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Executive Summary 
 
Acoustic data were collected for a minimum of 25 days at four measurement locations in 
Grand Canyon National Park (GRCA) in summer 2005.  The four measurement sites 
were in the four most common vegetation types in GRCA, Cold Desert Scrub (37.5 
percent), Pinyon-Juniper (32.9 percent), Warm Desert Scrub (18.0 percent), and 
Ponderosa Pine (7.9 percent).  Natural ambient sound levels (all natural sounds in a given 
area, excluding all mechanical, electrical and other human-caused sounds) and existing 
ambient sound levels (all sounds in a given area) were calculated for each measurement 
site.  Sound levels (dBA) for the four measurement locations are shown in Table 1A and 
Table 2A. 
 
Table 1A.  Daytime (0700-1900) sound levels (dBA) for four measurement locations. 
 

Site: Vegetation type: L50 dBA L90 dBA Lnat dBA: 
GRCA008 Pinyon-Juniper 23.2 19.2 20.7 
GRCA009 Warm Desert Scrub 19.2 17.0 18.4 
GRCA010 Cold Desert Scrub 20.3 16.7 18.5 
GRCA011 Ponderosa Pine 31.5 25.5 29.1 

 
Table 2A.  Daily (0000-2400) sound levels (dBA) for four measurement locations. 
 

Site: Vegetation type: L50 dBA L90 dBA 
GRCA008 Pinyon-Juniper 20.5 18.0 
GRCA009 Warm Desert Scrub 19.7 17.2 
GRCA010 Cold Desert Scrub 20.4 16.8 
GRCA011 Ponderosa Pine 24.7 20.6 

 
“Natural ambient sound level” is considered synonymous with the term “natural quiet,” 
although natural ambient is more appropriate because nature is often not quiet.  This is an 
important metric because it is these sound levels that will be used as “baseline” in models 
when assessing percent time aircraft are audible in GRCA. 
 
Natural sounds were audible an average of 97 percent of the time (range 94.5-99.6) 
during daytime hours (0700-1900) at the four measurement sites.  Wind sounds (natural 
wind sounds and wind through vegetation), bird sounds, and insect sounds were the most 
common natural sound sources.  Other natural sounds included mammals, amphibians, 
and thunder.   
 
Non-natural sounds were audible during daytime hours an average of 34 percent of the 
time for all sites (range 24 to 45 percent).  Most human-caused sounds were aircraft, and 
most of those were jets.  The most common audible human-caused sounds other than 
aircraft were unidentified motor sounds (some of which could have been aircraft) and 
vehicles.   
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Table 3A.  Percent time human-caused sounds and aircraft were audible during daytime 
hours (0700-1900) at each site. 
 

Site 
Percent Time 

Human-caused 
Sounds Audible 

Percent Time 
All Aircraft 

Audible 

Percent Time 
Jets 

Audible 

Percent Time 
Propeller/Helicopter

Audible 

GRCA008 44.8 40.5 36.0 4.5 
GRCA009 22.8 22.2 9.4 12.9 
GRCA010 28.9 27.2 22.6 4.6 
GRCA011 37.7 21.5 14.4 7.1 

Mean: 33.5 27.8 20.6 7.3 
 
Note:  the total of both jets and propeller/helicopter aircraft can exceed the total 
percentage for all aircraft due to more than one aircraft type being audible at the same 
time. 
 
The mean noise free interval (NFI; only natural sounds audible or no sound audible) for 
all four sites for daytime hours was 3.2 minutes (Table 4A).  The site with the shortest 
mean NFI, 1.0 minutes (60 seconds), was GRCA011at the south rim. 
 
Table 4A.  Noise free interval data for four measurement locations. 
  

Site Mean NFI Max. NFI Num. Hrs. 
GRCA008 4.0 13.5 2 
GRCA009 3.1 18.2 7 
GRCA010 5.0 34.0 6 
GRCA011 1.0 4.2 2 
Overall Mean: 3.2   

 
This analysis provides “average” natural ambient sound pressure levels for the summer 
season for four primary vegetation types at GRCA.  The use of an average sound pressure 
level for each one-third octave band to represent a baseline for an entire season is an 
over-simplification of actual acoustic conditions.  Modeling results would almost 
certainly be more accurate using 1-hour, 1-minute, or even 1-second baseline data; 
however, current models are not capable of such calculations.   
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Introduction 
 
The National Park Service (NPS) has been working to achieve or make progress toward 
substantial restoration of natural quiet at Grand Canyon National Park (GRCA).  
“Substantial restoration of natural quiet requires that 50% or more of the park achieve 
‘natural quiet’ (i.e., no aircraft audible) for 75-100 percent of the day” (NPS 1995).  In 
order to assess progress towards this goal, accurate baseline ambient acoustic information 
for GRCA is essential.  Most important is determining natural ambient sound pressure 
levels in the primary acoustic zones, based on major vegetation types of the Park; it is 
these levels against which audibility of aircraft will be modeled.  “Natural ambient 
sounds” are all natural sounds in a given area, excluding all mechanical, electrical, and 
other human-caused sounds.  “Natural ambient” is considered synonymous with the term 
“natural quiet.”  The purpose of this document is to report on acoustic conditions in four 
of the primary vegetation types in GRCA in summer 2005. 
 
Study Area 
 
Details for the study area and site selection process are described by Falzarano (2005) in 
NPS Report No. 05-01, Natural Ambient Sound Sample Site Selection.  The four major 
vegetation types selected for analysis in the summer of 2005 (pinyon-juniper woodland, 
warm desert scrub, cold desert scrub, and ponderosa pine forest) make up over 96 percent 
of the Park (Table 1).  However, approximately 12 percent of this, mostly warm desert 
scrub, is influenced acoustically by river sounds.   
 
Table 1.  Measurement locations in GRCA, summer 2005. 
 

Site Number Location Elevation Vegetation 

GRCA008 Pasture Wash 1929 m Pinyon-Juniper Woodland 

GRCA009 Tuweep Area 1273 m Warm Desert Scrub 

GRCA010 Tuweep Area 1400 m Cold Desert Scrub 

GRCA011 South Rim 2151 m Ponderosa Pine Forest 

 
A primary site selection criterion was to avoid, to the fullest extent possible, human-
caused sounds (>1 mile from public roads and >5 miles from air tour routes).  Sites with 
the least amount of human-caused sounds provide the best data for calculating natural 
ambient sound levels; however, due to the size and weight of the acoustic monitors, 
measurement sites had to be reasonably accessible. 
 
Methods 
 
Definitions of acoustic terms used in this report follow. 
 
Audibility 
Audibility is the ability of animals with normal hearing, including humans, to hear a 
given sound.  Audibility is affected by the hearing ability of the animal, other 
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simultaneous interfering sounds or stimuli, and by the frequency content and amplitude 
of the sound.   
 
A-Weighting (dBA) 
A-weighting is used to account for differences in human hearing sensitivity as a function 
of frequency.  A-weighting de-emphasizes the high (6.3 kHz and above) and low (below 
1 kHz) frequencies, and emphasizes the frequencies between 1 kHz and 6.3 kHz, in an 
effort to simulate the relative response of human hearing.  
 
Decibel (dB) 
A logarithmic measure commonly used in the measurement of sound.  The decibel 
provides the possibility of representing a large span of signal levels in a simple manner as 
opposed to using the basic pressure unit Pascal.  The difference between the sound 
pressure for silence versus a loud sound is a factor of 1,000,000:1 or more, therefore it is 
less cumbersome to use a small range of equivalent values: 0 to 130 decibels. 
 
Existing Ambient Sound Level (L50) 
The sound level of all sounds in a given area, including all natural sounds as well as all 
mechanical, electrical and other human-caused sounds.  The sound level exceeded 50 
percent of the time, the L50 (median). 
 
Frequency 
The number of times per second that the sine wave of sound repeats itself.  It can be 
expressed in cycles per second, or Hertz (Hz).  Frequency equals Speed of Sound / 
Wavelength.  
 
Natural Ambient Sound Level (Lnat) 
The sound level of all natural sounds in a given area, excluding all mechanical, electrical 
and other human-caused sounds.  “Natural ambient” is considered synonymous with the 
term “natural quiet,” although natural ambient is more appropriate because nature is often 
not quiet.  The Lnat is the sound level associated with an exceedence value calculated by 
removing the percent time human-caused sounds are audible. 
 
Leq (Equivalent Sound Level) 
The logarithmic average (i.e., on an energy basis) of sound pressure levels over a specific 
time period.  “Energy averaged” sound levels are logarithmic values, and as such are 
generally much higher than arithmetic averages.  Leq values are typically calculated for 1-
hour time periods, and these 1-hour calculations are based on 60 1-second Leq values for 
that hour.  Leq must be used carefully in quantifying natural ambient sound levels because 
occasional loud sound levels may heavily influence (increase) the Leq value, even though 
sound levels for that period of time are typically lower. 
 
Lmax   
The maximum sound pressure level for a given period. 
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Lmin 
The minimum sound pressure level for a given period. 
 
Lx (Exceedence Percentile) 
This metric is the sound pressure level (L), in decibels, exceeded x percent of the time for 
the specified measurement period.  L50 is the sound pressure level exceeded 50 percent of 
the time (L50 is the same as the median).  L90 is the sound pressure level exceeded 90 
percent of the time.   
 
Noise Free Interval (NFI) 
The length of the continuous period of time during which only natural sounds are audible 
or there is silence. 
 
Octave 
The interval between two frequencies having a ratio of 2 to 1.  The octave is an important 
frequency interval relative to human hearing, and octave band analysis is a standard for 
acoustic analysis.  The frequency resolution in octave band analysis is relatively poor; 
hence finer frequency resolution is often used in acoustic analysis.  Generally, one-third-
octave band analysis is used.  Three one-third octave bands are in one octave, so the 
resolution of such a spectrum is three times better than the octave band spectrum.  
 
Sound Level 
Generally, sound level refers to the weighted sound pressure level obtained by frequency 
weighting, usually A- or C-weighted.    
 
Sound Pressure 
Sound pressure is the instantaneous difference between the actual pressure produced by a 
sound wave and the average barometric pressure at a given point in space.  Not all 
pressure fluctuations detected by a microphone are sound (e.g., wind over the 
microphone).  Sound pressure is measured in Pascals (Pa), Newtons per square meter, 
which is the metric equivalent of pounds per square inch. 
 
