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Abstract. The seismic 'background noise' 
detected by the seismometer on the Viking lander 
2 has an extremely high correlation with the 
measured wind speed at the landing site. When 
displayed in a compressed form, the nearly 
continuous seismic data clearly exhibit the 
diurnal as well as seasonal variations of the 

Martian wind activity. A preliminary spectral 
analysis of the long-term variation of the back- 
ground noise indicates persistent spectral peaks 
at periods near 1.5, 3, 7 and 10-20 sols for the 
first 560 sols (0.84 M•rtian year) of observa- 
tion. 

The Viking lander 2 seismometer [Anderson et 
a__l., 1977], being located on top of the lander-• 
is extremely sensitive to Martian winds. Thus 
handicapped in detecting Martian seismic events, 
it can provide a record of Martian wind activity. 
The Viking seismometer.• in a sense, is a better 
detector of Martian wind activity than the wind- 
speed detector used for the Viking meteorology 
experiment. Unlike the wind-speed detector, 
which measures instantaneous wind speed at widely 
spaced time intervals, the seismometer contin- 
uously samples the wind-induced lander•tvibration. 
The seismometer output thus well compliments the 
meteorology data. Here we present some pertinent 
seismic data and results of a preliminary 
spectral analysis of the data. 

Wind Speed/Seismic Noise Correlation 

The wind blowing on the lander causes it to 
vibrate, and this vibration, in turn, is 
detected by the seismometer on the lander as 
increased 'background noise. ' The correlation 
between the wind activity as measured by the 
meteorology experiment and the seismic noise is 
clearly evident in the recorded dataø A 
preliminary analysis has shown that the observed 
seismic amplitude is approximately proportional 
to the square of the wind speed, as expected for 
turbulent flow [Anderson et al., 1977]. 

An example of the correlation between the wind 
speed and the seismic noise is shown in Fig. 1. 
The wind-speed data shown here are instantaneous 
values sampled at 1.2 second intervals, while the 
seismic data have been sampled at 8.25 milli- 
second intervals and averaged over every second. 

Figure 2 shows the coherence and phase 
difference spectra of this pair of signals. The 
coherence between the seismic amplitude and the 
squared wind speed is extremely high for 
frequencies below about 30 mHz (period 30 sec and 

coherence at high frequencies is partly due to 
the difference in data collection method: spot 
sampling for the wind data versus time averages 
for the seismic data. 

The nearly zero phase spectrum indicates that 
the time lag between the wind-speed variation 
and the seismic output is negligible, i.eo, 
within the 0.8 second uncertainty of the relative 
timing of the two experiments. The seismometer, 
therefore, is responding almost immediately to 
the wind variations. This rules out the 
possibility that a detectable amount of seismic 
energy is transmitted through the ground from 
distant wind disturbances, leaving the direct 
action of the wind on the lander as the sole 
cause of the wind-induced seismic noise. 

Long-Term Variation and Periodicity 

The Martian wind activity as detected by the 
Viking-2 seismometer displays relatively regular 
day-to-day variations as well as distinct 
variations with season. In order to demonstrate 

this long-term variation, we have compressed the 
entire set of Viking-2 seismic data by a factor 
of more than 5000 by averaging amplitudes over 
every 40 minutes, and plotted them in Fig. 3. 
Noises generated by lander activities have been 
removed. The data covers about 84 percent of 
the 688.6-sol Martian year, roughly from mid- 
summer to early summer in the northern 
hemisphere, the lander being located at 44øN 
latitude. 

The summer time is relatively calm, while 
winter time is especially windy. Besides the 
diurnal periodicity, which is clearly visible 
throughout the record, some additional 
regularities can be identified; for instance, an 
extremely regular half-day periodicity from sol 
280 to sol 312 and a 3-day periodicity around 
sol 220 through sol 250 and sol 330 through sol 
360. The first interval is just after winter 
solstice and covers the period of minimum temp- 
eratures and maximum pressures. A global dust 
storm also occurred in this period. The interval 
between sols 220 and 250 was a period of 
gradually decreasing temperature and relatively 
stable pressure. The last interval was a period 
of rapidly increasing temperature and decreasing 
pressure. 

We have computed power spectral density (PSD) 
estimates of this wind-induced noise to determine 

the periodicities of the wind activity. We first 
generated a basic data set consisting of about 
80,000 ten-minute mean seismic amplitude values 

longer), and significant coherence is observed up covering the entire recording period. This set 
to about 300 mHz (down to 3 sec period). The low of data was then low-pass filtered using a 3-pole 

Butterworth filter with a cutoff frequency of 
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Fig. 1. Seismic amplitude (horizontal Z 
component) compared with squared wind speed for 
the data recorded on sol 365. The times are 

given in hours and minutes of the local lander 
time (LLT). The Martian day is approximately 24 
hours and 40 minutes long. 

40 minutes, generating a set of about 20,000 
filtered seismic amplitude values. Finally, 
power spectral density estimates were computed 
for several different time intervals using the 

plotted against time in the form of a spectro- 
gram. The frequency resolution of this plot is 
the same as that of Fig. 4, but the standard 
error of the estimates is increased to about 2ø3 
dB to obtain the finite time resolution of 130 
sols. Some peaks, such as those at 3-sol and 
7-sol periodicities, are consistently observed 
throughout the observation period, while others, 
such as those at 2.0 sols and 2.7 sols, are 
seasonal. 

Prominent spectral peaks at frequencies up to 
2 cycles/sol are listed in Table 1. 

