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Abstract

A study of a combination of Weather Research and Forecasting (WRF) model
and Long Short Term Memory (LSTM) network for location in Dili Timor
Leste is introduced in this paper. One calendar year’s results of solar radiation
from January to December 2014 are used as input data to estimate future fo-
recasting of solar radiation using the LSTM network for three months period.
The WRF model version 3.9.1 is used to simulate one year’s solar radiation in
horizontal resolution low scale for nesting domain 1 x 1 km. It is done by ap-
plying 6-hourly interval 1° x 1° NCEP FNL analysis data used as Global
Forecast System (GFS). LSTM network is applied for forecasting in numerous
learning problems for solar radiation forecasting. LSTM network uses
two-layer LSTM architecture of 512 hidden neurons coupled with a dense
output layer with linear as the model activation to predict with time steps are
configured to 50 and the number of features is 1. The maximum epoch is set
to 325 with batch size 300 and the validation split is 0.09. The results demon-
strate that the combination of these two methods can successfully predict so-
lar radiation where four error metrics of mean bias error (MBE), root mean
square error (RMSE), normalized MBE (nMBE), and normalized RMSE
(nRMSE) perform small error distribution and percentage in three months
prediction where the error percentage is obtained below the 20% for nMBE
and nRMSE. Meanwhile, the error distribution of RMSE is obtained below
200 W/m? and maximum bias error is 0.07. Finally, the values of MBE,
RMSE, nMBE, and nRMSE conclude that the good performance of the com-
bination of two methods in this study can be applied to simulate any other
weather variable for local necessary.
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1. Introduction

Nowadays, weather forecasting has been a very important process to ensure the
running of several important human activities such as in renewable energy sys-
tems [1]. However, weather forecasting using some traditional techniques be-
comes useless and ineffective due to the impact of climate changes [2]. Some
countries which have flash flood are not possible for predictions in such weather
conditions with convectional of forecasting systems because the systems are used
for the prediction for large regions [3]. The forecasting of solar radiation plays
an important part in the meteorological area. Many methods have been devel-
oped to estimate solar radiation which involves correlations between solar radia-
tion and other measured meteorological variables. However, in many cases of
study, the information about solar radiation is not available with a very limited
number of meteorological stations for a location of interest [4]. Applying a com-
bination of numerical weather prediction (NWP) and time series method for fo-
recasting is a promising approach for the modeling variation of solar radiation.

In recent years, modeling of solar radiation has been used in many countries
with different climates by applying Machine Learning based on Artificial Neural
Network (ANN). Many advanced countries such as Japan, the UK, the USA,
China, India, and Spain are applying ANN in the modeling of solar radiation
based on their location and different climates [5]. A requirement of large input
data that must be connected to the target variable is one of the challenges for the
machine learning method, but due to cost and maintenance including site, the
important data may not be available. The successful planning of construction for
the renewable energy project is depending on the accuracy of solar radiation
prediction. In addition, many architects in the field and agriculturists require the
accuracy of solar radiation for farming purposes [6].

Some cases of studies show accurate of the solar radiation data that require
some combination of input parameters such as coordinate of a location (latitude
and longitude), hourly of sunshine, maximum and minimum ambient tempera-
ture, albedo, aerosol optical depth, cloudiness, evaporation, precipitation, and
relative humidity for prediction of solar radiation for several weather stations,
but as mentioned before, due to costing a lot for a long-term record of solar rad-
iation cause it is limit for a specific location [7]. Another important issue is the
duration of the study for solar radiation prediction. The period of tests must be
longer than one day particularly for the cloudy days and rainy days to stabilize
uncertainty errors from weather forecasting. Mean absolute error (MAE), mean
bias error (MBE), root mean square error (RMSE), and mean absolute error
percentage (MAPE) or corresponding normalized errors such as nMAE, nMBE,
nRMSE, and nMAPE are typically asses to estimate the forecast accuracy [8].

The implementation of ANN has been successfully applied in a variety of
areas as presented in several studies. Vakili ef al. [9] used the ANN model for
daily global solar radiation prediction. Their study used several input parameters

such as relative humidity, wind speed, and daily temperature for one year of Te-
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hran in Iran. They used three types of ANN models for predicting the daily
global solar radiation such as Multilayer Perceptron (MLP), Generalized Regres-
sion NN, (GRNN), and Radial Basis NN (RBNN). Some error metrics such as
root mean square error (RMSE), mean absolute error (MBE), and the absolute
fraction of variance (R?) are used to evaluate the accuracy and efficiency of the
models. Their results showed that MLP and RBNN models were better accura-
cies than the GRNN. Yadav and Changel [10] presented their study that the
performance of the accuracy results of ANN models was mostly dependent on
the input parameters. The focused on the estimation of solar radiation for the
Eastern Mediterranean Region of Turkey by using the ANN model based on
learning algorithms and the number of hidden neurons to obtain and optimize
the efficient estimation of the prediction performance. Their results showed that
ANN predicts more accurate solar radiation comparing to conventional methods
and the ANN model is found to be dependent on configuration architecture, an
algorithm of training, and the combination of the parameter.

The objective of this study is to combine the Weather Research and Forecast-
ing (hereinafter WRF) model and the Deep Learning method using Long
Short-Term Memory (hereinafter LSTM) for future prediction. The results of
one calendar year from January to December 2014 from WRF simulation were
used as input data in LSTM to run a future prediction of solar radiation for loca-
tion in Dili, Timor Leste. This dataset divided into training datasets (81%) and
testing datasets (19%). In this study, the three months observation data obtained
from a weather station in Dili were used for comparison purposes.

The structure of this work is organized as follows: Section 2 describes the
study domain, evaluation of observation data, and sources. Section 3 presents
the methodology used for solving problems such as the WRF model including
machine learning methods using Long-Short Term Memory, and four error
analysis metrics. In Section 4, the results of the simulations are presented. Par-
ticularly, three months of daily solar radiation forecasting and four the error
metrics analysis data are shown in this section. Section 5 concludes the work of

the paper.

2. Study Domain, Evaluation Observation, and Sources

Data on weather forecast with 2160 hours from January to March 2015 were col-
lected at one station in Hera [11] (lat: 8°33'03.9"S, long: 125°39'33.7"E) which
located about 12.4 km in the east of Dili, Timor Leste as shown in Figure 1. Lo-
cated in the centered of Faculty of Engineering, Science, and Technology in Hera
campus, Weather station of type Vaisala WXT530 provides hourly solar radia-
tion which will be used for comparison purposes with the result data of combi-
nation between WRF model and LSTM network for further analysis. This
weather station provides wind speed, wind direction, temperature including so-
lar radiation. However, because the data generated from the weather station is
very limit, only three months of solar radiation data from 1st January to 31st

March 2015 were used in this study for local necessary forecasting. The objective
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Figure 1. Plotting of land cover study area (See Ref. [11]).

of getting external information from weather forecasting services is to obtain so-
lar radiation for the application of energy management. The Global Forecasting
System (GEFS) is the most used data source for a weather forecast. It provides da-
ta of weather and demonstrates as a useful tool for various weather variables in-
cluding solar radiation and solar farm operations. Six-hourly interval 1° x 1°
NCEP ENL analysis data via a web server (https://rda.ucar.edu/datasets/ds083.2/)
used as Global Forecast System (GFS) for initial data of the simulation for one
calendar year from 1st January to 31st December 2014.

3. Methods
3.1. WRF Model

The Weather Research and Forecasting (WRF) [12] with Advance Research
WRF (ARW) version 3.9.1 was used to simulate solar radiation. WRF-ARW is
an open-source mesoscale numerical weather prediction is developed and con-
tributed from a large user community such as National Oceanic and Atmos-
pheric Administration (NOAA), the National Centers for Environmental Pre-
diction (NCEP), and the National Center for Atmospheric Research (NCAR).

WREF applies the dynamic and thermodynamic equations for the atmosphere
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simulation. In addition, WRF executes and runs some physical schemes that si-
mulate phenomena in which cannot be done by the dynamical solver. One big
advantage of using WRF is implementations for each physical scheme for the
large choice that allows the users to configure the model based on their neces-
sary.

In this study, the performance of WRF was evaluated in three different confi-
gurations. Three two-way nestings with a horizontal spatial resolution of 9, 3,
and 1 km as illustrated in Figure 2 with domain 1 is composed of 86 x 68 cells,
domain 2 is 88 x 88 cells, and domain 3 is composed of 100 x 100 cells. WRF
Single-Moment 5-Class scheme was used for the microphysics. RRTMG is a new
scheme of Rapid Radiative Transfer Model was applied for longwave (LW) and
shortwave (SW) radiation [13]. This study used the Monin-Obukhov MMS5
theory for the surface layer [14]. Noah LSM was used for land surface [15]. Pla-
netary boundary condition used Yonsei University scheme [16]. Mercator was
used as a map projection. However, only data obtaining from domain 03 was
used as input data in the LSTM network for comparison purposes with the ob-
served data for further analysis of forecasting. NCL (NCAR Command Lan-
guage) version 6.5.0 was to plot its grid point and variables [17].

(®)

Figure 2. (a) The three two-nested domain, (b) Plotting of 1 km horizontal resolution
domain d03 (See Ref. [11]).
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Three variable of weather forecast such as solar direct, solar diffuse, and cos
zenith was used to calculate ground surface solar radiation and define in the

formula as shown below;

Stas = Sur *(c0s((CZ ~07) % Phi) ) -3, (1)

where: S,.s= solar radiation presents in W/m?
Sair = Solar direct presents in W/m?.
Sar= Solar diffuse presents in W/m?.
CZ = Solar zenith angle presents in degree.
Phi=3.1415926/180 presents in radians.

0° = ground surface solar radiation.

3.2.LSTM Network

LSTM network as a branch of the RNN model is suitable for forecasting various
learning problems particularly for solar radiation prediction [18]. The ability
and flexibility of LSTM architecture to control and manipulate several parame-
ters of the time series are a great benefit in time series forecasting, where we can
apply these inputs to multivariate data for future prediction. The structure of
LSTM as part of Recurrent Neural Network (RNN) consists of three layers such
as an input layer, a hidden layer, and an output layer as shown in Figure 3. The
LSTM network is mostly applied using the Keras package for training and test-
ing datasets [19] [20] [21] [22]. This work uses a moving-forward window tech-
nique to run prediction in the next time step [23]. The selection of the number
of hidden layers, number of neurons, number of epochs, and batch size play an
important role in the implementation of Long-Short Term Memory. So, in this
study, these parameters are selected based on trial and error with a range of 1 -
512 neurons, 1 - 300 batch size, and a number of the epoch with a range of 1 -
325 were evaluated until it converged into close results with the observed data.
The input data uses the min-max scaler technique for normalizing (-1, 1) before
running the algorithm. Table 1 shows more configuration about the LSTM net-
work using two-layered LSTM architecture of 512 hidden neurons coupled with
a dense output layer with linear as the model activation to predict with time
steps 50 and the number of features is 1. The maximum epoch was set to 325
with batch size 300, and the validation split is 0.09.

Figure 3. Recurrent neural network model.
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Table 1. LSTM configuration parameter used in this study.

Model = Sequential

model.add (LSTM(return_sequences = True, units = 50, input_shape = (50,1)))

model.add (LSTM(512))

model.add (Dense(1,activation = “linear™))

model.compile (loss = “mse”, optimizer = “adam”, metrics = [“acc”])

history = model.fit (train_X, train_y, epochs = 325, batch_size = 300, validation_split = 0.09)

Figure 3 showed the RNN model which usually use for the time series fore-
casting. The input layer as the first layer which has weight and each layer will
receive weight from the previous layer and use activation function for the hidden
layer and linear function for the output layer. In the previous time (¢ — 1), a de-
lay is happened between the input layer and the hidden layer and can be used in
the current time (#). Parameter x(¢) and y(# are the input and output of time se-

ries. RNN network can be described by the equations as shown below;

h(t+1) = f, (Wy,x(t)+ W, h(t)) )
y(t+1) = fy(W,oh(t+1)) (3)

where Wom Wim and Why are the three connection weights, A(?) is a set of val-
ues from the summarize of all information in the past which is necessary to de-

scribe the future.

