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Projecto 1.
Anadlise de séries temporais. Analise espectral. Filtragem.

Dados de pressao no fundo do oceano na regiao do Alasca.
Sismo em Samatra (2012.04.11) observado no Alasca.

Ruido oceanico observado por um sismémetro em Portugal num dia de

ondulacao intensa.
Radiac¢ao solar medida no campus da FCUL.

Evolugdo da temperatura e da concentragao atmosférica de CO, em bolhas de

gelo em Vostok.
Clima simulado em Lisboa (1989-2012).
Evolucao do clima num cenario de aguecimento global.

Vento e poténcia num parque edlico.



Projecto 1.
Método

Inspecionar os dados; representa-los graficamente. Se necessarios, fazer zoom
dos dados em varias janelas.

Verificar se os dados foram amostrados regularmente e a que passo.
|dentificar eventuais erros ou falhas na amostragem. Verificar e, se necessario,
corrigir as unidades utilizadas.

Corrigir erros, eliminando-os. Se necessario interpolar os dados para recuperar
ou construir uma base regular de amostragem.

Tendo em conta a amostragem e comprimento da série, calcular a frequéncia
minima e maxima dos processos que podemos estudar com as séries em
guestao.

Calcular o espetro de amplitude dos dados. Se for conveniente, pode-se
truncar a dimensao da série a um numero favoravel para a FFT (e.g. na
forma 2", ...).

ldentificar tendéncias nos dados, i.e. variacdes cujo periodo aparente €
superior a duracao do sinal. Se existir uma tendéncia elimina-la por regressao
linear ou por média movel de longo periodo.



Projecto 1.
Método

|dentificar ciclos dominantes nos dados (anual, diurno, etc) e desenhar filtros
capazes de os remover.

Analisar os dados filtrados: inspecao da série no dominio do tempo e calculo
do novo espetro.

Se for apropriado, calcular o espectro em janelas parcelares, no sentido de
identificar oscilacoes transientes, ex: um tsunami ou um sismo.

No caso de séries temporais relacionadas, calcular a correlacdo entre os
sinais. Calcular as diferencas de fase.

Interpretar.
Discutir.

Inovar...



Input de dados em Python.

# elevation:standard_name :
# elevation:long_name :

# elevation:units :

# elevation:comment :

#

# intake_height:long_name :
# intake_height:units : m
# intake_height:comment :
# gcflag:_Fillvalue :

#

# gcflag:comment

# qcflag:provider_comment
#

# VARIABLE ORDER

#

# site_code year

MLO 1974 1 1 0 @

MLO 1974 2 1 0 @

MLO 1974 3 1 0 @

MLO 1974 4 1 0 ©

MLO 1974 51 0 @

MLO 1974 6 1 @ @

MLO 1974 7 1 0 @

MLO 1974 8 1 @ @

MLO 1974 9 1 0 @

MLO 1974 10 1 @ @

MLO 1974 11 1 0 @

MLO 1974 12 1 0 @

MLO 1975 11 0 @

MLO 1975 2 1 0 @

MLO 1975 3 1 0 @

MLO 1975 4 1 0 @

MLO 1975 51 0 @

MLO 1975 6 1 @ @

MLO 1975 7 1 0 @

MI0O 1975 81 @ @

m

intake_height:_FillValue :

NA

[ v g

elevation
surface_elevation_in_meters_above_sea_level

Surface elevation in meters above sea level. See provider_comment if available.
-999,999
sample_intake_height_in_meters_above_ground_level

Sample intake height in meters above ground level (magl). See provider_comm

gcflag: long_name : quality_control_flag

: This quality control flag is provided by the contributing PIs. See provider_commen
: This is the NOAA 3-character quality control flag. Column 1 is the REJEC

month day

0
0
0
0
0
0
0
0
0

DO ®

-999.99
-999.99
-999.99
-999.99
333.157
332.059
330.988
329.165
327.407

hour minute second value

-99.99 @
-99.99 @
-99.99 @
-99.99 @
0.286 15
0.317 27
0.505 31
0.659 31
0.548 29

19.536
19.536
19.536
19.536
19.536
19.536
19.536
19.536
19.536

-155.576
-155.576
-155.576
-155.576
-155.576
-155.576
-155.576
-155.576
-155.576

value_unc nvalue latitude longitude altitude elev
3437.0 3397.0 40.0 NA =*..
3437.0 3397.0 40.0 NA =*..
3437.0 3397.0 40.0 NA *..
3437.0 3397.0 40.0 NA *..
3437.0 3397.0 40.0 NA ...
3437.0 3397.0 40.0 NA ...
3437.0 3397.0 40.0 NA ...
3437.0 3397.0 40.@ NA ...
3437.0 3397.0 40.0 NA ...

