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— ~ SavasCeylan, John F. Clinton, Domenico Giardini, Maren Bose, Constantinos Charalambous,
Martin van Driel, Anna Horleston, Taichi Kawamura, Amir Khan, GuenoléOrhand-Mainsant, John-
Robert Scholz, Simon C. Stihler, Fabian Euchner, William B. Banerdt, Philippe Lognonné, Don
Banfield, Eric Beucler, Raphaél F. Garcia, Sharon Kedar, ...,Clément Perrin.(2021). Companion
guide to the marsquake catalog from InSight, Sols 0 — 478: Data content and non-seismic
events.Physics of the Earth and Planetary Interiors, Volume 310, 106597.
Fromhttps://doi.org/10.1016/1.pepi.2020.106597

— ~ M. Hobiger, M. Hallo, C.Schmelzbach, S. C. Stihler, D. Fih, D. Giardini, M. Golombek, J. Clinton,

N. Dahmen, G. Zenhdusern, B. Knapmeyer-Endrun, S. Carrasco, C. Charalambous, K.Hurst, S.
Kedar&W. B. Banerdt. (2021). The shallow structure of Mars at the InSight landing site from
inversion of ambient vibrations. Nat Commun, 12, 6756. Fromhittps://doi.org/10.1038/s41467-021-
20957-1

— ~ A. Chatain, A. Spiga, D. Bandield, F. Forget, N. Murdoch. (2021). Seasonal

VariabilityoftheDaytimeandNighttime Atmospheric Turbulence
ExperiencedbylnSightonMars.Geophysical Research Letters,48(22). From

https://www.researcheate.net/publication/355592056 Seasonal Variability of the Daytime and Ni

ohttime Atmospheric Turbulence Experienced by InSicht on Mars

VY ~ Nikolaj L. Dahmen, GéraldineZenhdusern, John F. Clinton, Domenico Giardini, Simon C. Stihler,
SavasCeylan, Constantinos Charalambous, Martin van Driel, Kenneth J. Hurst, Sharon Kedar,
Philippe Lognonné, Naomi Murdoch, Robert Myhill, Mark P. Panning, William T. Pike, Martin
Schimmel, Cédric Schmelzbach, John-Robert Scholz, Alexander E. Stott, ..., William B.
Banerdt.(2021). Resonances and Lander Modes Observed by InSight on Mars (1 — 9 Hz). Bulletin
of the Seismological Society of America, 111 (6), 2924 - 2950.
Frombhttps://doi.org/10.1785/0120210056

+. ~ Temperature and Wind Sensor for InSight (TWINS) and Pressure Sensor (PS) - Certified. (2022).
The Planetary Data System (PDS).

Frombhttps://atmos.nmsu.edu/data_and services/atmospheres data/INSIGHT/insight.html#Citing
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75~ LA, Rodriguez-Manfredi, et al. (2019). InSight APSS TWINS Data Product Bundle. NASA
Planetary Data System, fromhttps://doi.org/10.17189/1518950

1= ~ D. Banfield, et al. (2019). InSight APSS PS Data Product Bundle. NASA Planetary Data System,
fromhttps://doi.org/10.17189/1518939

il ~ bfek

import numpy as np

from numpy.linalg import inv

from obspy import UTCDateTime

from obspy.clients.fdsn import Client

from obspy.imaging.spectrogram import spectrogram
import matplotlib.pyplot as plt

import matplotlib.mlab as mlab

import os

import pandas as pd

from matplotlib.pyplot import psd

B - BATES

# Where to download seismic data from

client = Client("IRIS")

# The time InSight Landed

s0l@ utc = UTCDateTime("2018-11-26T05:19:50.336@37Z")
# The length of a Mars day

s p sol = 88775.243971

# Calculate sol from UTC time

def utc2sol(utc_time, s0l@ utc=so0l® utc):
sol_number = np.floor((utc_time - sol® utc)/s_p sol)
return sol_number