3.3. Evaluation of Solar Radiation

Two error metrics such as root mean square error (RMSE) and mean bias error
(MBE) from David et al [24] and expressed in W/m? were applied in this paper
to evaluate accuracy between observed and simulated data. Meanwhile, norma-
lized MBE (nMBE) and normalized RMSE (nRMSE) expressed in % [25] [26]
were used for normalizing solar radiation in the considered period. These four

error metrics are defined as below;

1

MBE ==->"" (pred, —obs;) (4)
i

RMSE = \/lzl"l( pred, —obs, )’ (5)
i

NMBE = [ﬂ} 100 (6)

Rmax — Rmin
nRMSE {&E_}«mo 7)
Rmax — Rmin

where n represents the number of the time step, pred represents data of the
combination of WRF and LSTM algorithm, and obs is Dili weather station ob-
served data. Rmax and Rmin represent the maximum and minimum values of
solar radiation from the simulated and observation data. All error metrics vali-
dated using hourly data for the considered period where MBE defines if the

model is producing underestimation (MBE < 0) or overestimation (MBE > 0),
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and the other three metrics errors of RMSE, nMBE, and nRMSE will count for

distribution and percentage error.

4. Results

This section presented the results of three months prediction comparison be-
tween simulated and observation data including the error analysis of four me-
trics for solar radiation forecasting. Since there is a lack of information from the
local weather station regarding cloud cover, aerosol optical depth (AOD), water
vapor, cloud water path, and cloud effective radius, only 2160 hours of solar
radiation were used to ensure the experimental comparability and accuracy.
Figures 4(a)-(c) show the comparison between predicted values from the com-
bination of WRF and LSTM and the local weather station observed data. Respec-
tively, the blue curves represent the weather station observed data and the red
curves represent the LSTM network. The 2160 hours are starting from 1st Janu-
ary to 31 March 2015 show interesting values for prediction purposes.

Figure 4(a) shows 744 hours of solar radiation forecasting in January from
the combination of the WRF model and the LSTM network comparing to
weather station observation data. It can be observed that some hours of observa-
tion data were obtained zero and almost minimum solar radiation generated
reaching 1.8 W/m?* and maximum solar radiation generated reach to 428 W/m?
in the 1%, 279, 3, 4t 12t 14% day. Other days were found also minimum solar
radiation observation data lower in the beginning and middle of the month
when comparing to the LSTM data as it caused by electricity was found unstable
causing data generation from the weather station to become limit. However,
some days in the month of January showed good accuracy of the forecasting
particularly in the middle and at the end of the month when the electricity was
found stable. Figure 4(b) illustrated 672 hours of solar radiation comparison
between LSTM and observed data in February where the values of this month
were almost close one to each other but some hours of forecasting were found
zero from the observed data caused by the in-existent electricity. It was observed
that some values from other hours were also found no similar range solar radia-
tion forecasting particularly on the day of 6th at 11 AM, 9th at 1 and 2 pm, and
10th at 11 AM causing simulated date are little higher comparing to observed
data. Figure 4(c) shows comparison data in the month of March 2015 where the
performance of solar radiation forecasting was observed almost lower compar-
ing the simulated data. Some hours of observation data were found zero, partic-
ularly in the 2nd and 28th day causing the decrease of observation solar radia-
tion. However, the performance of solar radiation in the month of March shows
good results comparing to January and February where the difference in fore-
casting almost reached from 4.4 W/m? in several days and the maximum differ-
ence reached 485 W/m?.

When sunlight passes through the atmosphere, solar irradiance would reduce

caused by damping processes such as absorption of water vapor, the existence of
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Figure 4. (a) Plotting of solar radiation analysis in January; (b) Plotting of solar radiation
analysis in February; (c) Plotting of solar radiation analysis in March.
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cloudy conditions, and aerosol. In addition, humid areas vary time and location
may also decrease solar irradiance. In this study, the maximum solar radiation
prediction was obtained from the LSTM method around 1002 W/m?, 991 W/m?,
and 992 W/m? in January, February, and March. Figures 4(a)-(c) show hourly
solar radiation from the LSTM almost reach above 600 w/m?. Meanwhile, some
hours of solar radiation were obtained under 600 W/m?* where it was supposed
to be rainy days.

Table 2 shows the result of the values of root mean square error (RMSE),
mean bias error (MBE), normalized MBE (nMBE), and normalized RMSE error
(nRMSE). The RMSE showed error value reached 203 W/m? in January, 177
W/m? in February, and 161 W/m? in March. Meanwhile, the MBE metrics of
these three months showed error values reached above 0 estimations where it
indicated the overestimation of the combination from both methods as it shows
the positive values of prediction. Meanwhile, the nMBE showed a small percen-
tage error decreasing from 7.38% to 0.65%. In addition, the nRMSE showed also
a small percentage error decreasing from 20.09% to 16.18%. The percentage and
distribution error is imperative to detect the performance of forecasting skill.
Hence the MBE, RMSE, nMBE, and nRMSE are used to evaluate the perfor-
mance of the model. In the case of these four error metrics, values continue low-
er from January, February, and then March indicating good performance with
the LSTM model.

Based on the decision surface, it can be analyzed that every month of the year
have always the maximum effect on solar radiation forecasting as they may be
caused by the effect of the top of atmosphere solar insolation, ambient maxi-
mum and minimum temperature, and ambient pressure. Moreover, the influ-
ence of the location for the latitude and longitude may cause also to surface solar
radiation. These values of four error metrics demonstrate that the algorithm of
LSTM can successfully increase the performance of the solar radiation forecast-
ing. Obtaining good accuracy for forecasting of solar radiation using LSTM can
be done by adjusting the number of epochs, number of batch size, number of
neurons, and validation of split. In addition, the performance of LSTM can be
also influenced by the input variables over a range of frequencies such as hourly
and daily data. All these parameters are done by a large number of trial and error
to perform the best results which close to the observation data. Overall, the per-
formance of LSTM for solar radiation forecasting showed accuracy and agree-
ment. The only main problem in this present study is the lack of data from the
weather station in the year 2015 which can be used for comparison purposes
with the LSTM method.

Table 2. The four error metrics analysis in January, February, and March.

Month MBE RMSE nMBE nRMSE
January 0.07 203 W/m? 7.38% 20.09%
February 0.04 177 W/m? 3.72% 17.75%
March 0.006 161 W/m? 0.65% 16.18%
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5. Conclusions

In this study, the evaluation of the reliability of three months of solar radiation
provided by a combination of the WRF model and the LSTM method comparing
with the observation data was conducted in Dili, Timor Leste. 1 km spatial hori-
zontal resolution estimation with an hourly time resolution from the WRF mod-
el was used as input data in the LSTM method to predict three months of solar
radiation at the beginning of the year 2015. The 1 deg x 1 deg FNL analysis data
obtaining free from the NCEP website were used to run the WRF model for solar
radiation simulation. Since there is a lack of information on other variables from
the observed data over 3 months in Dili, applying the solar radiation variable is
one option to analyze the performance of combination from both methods for
future prediction. The three months observed data at the beginning of 2015 are
valuable points in understanding solar radiation forecasting for a long-term pe-
riod. However, some values of weather station data were found zero at the be-
ginning of the year caused the four error metrics to become higher. Meanwhile,
the understanding of numerical weather prediction, input data, and deep learn-
ing could help to analyze the performance of forecasting.

Three important variables (solar direct, solar diffuse, and cos zenith) were
carried out to evaluate solar radiation on the ground surface. The first analysis
showed that the LSTM method performed overestimated solar radiation for
MBE in January, February, and March about 0.07, 0.04, and 0.006. The RMSE,
nMBE, and nRMSE also showed that the decreasing value in the performance of
these three months’ prediction. A lower error for solar radiation forecasting in
two metrics is not always indicating to lower forecasting of the solar PV system,
however, lower forecasting error mostly reaches a higher accuracy for the solar
radiation forecasting itself.

The main contribution of this paper is the performance of combining two
very well-developed powerful models for local solar radiation forecasting, the
WRF model and the LSTM network, respectively. Even though only single loca-
tion data and a limited number of forecasting data are presented, it’s giving sig-
nificant understanding for PV set up as an initial measurement in solar energy
modeling. The proposal of this study is combining physical method and learning
model performs a best of breed approach to achieve a favorable and valuable to
better appraise of the accuracy corresponding forecasts. The conclusion of this
study is applying a combination of these two powerful models, WRF and LSTM
respectively, for solar radiation prediction in Dili will be one solution to deal

with other variables for future prediction.
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Appendix

This paper entitled “Combination of WRF model and LSTM network for solar
radiation forecasting — Timor Leste case study” contains data of solar radiation
forecasting in the Timor Leste region which are useful for comparison purposes.
Data of simulation were used to compare with a local weather station for three
months period at the beginning of the year 2015. By running simulation in Hera
city which has high solar radiation and located in the east of Dili, this paper
highlights future solar radiation forecasting. It also shows the results of four er-
ror metrics such as mean bias error (MBE), root mean square error (RMSE),
normalized RMSE, and normalized nMBE. This present study uses Ubuntu
16.04 long term support 64-bit distribution under the Linux operating system
with specifications of 8 GB of RAM running on Inter (R) Core (TM) i7-7700
CPU@3.60 GHz computer.

This study first runs a year simulation of solar radiation for the year of 2014
by using the WRF model. The results simulation from WREF was applied as input
data in the LSTM method to run future solar radiation prediction in January,
February, and March of the year 2015. Results of LSTM were used to compare
with a local weather station for well-understanding about the LSTM coding ap-
plication. This study provides supplementary material such as “Appendix.xlsx”
and “LSTM.py”. A file of “Appendix.xlsx” shows data of hourly solar radiation
from the simulated (LSTM) and observed data (local weather station) for three
months period of January, February, and March of 2015. Meanwhile, “LSTM.py”
is a python file that contains code to run the future prediction of solar radiation
in the LSTM method.

Value of the data

1) The data of “Appendix.xlsx” might be used or needed to compare by other
researchers with their forecasting data.

2) “LSTM.py” file might be used by other researchers to perform their fore-
casting of any variables.

Appendix.xlsx
JANUARY FEBRUARY MARCH
LSTM OBSERVED hours LSTM OBSERVED hours LSTM OBSERVED hours
—0.006367085 0 —0.004165969 0.000918333 1 —0.004657018 0.00157083 1
—-0.007577437 0 —0.005345358 0.00163185 2 —-0.005609143 0.00182519 2
—-0.008741609 0 —0.006848672 0.0016101 3 —0.006942489 0.0019001 3
—-0.010785327 0 —-0.007179742 0.00110562 4 —0.007298833 0.00142885 4
—0.012047748 0 —0.004468789 0.00169167 5 —0.004183039 0.00148685 5
—0.003560793 0 0.008735621 0.00147115 6 0.010583569 0.00161313 6
0.143782317 0 0.190236115 0.00568158 7 0.198768258 0.00361896 7
0.402485089 0 0.337833284 0.128829 8 0.377821103 0.050312 8