327.201 ©0.314 29 19.536 -155.576 3437.0 3397.0 40.0 NA ...
328.325 0.401 29 19.536 -155.576 3437.0 3397.0 40.0 NA ...
329.501 0.463 31 19.536 -155.576 3437.0 3397.0 40.0 NA ...

-999.99
-999.99
-999.99
-999.99
333.912
333.398
331.783
329.877

0.491 31
0.407 28
0.243 26
0.472 30
0.353 30
0.434 29
0.801 27
7.946 31

19.536
19.536
19.536
19.536
19.536
19.536
19.536
19.536A

-155.576
-155.576
-155.576
-155.576
-155.576
-155.576
-155.576
-155.576

3437.0 3397.0 40.0 NA ...
3437.0 3397.0 40.0 NA ...
3437.0 3397.0 40.0 NA ...
3437.0 3397.0 40.0 NA ...
3437.0 3397.0 40.0 NA ...
3437.0 3397.0 40.0 NA ...
3437.0 3397.0 40.0 NA ...
3437.4 3397.0 404.4 NA ...



Input de dados em Python.

import matplotlib.pyplot as plt
import numpy as np
import datetime

fin='0_co2_mlo_surface-insitu_1_ccgg_MonthlyData-susana.txt'
data = np.loadtxt(fin, usecols=range(1,8), skiprows=145)

datet=[datetime.datetime(int(datali,@]), int(datali,1]), int(datali,2]),
int(datali,3]), int(datali,4]), int(datali,5]))
for i in range(len(data))]

juld=[dt.timetuple().tm_yday for dt in datet]

date = [datali,@] + float(juld[i])/365. for i in range(len(datet))]

date = np.array(date)

co2=datal:,6]

plt.plot(datet, co2)

plt.grid()

plt.xlabel('Time (years)"')

plt.ylabel('C02")

plt.title('C02 mensal em Mauna Loa (Hawaii)')



Input de dados em Python.

import matplotlib.pyplot as plt

import numpy as np C0O2 mensal em Mauna Loa (Hawaii)

import datetime 400
200 -
fin='0_co2_mlo_surface-insitu_1_ccg 0

data = np.loadtxt(fin, usecols=rang ~ 2001

O
datet=[datetime.datetime(int(datali =~ -400 -
int(datali,
for i in ra —-600 -

juld=[dt.timetuple().tm_yday for dt
date = [datali,@] + float(juld[i])/ -800 A
date = np.array(date)

-1000 A

co2=datal:,6] 1975 1980 1985 1990 1995 2000 2005 2010 2015

Time (years)

plt.plot(datet, co2)

plt.grid()

plt.xlabel('Time (years)"')

plt.ylabel('C02")

plt.title('C02 mensal em Mauna Loa (Hawaii)')



Input de dados em Python.

import matplotlib.pyplot as plt

import numpy as np C0O2 mensal em Mauna Loa (Hawaii)

import datetime 400
200 -
fin='0_co2_mlo_surface-insitu_1_ccg 0

data = np.loadtxt(fin, usecols=rang ~ 2001

O
datet=[datetime.datetime(int(datali =~ -400 -
int(datali,
for i in ra -600 - Falhas nos dados

juld=[dt.timetuple().tm_yday for dt
date = [datali,@] + float(juld[i])/ -800 A
date = np.array(date)

-1000 A

co2=datal:,6] 1975 1980 1985 1990 1995 2000 2005 2010 2015

Time (years)

plt.plot(datet, co2)

plt.grid()

plt.xlabel('Time (years)"')

plt.ylabel('C02")

plt.title('C02 mensal em Mauna Loa (Hawaii)')



Input de dados em Python.