Sound Pressure Level (SPL) 
The logarithmic form of sound pressure.  Generally, sound pressure level refers to 
unweighted sound pressure levels of one-third octave bands.   
 
Acoustic Equipment 
Acoustic monitors consisted of a Type I sound level meter (Larson-Davis Model 824), 
microphone (GRAS 40AE) and preamplifier (Larson-Davis 902) in an environmental 
shroud and windscreen (Larson-Davis EPS 2106), notebook computer (Panasonic CF-18 
with built-in GPS) to store 1-second decibel data from the sound level meter, a 12-volt 
battery power supply, and a solar panel array to re-charge the batteries.  Software used 
was SoundMonitor 030101 (© Far North Aquatics, Fairbanks, AK).  Sound level meters, 
microphones, and preamplifiers were calibrated annually by a certified calibration 
facility. 
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Acoustic data 
Acoustic data were collected during June, July, and August in 2005 at each of the four 
measurement sites mentioned above.  Data collected and metrics computed are presented 
in Table 2. 
 
Table 2.  Acoustic data and associated metric collected and computed. 

 
 
 
 
 
 
 
 
 
 
 
 
 

For this analysis, 25 to 30 days of data from each site were analyzed. 
 
Meteorological data 
Meteorological data (wind speed, wind direction, temperature, and humidity) can 
improve the utility of acoustic data.  Previous studies in National Parks have established a 
strong correlation between land cover, wind speed, and ambient sound pressure levels 
(Lee et al. 2005).  Sound pressure levels also attenuate differently in cold or hot 
temperatures.  In general, ambient noise levels tend to increase with increasing wind 
speeds.  Depending primarily upon the vegetative characteristics of the measurement site, 
a substantial change in noise level can occur as wind speeds increase.  For example, 
ambient noise level data measured at a site containing dense foliage will be influenced by 
wind, primarily due to the wind interacting with leaves.  Meteorological data were not 
collected in the summer of 2005 due to equipment limitations.  Future data collection 
efforts will include wind speed, wind direction, and air temperature.   
 
Jakobsen and Andersen (1983) described three types of wind sounds:   
1. Natural wind sounds (sounds of turbulence in the air); 
2. Vegetation wind sounds (sounds of vegetation being blown by wind): and 
3. Microphone sounds (sounds of air flow turbulence against windscreen foam or 

over the microphone, generally considered “distorted” or “contaminated” 
sound). 

 
Individuals listening to recordings coded two types of wind sounds, natural and non-
natural.  The first two types of wind sounds listed above are considered natural; the third 
type of wind sound is considered non-natural. 
 
 

Data Collected: Metric Computed: 
 
Sound Pressure Level Data 
(1-second Leq for 1/3 octave 
bands, 20-20,000 Hz; dBA) 

• Leq, L10, L50, L90, Lx, Lmin, and Lmax for each hour, 
day, month, season, and entire measurement period 
• LNatural and LExisting  ambient sound levels 
 

 
 
Observer Logging and 
Digital Recordings  

• Time Audible 
• Identification of sources of sound 
• Distribution of sources of sounds 
• Number/duration of events, by source 
• Noise-free interval 
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Measurement period 
Sound levels can be extremely variable, and measurement periods limited to just a few 
days can lead to erroneous results.  The goal of acoustic measurements in National Parks 
is to ensure that results from the sample measurement period are not more than 3 dB 
different than results had the entire season been sampled (NPS 2005).  A 25 day 
minimum measurement period was used based on review of several year-long data sets in 
other parks (see NPS 2005 for detailed discussion).   
 
Observer logging, field and office 
Decibel data alone do not allow identification of sources of sounds.  When conducting 
acoustic studies in national parks, it is essential that the source of common sounds, both 
natural and non-natural, be identified.  Further, it is important to determine the percent 
time that such sounds are audible.  This is accomplished by observers logging sound 
source information in the field and by individuals listening to recordings in the office and 
identifying sound sources. Listening and logging, either in the field or in the office, is 
labor intensive, thus logging is only conducted for a sub-sample of the measurement 
period.  Field logging (continuous 1-hour periods) was conducted for 17 hours (daytime 
hours only) at the four measurement sites.  Office logging was conducted for a sub-
sample of 28 days; at a 2-minute/10-second sample scheme, this resulted in a total of 56 
hours of recordings, 28 hours during daytime and 28 hours during night time (see 
discussion below in “Observer office logging”).  The four measurement sites had an 
average of 11 hours of daytime logging (4 hours field and 7 hours office) for assessing 
audibility of human-caused sounds.  The percent time that human-caused sounds were 
audible was computed for every hour of the day at each site (using both field and office 
logging). 
 
Listening to recordings in an office environment and logging sound sources is not the 
same as listening and logging sound sources in the field.  In general, one hears better in 
the field, but there are advantages to listening in the office.  In the field, the listener hears 
in stereo, two ears hearing in opposite directions.  This has the potential to provide some 
separation in two different sounds that might be overlapping in frequency (and thus might 
be missed by hearing in mono).    The field listener is able to turn his/her head toward the 
direction of the sound, and this also provides improved hearing ability.  The listener in 
the field can often see the sound source to verify identification.  Additionally, listening in 
the field is in a “free-field” environment, whereas in an office the listener uses 
headphones, a closed environment.   
 
While several factors of listening and logging in the field are beneficial, listening to 
recordings in the office also offers some advantages.  First, with good recordings and 
playback equipment and software, the office listener can increase the playback volume 
and, in some situations, hear sounds better than the field listener.  Second, the office 
listener is able to “pause” the playback and take frequent breaks.  The office listener can 
also use the “pause” feature during playback to catch up on logging entries when multiple 
sounds are occurring at one time, something the field logger cannot do.  Finally, the 
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office listener is able to re-play any recordings for which a question might exist, as well 
as ask other individuals for assistance with source identification.  
 
In order to ensure that office listening and logging closely approximates what is heard 
and logged in the field, adjustments are made to the playback in the office.  Two methods 
can be used to make such adjustments.  When continuous recordings are collected during 
field logging, the office listener can use a human-caused sound event from the log, such 
as an aircraft sound, and note the time that event was audible to a field observer.  If, for 
example, an aircraft sound was audible for 2 minutes and 40 seconds, the office listener 
could adjust playback volume such that the time the event was audible to the office 
listener was also 2 minutes and 40 seconds.  The second method, and the method used for 
this analysis, is to compare an hour of field logging with office logging for the same hour.  
The logs are compared against each other to make sure that the percent time sounds were 
audible to the office listener is similar to the percent time that the field observer logged.  
In most situations, adding 10 dBA to 20 dBA during office playback will closely 
approximate results of logging in the field.   
 
Results of observer logging in the field were compared to observer logging in the office 
for two sites, GRCA009 and GRCA011, to check field versus office logging differences.  
At GRCA009, May 12, 2005, 1100-1200 hour, two observers logged simultaneously in 
the field, and four observers later logged in the office from recordings.  The two field 
loggers heard human-caused sounds an average of 43 percent of the time (range 40-47 
percent), and the office loggers heard human-caused sounds an average of 39 percent of 
the time (range 37-40 percent).  At GRCA011, August 25, 2005, 0900-1000 hour, one 
field logger heard human-caused sounds 69 percent of the time, and three office loggers 
heard human-caused sounds an average of 66 percent of the time (range 63-73 percent).  
Thus, office logging results were very similar to field logging results.  Different field 
situations likely influence the degree of accuracy of both field and office logging.  These 
results show that high-quality digital recordings collected throughout the measurement 
period can provide a good estimate of sources of sounds throughout the entire 
measurement period, and throughout the entire 24 hour day.  Additionally, recordings can 
provide a valuable archival record for later analysis as automated source identification 
software becomes available. 
 
Observer field logging 
At each of the four measurement sites, observers listened for several 1-hour periods, 
logging each sound heard on a standardized data logging sheet.  Sounds were logged in 
10-second increments, and were not logged in order of “loudest to quietest” but rather 
logged for presence or absence.  Observers conducted logging near the acoustic monitors 
(within 25 m), but not so near to influence decibel data being collected in conjunction 
with the logging effort.  Seventeen 1-hour periods were logged during daytime hours 
(0700-1900) in June, July, and August 2005 at the four measurement sites.   
 
Observer office logging 
Digital recordings were collected at all four sites.  Recordings were made for two 
purposes:  to record events that exceeded user-defined thresholds (>75 dBA for >1 



 10

second or >55 dBA for >10 seconds) and to record samples at regular intervals 
throughout the measurement period.  Event recordings were 20 seconds long unless the 
event exceeded the above thresholds for longer periods.  Sample recordings were 10 
seconds long and collected every two minutes for the entire measurement period.  This 
sample scheme resulted in a two hour recording for each day of the measurement period.  
Not all daily sample recording collected were analyzed.  For this study, recordings for the 
first continuous seven-day period of July, generally July 1 to July 7, were analyzed.  This 
represents a total of 14 hours analyzed (a sub-sample of seven 24-hour periods) for each 
site, 7 during daytime hours and 7 during night time hours.    
 
All field and office listeners/loggers had hearing tests to insure all were within normal 
ranges.  Playback software used was Adobe Audition 1.0.   Office listeners used either 
Sound Devices USBPre sound card and Bose Quietcomfort 2 headphones or Conexant 
AMC audio sound card and Sony Dynamic Stereo MDR-V600 headphones.   
 
The Noise Free Interval (NFI) metric, which is the continuous length of time during 
which only natural sounds are audible or there are no sounds audible, was calculated 
from field observer logging.  The NFI metric cannot be calculated from short sample 
recordings, rather, continuous recordings or continuous field logging are needed.  The 
NFI metric is informative when used with the “Percent Time Audible.”   
 
Acoustic calculations 
Computing sound pressure levels for acoustic conditions in National Park units has not 
been described thoroughly in the literature.  Calculations of acoustic metrics for this 
analysis are described below and in Acoustics and Soundscape Studies in National Parks 
(NPS 2005). 
 