DOI: 10.4236/cweee.2020.94009

121 Computational Water, Energy, and Environmental Engineering


https://doi.org/10.4236/cweee.2020.94009

J. M. S. de Araujo

Continued
0.634131736 0 9 0.517320659 0.400373 9 0.594996056 0.189911 9
0.818397783 0 10 0.735263313 0.589825 10 0.708937707 0.657391 10
0.949530616 0 11 0.807347116 0.675058 11 0.737907113 0.747111 11
1.002577241 0.233458 12 0.800426263 0.906501 12 0.70075119 0.937283 12
0.983504932 0.461951 13 0.705866903 0.852201 13 0.66027535 0.842789 13
0.898584773 0.349492 14 0.641706626 0.681629 14 0.597234156 0.752936 14
0.79012282 0.217914 15 0.392194135 0.528798 15 0.456071771 0.547326 15
0.574387454 0.22086 16 0.20410356 0.29318 16 0.235464642 0.0421479 16
0.304744502 0.0187419 17 0.047186169 0.14381 17 0.050311556 0.0766156 17
0.065716057 0.0352942 18 0.004726983 0.09251 18 0.002321297 0.0800273 18
-0.002430827 0.0121027 19 -0.002999151 0.0480137 19 -0.004576367 0.0221699 19
3.41392E-05 0.00182761 20 ~0.005497397 0.000752187 20 ~0.005849242 0.000767292 20
—0.002994454 0.00206625 21 —0.006893 0.00175208 21 —0.004817458 0.00228677 21
-0.002129132 0.0018125 22 —0.005398155 0.00215385 22 —-0.003033291 0.00180042 22
—0.002662987 0.00229281 23 —-0.004333953 0.00258584 23 —-0.002883039 0.0015376 23
—0.004331042 0.00182821 24 ~0.003660035 0.00116 24 ~0.003706282 0.001856 24
-0.006141078 0.0018125 25 ~0.003707142 0.00169167 25 ~0.004476662 0.00118719 25
-0.00704881 0.0018125 26 ~0.004943562 0.000779375 26 ~0.005532264 0.00158654 26
—0.008027201 0.0018125 27 —0.006710594 0.00161615 27 —0.006865742 0.00156781 27
—0.009989673 0.00180344 28 —0.007333699 0.00141738 28 —-0.007139781 0.00137146 28
-0.011171179 0.00188802 29 —0.004256147 0.000949146 29 —-0.004377685 0.00165542 29
-0.001576753 0.00179196 30 0.010177107 0.00121438 30 0.009108869 0.000849458 30
0.155044996 0.0112049 31 0.201787985 0.00642833 31 0.189693924 0.003654 31
0.411469939 0.0941679 32 0.364352048 0.105461 32 0.352092948 0.128824 32
0.629748129 0.242351 33 0.52709475 0.318253 33 0.555524077 0.372845 33
0.814398804 0.381336 34 0.7550628 0.515989 34 0.717310451 0.549957 34
0.938077193 0.425587 35 0.825950112 0.715082 35 0.785941766 0.713715 35
0.984053474 0.715384 36 0.802288071 0.69458 36 0.772116003 0.643286 36
0.957362211 0.70257 37 0.711676464 0.777483 37 0.67645253 0.299959 37
0.861005435 0.122999 38 0.653499347 0.66326 38 0.638304222 0.320375 38
0.72817231 0.0989119 39 0.415236626 0.558529 39 0.422027539 0.133276 39
0.51064846 0.177645 40 0.196529728 0.474314 40 0.21807845 0.0345559 40
0.236146036 0.0955502 41 0.048790908 0.203417 41 0.050859304 0.0297558 41
0.058122807 0.0491943 42 0.005733592 0.0990054 42 0.003740586 0 42
0.000377119 0.0170804 43 —0.001725483 0.0214672 43 —-0.003665527 0.0000906 43
—0.001527529 0.00322686 44 —0.004817988 0.000939479 44 —0.005628263 0.00147417 44
—0.002051327 0.00218406 45 —0.006713968 0.00155271 45 —0.00569932 0.00174302 45
—0.001894392 0.00265229 46 —0.005915866 0.00107844 46 —0.003935927 0.00179136 46
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—0.003094754 0.0023049 47 —0.004785172 0.00167113 47 —0.003619611 0.00165542 47
—0.004998145 0.0019726 48 —0.004228823 0.00193938 48 —0.003721433 0.00179136 48
—0.006856281 0.00203 49 —0.004232461 0.0016101 49 —0.00405601 0.00169771 49
—-0.008039176 0.00208136 50 —0.005325047 0.00202094 50 —0.00523348 0.00171583 50
—-0.009313506 0.0018125 51 —0.00698642 0.00128083 51 —0.006850789 0.0018125 51
-0.011027477 0.00180344 52 -0.007671121 0.000954583 52 —0.007285269 0.0018125 52
—0.011134327 0.00181552 53 —0.004501936 0.001885 53 —0.004217774 0.00166811 53
0.000281813 0.00186083 54 0.011309423 0.0015231 54 0.009913753 0.00158896 54
0.143615888 0.00789887 55 0.205746473 0.00641202 55 0.198657736 0.00368783 55
0.383439409 0.0608142 56 0.388461818 0.0995202 56 0.355911092 0.0720004 56
0.614837936 0.25416 57 0.578845392 0.352325 57 0.531654474 0.266778 57
0.793100536 0.312186 58 0.724052074 0.53237 58 0.749066218 0.342576 58
0.915049638 0.462758 59 0.770666942 0.716809 59 0.818071807 0.490863 59
0.966415108 0.513608 60 0.72450627 0.731222 60 0.806211295 0.626222 60

0.93356401 0.75735 61 0.669365678 0.691319 61 0.710748223 0.696289 61
0.823723657 0.566408 62 0.604067354 0.919715 62 0.64715503 0.691479 62
0.686006019 0.288422 63 0.449977866 0.767061 63 0.410867608 0.521149 63

0.47070671 0.426845 64 0.218440087 0.450425 64 0.199254344 0.468254 64
0.213678071 0.284768 65 0.048008453 0.276865 65 0.048834806 0.305163 65
0.053100117 0.101066 66 0.003682993 0.0136868 66 0.005467359 0.115893 66
0.001962571 0.0185183 67 —0.002616608 0.0238628 67 —0.002222089 0.0325658 67
—0.000152501 0.00205175 68 —0.005102811 0.000570938 68 —0.00510043 0.000903833 68
—0.000939621 0.00228979 69 —0.005591081 0.00018125 69 -0.00671152 0.00160104 69
-0.001821218 0.0018125 70 —0.004211555 0.000123854 70 —0.005551384 0.00178833 70
—0.003461089 0.00215144 71 —0.003662615 0.000293021 71 —0.004530914 0.00135333 71
—0.005530543 0.00154365 72 —0.004091009 0.00010875 72 —0.00405462 0.00312052 72
—0.007459803 0.00203 73 —0.004659929 0.000148021 73 —0.004082937 0.00195448 73
—0.008752459 0.00212063 74 —0.005588368 0.000115396 74 —0.005212904 0.00159198 74
-0.009791256 0.00182458 75 —0.006866469 0.0000785 75 —0.00690524 0.00158594 75
—0.010940343 0.00198167 76 —0.007200914 0.0000936 76 —0.007532051 0.00161917 76
—0.010087261 0.00191823 77 —0.004149363 0.0000363 77 —0.00432125 0.00175208 77
0.001638944 0.00182519 78 0.010293849 0.0000604 78 0.011100089 0.00199677 78
0.151416123 0.00870302 79 0.195693947 0.00500975 79 0.204922833 0.003103 79
0.388203327 0.0324709 80 0.373541254 0.122792 80 0.38317096 0.0515675 80
0.607108477 0.123364 81 0.594976472 0.356951 81 0.570606236 0.199226 81
0.788399819 0.190014 82 0.706641352 0.565204 82 0.729901597 0.454537 82
0.906578992 0.181372 83 0.736855267 0.740987 83 0.791039351 0.591915 83
0.954339639 0.119227 84 0.6997988 0.692522 84 0.764504874 0.86712 84
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0.910713998 0.166848 85 0.659247057 0.500253 85 0.685469783 0.890267 85
0.774770802 0.258725 86 0.597015005 0.802244 86 0.62426107 0.909735 86
0.600682244 0.325196 87 0.455017295 0.527193 87 0.446527321 0.758301 87
0.407523559 0.208369 88 0.23842059 0.546851 88 0.214758913 0.700016 88
0.182166538 0.0873812 89 0.050918221 0.431341 89 0.049953988 0.254088 89
0.039257714 0.0981518 90 0.002271213 0.164815 90 0.004767407 0.114784 90
0.002972422 0.0277892 91 —-0.004728141 0.0127068 91 —0.00210366 0.0312777 91
0.001200196 0.00232302 92 —-0.005845537 0.00298458 92 —0.00486172 0.00122948 92
—-0.000479073 0.00220823 93 —-0.004651063 0.00298519 93 —-0.005816823 0.00105427 93
-0.002293146 0.00183969 94 -0.002849958 0.00228073 94 —0.004557511 0.00134125 94
-0.004271761 0.00188198 95 -0.002781481 0.00190011 95 -0.003914689 0.00128385 95
~0.006278495 0.00173698 96 -0.003638334 0.00183727 96 ~0.004199646 0.00124156 96
—0.008095148 0.00174 97 —0.004414735 0.00196958 97 —0.004648946 0.00173094 97
—0.009140362 0.00170073 98 —-0.005515392 0.0017551 98 —0.00560868 0.0017255 98
—-0.009694462 0.00156479 99 —-0.006890751 0.00171885 99 —0.006990852 0.0018276 99
-0.010503414 0.00199677 100 -0.007188674 0.00176417 100 -0.007390532 0.00168563 100
-0.009559427 0.00194844 101 -0.004471369 0.0016675 101 -0.004204277 0.00184875 101
0.002785054 0.00178833 102 0.009037085 0.00176417 102 0.010942327 0.00171583 102
0.138566072 0.00755087 103 0.189261561 0.00579154 103 0.201869959 0.00392648 103
0.374406675 0.0876084 104 0.345466793 0.122154 104 0.383558086 0.0771322 104
0.590287648 0.108269 105 0.543240471 0.377953 105 0.595645974 0.293819 105
0.776300845 0.163105 106 0.722807897 0.180132 106 0.709246249 0.401567 106
0.897637742 0.16686 107 0.80066967 0.414215 107 0.737503034 0.41223 107
0.944997187 0.155986 108 0.78480965 0.841917 108 0.700305644 0.464061 108
0.884200146 0.253293 109 0.690596114 0.904411 109 0.664865081 0.599802 109
0.77722467 0.619638 110 0.641629069 0.3166 110 0.594503519 0.724214 110
0.587750134 0.700795 111 0.408168514 0.211347 111 0.456984175 0.398923 111
0.402751024 0.451749 112 0.211178106 0.327052 112 0.233513285 0.142653 112
0.175659919 0.15843 113 0.050011714 0.200701 113 0.049747499 0.0187449 113
0.035505748 0.137437 114 0.004075461 0.0938151 114 0.002396787 0.00682588 114
0.004012641 0.030824 115 —0.003346828 0.0243068 115 —0.004206526 0.00464181 115
0.002324705 0.00199073 116 —0.005594455 0.000900812 116 —-0.005762306 0.00204813 116
-1.21075E-05 0.00277313 117 —0.006209423 0.0017255 117 —-0.004920339 0.00197563 117
—0.00268912 0.00231094 118 —0.004535215 0.0018699 118 -0.003201075 0.00188198 118
—0.004864168 0.00270969 119 —0.003947704 0.00165542 119 —-0.002999747 0.0018125 119
—0.006811754 0.00169529 120 -0.003712104 0.00180344 120 —-0.003796724 0.00177927 120
—0.008437598 0.0024499 121 —0.003924084 0.00173396 121 —-0.004579609 0.0018125 121
—0.008922361 0.00178531 122 —-0.005130731 0.00178531 122 —-0.005584729 0.00181854 122
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—0.009038011 0.00210854 123 —0.006825449 0.00162521 123 —0.006860184 0.0018125 123
—0.009817191 0.00336944 124 —0.007331781 0.00176477 124 —0.007101606 0.00164031 124
—0.008867447 0.00285831 125 —0.004199844 0.00152854 125 —0.004298821 0.00178531 125
0.003264788 0.00187896 126 0.010187362 0.00136542 126 0.009179596 0.00188802 126
0.149229232 0.0143635 127 0.200704696 0.00533841 127 0.189828529 0.00380746 127
0.369240101 0.0948379 128 0.360306376 0.11585 128 0.35725026 0.074066 128
0.599855543 0.141909 129 0.529325705 0.356669 129 0.570053402 0.242994 129
0.776672291 0.255662 130 0.752595419 0.292319 130 0.711083694 0.581193 130
0.893956833 0.541209 131 0.819312626 0 131 0.762734054 0.62275 131
0.946382039 0.825628 132 0.806336637 0.226772 132 0.744657635 0.441256 132
0.854088981 0.785272 133 0.708501159 0.580857 133 0.65928538 0.251413 133
0.749297798 0.850792 134 0.646630885 0.315415 134 0.626115336 0.211439 134
0.574535407 0.715372 135 0.412422825 0.127055 135 0.434481748 0.0896451 135

