
0.25 in 30th epochs, but the network
modified into knowledgeable further to
obtain exquisite accuracy, studying price
and loss minimization. At the 40th epoch
we collect RMSE as 0.33, and it fluctuates
at throughout the same for further epochs.
Computed RMSE 1is plotted toward the
form of epochs for Intensified LSTM

model and is demonstrated.

Methodology
The time series data emerge as

accumulated from Indian Institute of
Tropical Meteorology (IITM), Pune for the
Kerala subdivision for the duration of
1871 to 2021. Preparation of the area
weighted monthly data of rainfall has been
completed with the resource of the usage
of Mooley and Parthasarathy. Summer
monsoon (JJAS) and post-monsoon
(OND) monthly mean time series were
used for prediction cause because the
kingdom receives maximum rainfall
withinside the route of these periods. In
Fig. 1, the geographical place of the Kerala

subdivision (study area) is shown.

www.ijiemr.org

Time series information of the Kerala
subdivision from 1871 to 2021 have
become considered for the assessment
purpose. The dataset have become divided
proper right into a training dataset (1871—
2010) and a check dataset (2011-2021). In
this work, massive studies were achieved
in getting geared up the dataset thru
manner of manner of choosing variable
window sizes for the training phase. We
have used 5-12 months to 9-12 months
training window withinside the training
datasets, (for instance, past 5-years values
were used to forecast the following 12
months rate) and determined that 8-12
months training window presents better
accuracy. Thus, withinside the cutting-
edge study, we have got were given used
the 8-12 months training window for the
assessment purpose. The input rainfall
time series is denoted as X=(x1, x2,...,
xn). The aim rate is represented as T=( tm)
for all the models used in this study. The
output or the response of the artificial
intelligence strategies are represented as
O=( om). For all experimental assessment,
n=8 and m=I1. Eight-12 months training
window with eight input vectors have
become used due to the fact the input

parameter.
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Artificial Neural Networks (ANN)
It is among one of the promising

experimental technique which includes of
connected neurons many of the input layer,
hidden layer and output layers and is based
absolutely on the form of the natural brain.
Generally, back-propagation learning set
of regulations is used for the refinement of
the weights until the error is internal a pre-
one of a kind tolerance. This examine has
used a single layer feed-beforehand neural
network shape with one input layer, a
single hidden layer and an output layer.
The feed-beforehand neural network used
proper right here is with X inputs and O
output neurons. Any type of hidden
neurons may be considered for displaying
exquisite forms of connections. The
network is initialized via random desire of
weights. The training set consists of input
and purpose styles. When the pattern of
input (Xi) is given to the neural network,
the network produces an output (Oi),
which may be exquisite from the purpose
(ti). The cause is to restriction the error
feature via utilizing a training set of
regulations i.e. to make identical price of
(O1), and (ti) for i=1, 2, ..., m. The
mistakes produced via ANN technique
modified into computed using the

technique stated in Eq. (3). The mistakes

modified into calculated due to the fact the
difference many of the actual final results

and the favored final results.
l i
Error = 5 Z (O; — ;)2
i=1

Computation  of  average  overall

performance Different statistical
parameters were considered to compute
the general overall performance of the
proposed artificial intelligence models.
These parameters are advise absolute
errors (MAE) in percentage, root mean
square errors (RMSE) in percentage, mean
absolute square errors (MASE) and
average overall performance parameter
(PP). Lower errors scores of MAE (in
percentage), RMSE (in percentage) and
MASE provide higher average overall
performance of the model. If the fee of PP
is withinside the route of 1, then the
general overall performance of forecasting
model is said to be good [2]. The famous
deviation grow to be calculated and
denoted as SD. Correlation coefficient
(CC) grow to be moreover computed and
the CC fee withinside the route of +1 is
referred as specifically extraordinary
correlation. The statistical measures used

to evaluate the general overall
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performance of artificial intelligence

techniques are provided in Egs.

Obs, — Prd,
Obs,

o (Obs[ — P?d;]
P Obs;
X

MAS‘E—lZ[ |XObS[—P}'d[| ]

100 —
MAE (%) =
=123

=1

RMSE (%) =

?

1 21:2 ‘ObSi — ObS,‘,1|

PP:l_(RM:;E]

SD(obs)

Prediction  overall performance  of
synthetic intelligence fashions Prediction
overall performance for summer time
season monsoon and post-monsoon on
take a look at data (2011-2016) are
supplied in Tables three and four
respectively. Observed suggest, anticipated
suggest, well known deviation of remark
and prediction, suggest absolute error
(MAE) in percentage, root suggest
rectangular error (RMSE) in percentage,
suggest absolute scaled error (MASE),
overall performance parameter (PP) and
correlation coefficient (CC) rankings have
been computed for June-September (JJAS)
and October-December (OND) seasons the

use of KNN, ANN, and ELM techniques.

The foremost three equations of LSTM:

The first equation that is Input (i) Gate,

tells us what new data we’re going to shop

with inside the cell state.

ip = o(Wyyxe + Wyihe y + W Cey + by)
Jfe = o(Wypxe + Wiphe q + WepCrq + bf)

0 = O(WyoXe + Whohe—1 + Weo Ce + by)

We can find out through Hidden Gate (2)
what statistics we should keep. Lastly, for
the usage of the output gate this is used to
offer the activation to the final output (o)
of the LSTM block at timestamp ‘t’. To
get the memory vector for the current
timestamp (c) the temperature 1is
calculated. To take in benefit from each
methods, we are the usage of the neural
layers to extract the neighborhood
capabilities of the raw input and then use
them to the LSTM networks [8]. In our
study, predictors from the past 15 to
twenty-five days are used to rely each day

rainfall.

Conclusion
In this study, our model based totally

mostly on LSTM and RNN has been
advanced to are waiting for the amount of
rainfall on a month-to-month basis and on
an annual basis. For accurate forecasting,
we use wind direction, temperature, wind
speed, and pressure facts to are waiting for
the amount of rainfall in 12 months or a

month. Rainfall is one of the most
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essential factors of agriculture. Farmers
are generally relying on rain, despite the
fact that there are various current
technologies [13]. But they'll be highly-
priced and difficult to manage. So farmers
will gain withinside the occasion that they
apprehend the climate forecast early and
apprehend even as or how an lousy lot
rainfall will occur. In this work, our
essential aim is to find out solutions to
how farmers can gain from using rainfall
forecasting. We proved our version
completed higher than others with an

accuracy of 94.3%.
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