Acoustic data in rural or park-like settings are rarely normally distributed.  In many 
backcountry areas of parks, sound pressure levels are relatively low (15 dBA to 30 dBA 
are common), with occasional loud events such as thunder or aircraft.  On a graph of 
decibel level vs. frequency of values, these types of data are generally skewed towards 
the infrequent but much louder sounds (see Figure 1).   
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Figure 1.  Histogram illustrating non-normal distribution of data (loud events skew the 
data to the right). 
 
As a result of this non-normal distribution, the standard arithmetic mean calculation to 
characterize the central tendency of the data is inappropriate.  When calculating central 
tendencies of hourly data that are not normally distributed, the median is the most 
appropriate measure, rather than the mean.  Likewise, when computing central tendencies 
for data from many hours (such as 31 days of the 0800 hour), the median should be used 
(if, as is usually the case, those values are not normally distributed).  When computing 
summary metrics for such values, calculations should be based on hourly summary data, 
not individual 1-second data of all the hours.  This is necessary to ensure that hour-to-
hour and day-to-day variation is addressed. 
 
Calculating hourly existing ambient sound levels is straightforward:  it is the median (L50) 
of all the data (natural and non-natural) for a given period.   
 
Calculating hourly natural ambient sound levels is not straightforward.  All National 
Park units have both natural and human-caused sounds; hence calculation of natural 
ambient sound levels (sound levels without the influence of human-caused sounds) is 
difficult.  The most appropriate calculation of natural ambient sound levels is the median 
of data without the influence of any human-caused sounds.  It is not currently 
economically feasible to physically remove all acoustic data with human-caused sounds 
from long-term data sets in order to make such a calculation.  Therefore, calculation of 
natural ambient sound levels was made using the percent exceedence concept.  Lx refers 
to the sound level (L), in decibels, exceeded x percent of the time.   
 
Historically, either the L50 or the L90 has been used when assessing potential impacts of 
aircraft sounds on parks (Dunholter et al. 1989).  If the dataset contains only natural 
sounds, L50 is the appropriate metric to characterize the natural sound levels.  However, 
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even in remote areas of national parks, non-natural, mechanical, electrical, and other 
human-caused sounds are audible; hence the L50 may over-estimate natural ambient 
sound levels.  The L90 value represents the sound level exceeded 90% of the 
measurement period.  In most remote areas of national parks, distant from frontcountry, 
developed areas, human-caused sounds are audible, but generally less than 50 percent of 
the time (although in some areas high altitude aircraft may be audible more than 50 
percent of the time for some hours).  In such situations, the L90 may under-estimate 
natural ambient sound levels.  Therefore, calculating the appropriate Lx from a sub-
sample of the data set (based on audibility of human-caused sounds at each measurement 
site), and applying that Lx to the entire data set, provides a more accurate estimate of 
natural ambient sound levels than either the L50 or L90. 
  
For this analysis, natural ambient sound levels were computed using the percent 
exceedence method.  This method involves sub-sampling the measurement period to 
determine the percent time human-caused sounds are audible (via field and office 
logging).  Since these human-caused sounds are audible over natural sounds, these 
sounds are generally (but not always) the loudest sounds.  In order to approximate a data 
set without human-caused sounds, the decibel data were ranked from quietest to loudest, 
and the loudest percentage (determined via the sub-sample) of the ranked data were 
removed.  The median of the remainder of the dataset, and its associated Lx, is an 
approximation of the natural ambient sound level of the sub-sample.  To calculate the 
natural ambient sound level for the entire measurement period, this Lx is applied to dBA 
and one-third octave band data of the entire data set.    
 
The above computation can be mathematically expressed as follows: 
  

PPx +
−

=
2

100  

Where P is the percent of time human-caused sounds are audible 
 
For example, if non-natural sounds are audible for 40% of the time, L0 to L40 corresponds 
to the loudest (generally non-natural) sounds, and L40 to L100 corresponds to quietest 
(generally natural) sounds.  The median of L40 to L100 data is L70.  Therefore, the decibel 
value at L70, the sound level exceeded 70 percent of the time, would be used for the entire 
dataset to characterize the natural ambient sound level.   
 

PPx +
−

=
2

100 ; 7040
2

40100
=+

−
=x      

 
A concern with this approach is that some loud natural sounds, such as thunder, could be 
removed from the data before calculating natural ambient sound levels, and the resulting 
calculated natural ambient sound levels could be an under-estimate of natural ambient 
sound levels.  Although this is a valid concern, such events are rare relative to the entire 
measurement period (>25 days).  Therefore, removing these data would not likely have a 
significant impact on calculations of natural ambient sound levels. 
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Acoustic data were analyzed using software developed by the Natural Sounds Program, 
National Park Service, Fort Collins, CO.  Three programs were used: 
 
NVFormat.  Converts decibel data from the sound level meter format to a data format 
developed by the NPS Natural Sounds Program and the Department of Transportation 
Volpe Center. 
 
DayAudibility.  Used to code sound sources from observer field and office logs, and 
provides summary output statistics. 
 
HourlyMetrics.  Analyzes decibel data to provide summary statistics such as Lmin, Lmax, 
Leq, L10, L50, L90, and Lnat. 
 
Acoustic data collection in GRCA started in May 2005 and continued through September 
2005; however, not all of these data were analyzed due to funding constraints.  Decibel 
data used in this analysis were collected in July 2005, except at site GRCA011 where 
power problems (due to shade in the ponderosa pine vegetation type) necessitated the use 
of late June, July, and early August decibel data to achieve the minimum sample of 25 
days.  Field logging data used in this analysis was collected in June, July, and August.  
Office logging analysis was limited to recordings collected in July.  Other data collected 
in summer 2005 at GRCA may be analyzed at a later date. 
 
 
Results 
 
Results are presented in the following order: 
• Percent time non-natural sounds audible (used to compute x in Lx); 
• Percent time natural sounds audible; 
• Sound source identification;  
• Noise Free Interval; and 
• Sound pressure level data. 
 
Percent time audible and sources of non-natural sounds 
Non-natural sounds were audible during daytime hours (0700-1900) an average of 34 
percent of the time for all sites (range 24-45 percent).  The percent time non-natural, 
human-caused sounds were audible and the resulting exceedence value x (used to 
compute natural ambient sound level) are presented in Table 3.  Note:  x is an exceedence 
value, not a decibel value.  This exceedence value is used to find the associated decibel 
value of ranked decibel data to determine Lnat (natural ambient sound level).   
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Table 3.  Mean percent time human-caused sounds audible (based on field and office 
logging), resulting Lx, and number of hours of audibility logging (office and field) for 
four measurement sites, GRCA summer 2005, 0700-1900. 
 

Site 
Percent Time 

Human-caused 
Sounds Audible 

Lx Num. Hours 

GRCA008 44.8 72 8 
GRCA009 22.8 61 9 
GRCA010 28.9 64 9 
GRCA011 37.7 69 8 

Mean: 33.5 67 8.5 
 
The percent time human-caused sounds were audible and the resulting Lx computations 
(Table 3) were based on both field and office logging data during the month of July.  
Percent time non-natural sounds were audible for all hours analyzed are presented in 
Tables 8-11.    
 
Most audible human-caused sounds were aircraft, audible on average 33 percent of the 
time at the four measurement locations (range 31-40 percent; Table 4).  Of the aircraft 
that were audible, most were jet aircraft.  The mean percent time jet aircraft were audible 
at the four measurement sites was 20.6 percent; the mean percent time propeller or 
helicopter aircraft were audible was 7.3 percent.  The most common human-caused 
sounds other than aircraft were unidentified motor sounds (some of which could have 
been aircraft) and vehicles.   
 
Table 4.  Percent time aircraft were audible (all, jet, and propeller/helicopter), for four 
sites at GRCA, summer 2005, 0700-1900. 
 

Site 
Percent Time 

Human-caused 
Sounds Audible 

Percent Time 
All Aircraft 

Audible 

Percent Time 
Jets 

Audible 

Percent Time 
Propeller/Helicopter

Audible 

GRCA008 44.8 40.5 36.0 4.5 
GRCA009 22.8 22.2 9.4 12.9 
GRCA010 28.9 27.2 22.6 4.6 
GRCA011 37.7 21.5 14.4 7.1 

Mean: 33.5 27.8 20.6 7.3 
 
Note:  the total of both jets and propeller/helicopter aircraft can exceed the total 
percentage for all aircraft due to more than one aircraft type being audible at the same 
time. 
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Percent time audible and source identification of natural sounds 
Natural sounds were audible almost all the time (>90 percent) at all sites during daytime 
hours (0700-1900) at the four measurement sites in GRCA.  Wind sounds (natural wind 
sounds and wind through vegetation), bird sounds, and insect sounds were the most 
common natural sound sources (Tables 12-15).  Other natural sounds included mammals, 
amphibians, and thunder.  
 
Noise free interval 
The mean noise free interval (only natural sounds audible or no sounds audible) for all 
four sites for daytime hours (0700-1900) was 3.2 minutes.  The site with the shortest 
mean NFI, 1.0 minutes, was GRCA011at the south rim, and the site with the longest 
mean NFI, 5.0 minutes, was GRCA010 in the Tuweep area.  Results of GRCA Summer 
2005, Noise Free Interval (NFI) analysis, mean and maximum (in minutes) and number 
of hours sampled for four sites are presented in Table 5.  These results are based on the 
17 one-hour field observer logs collected during June, July, and August 2005. 
 
Table 5.  Mean Noise Free Interval and Maximum NFI for four measurement sites in 
GRCA, summer, 2005. 
 

Site Mean NFI Max. NFI Num. Hrs. 
GRCA008 4.0 13.5 2 
GRCA009 3.1 18.2 7 
GRCA010 5.0 34.0 6 
GRCA011 1.0 4.2 2 

Overall Mean: 3.2   
 
 
Sound pressure level data  
Sound pressure levels (L50, L90, and Lnat) dBA for daytime hours (0700-1900) the four 
measurement locations used in this study are shown in Table 6.  Sound pressure levels 
(L50 and L90) dBA for all hours are shown in Table 7. 
 
Table 6.  Sound levels (L50, L90, and Lnat) for four measurement sites in GRCA, summer, 
2005, for daytime hours (0700-1900). 
 