0.36570946 0.533166 136 0.196236204 0.114588 136 0.225961518 0.081687 136
0.148969649 0.282035 137 0.048273396 0.148842 137 0.051442548 0.128623 137
0.029150969 0.0807403 138 0.005628164 0.0762476 138 0.002970801 0.0416748 138
0.003476273 0.0395391 139 —0.001942822 0.0243957 139 -0.00421129 0.0133775 139
0.002123145 0.000740708 140 —0.004963675 0.00054375 140 —-0.005761512 0.00205115 140
—0.000521879 0.00334104 141 —0.006726009 0.00142946 141 —0.005060931 0.00231456 141
—0.003291981 0.00223844 142 —0.005714802 0.00144698 142 —0.003215697 0.00189406 142
—0.005275161 0.00151948 143 —0.004637632 0.00183365 143 —0.003138354 0.00198167 143
—0.006860647 0.00193938 144 —0.004119723 0.00190313 144 —-0.003612002 0.0018125 144
—-0.008125185 0.00234417 145 -0.004115621 0.00148323 145 —0.004135072 0.0018125 145
—-0.008375804 0.00193333 146 —-0.005228319 0.00180646 146 —0.005310888 0.0017829 146
—0.008655202 0.00200886 147 —0.006907357 0.00177927 147 —0.006855685 0.00180646 147
—0.009625787 0.000990834 148 —0.007543033 0.00144698 148 —0.00721659%4 0.00183727 148
—0.008675911 0.00183667 149 —0.004326013 0.00183365 149 —0.004329652 0.00181854 149
0.004085518 0.00238948 150 0.011299928 0.0018125 150 0.009275298 0.0015225 150
0.139052787 0.00781006 151 0.205210932 0.00495537 151 0.193879775 0.0049451 151
0.347667859 0.0696779 152 0.385510998 0.0593672 152 0.345568367 0.124754 152
0.582226748 0.147984 153 0.576361099 0.196846 153 0.525787695 0.283439 153
0.769718009 0.335444 154 0.725621218 0.363026 154 0.742930018 0.404633 154
0.889354894 0.349878 155 0.774781372 0.497142 155 0.814500295 0.819115 155
0.944483578 0.452425 156 0.740453706 0.739585 156 0.805403897 0.772431 156
0.835289652 0.662402 157 0.672985239 0.704588 157 0.711990631 0.862083 157
0.713015285 0.821775 158 0.611912521 0.678917 158 0.645069631 0.739853 158
0.576573426 0.740307 159 0.448708613 0.820783 159 0.402285497 0.755184 159
0.348081664 0.35886 160 0.218919788 0.494201 160 0.203090467 0.145675 160
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0.140598311 0.120063 161 0.048826404 0.264559 161 0.048402542 0.084993 161
0.02839177 0.0947539 162 0.004020283 0.171136 162 0.005206684 0.04832 162
0.004916766 0.0120694 163 -0.002613829 0.0291522 163 —0.002655841 0.0148492 163
0.003162106 0.00299063 164 -0.005110486 0.00141375 164 -0.005302883 0.00232906 164
~0.000586188 0.0031175 165 -0.005662138 0 165 —0.006808711 0.00226744 165
-0.003851506 0.00237135 166 ~0.004270306 0.00103917 166 ~0.005467955 0.0023351 166
—-0.00554318 0.00208438 167 —0.003692388 0.00154063 167 —0.004439083 0.00263236 167
—-0.006689422 0.00199677 168 —-0.004103778 0.0013201 168 —0.003875522 0.00237135 168
—-0.007527882 0.00203906 169 —-0.004655761 0.00189708 169 —0.003914623 0.00228979 169
~0.007606879 0.00168563 170 -0.005605636 0.00171885 170 -0.005099636 0.00238948 170
-0.008105403 0.00174906 171 -0.006925022 0.00176417 171 -0.006838946 0.00195448 171
-0.009252108 0.00181311 172 ~0.007284806 0.00150438 172 -0.007478063 0.00151042 172
—0.008250495 0.0016101 173 —0.004204277 0.00138958 173 —0.004330248 0.00183365 173
0.004270273 0.00159802 174 0.0104529 0.00124519 174 0.010628955 0.0018125 174
0.154244612 0.00933739 175 0.197839521 0.00547435 175 0.203753104 0.00310844 175
0.357416225 0.111569 176 0.376112161 0.105956 176 0.375396313 0.0410495 176
0.546250677 0.343104 177 0.594018575 0.335288 177 0.554637873 0.118446 177
0.740340256 0.547159 178 0.709621764 0.586443 178 0.743478346 0.527208 178
0.872233214 0.719581 179 0.739412809 0.778348 179 0.819367871 0.551161 179
0.921259921 0.831062 180 0.701334401 0.858194 180 0.791439642 0.555772 180
0.820322543 0.874342 181 0.658540927 0.801641 181 0.704340466 0.664291 181
0.702590669 0.790911 182 0.598387196 0.894262 182 0.645665759 0.300435 182
0.576427616 0.684509 183 0.454826659 0.664652 183 0.436452491 0.284876 183
0.337797656 0.586819 184 0.235651977 0.611519 184 0.204525734 0.469434 184
0.125620616 0.0780281 185 0.05039525 0.347374 185 0.051055472 0.21807 185
0.024509665 0.125182 186 0.002316931 0.0840614 186 0.005581785 0.163141 186
0.00528793 0.027611 187 —-0.004650534 0.0373133 187 —-0.001628358 0.031471 187
0.004078207 0.00221125 188 -0.005869487 0.000567917 188 -0.004685202 0.000682708 188
-0.000219721 0.00276406 189 -0.00480588 0.00175873 189 -0.00625739 0.00166508 189
~0.004458269 0.00226563 190 -0.003000938 0.00193333 190 ~0.005280851 0.00194844 190
—0.006027877 0.00241667 191 —0.002864712 0.00225656 191 —0.004419565 0.00193092 191
—0.006563848 0.0023351 192 —-0.003681868 0.00214479 192 —0.004303783 0.00234719 192
-0.0068275 0.00212667 193 —-0.004439149 0.00167113 193 —-0.004527408 0.0021176 193
—0.006856082 0.00188802 194 -0.005512481 0.00196052 194 —-0.005540401 0.00196656 194
—0.007553421 0.00193635 195 —-0.006869513 0.00216594 195 -0.007075539 0.00174 195
—0.008630921 0.00250186 196 -0.007158174 0.00193333 196 —-0.007632483 0.00183365 196
—0.007448754 0.00203604 197 —0.004396806 0.00153156 197 —-0.004383706 0.00173396 197
0.004992025 0.00196656 198 0.009134805 0.00192125 198 0.011513397 0.00178531 198
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0.147998139 0.013189 199 0.189751948 0.00479225 199 0.206116844 0.00403946 199
0.338904929 0.146055 200 0.35031973 0.0830488 200 0.391358387 0.0686708 200
0.504763586 0.306449 201 0.551337447 0.232048 201 0.590750313 0.300328 201
0.602258384 0.543064 202 0.719680476 0.472307 202 0.711747472 0.635279 202
0.844605044 0.634487 203 0.792356818 0.698133 203 0.741579487 0.561802 203
0.847636945 0.546278 204 0.777757069 0.383939 204 0.701778755 0.889072 204
0.768376244 0.531602 205 0.681713251 0 205 0.668943569 0.825796 205
0.706427553 0.857909 206 0.640719659 0 206 0.590900912 0.151483 206
0.544380922 0.698642 207 0.417649614 0.443498 207 0.454402724 0.0817595 207

0.32979348 0.526751 208 0.21550832 0.142885 208 0.226915298 0.157287 208
0.106634713 0.221387 209 0.050643057 0.038538 209 0.048358181 0.0740346 209
0.017517092 0.104355 210 0.003918031 0.1003 210 0.002847378 0.0289916 210
0.005670342 0.033527 211 —0.003525728 0.0274406 211 —0.003063394 0.0163077 211
0.004710807 0.002233 212 —0.005603321 0.00224448 212 —0.005307051 0.00203 212
0.000495448 0.00293323 213 —0.005898267 0.00192427 213 —0.005164937 0.00183365 213
—0.004651063 0.00171885 214 —0.004171064 0.00190313 214 —-0.003655073 0.00209948 214
—0.006393748 0.0025224 215 —0.003755373 0.00178833 215 —-0.003330023 0.00233208 215

—0.0065702 0.00253448 216 —-0.00373612 0.00179438 216 —-0.00399276 0.00217198 216
—0.005962973 0.00190917 217 —0.0040224 0.0018125 217 —0.004723377 0.00186083 217
—0.005667497 0.00139865 218 —0.005206089 0.00177927 218 —0.005634879 0.00194542 218
—0.006310848 0.00243479 219 —0.006847283 0.00174906 219 —0.006820752 0.00187111 219
—0.006907622 0.00190313 220 —0.007308558 0.00180948 220 —-0.007035379 0.00181854 220
—-0.005221108 0.00186083 221 —0.00420163 0.00180646 221 —0.004154656 0.00190615 221
0.004808626 0.00232 222 0.010083324 0.001885 222 0.009315921 0.00179136 222
0.152324119 0.00690019 223 0.199701229 0.00322262 223 0.19015649 0.00641142 223

0.33949995 0.036717 224 0.358387008 0.032422 224 0.364364569 0.151119 224
0.512969315 0.12781 225 0.533172814 0.08151 225 0.59047581 0.393714 225
0.630524357 0.255872 226 0.74973681 0.0498245 226 0.700820907 0.408146 226
0.742738333 0.476138 227 0.818805534 0 227 0.733993185 0.662697 227
0.785458045 0.691768 228 0.805597352 0.0687548 228 0.700617842 0.600969 228
0.719271203 0.496524 229 0.710034874 0.332755 229 0.648478204 0.499186 229
0.671647162 0.500251 230 0.646736883 0.420472 230 0.600635583 0.0978019 230

0.52479459 0.514554 231 0.412262351 0.495555 231 0.449905353 0.245328 231

0.28432019 0.290454 232 0.198116008 0.216643 232 0.237006495 0.314959 232
0.089913705 0.205994 233 0.048845458 0.221694 233 0.051450752 0.283277 233

0.01157539 0.11895 234 0.005495048 0.119891 234 0.002025425 0.122473 234
0.000989837 0.0338466 235 —0.00210194 0.0262486 235 —0.004731714 0.0215887 235
—0.002174783 0.000667604 236 —0.005048229 0.000960625 236 —0.005806832 0.000815625 236
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—0.004433658 0.00204208 237 —0.006687503 0.0019001 237 —0.004383772 0.00144094 237
—0.00483466 0.00209404 238 —-0.005573151 0.00163427 238 -0.002621371 0.00247406 238
—-0.00447825 0.00219433 239 —0.004552748 0.00200583 239 —0.002692296 0.00176417 239
-0.004443185 0.00202335 240 -0.00409306 0.00166448 240 -0.003501381 0.00259792 240
-0.005018522 0.000933437 241 -0.004121575 0.00190917 241 -0.004245628 0.00202094 241
-0.005531205 0.00140771 242 ~0.005240294 0.0018125 242 —0.005409865 0.00156781 242
—-0.006463416 0.00172188 243 —0.006920655 0.00175208 243 —0.006863161 0.00182458 243
—0.006890618 0.00173396 244 —-0.007542107 0.00193333 244 —0.007171935 0.00180344 244
—-0.005043597 0.00148685 245 —-0.004315494 0.00166146 245 —0.004577955 0.00185238 245
0.002612605 0.00174604 246 0.011215904 0.00155573 246 0.008465618 0.00173094 246
0.142294187 0.00985758 247 0.20511523 0.00467262 247 0.188069139 0.0046551 247
0.314053625 0.102705 248 0.384536113 0.091463 248 0.334188235 0.0912093 248
0.529425732 0.27825 249 0.573888388 0.28938 249 0.516352982 0.350964 249
0.675241384 0.469825 250 0.727038837 0.549177 250 0.728004459 0.437745 250
0.719858796 0.716053 251 0.782054501 0.788289 251 0.802039702 0.318239 251
0.6962629 0.83518 252 0.752821459 0.848008 252 0.79447596 0.767515 252
0.706753247 0.827073 253 0.679562451 0.677037 253 0.699214217 0.703 253
0.620375368 0.745082 254 0.617681484 0.775586 254 0.641191942 0.975039 254
0.513480013 0.58065 255 0.447779736 0.696398 255 0.389727829 0.606104 255
0.296736968 0.359635 256 0.217183686 0.612515 256 0.205276001 0.0341584 256
0.090909695 0.218702 257 0.049456721 0.39073 257 0.047225337 0.0999909 257
0.008811078 0.107661 258 0.004396475 0.148926 258 0.004282843 0.0865095 258
-0.003770657 0.0254131 259 -0.002339326 0.0150583 259 -0.003214374 0.0176163 259
~0.005441755 0.00145604 260 ~0.004976907 0.00190917 260 ~0.005626279 0.00167656 260
—-0.005042737 0.00151042 261 —-0.005716258 0.0029 261 —0.006825846 0.00184573 261
—-0.003439785 0.00185177 262 —0.004376428 0.00257375 262 —0.005215682 0.00178833 262
—-0.002835601 0.00200583 263 -0.003779522 0.0023925 263 —0.004210562 0.00187292 263
-0.003383151 0.00214479 264 -0.004148635 0.00290906 264 -0.003542533 0.00180102 264
~0.004336864 0.00178229 265 ~0.004657613 0.00305406 265 -0.003622786 0.00185177 265
-0.005259613 0.00174 266 -0.005611392 0.00217802 266 —0.004881635 0.0016101 266
—-0.006505296 0.00132313 267 —0.00695797 0.00186386 267 —0.006656209 0.00140469 267
—-0.007142163 0.00112073 268 —-0.00732576 0.00191883 268 —0.007247293 0.00170979 268
—0.005679538 0.00148323 269 —-0.004188067 0.0018125 269 -0.004210231 0.00139563 269
0.001996942 0.00177383 270 0.010681652 0.00185781 270 0.009881896 0.00125969 270
0.149678797 0.0111149 271 0.199775594 0.00430408 271 0.200330819 0.00470766 271
0.31330167 0.126858 272 0.379667181 0.0193853 272 0.356029818 0.10508 272
0.454157911 0.313921 273 0.595334809 0.0357727 273 0.501683627 0.346861 273
0.719038729 0.620413 274 0.709134354 0.0827738 274 0.76015577 0.520476 274
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0.788988603 0.315518 275 0.737903243 0.141617 275 0.816679809 0.699683 275
0.798091419 0 276 0.700732136 0.426624 276 0.806855341 0.885051 276
0.732578014 0.10621 277 0.661927452 0.847963 277 0.705123566 0.46985 277
0.648400696 0.542245 278 0.596472732 0.282122 278 0.644426511 0.412474 278