import matplotlib.pyplot as plt

import numpy as np C0O2 mensal em Mauna Loa (Hawaii)

import datetime 400 e m————
200 -

fin='0_co2_mlo_surface-insitu_1_ccg 0

data = np.loadtxt(fin, usecols=rang ~ 2001

O
datet=[datetime.datetime(int(datali =~ -400 -
int(datali,
for i in ra  -600 - Falhas nos dados
juld=[dt.timetuple().tm_yday for dt
date = [datali,0] + float(juld[il)/ -800 A
date = np.array(date)
-1000 -
co2=datal:,6] 1975 1980 1985 1990 1995 2000 2005 2010 2015
Time (years)
plt.plot(datet, co2)
plt.grid() Dados regulares
plt.xlabel('Time (years)") N
plt.ylabel('C02") (1/nnes)
plt.title('C02 mensal em Mauna Loa (Hawaii)')




Input de dados em Python.

# elevation:standard_name :
# elevation:long_name :

# elevation:units :

# elevation:comment :

#

# intake_height:long_name :
# intake_height:units : m
# intake_height:comment :
# gcflag:_Fillvalue :

#

# gcflag:comment

# qcflag:provider_comment
#

# VARIABLE ORDER

#

# site_code year

MLO 1974 1 1 0 @

MLO 1974 2 1 0 @

MLO 1974 3 1 0 @

MLO 1974 4 1 0 ©

MLO 1974 51 0 @

MLO 1974 6 1 @ @

MLO 1974 7 1 0 @

MLO 1974 8 1 @ @

MLO 1974 9 1 0 @

MLO 1974 10 1 @ @

MLO 1974 11 1 0 @

MLO 1974 12 1 0 @

MLO 1975 11 0 @

MLO 1975 2 1 0 @

MLO 1975 3 1 0 @

MLO 1975 4 1 0 @

MLO 1975 51 0 @

MLO 1975 6 1 @ @

MLO 1975 7 1 0 @

MI0O 1975 81 @ @

m

intake_height:_FillValue :

NA

[ v g

elevation
surface_elevation_in_meters_above_sea_level

Surface elevation in meters above sea level. See provider_comment if available.
-999,999
sample_intake_height_in_meters_above_ground_level

Sample intake height in meters above ground level (magl). See provider_comm

gcflag: long_name : quality_control_flag

: This quality control flag is provided by the contributing PIs. See provider_commen
: This is the NOAA 3-character quality control flag. Column 1 is the REJEC

month day

0
0
0
0
0
0
0
0
0

DO ®

-999.99
-999.99
-999.99
-999.99
333.157
332.059
330.988
329.165
327.407

hour minute second value

-99.99 @
-99.99 @
-99.99 @
-99.99 @
0.286 15
0.317 27
0.505 31
0.659 31
0.548 29

19.536
19.536
19.536
19.536
19.536
19.536
19.536
19.536
19.536

-155.576
-155.576
-155.576
-155.576
-155.576
-155.576
-155.576
-155.576
-155.576

value_unc nvalue latitude longitude altitude elev
3437.0 3397.0 40.0 NA =*..
3437.0 3397.0 40.0 NA =*..
3437.0 3397.0 40.0 NA *..
3437.0 3397.0 40.0 NA *..
3437.0 3397.0 40.0 NA ...
3437.0 3397.0 40.0 NA ...
3437.0 3397.0 40.0 NA ...
3437.0 3397.0 40.@ NA ...
3437.0 3397.0 40.0 NA ...

327.201 ©0.314 29 19.536 -155.576 3437.0 3397.0 40.0 NA ...
328.325 0.401 29 19.536 -155.576 3437.0 3397.0 40.0 NA ...
329.501 0.463 31 19.536 -155.576 3437.0 3397.0 40.0 NA ...

-999.99
-999.99
-999.99
-999.99
333.912
333.398
331.783
329.877

0.491 31
0.407 28
0.243 26
0.472 30
0.353 30
0.434 29
0.801 27
7.946 31

19.536
19.536
19.536
19.536
19.536
19.536
19.536
19.536A

-155.576
-155.576
-155.576
-155.576
-155.576
-155.576
-155.576
-155.576

3437.0 3397.0 40.0 NA ...
3437.0 3397.0 40.0 NA ...
3437.0 3397.0 40.0 NA ...
3437.0 3397.0 40.0 NA ...
3437.0 3397.0 40.0 NA ...
3437.0 3397.0 40.0 NA ...
3437.0 3397.0 40.0 NA ...
3437.4 3397.0 404.4 NA ...