Site: Vegetation type: L50 dBA L90 dBA Lnat dBA: 
GRCA008 Pinyon-Juniper 23.2 19.2 20.7 
GRCA009 Warm Desert Scrub 19.2 17.0 18.4 
GRCA010 Cold Desert Scrub 20.3 16.7 18.5 
GRCA011 Ponderosa Pine 31.5 25.5 29.1 
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Table 7.  Sound levels (L50 and L90) for four measurement sites in GRCA, summer, 2005, 
for all hours (0000-2400). 
 

Site: Vegetation type: L50 dBA L90 dBA 
GRCA008 Pinyon-Juniper 20.5 18.0 
GRCA009 Warm Desert Scrub 19.7 17.2 
GRCA010 Cold Desert Scrub 20.4 16.8 
GRCA011 Ponderosa Pine 24.7 20.6 

 
Sound pressure level data for the four measurement locations are presented in Tables 16--
23 and Figures 2 and 3 (Lnat and L90).  Two tables are provided for each measurement 
location, one with sound level data for all hours, and another with sound level data for 
daytime hours only (0700-1900).  Tables for the daytime hours include a computed 
natural ambient sound level based on percent time human-caused sounds were audible 
(see Methods discussion).   
 
Very low sound levels at or near the noise floor of the instruments (15 dBA to 16 dBA 
for instruments used in this study) were recorded at all measurement locations.  Such data 
indicate that actual sound levels were lower than recorded by the sound level meters.   
 
In Figures 2 and 3, one-third octave band Lnat and L90 dB values for each site are 
presented.  At GRCA011, elevated Lnat and L90 dB values (higher than the other three 
sites) between 250 Hz and 1250 Hz suggest that motor or vehicle sounds are present in 
the data, even at the 90 percent exceedence level. 
 
 



Table 8.  GRCA008, July 2005, percent time non-natural sounds audible by hour. 
 

 Office Logging Field Log.   
Date: 7/8 7/9 7/10 7/11 7/12 7/13 7/14 7/7  
Hour Percent Time Non-natural Sources Audible Mean Hourly Lx  
0:00 13 30 7 17 13 23 13   17 58 
1:00 3 10 20 27 20 17 7   15 57 
2:00 10 7 7 7 3 17 3   8 54 
3:00 7 3 3 0 0 3 3   3 51 
4:00 0 0 13 3 0 10 7   5 52 
5:00 3 3 0 3 7 3 10   4 52 
6:00 30 20 7 13 27 27 20   20 60 
7:00 50 70 50 50 47 60 57   55 77 
8:00 47 43 53 43 73 67 77   58 79 
9:00 37 27 57 40 47 63 90   51 76 

10:00 30 30 37 60 37 57 73   46 73 
11:00 27 27 20 43 40 47 60   38 69 
12:00 47 47 30 53 30 53 47 36 43 71 
13:00 50 30 33 43 37 37 60   41 71 
14:00 37 33 23 50 47 50 40   40 70 
15:00 33 50 50 27 30 40 53   40 70 
16:00 53 37 37 43 33 43 53   43 71 
17:00 57 27 37 37 50 53 57   45 73 
18:00 50 37 53 23 23 40 30   37 68 
19:00 77 40 43 33 57 47 53   50 75 
20:00 90 40 53 37 57 63 57   57 78 
21:00 97 23 63 33 37 53 60   52 76 
22:00 47 27 33 33 27 23 30   31 66 
23:00 27 30 13 13 23 13 17   20 60 

       Mean:   
       0000-2400 34 67 
       0700-1900 45 72 
       1900-0700 21 61 
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Table 9.  GRCA009, July 2005, percent time non-natural sounds audible by hour. 
 

  Office Logging     
Date: 7/1 7/2 7/3 7/4 7/5 7/6 7/7 7/10 7/27   
Hour Percent Time Non-natural Sources Audible Mean Hourly Lx  
0:00 0 10 20 10 7 3 7     8 54 
1:00 0 17 7 0 0 3 0     4 52 
2:00 3 10 0 3 0 0 0     2 51 
3:00 3 0 7 0 0 0 0     1 51 
4:00 0 3 0 0 0 0 0     0 50 
5:00 0 3 0 0 0 0 0     0 50 
6:00 10 3 13 13 0 13 20     10 55 
7:00 50 10 40 13 23 23 33     28 64 
8:00 37 20 40 47 23 17 10     28 64 
9:00 13 20 40 23 40 20 10     24 62 

10:00 23 7 33 10 37 30 30     24 62 
11:00 23 13 30 30 30 30 30     27 63 
12:00 23 0 17 30 43 37 10     23 61 
13:00 27 13 20 10 13 27 10     17 59 
14:00 30 3 27 7 13 23 10     16 58 
15:00 7 13 13 20 27 7 27     16 58 
16:00 10 13 23 17 10 17 33   37 20 60 
17:00 30 13 17 23 33 10 30 36   24 62 
18:00 30 30 30 17 20 23 37     27 63 
19:00 30 13 7 27 33 17 20     21 60 
20:00 13 10 3 10 27 27 17     15 58 
21:00 10 23 27 13 13 17 7     16 58 
22:00 10 3 3 17 13 3 7     8 54 
23:00 13 47 13 0 10 10 0     13 57 

        Mean:   
        0000-2400 16 58 
        0700-1900 23 61 

        1900-0700 7 54 
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Table 10.  GRCA010, July 2005, percent time non-natural sounds audible by hour. 
 

 Office Logging Field Logging   
Date: 7/1 7/2 7/3 7/4 7/5 7/6 7/7 7/11 7/27     
Hour Percent Time Non-natural Sources Audible Mean Hourly Lx  

0:00:00 53 17 23 40 10 40 50     33 67 
1:00:00 27 13 10 0 17 13 13     13 57 
2:00:00 23 10 0 0 0 10 0     6 53 
3:00:00 27 7 3 0 3 0 0     6 53 
4:00:00 0 3 0 0 0 0 3     1 50 
5:00:00 0 3 3 0 0 0 0     1 50 
6:00:00 30 7 7 20 13 23 13     16 58 
7:00:00 53 20 53 30 33 50 23     38 69 
8:00:00 37 27 50 33 13 23 27     30 65 
9:00:00 37 33 23 17 63 30 10     30 65 

10:00:00 23 7 17 27 17 30 20     20 60 
11:00:00 17 23 30 33 7 23 27     23 61 
12:00:00 33 33 23 57 20 47 30 38   35 68 
13:00:00 40 30 17 27 23 17 33   44 29 64 
14:00:00 43 10 20 23 20 20 27     23 62 
15:00:00 33 37 17 23 13 7 37     24 62 
16:00:00 30 30 17 40 27 23 47     30 65 
17:00:00 37 20 17 13 43 23 23     25 63 
18:00:00 40 43 20 27 43 40 57     39 69 
19:00:00 33 30 13 27 20 23 53     29 64 
20:00:00 27 23 7 7 30 23 23     20 60 
21:00:00 20 27 20 3 3 10 10     13 57 
22:00:00 13 7 7 7 23 7 17     11 56 
23:00:00 20 47 17 13 43 50 57     35 68 

        Mean:   
        0000-2400 22 61 
        0700-1900 29 64 
        1900-0700 14 57 

 
 
 
 
 
 



 20

Table 11.  GRCA011, July 2005, percent time non-natural sounds audible by hour. 
 

 Office Logging Field Log.   
Date: 7/1 7/2 7/3 7/4 7/5 7/6 7/7 7/27   
Hour Percent Time Non-natural Sources Audible Mean Hourly Lx  

0:00:00 57 53 20 17 23 47 27   35 67 
1:00:00 43 47 23 23 3 10 23   25 62 
2:00:00 43 30 13 10 37 23 13   24 62 
3:00:00 13 57 13 27 23 30 17   26 63 
4:00:00 77 83 73 50 50 70 30   62 81 
5:00:00 87 70 67 67 77 80 60   72 86 
6:00:00 80 87 53 83 70 80 63   74 87 
7:00:00 87 87 43 77 60 90 73   74 87 
8:00:00 73 73 63 57 67 70 37   63 81 
9:00:00 87 43 37 47 40 27 30   44 72 

10:00:00 80 30 63 53 20 20 13   40 70 
11:00:00 73 50 33 53 17 27 17   39 69 
12:00:00 77 33 33 43 0 20 30   34 67 
13:00:00 53 7 37 33 7 20 27 60 30 65 
14:00:00 47 7 30 17 10 30 27   24 62 
15:00:00 47 20 33 40 13 30 23   30 65 
16:00:00 47 7 23 17 7 23 33   22 61 
17:00:00 60 17 30 37 17 10 33   29 65 
18:00:00 67 10 13 20 10 10 40   24 62 
19:00:00 93 53 53 23 37 27 73   51 76 
20:00:00 93 60 53 47 70 60 67   64 82 
21:00:00 63 63 63 57 40 70 67   60 80 
22:00:00 77 47 60 63 37 80 47   59 79 
23:00:00 67 20 63 73 63 40 87   59 80 

       Mean:   
       0000-2400 44 72 
       0700-1900 38 69 
       1900-0700 51 75 
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Table 12.  GRCA008, July 8-14, 2005, 0700-1900, percent time all sounds audible (blank cells 
indicate no data). 
 