0.4534722 0.291851 279 0.456541044 0.0595123 279 0.392065435 0.323621 279
0.246057341 0.150508 280 0.234962446 0.0378843 280 0.189401327 0.52388 280
0.067758551 0.130764 281 0.0501836 0.0465559 281 0.044186621 0.268788 281
0.009329881 0.101596 282 0.002346472 0.052635 282 0.005654397 0.119094 282
—0.002721274 0.0235317 283 —0.004476728 0.0195774 283 —0.00195665 0.0209283 283
—0.005252534 0.00140771 284 —-0.005828136 0.00196354 284 —0.004989742 0.0017551 284
—0.006957772 0.00131467 285 —-0.004850671 0.00180948 285 —0.007045369 0.00068875 285
—0.005583737 0.00177625 286 —-0.003084168 0.00181854 286 —-0.006302379 0.00156479 286
—0.00434123 0.00192125 287 —0.002916715 0.00170073 287 —0.004929932 0.00188198 287
—0.003654478 0.00181854 288 —0.003734731 0.00164998 288 —0.004014328 0.00197865 288
—0.003528374 0.00185177 289 —0.004510404 0.00150135 289 —0.003821733 0.00180102 289
—0.004539648 0.00112375 290 —0.005549929 0.00167958 290 —0.004976113 0.00171281 290
—0.006254942 0.00174906 291 —0.006865609 0.00169167 291 —0.006697494 0.00174302 291
—0.007327877 0.00124217 292 —-0.00712946 0.00169529 292 -0.007413027 0.00160769 292
—0.005471197 0.00174906 293 —0.004353603 0.00176115 293 —0.004315031 0.00177323 293
0.005134999 0.00159198 294 0.009137054 0.00158654 294 0.011039948 0.00139563 294

0.16200687 0.0110357 295 0.189812452 0.00590512 295 0.203781156 0.00569427 295
0.329224295 0.145501 296 0.353989772 0.129773 296 0.381301279 0.131937 296
0.438654913 0.36405 297 0.560088978 0.350934 297 0.570152462 0.359535 297

0.74059104 0.466371 298 0.715416273 0.545566 298 0.735458671 0.599422 298
0.782281847 0.5453 299 0.779268454 0.766353 299 0.796124133 0.792928 299
0.802022004 0.752795 300 0.765197994 0.695128 300 0.752932957 0.851753 300
0.706488669 0.919554 301 0.671445073 0.826363 301 0.67067977 0.826319 301
0.660334366 0.651333 302 0.635276969 0.827191 302 0.619648215 0.916044 302
0.457066703 0.221519 303 0.426326418 0.473744 303 0.44330505 0.511604 303
0.233204775 0.0381235 304 0.220606335 0.13818 304 0.215340337 0.520022 304
0.058075535 0.0614196 305 0.051106912 0.195863 305 0.048332808 0.320967 305
0.009953714 0.059514 306 0.003547396 0.146531 306 0.004342223 0.100678 306
—0.001778081 0.0245684 307 —0.003816969 0.0466815 307 —0.002857633 0.00918937 307
—0.004658275 0.00156238 308 —0.00566055 0.000782396 308 —0.005300104 0.00212365 308
—0.006979671 0.0017249 309 —0.005499845 0.00184875 309 —0.006037536 0.00138354 309
—0.006510125 0.00136542 310 —0.003703701 0.00188198 310 —0.00471696 0.00197563 310
—0.004943231 0.00163427 311 —0.003474652 0.00192185 311 —0.003960738 0.00236833 311
—0.003942212 0.00193938 312 —-0.003701121 0.00193031 312 —0.004124751 0.00211458 312
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—-0.003568865 0.00173698 313 —0.004091274 0.00184331 313 —0.004565451 0.00192125 313
—-0.004515367 0.00165844 314 —0.005264046 0.00164031 314 —0.005577385 0.00190615 314
—-0.006094633 0.00168563 315 —-0.006856082 0.00151646 315 —0.007012487 0.00173094 315
-0.007115897 0.00164635 316 -0.007264958 0.00174604 316 -0.007529206 0.00168321 316
-0.005120278 0.00156177 317 ~0.004240202 0.00176417 317 ~0.004385757 0.00168321 317
0.006012726 0.00163729 318 0.00975179 0.00158956 318 0.011177762 0.00170979 318
0.173738434 0.0120531 319 0.197449798 0.00589123 319 0.201760131 0.00584712 319
0.345994494 0.129807 320 0.353345908 0.149307 320 0.381045021 0.122329 320
0.523188579 0.24863 321 0.531177965 0.355784 321 0.588995101 0.384195 321
0.725665116 0.427529 322 0.747564856 0.454361 322 0.718990018 0.62582 322
0.806767578 0 323 0.817492136 0.594774 323 0.759873345 0.774949 323
0.759859864 0 324 0.806291284 0.770531 324 0.712291647 0.731837 324
0.687312056 0 325 0.711732007 0.990887 325 0.658538396 0.984535 325
0.624835788 0.587072 326 0.647296152 0.370308 326 0.604510981 0.981894 326
0.447990269 0.735882 327 0.409714171 0.607557 327 0.450443979 0.87265 327
0.231619587 0.325366 328 0.200697352 0.144228 328 0.227479685 0.411281 328
0.058943867 0.0179613 329 0.048956973 0.174171 329 0.049066039 0.167281 329
0.007030317 0.026999 330 0.005420914 0.0986767 330 0.002692825 0.0820779 330
—0.002918302 0.0379828 331 —0.002344553 0.0336666 331 —0.004181319 0.0139357 331
—0.00546941 0.00222333 332 —0.005152763 0.00334467 332 —0.005840971 0.00318396 332
—-0.006652967 0.00183365 333 —-0.006721907 0.0028124 333 —0.005227062 0.00282448 333
-0.005450091 0.00189104 334 -0.00550785 0.00214177 334 -0.003414114 0.00255261 334
-0.004236166 0.00180948 335 -0.004498628 0.00102104 335 -0.003131871 0.00222998 335
-0.004016975 0.00177625 336 ~0.00401843 0.000851875 336 ~0.003794342 0.00191219 336
—0.004212878 0.00176719 337 —0.004055083 0.00151404 337 —0.004441001 0.00184271 337
—-0.005178764 0.00172188 338 —0.005196363 0.00179135 338 —0.005498191 0.0017551 338
-0.006718467 0.00167958 339 —-0.006899021 0.00185781 339 —0.006872953 0.00167052 339
-0.007713861 0.00142885 340 -0.007528809 0.00157688 340 -0.007177228 0.00123552 340
-0.005345424 0.00158292 341 -0.004331439 0.00156177 341 -0.004184031 0.00149531 341
0.007028763 0.0013624 342 0.010983083 0.0011449 342 0.010084449 0.00140529 342
0.184783047 0.00973071 343 0.204740691 0.00418385 343 0.191863382 0.00630931 343
0.363307182 0.120249 344 0.381678877 0.102167 344 0.357779864 0.147545 344
0.544771312 0.383526 345 0.567236925 0.313705 345 0.568670212 0.353703 345
0.736318799 0.527737 346 0.73290743 0.47849 346 0.71415549 0.620123 346
0.82137649 0.599943 347 0.799542895 0.714478 347 0.770078885 0.707083 347
0.758420876 0.502462 348 0.774423556 0.779663 348 0.753516415 0.858023 348
0.691039212 0.720799 349 0.691363451 0.56043 349 0.665299512 0.964625 349
0.623947111 0.633048 350 0.630497347 0.658987 350 0.631426018 0.929571 350
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0.44277079 0.511289 351 0.444983534 0.445451 351 0.431131695 0.829997 351
0.225611129 0.522538 352 0.212112831 0.555581 352 0.221864092 0.610315 352
0.056365103 0.349522 353 0.050411592 0.277323 353 0.051592403 0.349919 353
0.006030722 0.150298 354 0.005084551 0.0986447 354 0.00331742 0.0769401 354
—-0.002882774 0.0405136 355 -0.001887247 0.0220309 355 —0.004029744 0.0191327 355
—0.00546167 0.00280333 356 —0.00475831 0.00216473 356 —0.005755227 0.00231396 356
—0.006429012 0.00304863 357 —0.005917321 0.00113885 357 —0.005362692 0.00187896 357
—0.004871181 0.0017255 358 —0.004742365 0.00192729 358 —0.003512893 0.00224267 358
—0.003948432 0.00125365 359 —0.004053826 0.00181552 359 —0.00329079 0.00212063 359
—0.003933215 0.00180042 360 —0.004247149 0.0019279 360 —0.003697945 0.00232604 360
—0.004220155 0.00183969 361 —0.004633795 0.00184875 361 —0.004168153 0.00183063 361
—0.005315652 0.00191823 362 —-0.005600211 0.00161313 362 —0.00532068 0.00163125 362
—0.006942224 0.00119021 363 —0.007018839 0.00179438 363 —0.006838616 0.0018125 363
—0.007703276 0.00145906 364 —0.00745226 0.00179438 364 —0.007199128 0.00176719 364
—0.004885207 0.00164635 365 —0.004228624 0.0018125 365 —0.004182708 0.00140469 365
0.009398291 0.00143792 366 0.011163736 0.00160406 366 0.009786823 0.00153156 366
0.201720567 0.0085411 367 0.20356041 0.00390171 367 0.194969946 0.00456629 367
0.382144867 0.0892216 368 0.386832782 0.0635994 368 0.351267538 0.142003 368
0.568693914 0.200164 369 0.595371413 0.274527 369 0.543797304 0.403162 369
0.733668532 0.305319 370 0.708958051 0.50422 370 0.73592423 0.492243 370
0.799999771 0.520594 371 0.736761615 0.566817 371 0.812807926 0.813785 371
0.760881194 0.510401 372 0.699625491 0.715098 372 0.794147867 0.895267 372