Eliminar erros, interpolar

datev=np.array([1); co2v=np.array([])
inval=0

for i in range(len(co2)):
if co2[i] < 0.:
inval = inval+l
else:
datev=np.append(datev,date[i])
co2v=np.append(co2v,co2[il)

print(inval)

datei=date
co2i=np.interp(datei, datev, co2v, left=None, right=None, period=None)



Eliminar erros, interpolar

datei=date
co2i=np.interp(datei, datev, co2v, left=None, right=None, period=None)

plt.close()

plt.subplot(2,1,1)

plt.plot(date, co2, 'r')

plt.plot(datei, co2i, '—-b')

plt.title('Mole fraction of C02 in dry air'")

plt.subplot(2,1,2)
plt.plot(datei, co2i, 'b"')
plt.grid()
plt.xlabel('Year")

plt.tight_layout()



Eliminar erros, interpolar

datei=date
co2i=np.interp(datei, datev, co2v, left=None, right=None, period=None)

plt.

plt.
plt.
plt.
plt.

plt.
plt.
plt.
plt.

plt.

close()

subplot(2,1,1)

plot(date, co2, 'r')

plot(datei, co2i,

title('Mole fraction of CO2

subplot(2,1,2)
plot(datei, co2i,
grid()
xlabel('Year")

tight_layout()

I__bl)

Ibl)

=500 -

-1000 A

400

375 -

350 A

325

Mole fraction of CO2 in dry air

Série original

1980

1990

2000 2010

Série interpolada

1980 1990

2000 2010
Year




Espectro sem processamento

import numpy.fft as fft

dt=1.

N=1len(co21i)

N2=N/2

fNyq=1./(2.%dt);
df=1./(dtxN);
freg=np.arange(0, fNyq,df);
Fout=fft.fft(co2i);
FoutA=np.abs(Fout[:N2])/N2;

plt.close()

plt.loglog(freq, FoutA);
plt.axis('tight")

plt.grid()

plt.xlabel('Frequency (1/month)")
plt.ylabel('Amplitude"')



Espectro sem processamento

import numpy.fft as fft

dt=1.

N=1len(co21i)

N2=N/2

fNyq=1./(2.%dt);
df=1./(dtxN);
freg=np.arange(0, fNyq,df);
Fout=fft.fft(co2i);

FoutA=np.abs(Fout [:N2])/N2;

plt.
plt.
plt.
plt.
plt.
plt.

103 .
close()
loglog(freq, FoutA);
axis('tight") 107 -
grid()
xlabel('Frequency (1/month)"'y
ylabel('Amplitude"') 2 100 -
Q
&
10‘3 .
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Espectro sem processamento

import numpy.fft as fft

dt=1.

N=1len(co21i)

N2=N/2

fNyg=1./(2.%dt);
df=1./(dtxN);
freg=np.arange(0, fNyq,df);
Fout=fft.fft(co2i);

FoutA=np.abs(Fout [:N2])/N2;

plt.
plt.
plt.
plt.
plt.
plt.

103 .
close()
loglog(freq, FoutA);
axis('tight") 107
grid()
xlabel('Frequency (1/month)"'y
ylabel('Amplitude") 2 100 4
Q
&
109 4
10-1 o

Muita energia nas baixas frequéncias.
Espectro “vermelho”.