Sound Source 7/8 7/9 7/10 7/11 7/12 7/13 7/14 Mean 

No Sound Audible 0.3 1.1 1.4 1.9 1.9 0.6 0.6 1.1 

Aircraft, Unknown Type 2.5 3.1 4.2 2.8 2.2 3.1 5.3 3.3 

Aircraft, Jet 35.0 28.9 30.8 33.6 34.2 43.1 46.1 36.0 

Aircraft, Propeller 1.1 1.9 0.8 0.8 1.7 0.3 0.6 1.0 

Aircraft, Helicopter 0.0 0.0 0.3 0.0 0.0 0.8 0.0 0.2 

Vehicle 0.8 1.1 0.0 1.7 0.3 0.0 0.0 0.6 

Watercraft                 

Over-snow Vehicle                 

Train                 

Building sounds                 

Grounds care                 

People 4.4 2.8 0.0 0.0 0.0 0.0 0.0 1.0 

Animal, Domestic 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.1 

Motor Sounds 1.4 0.6 3.3 4.2 3.1 3.6 6.1 3.2 

Non-natural, Other 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.1 

Wind 52.2 75.8 70.0 25.6 22.8 48.1 19.7 44.9 

Water sounds                 

Thunder                 

Mammal 1.1 0.8 3.1 5.3 4.4 0.6 6.9 3.2 

Bird 65.8 58.1 55.0 61.9 63.3 70.0 64.7 62.7 

Reptile                 

Amphibian 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.1 

Insect 32.2 14.2 19.7 58.1 54.4 47.8 69.4 42.3 

Animal sound 0.0 1.9 0.3 0.6 1.9 1.9 1.1 1.1 

Natural, Other 0.0 0.0 0.0 0.0 0.0 0.8 1.1 0.3 

Instrument sound 0.8 3.1 7.5 0.8 1.7 0.8 1.9 2.4 

Unknown 1.9 5.3 3.3 4.7 5.6 9.4 6.4 5.2 
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Table 13.  GRCA009, July 1-7, 2005, 0700-1900, percent time all sounds audible (blank cells 
indicate no data). 
 

Sound Source 7/1 7/2 7/3 7/4 7/5 7/6 7/7 Mean 

No Sound Audible 1.1 0.3 0.8 1.7 0.3 1.1 0.8 0.9 

Aircraft, Unknown Type 5.6 1.4 5.3 4.4 6.9 0.8 0.6 3.6 

Aircraft, Jet 10.0 7.5 12.2 6.7 8.1 13.3 7.8 9.4 

Aircraft, Propeller 7.8 3.9 9.7 9.2 10.0 7.8 14.2 8.9 

Aircraft, Helicopter 1.1 0.0 0.3 0.0 1.1 0.0 0.0 0.4 

Vehicle 0.0 0.3 0.0 0.3 0.0 0.0 0.0 0.1 

Watercraft                 

Over-snow Vehicle                 

Train                 

Building sounds                 

Grounds care                 

People                 

Animal, Domestic                 

Motor Sounds 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.1 

Non-natural, Other 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Wind 60.6 79.7 62.5 75.3 80.3 76.7 78.1 73.3 

Water sounds                 

Thunder 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Mammal 0.3 0.0 0.3 0.0 0.3 0.6 0.0 0.2 

Bird 11.9 25.0 29.4 18.3 33.9 31.1 16.7 23.8 

Reptile                 

Amphibian                 

Insect 65.6 45.3 60.8 56.9 54.7 44.7 54.2 54.6 

Animal sound 6.7 12.5 10.8 8.6 7.2 6.7 5.3 8.3 

Natural, Other 6.4 3.1 0.3 1.9 0.0 0.0 0.0 1.7 

Instrument sound 0.0 3.6 0.0 0.0 1.4 0.8 1.1 1.0 

Unknown 0.6 0.0 0.0 0.0 0.3 0.0 0.0 0.1 
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Table 14.  GRCA010, July 1-7, 2005, 0700-1900, percent time all sounds audible (blank cells 
indicate no data). 
 
Sound Source 7/1 7/2 7/3 7/4 7/5 7/6 7/7 Mean 

No Sound Audible 1.1 0.6 0.0 0.0 0.0 0.0 0.0 0.2 

Aircraft, Unknown Type 1.9 0.0 5.3 3.9 4.4 2.5 5.3 3.3 

Aircraft, Jet 26.9 22.2 16.9 23.6 21.1 24.4 23.1 22.6 

Aircraft, Propeller 3.9 1.1 0.8 0.3 0.8 0.3 1.1 1.2 

Aircraft, Helicopter 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 

Vehicle 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Watercraft         

Over-snow Vehicle         

Train         

Building sounds         

Grounds care         

People         

Animal, Domestic         

Motor Sounds 2.5 2.8 2.2 1.4 0.6 0.3 0.8 1.5 

Non-natural, Other 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Wind 41.7 70.8 63.1 48.9 53.3 55.8 56.1 55.7 

Water sounds         

Thunder         

Mammal         

Bird 50.3 54.7 55.6 56.7 54.7 53.9 41.9 52.5 

Reptile         

Amphibian         

Insect 86.1 57.5 76.7 90.3 84.2 84.4 82.5 80.2 

Animal sound 2.2 1.7 3.3 3.3 6.7 7.5 3.6 4.0 

Natural, Other 1.4 2.8 1.7 1.1 1.7 1.7 3.1 1.9 

Instrument sound 3.6 16.4 6.9 2.5 6.4 6.7 8.9 7.3 

Unknown 5.8 2.8 4.4 3.9 2.5 7.2 3.3 4.3 
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Table 15.  GRCA011, July 1-7, 2005, 0700-1900, percent time all sounds audible (blank cells 
indicate no data).  
 

Sound Source 7/1 7/2 7/3 7/4 7/5 7/6 7/7 Mean 

No Sound Audible 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 

Aircraft, Unknown Type 0.0 3.9 3.6 3.9 2.5 5.8 5.3 3.6 

Aircraft, Jet 30.8 9.2 13.3 17.2 6.9 10.8 12.5 14.4 

Aircraft, Propeller 3.9 3.6 2.8 1.9 1.1 1.1 1.1 2.2 

Aircraft, Helicopter 1.9 0.0 3.3 1.1 0.6 0.8 1.4 1.3 

Vehicle 2.2 1.7 0.8 0.8 0.0 0.8 0.8 1.0 

Watercraft                 

Over-snow Vehicle                 

Train                 

Building sounds                 

Grounds care                 

People 0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.1 

Animal, Domestic                 

Motor Sounds 28.6 13.9 12.2 16.1 11.1 11.9 10.8 14.9 

Non-natural, Other                 

Wind 60.3 86.4 81.7 71.9 86.1 88.1 89.4 80.6 

Water sounds 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Thunder                 

Mammal                 

Bird 81.4 73.6 88.6 86.9 66.7 73.3 74.2 77.8 

Reptile                 

Amphibian                 

Insect 7.8 1.9 3.3 3.9 6.4 1.4 1.7 3.8 

Animal sound 0.3 0.0 1.1 0.0 0.3 0.6 1.4 0.5 

Natural, Other 0.6 0.8 0.3 0.0 0.6 1.9 0.6 0.7 

Instrument sound 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 



Table 16.  GRCA008, July 1-31, 2005, 0000-2400, median hourly dBA and one-third octave 
band dB (12.5-20,000 Hz) (n = 696 hours). 
 

Freq/dBA Lmin Lmax Leq L10 L50 L90 

dBA 16.4 86.3 27.2 29.5 20.5 18.0 

12.5 9.1 84.6 34.3 36.0 31.1 27.1 

16 9.9 83.0 32.3 34.4 29.2 25.1 

20 7.7 82.4 31.6 34.1 28.3 24.0 

25 5.3 80.8 31.5 34.4 27.5 22.5 

31.5 2.1 83.1 31.0 34.3 26.5 20.2 

40 1.0 83.0 30.5 34.0 25.3 17.8 

50 -1.3 82.9 29.9 33.4 24.3 15.2 

63 -2.3 84.9 27.8 31.4 22.4 12.8 

80 -2.5 82.4 25.4 28.8 20.0 10.2 

100 -4.7 81.9 25.6 27.8 17.6 7.5 

125 -4.3 81.8 27.3 28.7 14.7 5.4 

160 -4.2 81.7 26.9 29.3 11.5 3.8 

200 -3.9 82.7 24.1 26.8 10.1 2.7 

250 -3.7 83.1 23.5 24.7 9.1 2.2 

315 -3.2 84.8 22.2 23.2 8.0 2.2 

400 -2.7 83.3 21.0 21.6 7.2 3.0 

500 -1.9 81.2 18.1 18.3 6.6 3.3 

630 -1.4 78.9 13.8 13.7 5.7 3.4 

800 -0.3 78.1 10.3 10.3 5.2 3.4 

1000 0.6 76.2 8.0 8.6 5.1 3.6 

1250 1.5 72.7 7.8 8.3 5.2 4.1 

1600 2.5 69.6 7.3 8.1 5.2 4.3 

2000 3.2 65.6 7.8 8.3 5.7 4.9 

2500 4.1 61.4 8.4 9.0 6.2 5.6 

3150 4.9 54.5 8.5 8.9 6.5 6.0 

4000 5.5 56.3 8.3 8.3 6.7 6.4 

5000 5.9 54.3 7.7 7.8 6.9 6.6 

6300 6.1 57.9 7.8 7.7 6.9 6.7 

8000 6.2 60.5 8.1 7.7 7.1 6.9 

10000 6.2 53.2 7.2 7.2 6.8 6.7 

12500 5.9 52.8 6.8 6.8 6.6 6.4 

16000 5.5 52.9 6.5 6.5 6.2 6.1 

20000 4.5 62.7 5.7 5.6 5.3 5.2 



 26

Table 17.  GRCA008, July 1-31, 2005, 0700-1900, median hourly dBA and one-third octave 
band dB (12.5-20,000 Hz); Lnat computed as L72 (n = 367 hours). 

 
The sound pressure level exceeded 72 percent of the time (L72) characterizes natural ambient 
sound level (0700-1900) for pinyon-juniper woodland vegetation type. 
 