0.68463898 0.659907 373 0.667098004 0.621364 373 0.707653072 0.86454 373

0.63286647 0.606402 374 0.592339198 0.557384 374 0.6453975 0.831261 374
0.449530318 0.500925 375 0.456796004 0.720146 375 0.411962327 0.907364 375
0.220201429 0.336189 376 0.232010666 0.608358 376 0.205922528 0.385823 376
0.053422917 0.330303 377 0.049299721 0.262312 377 0.050671341 0.173636 377
0.005119782 0.184104 378 0.002464271 0.077375 378 0.00490403 0.0566473 378
—0.002648431 0.0373726 379 —-0.003893319 0.0294144 379 —-0.002750518 0.0198499 379
—0.005198084 0.000658542 380 —0.005664454 0.00192729 380 —0.005345424 0.0018125 380
—0.005864789 0.00220521 381 —0.004977171 0.0020149 381 —0.006484653 0.00163729 381
~0.004274408 0.00238102 382 ~0.003314872 0.00290363 382 -0.0050618538 0.00218104 382
—0.003694042 0.00179135 383 —0.003086153 0.00267042 383 —0.004232461 0.00235021 383
~0.004089487 0.00199375 384 ~0.003855541 0.00218467 384 -0.003979594 0.00190615 384
—0.004565054 0.00182519 385 —0.004639948 0.00170979 385 —0.004130309 0.00141677 385
—0.005580032 0.00188802 386 —0.00561298 0.00178531 386 —0.005276352 0.00170738 386
—0.007039812 0.00143188 387 —0.006850657 0.00227529 387 —0.006946657 0.00206021 387
—0.007518951 0.00143792 388 —0.007072297 0.00156177 388 —0.007523119 0.00185781 388
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—-0.004370275 0.0015376 389 —0.004253038 0.00134729 389 —0.004342554 0.00138656 389
0.010776031 0.00167052 390 0.009174204 0.00146208 390 0.010694852 0.00162823 390
0.203414193 0.00813872 391 0.189685754 0.0040449 391 0.203840304 0.00489496 391
0.384782894 0.112848 392 0.359585617 0.12322 392 0.377619378 0.141893 392
0.583154055 0.270006 393 0.578317699 0.374032 393 0.562919947 0.396715 393
0.71641051 0.344107 394 0.707318594 0.595645 394 0.73646824 0.626577 394
0.756756112 0.6427 395 0.748811381 0.506763 395 0.808283098 0.805439 395
0.721560577 0.638161 396 0.724805286 0.537842 396 0.783631766 0.913238 396
0.670378158 0.377611 397 0.650170887 0.702558 397 0.69796569 0.794947 397
0.608639495 0.434895 398 0.616687074 0.683568 398 0.639573251 0.721915 398
0.45193502 0.303021 399 0.44079961 0.534573 399 0.441416786 0.836203 399
0.224756657 0.294615 400 0.230339501 0.113392 400 0.209494999 0.670201 400
0.050370175 0.121967 401 0.051541426 0.0391862 401 0.051054281 0.342175 401
0.00323356 0.16559 402 0.002464966 0.0198638 402 0.005229675 0.0931867 402
—0.00354862 0.0248941 403 —-0.00451497 0.0229209 403 -0.001918938 0.0182972 403
—0.005567263 0.00183365 404 -0.005826151 0.00231577 404 -0.004839093 0.0021176 404
-0.005191666 0.00195448 405 -0.004724105 0.00182761 405 ~0.00605401 0.00273385 405
—0.003457251 0.00347396 406 ~0.002888265 0.00177021 406 ~0.004850076 0.00196656 406
—0.00317997 0.00245292 407 —0.002898454 0.0018125 407 —0.004133749 0.00228677 407
—0.003878168 0.00250488 408 —0.003530359 0.0017551 408 —0.004247546 0.00203 408
—0.004547719 0.00206021 409 —-0.00415631 0.00177625 409 —-0.004564458 0.0019424 409
—0.005543511 0.00182821 410 -0.005336956 0.00177685 410 -0.005558926 0.00198469 410
-0.006842056 0.00181552 411 —0.006849664 0.00163427 411 -0.007042524 0.00194844 411
~0.007086389 0.0017974 412 -0.007182984 0.00154063 412 -0.007512599 0.00174604 412
—-0.004085319 0.00196052 413 —0.004435642 0.0015799 413 —0.004251317 0.00191521 413
0.009737136 0.0018125 414 0.008842505 0.00144094 414 0.011357687 0.00178894 414
0.193015876 0.00870967 415 0.190820384 0.00454635 415 0.20498036 0.00512212 415
0.364283819 0.0711914 416 0.338941186 0.0862514 416 0.388632696 0.127534 416
0.581067423 0.291101 417 0.518586848 0.295285 417 0.59154203 0.378809 417
0.71099426 0.208128 418 0.736950059 0.566607 418 0.710931672 0.613487 418
0.753678874 0.400133 419 0.808777951 0.768902 419 0.740355688 0.863433 419
0.730686549 0.489352 420 0.801919718 0.86774 420 0.704575305 0.430035 420
0.65969271 0.574613 421 0.70755694 0.806912 421 0.667503473 0.5924 421
0.620966261 0.625701 422 0.641767246 0.756363 422 0.593351463 0.581046 422
0.446749763 0.582676 423 0.393831441 0.815325 423 0.455250943 0.82855 423
0.230974913 0.531363 424 0.20396429 0.59989 424 0.228757886 0.593399 424
0.052647508 0.123207 425 0.047345849 0.385434 425 0.048827595 0.251709 425
0.002950986 0.0987789 426 0.004842831 0.131858 426 0.002736062 0.03201 426
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—0.004386749 0.0170762 427 —0.002935703 0.036656 427 —0.003448319 0.0114846 427
—0.005783742 0.00130258 428 —0.005460743 0.000540729 428 —0.005502293 0.00328365 428
—0.004938732 0.0019726 429 —0.006889957 0.00180646 429 —0.005108104 0.00276708 429
—-0.003078082 0.000607187 430 —0.00542634 0.00184271 430 —0.003501116 0.00241365 430
—-0.002958396 0.00168563 431 —0.004361145 0.001885 431 -0.003217351 0.00211821 431
—-0.003652559 0.000709896 432 —-0.003698607 0.00206686 432 —0.003926929 0.00223844 432
—0.004294851 0.00206383 433 —0.003740355 0.00192729 433 —0.004672168 0.00180948 433
—0.005415754 0.00180042 434 —0.004968637 0.00180646 434 —0.005614766 0.00168261 434
—0.006864154 0.00187292 435 —0.006732758 0.0017974 435 —0.006831338 0.00166448 435
—-0.007196547 0.00183123 436 —0.007361752 0.00155875 436 —0.007045303 0.00149531 436
—-0.0043626 0.00146813 437 —0.004271298 0.00160708 437 —0.004179069 0.00166146 437
0.009213437 0.00152854 438 0.010261661 0.00169469 438 0.009257104 0.00154425 438
0.193027057 0.00715333 439 0.20218955 0.00336944 439 0.190203564 0.00483454 439
0.350956085 0.072059 440 0.366625015 0.0523903 440 0.362627822 0.134181 440
0.545920103 0.129825 441 0.533722281 0.204727 441 0.585754403 0.391221 441
0.732814342 0.270205 442 0.753089147 0.319893 442 0.704442271 0.629053 442
0.811044103 0.423979 443 0.826501366 0.595655 443 0.738848107 0.818469 443
0.793606503 0.524488 444 0.800301367 0.911669 444 0.709260441 0.938193 444
0.704623172 0.384437 445 0.711434513 0.858374 445 0.647091276 0.985104 445
0.650645676 0.440801 446 0.653532006 0.927167 446 0.607437149 0.954348 446
0.420199581 0.450363 447 0.420583365 0.610289 447 0.446983891 0.842268 447
0.211729559 0.371443 448 0.198230996 0.317733 448 0.23465258 0.678681 448
0.051885365 0.251266 449 0.049668503 0.196642 449 0.051558628 0.400578 449
0.00493367 0.0935733 450 0.005726016 0.156072 450 0.002195889 0.114627 450
—0.002924455 0.0329724 451 —0.001693726 0.0267652 451 —0.004698501 0.019894 451
—0.005350651 0.000492396 452 —0.004788281 0.00153458 452 —0.005840442 0.00105729 452
—0.006326131 0.00133581 453 —0.00662207 0.00125063 453 —0.004537067 0.00158594 453
—0.004785833 0.00174604 454 —0.005790954 0.00341052 454 —0.002727163 0.00223844 454
—0.004105961 0.00175511 455 —0.00471868 0.0032474 455 —0.002759846 0.00196656 455
—0.003944528 0.00181008 456 —0.004258397 0.00280938 456 —0.003507335 0.00205719 456
—0.004144335 0.0017974 457 —0.00431417 0.0019575 457 —0.004208908 0.00215688 457
—0.00528363 0.00280938 458 —0.005390414 0.00226865 458 —0.005377049 0.00183063 458
—0.006947186 0.00145 459 —0.007029954 0.00184573 459 —0.006850988 0.00167656 459
—0.007512401 0.00164635 460 —0.007696263 0.00176115 460 —-0.0071722 0.00171885 460
—0.004350625 0.0020149 461 —0.00450875 0.00149531 461 —0.004527011 0.00175208 461
0.010505201 0.00172792 462 0.011376708 0.00170375 462 0.00857442 0.00155754 462
0.203932103 0.008149 463 0.206042478 0.00288308 463 0.18909209 0.0048865 463
0.375729319 0.105787 464 0.389642084 0.0427714 464 0.336664812 0.13501 464
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0.554956968 0.310632 465 0.581335615 0.133604 465 0.519188571 0.41814 465
0.741386198 0.559071 466 0.720990632 0.177376 466 0.730994678 0.63772 466
0.812968334 0.730374 467 0.763286549 0.285593 467 0.805267307 0.825504 467
0.791436996 0.808725 468 0.718005622 0.56204 468 0.796725042 0.819193 468
0.70538788 0.858927 469 0.669070781 0.709173 469 0.70231342 0.655764 469
0.643451759 0.639993 470 0.600255851 0.699525 470 0.642174013 0.524558 470
0.436964446 0.7093 471 0.451145792 0.577778 471 0.392439278 0.349921 471
0.204824187 0.620482 472 0.220046314 0.503926 472 0.205418513 0.390564 472
0.051250118 0.400467 473 0.047987811 0.220264 473 0.047577943 0.207609 473
0.005528261 0.12403 474 0.003496882 0.138001 474 0.004490027 0.0232133 474
-0.001603813 0.0291559 475 -0.002637713 0.0319248 475 -0.003118572 0.0110502 475
~0.004697905 0.000676667 476 ~0.005098577 0.00184875 476 ~0.005559787 0.00235927 476
—0.006174291 0.00184271 477 —0.005483701 0.00140469 477 —0.0068189 0.00215083 477
—0.005069929 0.00187896 478 —0.004083136 0.00206625 478 —-0.005253063 0.0023049 478
—0.004297696 0.00213875 479 —0.003587853 0.0013479 479 —-0.004253699 0.00207229 479
~0.004279304 0.00186083 480 -0.004076718 0.00189708 480 -0.003619809 0.00176719 480
—0.004505244 0.00202396 481 -0.004682622 0.00220823 481 -0.00369821 0.00180404 481
-0.005500109 0.00184573 482 -0.005597565 0.00296646 482 ~0.004943098 0.00174302 482
—0.007010899 0.00192729 483 —-0.006843114 0.00199073 483 —0.00671066 0.00183063 483
—0.007505322 0.00169167 484 —-0.00714031 0.0016524 484 —-0.007316762 0.00129896 484
—0.004226838 0.00178229 485 —-0.004126934 0.00121196 485 —-0.00425317 0.00138958 485
0.011368339 0.00164635 486 0.010029469 0.0018125 486 0.010032049 0.00147175 486
0.205464296 0.00834716 487 0.194105418 0.00369568 487 0.201228295 0.00542904 487
0.39023244 0.0869143 488 0.371254956 0.0687342 488 0.360735398 0.128578 488
0.591477134 0.287879 489 0.594685198 0.320362 489 0.515251527 0.381427 489
0.709733741 0.549434 490 0.7041768 0.154243 490 0.757995641 0.62299 490
0.738004271 0.69087 491 0.735214106 0.263112 491 0.822032346 0.83203 491
0.7028004 0.458278 492 0.699185718 0.50483 492 0.805863056 0.957622 492
0.669258215 0.39702 493 0.658153007 0.639416 493 0.709207843 0.803806 493
0.59004477 0.268916 494 0.596705834 0.49795 494 0.64985424 0.658727 494
0.454924876 0.362514 495 0.454508557 0.54372 495 0.404741399 0.670933 495
0.229880343 0.275843 496 0.239033441 0.214465 496 0.192877996 0.615736 496
0.048990516 0.129394 497 0.051163943 0.230447 497 0.046719998 0.329881 497
0.002823692 0.065534 498 0.002218549 0.15505 498 0.005727836 0.0778095 498
—0.003211198 0.023284 499 —0.004745938 0.02744 499 -0.001783771 0.0170006 499
—0.005379497 0.00194844 500 —0.005821851 0.00217198 500 —0.004874225 0.00147417 500
—0.005121601 0.00182458 501 —0.004554005 0.00279729 501 —0.006867859 0.00181613 501
—0.003591426 0.00220823 502 —0.002764809 0.00264927 502 —-0.006098338 0.00215083 502