1072 1071
Frequency (1/month)




Espectro sem processamento

import numpy.fft as fft

dt=1. 375 -

N=len(co21i)

N2=N/?2 350 -

fNyq=1./(2.%dt);

df=1./(dt*N); 325 A

freg=np.arange(0, fNyq,df);
Fout=fft.fft(co2i);
FoutA=np.abs(Fout [:N2])/N2;

plt.
plt.
plt.
plt.
plt.
plt.

close()

loglog(freq, FoutA);
axis('tight")

grid()

xlabel('Frequency (1/month)’
ylabel('Amplitude")

Amplitude

400 -

1980 1990 2000 2010
Year
103 B
Muita energia nas baixas frequéncias.
Lo | Espectro “vermelho”.
lol e
10° -
10-1 e

102 107!
Frequency (1/month)




Remover a tendéncia

P =

np.polyfit(datei, co2i, 1)

co2trend=P[0]
c020=P[1]

co2fit=co2trendxdatei + co020

plt.
plt.
.plot(datei, co2fit, 'red')
plt.
plt.

plt

close()
plot(datei, co2i, 'b"')

grid()
xlabel('Year"')



Remover a tendéncia

P = np.polyfit(datei, co2i, 1)
co2trend=P[0]
c020=P[1]

co2fit=co2trendxdatei + co020

plt.
plt.
plt.
plt.
plt.

close()

plot(datei, co2i, 'b"')
plot(datei, co2fit, 'red')
grid()

xlabel('Year")
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380
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Remover a tendéncia

co2_detrend = co2i - co2fit

plt.close()

plt.subplot(3,1,1)
plt.plot(datei, co2_detrend, 'b')
plt.xlabel('Year")

plt.grid()

Fout=fft.fft(co2_detrend);
FoutA=np.abs(Fout[:N2])/N2;

plt.subplot(3,1,2)

plt. loglog(freq, FoutA);
plt.xlabel('Frequency (1/month)")
plt.grid(); plt.axis('tight")
plt.ylim([1le-3,10])

plt.subplot(3,1,3)
plt.loglog(1l./freq,FoutA);
plt.xlabel('Period (months)")
plt.grid(); plt.axis('tight")

plt.tight_layout()



Remover a tendéncia

co2_detrend = co2i - co2fit

plt.close()

plt.subplot(3,1,1)
plt.plot(datei, co2_detrend, 'b')
plt.xlabel('Year")

plt.grid()

Fout=fft.fft(co2_detrend);
FoutA=np.abs(Fout[:N2])/N2;

plt.subplot(3,1,2)

plt. loglog(freq, FoutA);
plt.xlabel('Frequency (1/month)",
plt.grid(); plt.axis('tight")
plt.ylim([1le-3,10])

plt.subplot(3,1,3)
plt.loglog(1l./freq,FoutA);
plt.xlabel('Period (months)"')
plt.grid(); plt.axis('tight")

plt.tight_layout()
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Remover a tendéncia

co2_detrend = co2i - co2fit

close()

subplot(3,1,1)
plot(datei, co2_detrend,
xlabel('Year")

grid()

plt.
plt.
plt.
plt.
plt.

|b|)

f=1/12 =0.083 més?

\ f=1/6=0.166 més
/

Fout=fft.fft(co2_detrend);
FoutA=np.abs(Fout[:N2])/N2;

TTrrrTd

Lt il

T T T T

plt.subplot(3,1,2)

plt.loglog(freq,FoutA); 1970 1980 1990 20 201 2020
plt.xlabel('Frequency (1/month)"'. Ll
plt.grid(); plt.axis('tight") 10? : ,
plt.ylim([1e-3,10]) 10° F
plt.subplot(3,1,3) 05 E 1 1
plt.loglog(1l./freq,FoutA); 107 10"
plt.xlabel('Period (months)") Frequency (1/month)
plt.grid(); plt.axis('tight") .

10 ' ' :
plt.tight_layout() ig; ]

10-3 1 |

10! 10°

Period {months)



Remover a tendéncia

co2_

plt.
plt.
plt.
plt.
plt.

detrend = co2i - co2fit

close()

subplot(3,1,1)

plot(datei, co2_detrend, 'b')
xlabel('Year")

grid()

Fout=fft.fft(co2_detrend);
FoutA=np.abs(Fout[:N2])/N2;

plt.
plt.
plt.
plt.
.ylim([1e-3,10])

plt

plt.
plt.
plt.
plt.

plt.

subplot(3,1,2)

loglog(freq, FoutA);
xlabel('Frequency (1/month)’
grid(); plt.axis('tight")

subplot(3,1,3)
loglog(1./freq,FoutA);
xlabel('Period (months)"')
grid(); plt.axis('tight")

tight_layout()
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