Freq/dBA Lmin Lmax Leq L10 L50 L90 Lnat 

dBA 16.8 86.3 29.8 32.1 23.2 19.2 20.7 

12.5 14.8 84.6 41.7 42.0 34.0 29.5 31.8 

16 13.0 83.0 38.9 39.3 32.1 27.6 29.9 

20 11.8 82.5 36.9 37.8 31.2 26.8 29.1 

25 9.9 83.5 35.4 37.4 30.5 25.5 28.1 

31.5 7.3 83.6 34.3 36.9 29.7 24.0 26.9 

40 7.2 85.9 33.3 36.1 28.7 22.4 25.6 

50 3.2 85.2 32.6 35.5 27.7 20.6 24.4 

63 2.0 83.1 31.1 34.1 26.2 18.9 22.7 

80 0.5 81.7 29.2 31.9 24.2 16.8 20.7 

100 -1.4 80.0 28.7 30.9 22.0 14.7 18.6 

125 -2.5 79.0 29.5 31.5 19.7 12.3 16.1 

160 -2.4 80.7 29.4 32.1 17.3 9.8 13.6 

200 -2.6 79.5 27.0 30.1 16.2 8.7 12.2 

250 -2.3 83.1 26.4 28.4 15.7 7.3 11.3 

315 -2.3 84.8 24.9 26.8 15.7 7.6 11.3 

400 -1.1 83.3 24.1 25.6 15.5 8.5 11.4 

500 -0.5 81.2 21.9 23.8 14.7 8.1 10.8 

630 0.0 78.9 19.3 22.1 13.0 7.2 9.5 

800 0.7 78.1 17.1 20.2 11.2 6.6 8.4 

1000 1.4 76.2 14.6 17.4 9.3 6.2 7.4 

1250 2.2 72.7 12.1 14.8 7.8 5.7 6.5 

1600 3.0 68.8 10.6 12.2 7.0 5.6 6.1 

2000 3.9 63.9 11.0 12.2 6.6 5.6 6.0 

2500 4.6 59.9 11.3 11.8 6.6 5.8 6.1 

3150 5.4 54.4 10.3 10.4 6.7 6.2 6.4 

4000 5.8 56.3 9.7 9.6 6.9 6.5 6.7 

5000 6.1 54.3 9.1 8.9 7.0 6.7 6.9 

6300 6.2 57.9 9.1 8.8 7.1 6.8 7.0 

8000 6.4 60.5 8.8 8.5 7.3 7.0 7.1 

10000 6.3 47.8 7.5 7.5 6.9 6.8 6.9 

12500 6.1 48.9 6.9 7.0 6.7 6.5 6.6 

16000 5.7 45.9 6.6 6.7 6.4 6.2 6.3 

20000 4.7 41.4 5.7 5.8 5.5 5.4 5.5 
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Table 18.  GRCA009, July 1-31, 2005, 0000-2400, median hourly dBA and one-third octave 
band dB (12.5-20,000 Hz) (n = 741 hours). 
 

Freq/dBA Lmin Lmax Leq L10 L50 L90 

dBA 15.8 80.9 24.8 26.3 19.7 17.2 

12.5 9.8 86.6 51.2 54.1 39.4 27.6 

16 10.5 85.1 48.3 50.6 35.7 26.2 

20 10.4 85.8 44.6 46.2 32.6 25.2 

25 8.4 86.5 40.9 42.3 30.1 23.0 

31.5 8.8 88.4 37.3 39.0 28.1 21.1 

40 7.1 87.3 34.4 36.6 26.6 19.8 

50 7.9 86.9 32.2 35.2 25.0 18.3 

63 6.7 86.1 30.4 33.6 23.1 16.6 

80 3.9 84.5 28.3 31.3 20.9 14.8 

100 3.6 83.8 26.5 28.8 19.1 12.9 

125 0.5 83.5 24.0 26.1 16.5 10.3 

160 -1.1 83.7 22.0 23.6 14.2 7.4 

200 -1.8 82.0 21.0 21.8 13.3 5.8 

250 -2.8 79.8 20.0 21.2 11.3 4.2 

315 -2.9 78.8 19.0 20.6 9.6 2.9 

400 -2.4 77.3 18.2 18.8 8.2 2.7 

500 -1.8 74.5 15.0 15.3 6.2 2.1 

630 -1.4 73.3 11.6 12.3 4.6 1.8 

800 -0.6 69.9 8.9 10.1 3.7 1.7 

1000 -0.1 66.8 6.6 7.9 3.3 2.0 

1250 0.8 62.9 5.5 6.5 3.3 2.4 

1600 1.7 59.5 5.0 5.6 3.5 3.0 

2000 2.6 58.5 4.9 5.4 4.1 3.6 

2500 3.3 56.9 5.3 5.7 4.6 4.2 

3150 4.0 54.8 6.0 6.2 5.2 4.9 

4000 4.5 55.6 7.0 7.3 5.8 5.4 

5000 4.9 52.1 8.0 8.6 6.4 5.8 

6300 5.3 52.3 8.0 8.6 7.0 6.5 

8000 5.6 54.5 7.6 7.9 6.7 6.3 

10000 5.2 53.2 6.8 7.3 6.2 5.8 

12500 5.2 52.2 6.8 7.2 6.2 6.0 

16000 4.9 52.9 6.3 6.7 5.8 5.6 

20000 3.7 57.7 5.3 5.4 4.7 4.5 
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Table 19.  GRCA009, July 1-31, 2005, 0700-1900, median hourly dBA and one-third octave 
band dB (12.5-20,000 Hz); Lnat computed as L61 (n = 369 hours). 

 
The sound pressure level exceeded 61 percent of the time (L61) characterizes natural ambient 
sound levels (0700-1900) for warm desert scrub vegetation type.

Freq/dBA Lmin Lmax Leq L10 L50 L90 Lnat 

dBA 15.8 80.9 26.4 27.2 19.2 17.0 18.4 

12.5 11.9 86.6 53.4 56.2 40.7 28.0 36.4 

16 12.6 85.1 50.7 53.0 37.0 26.7 33.7 

20 11.2 85.8 47.7 48.8 33.9 25.6 31.1 

25 10.6 84.6 43.9 44.8 31.3 23.5 28.9 

31.5 8.8 84.0 40.5 41.1 29.2 21.5 27.0 

40 7.1 84.1 37.3 38.5 27.9 20.2 25.7 

50 7.9 85.2 35.1 37.0 26.2 18.5 23.9 

63 6.7 86.1 33.2 35.3 24.3 16.6 22.0 

80 3.9 84.5 31.6 33.4 22.4 14.8 20.1 

100 3.6 83.7 30.3 31.6 20.6 13.2 18.4 

125 0.5 83.5 28.3 29.1 18.0 10.7 15.9 

160 -1.1 83.7 25.3 26.0 15.4 7.9 13.6 

200 -1.8 82.0 24.6 24.5 14.5 6.4 12.3 

250 -2.8 79.0 23.1 23.2 12.7 4.6 10.3 

315 -2.6 78.8 21.7 22.9 10.6 2.8 8.2 

400 -2.4 77.3 20.8 21.1 9.0 2.5 6.8 

500 -1.7 74.5 17.4 17.3 6.6 2.0 4.9 

630 -1.3 73.3 14.6 13.9 4.7 1.8 3.6 

800 -0.4 69.9 11.6 11.7 4.0 1.8 3.2 

1000 0.4 66.8 9.2 9.5 3.7 2.1 3.1 

1250 1.1 62.9 7.1 7.9 3.6 2.5 3.2 

1600 2.0 59.5 6.1 6.6 3.7 3.1 3.5 

2000 2.6 58.5 5.5 6.1 4.2 3.7 4.0 

2500 3.4 56.9 5.8 6.2 4.7 4.3 4.6 

3150 4.1 54.8 6.5 6.7 5.3 4.9 5.2 

4000 4.6 55.6 7.0 7.1 5.8 5.4 5.6 

5000 4.9 52.1 7.0 7.5 6.1 5.8 6.0 

6300 5.3 52.3 8.0 8.4 7.0 6.6 6.9 

8000 5.6 54.5 7.7 8.2 6.8 6.3 6.6 

10000 5.2 52.5 6.8 7.6 6.2 5.9 6.1 

12500 5.2 52.2 6.9 7.6 6.4 6.1 6.3 

16000 4.9 51.7 6.4 7.2 6.0 5.7 5.9 

20000 3.8 49.7 5.4 5.9 5.0 4.7 4.9 
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Table 20.  GRCA010, July 1-31, 2005, 0000-2400, median hourly dBA and one-third octave 
band dB (12.5-20,000 Hz) (n = 739 hours). 
 

Freq/dBA Lmin Lmax Leq L10 L50 L90 

dBA 14.7 94.2 27.1 28.9 20.4 16.8 

12.5 8.6 85.8 40.8 40.7 31.1 26.2 

16 7.8 84.4 37.5 38.5 30.1 25.3 

20 7.8 84.4 34.8 37.0 29.4 24.1 

25 4.7 85.9 34.2 36.9 27.8 21.9 

31.5 1.7 88.7 33.8 37.1 26.4 19.5 

40 0.5 84.7 33.8 37.3 25.0 17.1 

50 -0.9 85.0 33.5 36.8 23.5 13.8 

63 -2.1 85.5 31.9 35.4 21.6 10.8 

80 -3.5 85.0 29.8 33.2 19.8 8.4 

100 -4.4 82.6 27.0 29.6 17.0 6.2 

125 -4.4 84.7 24.0 26.1 13.7 4.0 

160 -5.3 87.6 23.0 24.5 10.1 3.5 

200 -5.1 86.5 23.5 24.4 8.3 2.9 

250 -5.3 83.8 22.7 23.4 5.2 0.5 

315 -4.9 87.6 20.9 20.6 3.9 -0.1 

400 -4.4 84.6 17.6 16.9 3.3 0.2 

500 -4.0 85.5 14.5 13.8 2.9 0.5 

630 -3.2 85.1 9.6 9.8 2.7 0.7 

800 -2.6 84.3 6.5 7.3 2.5 0.8 

1000 -1.9 84.2 5.3 5.8 2.5 1.0 

1250 -0.9 83.6 5.0 5.3 2.5 1.3 

1600 -0.1 83.0 4.8 5.0 2.5 1.7 

2000 0.8 81.8 4.4 4.7 2.8 2.2 

2500 1.7 80.5 5.0 4.8 3.2 2.8 

3150 2.5 79.6 5.2 5.0 3.8 3.5 

4000 3.3 78.0 7.9 7.6 5.0 4.4 

5000 2.9 75.6 9.2 9.3 5.8 5.1 

6300 3.2 73.8 7.6 7.2 5.6 5.4 

8000 3.5 72.5 8.3 7.2 6.1 5.9 

10000 3.7 71.8 7.3 7.2 6.7 6.5 

12500 3.5 70.1 7.3 7.1 6.8 6.6 

16000 1.8 68.3 6.4 6.4 6.1 6.0 

20000 -0.5 66.7 4.1 3.9 3.7 3.6 
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Table 21.  GRCA010, July 1-31, 2005, 0700-1900, median hourly dBA and one-third octave 
band dB (12.5-20,000 Hz); Lnat computed as L64 (n = 367 hours). 