DOI: 10.4236/cweee.2020.94009 134 Computational Water, Energy, and Environmental Engineering


https://doi.org/10.4236/cweee.2020.94009

J. M. S. de Araujo

Continued
—0.003289136 0.00171583 503 —0.002738212 0.00308125 503 —0.004864234 0.00247406 503
—0.003975624 0.00186083 504 —0.003604592 0.00232302 504 —0.004140299 0.00213392 504
—0.004731714 0.00196415 505 —0.004384169 0.00216352 505 —0.004044431 0.00206323 505
—0.005646788 0.00182458 506 —0.005500242 0.00273385 506 —0.005164474 0.00210008 506
—0.006830015 0.0017551 507 —0.006890089 0.00171583 507 —0.006857868 0.00183667 507
—0.007045435 0.000758229 508 —0.007190461 0.0031326 508 —0.00755481 0.00183667 508
—-0.004210297 0.00144396 509 —0.004515896 0.00244144 509 —0.004407392 0.00169167 509
0.009128916 0.00114792 510 0.008859806 0.00205115 510 0.011215275 0.00174604 510
0.190220038 0.00822271 511 0.188933931 0.00243781 511 0.204960016 0.00535352 511
0.36396393 0.107446 512 0.342515443 0.0201405 512 0.385628698 0.145938 512
0.58818882 0.291374 513 0.537701379 0.0583867 513 0.575276995 0.389976 513
0.70274618 0.388043 514 0.724993481 0.163269 514 0.729127412 0.581231 514
0.736149178 0.535047 515 0.804182364 0.324824 515 0.781047958 0.681967 515
0.703056989 0.625387 516 0.788456634 0.381247 516 0.735804048 0.899239 516
0.647660791 0.852034 517 0.695277115 0.472556 517 0.669246058 0.75573 517
0.602362753 0.82055 518 0.642085415 0.707078 518 0.61063485 0.835407 518
0.448228234 0.791318 519 0.403311442 0.505536 519 0.447542862 0.829677 519
0.236070678 0.596939 520 0.209361982 0.189495 520 0.217247036 0.675934 520
0.051194113 0.213516 521 0.049591987 0.0523003 521 0.048178984 0.318821 521
0.002061118 0.0494414 522 0.004168881 0.0724402 522 0.003938474 0.0278315 522
—0.00471471 0.0125534 523 —0.003266376 0.0238688 523 —0.002745225 0.0115269 523
—0.005813581 0.00322927 524 —0.005590948 0.00261604 524 —0.005200995 0.00174906 524
—0.00442982 0.00270365 525 —0.006388654 0.0022475 525 —0.005775538 0.00240458 525
—-0.002654915 0.00195146 526 —0.004739057 0.00251092 526 —0.004408649 0.00221185 526
—0.002717569 0.00189104 527 —0.004043571 0.00218225 527 —0.003772774 0.00231094 527
—0.003498668 0.0018125 528 —0.003690668 0.00216594 528 —0.004101992 0.00190313 528
—0.004227036 0.00181552 529 —0.003866987 0.00197865 529 —0.004621688 0.0021025 529
—-0.005397162 0.0017974 530 —0.005088851 0.00183727 530 —0.005583141 0.0020149 530
—0.006867329 0.00219675 531 —0.006816782 0.00192729 531 —0.006924162 0.00184271 531
—-0.007183381 0.00137448 532 —0.007356988 0.00178833 532 —0.007333964 0.0018125 532
—0.004576235 0.00125969 533 —0.004233123 0.00189165 533 —0.004241592 0.00170738 533
0.008483514 0.00148625 534 0.01017509 0.0018125 534 0.010688963 0.00169771 534
0.188623801 0.00964914 535 0.201171198 0.00352894 535 0.198318031 0.00516804 535
0.335153344 0.122442 536 0.360964713 0.0428674 536 0.376722117 0.118335 536
0.514738555 0.360121 537 0.52415508 0.187484 537 0.593292009 0.357347 537
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0.730137511 0.387041 538 0.755037394 0.386561 538 0.712077484 0.622248 538
0.803017861 0.642202 539 0.819082716 0.223065 539 0.743668757 0.759221 539
0.796333517 0.634961 540 0.806819779 0.578255 540 0.702897293 0.817578 540
0.70053873 0.446966 541 0.707084037 0.756198 541 0.657941747 0.749429 541
0.641772258 0.689873 542 0.64614948 0.541261 542 0.59956407 0.748036 542
0.389514128 0.620767 543 0.410141704 0.311475 543 0.453834813 0.751044 543
0.204784656 0.484953 544 0.194320012 0.355534 544 0.235032709 0.513409 544
0.046887849 0.240456 545 0.047513667 0.218264 545 0.050149494 0.284634 545
0.004392406 0.120624 546 0.00569502 0.122775 546 0.002370753 0.0971706 546
—0.003163628 0.0323761 547 —0.001851388 0.0367315 547 —0.004628304 0.033431 547
—0.005592933 0.00154063 548 —0.004918354 0.0014349 548 —-0.005890725 0.00293927 548
—0.006864882 0.00293625 549 —0.006778475 0.00213875 549 —-0.004875746 0.00194542 549
-0.005283034 0.00283354 550 —0.005838524 0.00262511 550 —0.003050294 0.00243479 550
-0.004248208 0.00190917 551 -0.004705117 0.002175 551 -0.002899248 0.00246863 551
—0.003557287 0.00203061 552 —0.004113702 0.00197865 552 —0.003693579 0.00198771 552
—0.003625433 0.00193636 553 —0.004070234 0.00222696 553 —0.004429489 0.00198831 553
—0.00488137 0.00149833 554 —0.005184785 0.00196354 554 —0.005510298 0.00194844 554
—0.006655018 0.00180042 555 —0.006867396 0.00169167 555 —0.006879834 0.0018125 555
—0.007252917 0.00231698 556 -0.007514319 0.00183969 556 —-0.007180139 0.0018125 556
—0.004202623 0.00225958 557 —0.004309804 0.00177021 557 —-0.004365578 0.00186144 557
0.009971015 0.00258281 558 0.011321398 0.00174906 558 0.009411127 0.00143792 558
0.20062335 0.00662106 559 0.205059522 0.00522785 559 0.189987482 0.00412283 559
0.357303139 0.132834 560 0.38544219 0.0845924 560 0.350151036 0.0800491 560
0.50566122 0.252034 561 0.577025555 0.341412 561 0.552087402 0.398899 561
0.759707429 0.34924 562 0.725970417 0.600028 562 0.719071429 0.640881 562
0.818747709 0.57447 563 0.772897863 0.779644 563 0.791172599 0.815734 563
0.80673496 0.31127 564 0.735417601 0.803738 564 0.776571676 0.64031 564
0.706674681 0.128104 565 0.669542262 0.852938 565 0.681236676 0.674502 565
0.645995804 0.525115 566 0.610072248 0.379345 566 0.639428962 0.758615 566
0.395366082 0.383401 567 0.44861684 0.450402 567 0.416411508 0.804275 567
0.19007713 0.153524 568 0.219625264 0.63223 568 0.214786899 0.583628 568
0.044892627 0.0747807 569 0.048541414 0.3497 569 0.050583644 0.334424 569
0.005671864 0.0670498 570 0.003856964 0.0859041 570 0.003866226 0.0533141 570
—0.001895649 0.016295 571 —-0.00279511 0.0299938 571 —-0.003545709 0.0153259 571
-0.004953089 0.00155331 572 —0.005204369 0.000806562 572 -0.005626609 0.000984792 572
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—0.006999255 0.00338333 573 —0.005671003 0.00129896 573 —0.005897208 0.001885 573
—0.006262683 0.00239008 574 —0.004258529 0.00170073 574 —0.004165506 0.00188802 574
—0.004927815 0.00173698 575 —0.003674591 0.00184573 575 —0.003743464 0.00220823 575
—0.004059384 0.00156177 576 —0.004085319 0.00160406 576 —0.003729769 0.00193635 576
—0.003891136 0.00187896 577 —0.004647557 0.00196656 577 —0.004016776 0.00187594 577
—0.005036584 0.0018125 578 —0.005600476 0.00168261 578 —0.005200068 0.00198167 578
—-0.00675115 0.0018125 579 —0.006916884 0.00176719 579 —0.006829353 0.00175813 579
—-0.007466022 0.00169288 580 —0.007289702 0.00149894 580 —0.007276272 0.00165602 580
—0.004353206 0.00172188 581 —0.004234115 0.00173698 581 —0.004157038 0.00171885 581
0.011099361 0.00179438 582 0.010413104 0.00157385 582 0.010119349 0.0016524 582
0.204166843 0.00667483 583 0.19728681 0.00466235 583 0.19916496 0.00485568 583
0.382749117 0.0746496 584 0.374782387 0.077546 584 0.357476068 0.137298 584
0.571783466 0.341435 585 0.592553411 0.214232 585 0.536529389 0.404641 585
0.733759206 0.398729 586 0.710755402 0.387874 586 0.747465233 0.634356 586
0.792449659 0.113315 587 0.741799473 0.669063 587 0.819407303 0.831253 587
0.747255949 0.10797 588 0.702396287 0.745477 588 0.804083618 0.786587 588
0.669696301 0.20818 589 0.656143792 0.680286 589 0.711318929 0.55855 589
0.616662396 0.219326 590 0.599857925 0.532031 590 0.646931935 0.563792 590
0.444472191 0.387978 591 0.453150301 0.334377 591 0.413028547 0.815311 591
0.215585994 0.346 592 0.235017161 0.193861 592 0.199441282 0.422296 592
0.048228472 0.296937 593 0.050243476 0.0452473 593 0.04938788 0.274556 593
0.004207916 0.131835 594 0.002314251 0.030659 594 0.005428556 0.0830029 594
—-0.002827662 0.0218769 595 -0.004694134 0.0134747 595 —0.002176768 0.0139871 595
—-0.005278271 0.00215083 596 —0.00589476 0.0014651 596 —0.005083691 0.00220219 596
—0.005966612 0.00171583 597 —0.004829831 0.00213271 597 —0.006654754 0.0018699 597
—0.004629031 0.00156781 598 —0.003002923 0.00182519 598 —0.005513143 0.00150135 598
—0.003905559 0.00138958 599 —0.002869211 0.00152008 599 —0.004519535 0.00198831 599
—-0.004116282 0.00158896 600 —0.003664402 0.00172188 600 —0.00410444 0.00248917 600
—0.004576632 0.00176115 601 —0.004399915 0.00176779 601 —0.004160346 0.00202698 601
—-0.005574805 0.00147115 602 —0.005488399 0.000795083 602 —0.00528019 0.00193938 602
—0.006984302 0.00181915 603 —0.006867197 0.00162883 603 —0.006960021 0.00193696 603
—0.007470124 0.0017551 604 —0.007169024 0.0014651 604 —0.007582068 0.00178531 604
—0.004335673 0.00180646 605 —0.004395218 0.00173698 605 —0.00436002 0.00171281 605
0.011072896 0.00160406 606 0.009203844 0.00143792 606 0.011172138 0.00167958 606
0.2007783 0.0059595 607 0.189784962 0.00606644 607 0.205185592 0.0048865 607
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0.379803771 0.0991698 608 0.348851366 0.127212 608 0.384414228 0.148036 608
0.590695101 0.316238 609 0.548402176 0.28685 609 0.572985304 0.40823 609
0.716937004 0.553249 610 0.721205623 0.507986 610 0.727600694 0.644713 610
0.753916541 0.68857 611 0.795938518 0.545396 611 0.784634091 0.727432 611
0.708579279 0.855811 612 0.780537541 0.514013 612 0.756197199 0.827493 612
0.657734728 0.751637 613 0.684810867 0.632831 613 0.681560998 0.930308 613
0.602730262 0.257852 614 0.641457248 0.812498 614 0.619438005 0.90136 614
0.451748429 0.110743 615 0.413948485 0.643558 615 0.447673158 0.844884 615
0.230168011 0.0189213 616 0.213618791 0.434758 616 0.216113629 0.64048 616
0.049373325 0.0451445 617 0.050397896 0.170414 617 0.049502074 0.287017 617
0.00256047 0.0323755 618 0.00399835 0.0222502 618 0.00450048 0.0566497 618
—0.004362137 0.0204027 619 —0.003451892 0.00739259 619 —-0.002236379 0.0241232 619
—0.005875905 0.00201188 620 —0.005601005 0.00151344 620 —0.004928477 0.00251938 620
-0.005115382 0.00183667 621 -0.006036279 0.00190615 621 -0.005734584 0.00344677 621
—0.003290525 0.00183667 622 —0.00433124 0.00214781 622 —0.00440931 0.00319906 622
—0.003050889 0.00224206 623 —0.003837942 0.00329271 623 —0.003807707 0.0028275 623
—0.003760666 0.00216956 624 —-0.003735128 0.000525625 624 —0.004162463 0.00257375 624
—0.004439281 0.00175511 625 —0.003991833 0.00199073 625 —0.004652519 0.0024801 625
—0.005503153 0.00180948 626 —-0.005183859 0.00186386 626 -0.005606364 0.00162823 626
—0.006873879 0.00178531 627 —-0.006840534 0.00122948 627 —0.006963131 0.00199073 627
—0.007176037 0.00173396 628 -0.007319012 0.00126935 628 -0.007330921 0.00186083 628
—0.004241261 0.00177927 629 -0.004191045 0.00178833 629 -0.004171196 0.00182458 629
0.009872303 0.00161313 630 0.010182334 0.00178833 630 0.01076227 0.00190917 630
0.191077784 0.00704337 631 0.200119202 0.00499464 631 0.200315106 0.00473123 631
0.355080737 0.107498 632 0.359280366 0.11014 632 0.380792086 0.0387833 632
0.563140719 0.344688 633 0.533924498 0.156362 633 0.595827909 0.174735 633
0.71525398 0.490512 634 0.749829717 0.346854 634 0.708578617 0.485958 634
0.776818656 0.506472 635 0.819753987 0.671612 635 0.736802338 0.822053 635
0.762011227 0.55189 636 0.804966605 0.818998 636 0.70024734 0.909778 636
0.669960681 0.374954 637 0.710235524 0.900379 637 0.663165815 0.903445 637
0.634470779 0.410942 638 0.646367183 0.768173 638 0.59548 0.862285 638
0.426081052 0.0885817 639 0.412021492 0.310323 639 0.457065694 0.772788 639
0.219470216 0.0611513 640 0.197374838 0.0565548 640 0.234896152 0.322136 640
0.051277608 0.0572974 641 0.048822897 0.159776 641 0.050117638 0.205968 641
0.003498635 0.0402949 642 0.005487605 0.0740944 642 0.002350276 0.0836343 642
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—0.003868244 0.0322462 643 —0.002043453 0.0149972 643 —0.004411427 0.0121329 643
—0.005710502 0.000570937 644 —0.005026395 0.00231396 644 —0.005808486 0.0014349 644
—0.005522207 0.0015225 645 —0.00668446 0.00228073 645 —0.004853781 0.00168865 645
—0.003705157 0.00186386 646 —0.005599285 0.00271573 646 —0.003103752 0.00247406 646
—0.003437006 0.00202456 647 —0.004571471 0.00152915 647 —0.002930608 0.00250729 647
—-0.003712302 0.00140167 648 —0.004112445 0.0018125 648 —0.003750147 0.00271936 648
—-0.004118532 0.00164031 649 -0.004141291 0.00168563 649 —0.004534752 0.00215385 649
—-0.005280983 0.00083375 650 -0.005257761 0.00135938 650 —0.005563889 0.00200281 650
—0.006833852 0.00181552 651 —0.006935542 0.00155271 651 —0.006863955 0.00184633 651
—0.007217851 0.001595 652 —0.00755825 0.00169771 652 —0.007118742 0.0021025 652
—0.004162264 0.00193635 653 —0.004324624 0.000519583 653 —0.004343017 0.00200281 653