Discussion 

The results indicate that wind variations on 

Mars are extremely regular in the summer and 
winter. Winds are light in the summer and 
exhibit a strong diurnal periodicity, the 
strongest winds being in the early afternoon. 
Winds become stronger and more irregular in the 
autumn. High morning winds are common and a 
strong semidiurnal component appears. Average 
wind speeds increase in the winter and most days 
are windy. This is in contrast to the autumn 
when wind speeds can be high but many days are 
relatively calm. In all seasons nighttime 

Cooley-Welch-Lewis method [Cooley et alo, 1967]. conditions are usually very calm. The high wind 
Figure 4 is the result for nearly the entire data season correlates with the duration of the 
set obtained by adding spectra of twenty over- 
lapping 52-sol subsets of the data. The 
frequency resolution of the spectrum is 0.02 
cycles/sol, and the variance of the spectral 
values is estimated to be about 6 percent of the 
squared power density, giving a standard error 
of about 1.1 dB. 

The most prominent spectral peaks are those of 
the diurnal periodicity and its higher harmonics. 
Several additional peaks of significance, ioeo 
peaks at least several times the standard error 
above the background, are observedø Among them 
are the two spectral peaks at about 0.15 and 0.33 
cycles/sol below the fundamental and each of the 
harmonics of the diurnal peaksø The general 
trend of the spectrum shows a decrease of 
spectral amplitude with increasing frequency at 
a rate of approximately 6 dB/octaveo This rate 
is greater than that found earlier for higher 
frequencies [Anderson et alo, 1977]. 

In order to see more detailed spectral 
features for periods greater than 1 sol, we have 
computed a spectrum at a higher resolution at a 
cost of increased uncertainty in spectral valueso 
To do this, the mean amplitude data were further 
low-pass filtered at a cutoff frequency of lo54 
cycles/sol, sampled at intervals of 4 hours, 
and the PSD estimates were computed for this set 
of data. The result is shown in Figø 5ø The 
resolution is increased to 0.004 cycles/sol, 
but the estimated variance of the spectral values 
is increased to about 38 percent of the squared 
power density, giving a standard error of about 
2.7 dB. 

All of the significant spectral peaks below 1 
cycle/sol that are identifiable in Fig. 4 are 
more clearly defined in Fig. 5. They include 
peaks representing periodicities of 1o2, 1.5, 2, 
3 and 7 sols, and a broad peak covering 10 to 20 
SOLS, 

How these spectral peaks vary with season can 
be seen in Fig. 6, where the PSD estimates are 

global dust storm. The spring is characterized 
by very strong but variable wind activity. In 
this season strong winds sometimes occur 
throughout the night, and the spectra contain 
more strong components. These results are 
generally in agreement with those of the Viking 
meteorology experiment [Hess et al., 1977]. 

The most persistent spectral peaks, aside from 
the strong diurnal peak, occur at periods near 
1.5, 3, 7 and 10-20 sols. This can be compared 
with periods of 3-3.5 and 6-7 sols found in the 
atmospheric pressure variations [Ryan et at., 
1978]. In the winter-spring season additional 
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Fig. 2. Coherence and phase spectra between the 
seismic and wind-speed signals of Fig. 1o 
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SOLS 

Fig. 3. Compressed plot of Viking lander 2 seismic signalso The data have been compressed by 
taking 40 minute averages of horizontal Z component amplitudeso Sol is the Mars day counted 
from the day of the spacecraft landing. The data roughly cover from September 4, 1976 to 
April 2, 1978. Tick marks indicate local midnight. The trace spacing corresponds to an average 
amplitude of 120 digital units, which is roughly equivalent to a ground displacement of 0.3 um 
at 3 Hz. AE, WS and VE indicate approximate dates of autumnal equinox, winter solstice and 
vernal equinox, respectively. , 
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Fig. 4. Power spectral density estimate of 
seismic horizontal Z component signals for the 
interval of sol 1 through 546. The estimated 
standard error is 1.1 dB. 

Fig. 5. Power spectral density estimate of 
seismic horizontal Z component signals for the 
interval of sol 1 through 552. The estimated 
standard error is 2ø7 dB. 
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Fig. 6. Spectrogram of wind-induced seismic noise. The time interval covered is from 
sol 1 to sol 546 from top to bottom of the plot. Each step in shade corresponds to a 
difference in spectral density of 3 dB. The linear trend with frequency has been removed. 

spectral peaks occur at 2.0 and 3.7 sols. In the 
fall there are additional peaks at 1.8 and 2.5 
sols. Other periodicities are given in Table 1. 
Some of the peaks may simply represent harmonics 
of others. It should also be noted that many 
peaks are broad, possibly representing closely 
spaced multiple peaks. They may represent 
processes that are not exactly periodic but 
quasi-periodicø 

Ryan et'al. [1978] interpreted the regularity 
of the meteorology in terms of bareclinic waves 
of low wave number. Our results would indicate 

a wave number of 4 to 6 if the periodicities of 
3 to 7 days are interpreted as single cycles and 
the period of 10-20 days is interpreted as a 
revolution of the whole pattern. This is 

TABLE 1. Observed Spectral Peaks of Wind-Induced 
Seismic Noise at Viking Lander-2 Site 

Frequency, Period, 
cycles/sol sols 

Remarks 

0.05-0.10 10-20 
0.14 7 

0.27 3.7 

0.33 3.0 

0.40 2.5 
0.50 2.0 

O.56 1.8 

0.60 1.7 

0.67 1.5 

0.70 1.4 
0.82-0.95 1.1-1.2 

1.00 1.00 

1.67 0.60 

1.85 O.54 

2.00 0.50 

longer period in fall 

winter-spring only 

fall only 
winter-spring only 
fall only 

consists of several peaks 

consistent with the wave numbers calculated by 
R_•van et al. [1978]. 
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