# Transfer waveform data from UVW to ZNE coordinate
def uvw2zne(U, V, W, azi=np.array([135.1,15.0,255.8]), dip=np.array([-29.4,-29.2,-29.7])):
azi np.radians(azi)
dip = np.radians(dip)
A ([[ -np.sin(dip[@]), np.cos(dip[@])*np.cos(azi[@]), np.cos(dip[@])*np.sin(azi[@]) ],
[ -np.sin(dip[1]), np.cos(dip[1])*np.cos(azi[1]), np.cos(dip[1])#*np.sin(azi[1]) ],
[ -np.sin(dip[2]), np.cos(dip[2])*np.cos(azi[2]), np.cos(dip[2])*np.sin(azi[2]) 11)

np.vstack((U,V,W))
np.matmul (inv{A),X)
Yie,:]

Y[1,:]

Y[2,:]

return Z, N, E

m =™ <

# Pack up spectrum data

def spectrogram(data, sample_rate=20, wlen=z88, overlap=0.6):
p, f, £t = mlab.specgram(data, WNFFT=wlen, Fs=sample_rate, noverlap=wlen*overlap)
return p, f, t

PO+t - EREER S
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nRHEn
UTCDateTime("2019-06-04T00:60:80.0Z")
UTCDateTime("2019-06-05T00:080:00.0Z")

cha
startt
endt

# Download seismic data
st = client.get_waveforms(network="XB", station="ELYSE", location="e2",
channel=cha, starttime=startt, endtime=endt, attach_response=True)
resp = client.get_stations(network="XB", station="ELYSE", location="@2",
channel=cha, starttime=startt, endtime=endt, level="response")

dfel84 = pd.read_csv('./twins_calib_0184_©2.csv')
dfel185 = pd.read_csv('./twins_calib 9185 ©2.csv')
pf@184 = pd.read_csv('./ps_calib_©184 ©l.csv')
pf@185 = pd.read_csv('./ps_calib_©185_81l.csv')

twins = pd.concat([dfe184 ,dfe185], ignore_index=True)
ps = pd.concat([pfel84 ,pfel185], ignore_index=True)

[E&VU1/\ ~ EFRIEEATE S

# Remove system response, filter and rotate waveform
st[:].remove_response(inventory=resp)
st.filter('highpass', freq=1.0, zerophase=True)
wf_z, wf_n, wf_e = uvw2zne(st[©], st[1], st[2])
wf_t = st[@e].times("utcdatetime")
for r in range(len(wf_t)):

wf_t[r] = wf_t[r].datetime

# Calculate spectrum data
p, f, t = spectrogram(wf_z)

fmin = 9.02
fmax = 18@.
bol = np.array((f>fmin, f<fmax)).all(axis=0)

# Extract wind speed data
at_t = twins.UTC.to_numpy()
for r in range(len(at_t)):

at_t[r] = UTCDateTime(at_t[r]).datetime
at_ws = twins.BMY_HORIZONTAL_WIND_SPEED
at_ts = twins.BMY_MID_ROD_TEMP

bt_t = ps.UTC.to_numpy()
for r in range(len(bt_t)):

bt_t[r] = UTCDateTime(bt_t[r]).datetime
bt_ps = ps.PRESSURE

[EVO+I1 ~ TEEBLERSE S
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fig = plt.figure(figsize=(10,8))
ax1l = plt.subplot(511)
ax2 = plt.subplot(512)
ax3 = plt.subplot(513)
ax4 = plt.subplot(514)
ax5 = plt.subplot(515)

plot_spec = axl.pcolormesh(t, f[bol], 10. * np.logl@(p[bol,:]), vmin=-200, vmax=-15@, cmap= plt.colormaps[('plasma')])
cbar = fig.colorbar(plot spec, ax=axl, location="top")

cbar.set_label("PSD [dB]")

axl.set ylabel("Frequency [Hz]")

axl.set_xlim(@,endt-startt)

axl.xaxis.set visible(False)

plot z = ax2.plot date(wf t, wf z, "k-", linewidth=@.5, label="BHZ")
ax2.set_ylabel("Velocity [m/s]™)

ax2.legend(frameon=False)

ax2.set_xlim(startt,endt)

ax2.set ylim(-2.5e-7,2.5e-7)

ax2.xaxis.set visible(False)

ax22 = ax2.twinx()

ax22.plot date(bt t, bt ps, "g-", linewidth=1)
ax22.set_xlim(startt,endt)