0.00989407 0.000232604 654 0.011277533 0.0017249 654 0.00911843 0.00184875 654
0.196362539 0.00463879 655 0.205219367 0.00296223 655 0.18972555 0.0073666 655
0.352904481 0.06507 656 0.385114792 0.0447053 656 0.354805787 0.130329 656

0.54165894 0.192774 657 0.575303112 0.27187 657 0.562775761 0.370972 657
0.740108526 0.501164 658 0.726047825 0.361397 658 0.713988102 0.494477 658

0.81618274 0.441933 659 0.778296431 0.705057 659 0.774667492 0.525159 659
0.798314779 0.589928 660 0.74712882 0.754254 660 0.760039144 0.00380867 660
0.710767063 0.241963 661 0.67663133 0.833059 661 0.667941013 0 661
0.646307357 0.716083 662 0.614743838 0.859835 662 0.632912766 0.632912766 662
0.412013486 0.340869 663 0.44815396 0.527446 663 0.428604322 0.207662 663
0.203741393 0.0547115 664 0.217976528 0.0528199 664 0.222141142 0.431318 664
0.050355355 0.0361443 665 0.049144176 0.0206407 665 0.051207213 0.285991 665
0.005105425 0.0208389 666 0.004213308 0.0198571 666 0.003386095 0.111904 666
—0.00255091 0.00730377 667 —0.002450345 0.020123 667 —0.003924415 0.0203985 667
—0.005258555 0.0023774 668 —0.00503235 0.00236229 668 —0.005687014 0.000737083 668
—0.006560805 0.00220883 669 —0.005678083 0.00240156 669 —0.005369375 0.00178833 669
—-0.005236986 0.00190011 670 —0.004307025 0.00196656 670 —0.003555501 0.00280031 670
—0.004342884 0.00187896 671 —-0.003727321 0.0018125 671 —0.003378387 0.0021901 671
—0.00403153 0.00182821 672 —0.00412614 0.0018125 672 -0.003677237 0.00217198 672
—0.004150157 0.00181552 673 * * * —0.004103844 0.0022324 673
—0.005287997 0.00178229 674 * * * —0.005277411 0.0018856 674
—0.00696624 0.00176719 675 * * * —0.006857141 0.00192186 675
—0.007564867 0.00173396 676 * * * —0.007251395 0.00207531 676
—0.004367629 0.00177142 677 * * * —0.004264417 0.0017974 677
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0.010866474 0.00174 678 * * * 0.009609412 0.00170375 678
0.204484284 0.00493 679 * * * 0.196511203 0.00630146 679
0.380524498 0.0991752 680 * * * 0.351140013 0.144603 680
0.566439572 0.338553 681 * * * 0.529075057 0.397353 681
0.733396808 0.521955 682 * * * 0.746887531 0.615729 682
0.801558445 0.678942 683 * * * 0.81680095 0.733335 683
0.777112163 0.513625 684 * * * 0.806575777 0.867808 684
0.69331509 0.419275 685 * * * 0.712064731 0.991873 685
0.633223236 0.270138 686 * * * 0.647020855 0.969994 686
0.44419653 0.12728 687 * * * 0.407701598 0.763388 687
0.211438318 0.078323 688 * * * 0.201321351 0.216567 688
0.050558536 0.046551 689 * * * 0.048761797 0.0319375 689
0.005083956 0.0344381 690 * * * 0.005390282 0.0745566 690
-0.001924165 0.012006 691 * * * -0.002428048 0.0190234 691
—0.004810908 0.00190313 692 * * * —0.005189946 0.00193333 692
—0.005941338 0.00191521 693 * * * —0.006754789 0.00180344 693
—0.00471557 0.00181552 694 * * * —0.005511357 0.00155875 694
—0.004040726 0.00181552 695 * * * —0.004490291 0.00135998 695
—0.004237953 0.00172792 696 * * * —0.003979792 0.00167052 696
—0.004605544 0.00167656 697 * * * —-0.004012211 0.00163125 697
—0.00558109 0.00163125 698 * * * —0.005165665 0.00120531 698
-0.007021022 0.00179438 699 * * * -0.006880165 0.00131708 699
—0.007452393 0.00174906 700 * * * —0.007515576 0.00149229 700
—0.004206659 0.00161917 701 * * * —0.004333423 0.00188258 701
0.011233999 0.00131467 702 * * * 0.010886554 0.00181854 702
0.203918937 0.00552873 703 * * * 0.204506084 0.00564352 703
0.387109054 0.060665 704 * * * 0.380165375 0.132429 704
0.594202048 0.281125 705 * * * 0.56423674 0.470691 705
0.709326222 0.565422 706 * * * 0.735811475 0.525789 706
0.737081885 0.554126 707 * * * 0.806146986 0.839261 707
0.701113108 0.73662 708 * * * 0.780768989 0.712527 708
0.666515885 0.525048 709 * * * 0.695275412 0.379279 709
0.592701736 0.728283 710 * * * 0.635292269 0.75087 710
0.456357513 0.522628 711 * * * 0.443204642 0.630064 711
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0.231089603 0.403803 712 * * * 0.209958259 0.510023 712
0.049144209 0.253943 713 * * * 0.050689965 0.292922 713
0.002529705 0.0879389 714 * * * 0.005280884 0.0921542 714
—0.003786998 0.0275264 715 * * * —0.001774839 0.0121462 715
—0.005631042 0.0013201 716 * * * —0.004711799 0.00119927 716
—-0.005012965 0.00275198 717 * * * —0.006012064 0.00237135 717
—0.003361714 0.00191521 718 * * * —0.004903534 0.00226623 718
—0.003119168 0.00149229 719 * * * —0.004168351 0.00194844 719
—0.003872148 0.00211156 720 * * * —0.004275135 0.00193333 720
—0.004644976 0.00193333 721 * * * —0.004612359 0.00170677 721
—0.005609275 0.0018125 722 * * * —0.005589096 0.00177625 722
—0.006839939 0.00161131 723 * * * —0.007040407 0.00161313 723
—0.007057675 0.0018125 724 * * * —0.007509159 0.00166448 724
—0.004230477 0.0018125 725 * * * —0.004268255 0.00162823 725
0.009167753 0.001595 726 * * * 0.011315013 0.00141677 726
0.189721216 0.00549671 727 * * * 0.204632716 0.00481641 727
0.360253414 0.089488 728 * * * 0.388851243 0.158115 728
0.580211575 0.357282 729 * * * 0.594514759 0.404301 729
0.706462254 0.571525 730 * * * 0.7093421 0.653563 730
0.745549752 0.735849 731 * * * 0.737235462 0.811332 731
0.720036753 0.712566 732 * * * 0.699572082 0.86788 732
0.648489385 0.717318 733 * * * 0.66813733 0.695675 733
0.613972093 0.824252 734 * * * 0.591255792 0.897031 734
0.442497346 0.396049 735 * * * 0.456200182 0.752888 735
0.231621374 0.0752484 736 * * * 0.230593428 0.674036 736
0.051508908 0.0586042 737 * * * 0.048963986 0.257012 737
0.002369959 0.0259085 738 * * * 0.002550876 0.0951877 738
—0.004577426 0.0108085 739 * * * —0.003631123 0.0116078 739
—0.005835083 0.00212425 740 * * * —0.005568388 0.00101258 740
—0.004665949 0.00193394 741 * * * —0.005029836 0.00231698 741
—0.002833351 0.00254958 742 * * * —0.00341246 0.00241063 742
—0.002851744 0.00152854 743 * * * —0.003159261 0.00132313 743
—0.003517458 0.00164333 744 * * * —0.003900332 0.00103977 744
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import pandas as pd

import numpy as np

import numpy

from keras.layers import Dense, Activation, Flatten
from keras.layers.core import Dense, Activation, Dropout
from keras.layers.recurrent import LSTM

from keras.models import Sequential

import time

from sklearn.metrics import mean_squared_error
from matplotlib import pyplot

from sklearn.preprocessing import MinMaxScaler
from sklearn.preprocessing import StandardScaler

numpy.random.seed(7)
series = pd.read_csv('input_2014.csv', header=None)
series.head()

series.shape

pyplot.figure()
pyplot.plot(series.values)

pyplot.show()

pyplot.figure(figsize=(20,6))
pyplot.plot(series.values[:50])

pyplot.show()

scaler = MinMaxScaler(feature_range=(-1, 1))
scaled = scaler.fit_transform(series)

series = pd.DataFrame(scaled)

window_size = 50

series_s = series.copy()

for i in range(window_size):

series = pd.concat([series, series_s.shift(-(i+1))], axis = 1)

series.dropna(axis=0, inplace=True)

series.head()
series.shape
nrow = round(0.81*series.shape[0])

train = series.iloc[:nrow, :]
test = series.iloc[nrow:,:]

from sklearn.utils import shuffle
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train = shuffle(train)

train_X = train.iloc[:,:-1]
train_y = train.iloc[:,-1]
test_X = test.iloc[:,:-1]
test_y = test.iloc[:,-1]

train_X = train_X.values
train_y = train_y.values
test_X = test_X.values
test_y = test_y.values

train_X.shape
train_y.shape
test_X.shape
test_y.shape

train_X = train_X.reshape(train_X.shape[0],train_X.shape[1],1)
test_X = test_X.reshape(test_X.shape[0],test_X.shape[1],1)

train_X.shape

train_y.shape

test_X.shape

test_y.shape

train_y.shape

test_y.shape

train_X.shape

test_X.shape

model = Sequential()

model.add(LSTM(input_shape=(50, 1), units=50, return_sequences=True))
model.add(LSTM(512))

model.add(Dense(1))

model.add(Activation("linear"))

model.compile(loss="mse", optimizer="adam", metrics=['acc'])
model.summary()

start = time.time()
model.fit(train_X,train_y,batch_size=300,nb_epoch=325,validation_split=0.09)
print("> Compilation Time : ", time.time() - start)

train_y.shape

test_y.shape

train_X.shape

test_X.shape
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preds = model.predict(test_X)
preds = scaler.inverse_transform(preds)
actuals = test_y

mean_squared_error(actuals,preds)

pyplot.plot(preds)
pyplot.show()

test_X.shape
def moving_test_window_preds(n_future_preds):
preds_moving = []
moving_test_window = [test_X[0,:].tolist()]
moving_test_window = np.array(moving_test_window)
for i in range(n_future_preds):
preds_one_step = model.predict(moving_test_window)
preds_moving.append([preds_one_step[0,0]])
preds_one_step = preds_one_step.reshape(1,1,1)
moving_test_window = np.concatenate((moving_test_window[:,1:,:], preds_one_step), axis=1)
preds_moving = scaler.inverse_transform(preds_moving)
return preds_moving
preds_moving = moving_test_window_preds(2160) # 2160 means number of prediction hours. This

case is 3 months.

pyplot.plot(preds_moving)
pyplot.show()

numpy.savetxt(‘Table 1-2Appendix.xIsx',preds_moving, delimiter=",")

LSTM.py
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