 
The sound pressure level exceeded 64 percent of the time (L64) characterizes natural ambient 
sound levels (0700-1900) for cold desert scrub vegetation type.

Freq/dBA Lmin Lmax Leq L10 L50 L90 Lnat  

dBA 15.0 94.2 28.3 30.2 20.3 16.7 18.5 

12.5 13.9 85.8 55.1 57.3 38.9 29.3 34.6 

16 11.8 84.4 52.6 54.0 36.3 28.2 32.9 

20 12.9 82.5 49.5 49.7 34.2 27.0 31.4 

25 9.6 81.0 45.9 45.7 32.3 24.8 29.5 

31.5 7.8 88.7 42.2 42.6 30.8 22.8 27.7 

40 4.8 83.9 39.0 41.0 29.3 20.7 26.0 

50 3.1 85.0 37.0 39.7 27.9 18.4 24.2 

63 0.9 83.9 35.1 38.4 25.9 16.3 22.4 

80 -0.2 84.2 33.1 36.2 24.0 14.4 20.8 

100 -1.6 82.2 30.9 33.1 22.0 12.8 18.7 

125 -3.1 84.7 27.9 30.0 19.5 10.7 16.5 

160 -2.6 87.6 25.9 27.9 16.8 8.9 14.0 

200 -3.4 86.5 25.9 27.9 15.1 8.1 12.6 

250 -3.6 83.8 25.5 27.1 13.1 5.2 10.1 

315 -3.4 87.6 23.9 24.5 10.8 3.1 7.5 

400 -3.3 84.6 21.0 21.7 9.5 3.4 6.7 

500 -2.5 85.5 17.7 19.5 8.1 3.2 5.9 

630 -2.2 85.1 14.7 17.2 7.1 3.1 5.2 

800 -1.6 84.3 12.9 15.7 6.3 2.9 4.8 

1000 -0.8 84.2 11.2 13.8 5.3 2.6 4.2 

1250 -0.1 83.6 9.8 11.7 4.5 2.5 3.6 

1600 0.3 83.0 8.0 9.2 3.8 2.4 3.2 

2000 1.4 81.8 6.5 7.1 3.5 2.6 3.1 

2500 2.0 80.5 5.8 5.9 3.5 3.1 3.4 

3150 2.8 79.6 5.6 5.5 4.0 3.7 3.9 

4000 3.3 78.0 5.9 6.2 4.7 4.3 4.6 

5000 2.9 75.6 6.4 6.8 5.3 5.0 5.2 

6300 3.2 73.8 9.0 8.1 5.8 5.5 5.6 

8000 3.5 72.5 10.4 9.0 6.3 6.0 6.2 

10000 3.7 71.8 8.1 7.9 6.8 6.6 6.7 

12500 3.5 70.1 7.6 7.7 6.9 6.8 6.9 

16000 1.8 68.3 6.7 6.8 6.4 6.2 6.4 

20000 -0.5 66.7 4.1 4.2 4.0 3.8 3.9 
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Table 22.  GRCA011, June-August, 2005, 0000-2400, median hourly dBA and one-third 
octave band dB (12.5-20,000 Hz) (n = 634 hours). 

 
Freq/dBA Lmin Lmax Leq L10 L50 L90 

dBA 15.7 92.1 30.5 32.9 24.7 20.6 

12.5 6.2 91.2 35.9 38.0 33.7 29.3 

16 6.5 86.3 34.7 37.3 32.6 28.6 

20 7.1 80.0 34.5 37.0 32.3 28.2 

25 6.8 84.7 34.3 37.2 31.9 27.5 

31.5 5.6 84.6 34.4 37.4 31.6 26.7 

40 3.7 83.3 34.8 37.8 31.2 26.0 

50 0.9 84.6 33.5 36.6 30.2 24.5 

63 -1.5 83.8 32.9 35.8 29.7 24.2 

80 -2.3 84.1 31.6 34.2 28.3 23.5 

100 -3.7 84.0 30.6 33.0 25.4 20.0 

125 -3.6 83.1 31.3 33.4 23.3 17.9 

160 -4.6 82.2 29.9 32.8 20.1 14.1 

200 -4.7 83.2 27.2 30.3 19.1 12.2 

250 -4.2 84.1 27.5 29.1 19.5 12.5 

315 -3.5 84.3 26.7 28.9 19.3 12.4 

400 -3.0 85.4 26.3 27.7 18.5 11.9 

500 -2.7 85.2 24.0 25.4 16.7 10.6 

630 -2.2 84.4 21.0 22.7 14.6 9.6 

800 -1.4 84.0 17.3 19.1 11.9 7.8 

1000 -0.2 83.3 13.2 14.3 8.9 5.6 

1250 0.5 81.5 9.6 10.7 6.2 4.3 

1600 1.5 81.0 7.7 8.6 5.0 4.0 

2000 2.5 79.7 8.9 10.4 5.5 4.3 

2500 3.2 77.2 10.3 11.4 5.9 4.8 

3150 4.0 75.3 9.6 10.8 6.2 5.2 

4000 4.7 73.0 9.6 10.6 6.3 5.7 

5000 5.0 71.3 8.3 8.6 6.3 5.9 

6300 5.3 68.9 7.1 7.0 6.3 6.1 

8000 5.5 66.5 7.1 7.1 6.7 6.5 

10000 5.3 64.2 6.6 6.6 6.5 6.3 

12500 4.8 61.8 5.9 5.9 5.7 5.6 

16000 3.8 59.0 5.1 5.2 5.0 4.9 

20000 2.0 56.3 3.7 3.6 3.4 3.3 
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Table 23.  GRCA011, June-August, 2005, 0700-1900, median hourly dBA and one-third  
octave band dB (12.5-20,000 Hz); Lnat computed as L69 (n = 304 hours). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The sound pressure level exceeded 69 percent of the time (L69) characterizes natural ambient 
sound levels (0700-1900) for ponderosa pine vegetation type. 

Freq/dBA Lmin Lmax Leq L10 L50 L90 Lnat 

dBA 16.8 92.1 35.9 38.1 31.5 25.5 29.1 

12.5 8.7 91.2 44.0 46.5 38.4 33.1 36.1 

16 13.4 86.3 40.8 42.8 36.0 31.7 34.2 

20 13.2 80.0 40.2 42.1 35.3 31.1 33.6 

25 14.3 84.7 38.1 40.5 34.5 30.1 32.8 

31.5 14.9 84.6 37.1 39.9 33.8 28.9 31.8 

40 12.9 83.3 36.6 39.5 33.4 28.2 31.2 

50 8.6 84.6 36.1 38.8 32.7 27.0 30.3 

63 7.9 83.8 35.5 37.8 32.0 26.9 30.0 

80 6.3 84.1 34.4 36.6 31.0 26.2 28.9 

100 1.4 84.0 34.3 35.7 28.8 23.4 26.6 

125 1.6 83.1 34.3 36.3 26.8 21.2 24.5 

160 0.1 82.2 32.8 35.8 24.3 18.8 21.9 

200 -0.9 83.2 30.2 33.2 23.8 17.7 21.3 

250 -0.3 84.1 30.1 32.0 25.2 18.9 22.7 

315 0.0 84.3 29.9 32.2 25.9 19.8 23.6 

400 1.9 85.4 30.9 32.7 26.8 20.3 24.5 

500 2.0 85.2 30.3 32.9 26.7 19.5 24.0 

630 1.7 84.4 29.6 32.4 25.0 17.9 22.3 

800 1.5 84.0 28.1 30.5 22.2 15.1 19.4 

1000 1.4 83.3 25.6 27.4 18.4 11.7 15.6 

1250 2.1 81.5 22.1 23.6 14.4 8.1 11.6 

1600 2.7 81.0 18.0 19.4 10.7 5.9 8.2 

2000 3.2 79.7 15.0 16.9 8.5 5.3 6.7 

2500 3.7 77.2 14.9 16.5 8.5 5.5 6.8 

3150 4.4 75.3 13.7 15.4 7.9 5.8 6.7 

4000 5.0 73.0 14.3 15.0 7.6 6.0 6.6 

5000 5.3 71.3 11.5 11.8 6.8 6.2 6.4 

6300 5.4 68.9 8.3 8.3 6.6 6.3 6.5 

8000 5.5 66.5 7.8 7.9 7.0 6.7 6.8 

10000 5.3 64.2 6.8 7.1 6.6 6.5 6.5 

12500 4.9 61.8 6.1 6.3 5.9 5.8 5.9 

16000 3.9 59.0 5.6 5.7 5.4 5.1 5.3 

20000 2.2 56.3 3.9 4.0 3.8 3.6 3.7 
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Figure 2.  GRCA Summer, 2005, 0700-1900, Lnat one-third octave band (12.5 Hz to 20,000 
Hz) sound pressure levels (dB) for GRCA008 (pinyon-juniper), GRCA009 (warm desert 
scrub), GRCA010 (cold desert scrub), and GRCA011 (ponderosa pine). 
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Figure 3.  GRCA Summer, 2005, 0700-1900, L90 one-third octave band (12.5 Hz to 20,000 
Hz) sound pressure levels (dB) for GRCA008 (pinyon-juniper), GRCA009 (warm desert 
scrub), GRCA010 (cold desert scrub), and GRCA011 (ponderosa pine). 
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Discussion 
 
Percent time audible, Sound source identification, and Percent time aircraft audible 
Human-caused sounds were audible an average of 34 percent of the time at the four 
measurement sites.  Most of the audible human-caused sounds were aircraft (33 percent).  Of 
the audible aircraft, jets were audible 24 percent of the time and propeller/helicopter aircraft 
were audible 10 percent of the time.   
 
Wind sounds (natural wind sounds and wind through vegetation sounds), bird sounds, and 
insect sounds were the most common natural sound sources.  Other natural sounds included 
mammals, amphibians, and thunder.  
 
Noise free interval 
The average NFI interval for all four sites was 3.2 minutes.  Even in very remote areas of 
GRCA, human-caused sounds were relatively common, and the average time periods without 
human-caused sounds were short.   Relative to the goal of substantial restoration at the 
GRCA (50 percent of the park quiet for 75 to 100 percent of the time), the metric would 
suggest that the goal would be accomplished if half of the park was quiet for 3 minutes, 
aircraft sounds for 1 minute, quiet for 3 minutes, aircraft sounds for 1 minute, etc.  Whether 
or not this situation achieves the desired outcome for natural quiet is a management decision. 
 