# ax22.set ylim(736,740)
ax22.set_ylabel("Pressure [Pa]",color="green")

&t~ EEE S

plot wt = ax3.plot date(at_t,at _ws,"b-",linewidth=1,label = "windspeed”)
ax3.set_ylabel("Windspeed [m/s]™)
ax2.legend(frameon=False)
ax3.set_xlim(startt,endt)

# ax3.set ylim(a,18)

ax32 = ax3.twinx()

ax32.plot_date(at_t, at_ts, "r-", linewidth=1)
ax32.set xlim(startt,endt)

# ax32.set ylim(200, 260)
ax32.set_ylabel("Temperature"”,color="red")

plot n = ax4.plot _date(wf t, wf n, "k-", linewidth=08.5, label="BHN")
ax4.legend(frameon=False)

ax4.set_xlim(startt,endt)

ax4.set_ylim(-2.5e-7,2.5e-7)

ax4.xaxis.set visible(False)

plot e = ax5.plot _date(wf t, wf e, "k-", linewidth=0.5, label="BHE")
ax5.set xlabel(startt)

ax5.legend(frameon=False)

ax5.set xlim(startt,endt)

ax5.set ylim(-2.5e-7,2.5e-7)

plt.tight layout()

plt.savefig("2019 06 04~5.jpg",dpi=150)

[ Ft— ~ BB E A S
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|cha "BHx%"

startt = UTCDateTime("2019-06-04T00:00:00.0Z")
endt UTCDateTime(''2019-06-05T00:00:00.0Z")
stl = client.get_waveforms(network="XB", station="ELYSE", location="02",
channel=cha, starttime=startt, endtime=endt, attach_response=True

startt UTCDateTime(''2019-12-04T00:00:00.0Z")
endt UTCDateTime("2019-12-05T00:00:00.02")
st2 = client.get_waveforms(network="XB", station="ELYSE", location="02",
channel=cha, starttime=startt, endtime=endt, attach_response=True

startt = UTCDateTime('"2020-06-03T00:00:00.02")
endt UTCDateTime("'2020-06-04T00:00:00.0Z")
st3 = client.get_waveforms(network="XB", station="ELYSE", location="02",
channel=cha, starttime=startt, endtime=endt, attach_response=True

startt UTCDateTime("2020-11-22T00:00:00.0Z")
endt UTCDateTime("2020-11-23T00:00:00.02")
st4d = client.get_waveforms(network="XB", station="ELYSE", location="02",
channel=cha, starttime=startt, endtime=endt, attach_response=True

& i+ s ERIUKERHES

trl=stl[0]
x1l = trl.data
Pxx1, fregl= psd(x1, NFFT=1024, Fs=20)

tr2=st2[0]
x2 = tr2.data
Pxx2, freq2= psd(x2, NFFT=1024, Fs=20)

tr3=st3[0]

x3 = tr3.data

Pxx3, freq3= psd(x3, NFFT=1024, Fs=20)
tr4=st4[0]

x4 = tr4.data
Pxx4, fregd4= psd(x4, NFFT=1024, Fs=20)

TS - RS
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plt.figure(figsize=(8,4))

plt.plot(freql, 10*np.logl@(Pxx1), 'b-"', label="2019/6/4")
plt.plot(freg2,10*np.logl@(Pxx2),'r-"', label="2019/12/4")
plt.plot(freq3, 10*np.logld(Pxx3), 'g-"', label="2020/6/3")
plt.plot(freq4,10*np.logl@(Pxx4), 'c-',label="2020/11/22")

plt.xlim(@.1,9)
# plt.xscale("log")
# plt.yticks(range(-30,90,5))

plt.xlabel('Frequency(Hz)"',fontsize=15)
plt.ylabel('Amplitude',fontsize=15)
plt.title('All',fontsize=15)
plt.ylim(30,60)

plt.grid()

plt.legend(fontsize=14)
plt.savefig("psd_days.jpg",dpi=150)

[l 710U ~ 4% PSD [ElfE <
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Philippe Lognonné, Don Banfield, Eric Beucler, Raphaél F. Garcia, Sharon Kedar....(2021).
Companion guide to the marsquake catalog from InSight, Sols 0-478: Data content and non-
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