Influence of wind on sound pressure level data 
All three types of wind sounds (natural, vegetation, and microphone) were recorded during 
this study.  Natural wind sounds and wind through vegetation sounds were audible an 
average of 64 percent of the time during daytime hours, while microphone sounds (artificial 
or distorted sounds) were present in 4.0 percent of the recordings.  Natural wind sounds and 
wind through vegetation sounds are considered “natural,” and thus are appropriate to include 
when calculating natural ambient sound levels.  Natural wind sounds tend to be in the lower 
frequencies, and have the potential to “mask” aircraft sounds (also lower frequencies) in 
some situations.  This was likely the case at the ponderosa pine site (GRCA011) at the south 
rim, where wind sounds in ponderosa pine trees were common (but microphone distorted 
sounds were rare).  
 
“Microphone sounds” such as distorted data due to very high winds are considered 
instrument (or artificial) sounds.  High “spikes” in the data due to wind-distorted data could 
influence, inappropriately, sound level calculations upward; however, such periods of very 
high wind speed are inherently periods of high sound levels, and ignoring such periods could 
bias sound level calculations downward.  Therefore, these data were included when 
calculating sound levels.  Because the median is used to calculate natural ambient sound 
levels, these infrequent periods of very high winds (average 4.0 percent distorted data) do not 
influence L50, L90, or Lnat calculations.  
 
A similar but opposite situation exists with very low sound levels.  Acoustic conditions in 
backcountry areas of National Park units are occasionally very low, often below the noise 
floor of standard microphones (usually about 15 dBA).  Such minimum sound levels were 
recorded infrequently at each of the four measurement locations in GRCA in summer 2005.  
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As with the infrequent but artificially very high sound levels due to wind distortion, sound 
levels below the noise floor of the instrument are not recorded accurately and have the 
potential to inappropriately bias acoustic calculations.  However, use of the median instead of 
the mean to calculate the natural ambient sound level minimizes this bias. 
 
Sound pressure level data 
The primary purpose of this study was to determine natural ambient sound levels in the four 
primary vegetation types in Grand Canyon National Park.  In the past, either L50 or L90 values 
were used, or proposed to be used, for estimating natural ambient sound levels (sometimes 
referred to as “background sound levels”).  The L50 value likely overestimates natural 
ambient sound levels because non-natural sounds are present everywhere in GRCA.  The L90 
value likely underestimates natural ambient sound levels (in backcountry areas of the park) 
because non-natural sounds were audible an average of 34 percent of the time at the three 
remote measurement locations during this study.   
 
The average exceedence value used to compute Lnat for all four sites was 67.  As mentioned 
in the methods section, Lx values were calculated using the percent time non-natural sounds 
were audible during a sub-sample of the measurement period at each site.  This approach 
provides reasonable “average” natural ambient sound levels.  However, sound levels are 
almost always extremely variable over the course of a day, and the use of a daily average for 
dBA and each one-third octave band to represent the baseline is an over-simplification of 
actual acoustic conditions.  Modeling results would likely be more accurate using 1-hour, 1-
minute, or even 1-second baseline data, but current models cannot make such calculations.   
 
The difference in daytime Lnat dBA between warm desert scrub and cold desert scrub was 0.1 
dBA.  The mean difference in the 33 1/3 octave bands between 12.5 Hz and 20,000 Hz was 
0.0 dB; the largest difference in any one-third octave band was 1.8 dB at 12.5 Hz.  Such 
small differences suggest that some vegetation types may be combined for future 
measurements and monitoring; however, additional replicates in both vegetation types are 
needed to confirm this.   
 
Recommendations 
 

• Results reported in this study are for 25-30 days (generally for the month of July) 
during summer 2005, at each measurement location.  Analysis of the remaining data, 
including periods in June, July, and August when data were collected, would add 
confidence in the results. 

• Very low sound levels, at or near the noise floor of the instruments, were recorded at 
all measurement sites (15 dBA to 16 dBA).  These data indicate that actual sound 
levels were occasionally lower than recorded by the sound level meters.  Future 
studies should include some sample periods measured with instruments capable of 
measuring sound levels near 0 dBA. 

• Wind speed and wind direction, as well as air temperature, should be collected in 
future studies.  For very windy situations, development of improved wind screens 
should be pursued. 
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This addendum provides median nighttime (1900-0700) sound levels (dBA and one-third 
octave band dB, 12.5-20,000 Hz) for the four measurement locations in GRCA, summer 
2005.  Nighttime Lx  values for each measurement locations (Table 1) were computed as 
described in “Sound Levels in the Primary Vegetation Types in Grand Canyon National Park, 
July 2005” (Ambrose 2006).  Daytime (0700-1900) and nighttime (1900-0700) metrics are 
presented in Table 2.  Nighttime summary acoustic metrics (Lmin, Lmax, Leq, L10, L50, L90, and 
Lnat, for dBA and one-third octave bands, 12.5-20,000 Hz Lnat) for the four measurement 
locations in GRCA, summer 2005 are presented in Tables 3-6. 
  
Table 1.  Nighttime (1900-0700) Lx values for four measurement locations, GRCA, summer 
2005. 

 GRCA008 GRCA009 GRCA010 GRCA011 
1900-0700 Lnat: L61 L54 L57 L61 

 
Table 2.  Daytime (0700-1900) and nighttime (1900-0700) sound levels (dBA) for four 
GRCA measurement locations. 
 

Site: Vegetation type: Daytime/Nighttime 
L50 dBA 

Daytime/Nighttime 
L90 dBA 

Daytime/Nighttime 
Lnat dBA 

GRCA008 Pinyon-Juniper 23.2/17.1 19.2/17.0 20.7/17.4 
GRCA009 Warm Desert Scrub 19.2/20.7 17.0/17.8 18.4/20.3 
GRCA010 Cold Desert Scrub 20.3/21.2 16.7/17.2 18.5/20.6 
GRCA011 Ponderosa Pine 31.5/19.2 25.5/17.3 29.1/17.8 

 

mailto:skipambrose@frontiernet.net
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Table 3.  GRCA008, July 1-31, 2005, 1900-0700, median hourly dBA and one-third octave 
band dB (12.5-20,000 Hz); Lnat computed as L61 (n = 348 hours). 

 
The sound pressure level exceeded 61 percent of the time (L61) characterizes natural ambient 
sound level (1900-0700) for pinyon-juniper woodland vegetation type. 

Freq/dBA Lmin Lmax Leq L10 L50 L90 Lnat 

dBA 16.4 83.2 23.8 23.2 17.7 17.0 17.4 

12.5 9.1 82.1 29.7 31.9 28.2 24.5 27.4 

16 9.9 78.8 27.5 29.7 25.2 21.5 24.2 

20 7.7 81.5 27.0 29.5 23.6 19.9 22.6 

25 5.3 80.8 26.7 29.7 21.6 17.9 20.7 

31.5 2.1 83.1 26.6 29.8 18.8 14.8 17.7 

40 1.0 83.0 26.4 29.4 15.9 11.9 14.7 

50 -1.3 82.9 25.4 28.6 13.5 9.1 11.9 

63 -2.3 84.9 23.0 26.6 10.8 6.5 9.3 

80 -2.5 82.4 20.0 23.4 8.3 4.3 7.3 

100 -4.7 81.9 20.1 19.9 5.3 1.8 4.1 

125 -4.3 81.8 22.3 18.2 3.2 0.5 2.5 

160 -4.2 81.7 22.5 16.1 1.8 -0.3 1.2 

200 -3.9 82.7 19.8 15.9 0.9 -0.9 0.4 

250 -3.7 82.6 18.3 14.0 0.8 -0.8 0.4 

315 -3.2 81.4 16.3 10.0 1.1 -0.6 0.5 

400 -2.7 80.1 14.1 8.0 1.2 -0.1 0.8 

500 -1.9 77.8 10.1 6.2 1.2 0.3 1.0 

630 -1.4 76.0 6.6 4.5 1.5 0.8 1.3 

800 -0.3 74.7 4.1 3.3 1.8 1.2 1.7 

1000 0.6 74.3 3.3 3.1 2.3 1.9 2.2 

1250 1.5 71.3 4.0 4.2 3.1 2.7 3.0 

1600 2.5 69.6 4.5 4.7 3.8 3.5 3.7 

2000 3.2 65.6 4.9 5.1 4.6 4.2 4.5 

2500 4.1 61.4 5.9 6.1 5.4 5.0 5.2 

3150 4.9 54.5 6.4 6.5 5.9 5.6 5.8 

4000 5.5 50.8 6.5 6.6 6.3 6.1 6.3 

5000 5.9 52.2 6.7 6.8 6.6 6.4 6.5 

6300 6.1 52.4 6.9 6.9 6.7 6.6 6.7 

8000 6.2 52.5 7.3 7.1 6.9 6.7 6.8 

10000 6.2 53.2 7.0 6.9 6.7 6.6 6.7 

12500 5.9 52.8 6.7 6.6 6.4 6.3 6.4 

16000 5.5 52.9 6.2 6.1 6.0 5.9 6.0 

20000 4.5 62.7 5.6 5.1 5.0 4.9 5.0 
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Table 4.  GRCA009, July 1-31, 2005, 1900-0700, median hourly dBA and one-third octave 
band dB (12.5-20,000 Hz); Lnat computed as L54 (n = 372 hours). 

 
The sound pressure level exceeded 54 percent of the time (L54) characterizes natural ambient 
sound levels (1900-0700) for warm desert scrub vegetation type.

Freq/dBA Lmin Lmax Leq L10 L50 L90 Lnat 

dBA 15.8 80.9 23.6 25.8 20.7 17.8 20.3 

12.5 9.8 86.5 48.4 51.3 36.8 26.5 35.4 

16 10.5 84.5 45.0 47.3 33.2 25.1 32.3 

20 10.4 84.9 40.9 42.7 31.0 24.2 29.8 

25 8.4 86.5 36.8 38.5 28.3 22.0 27.5 

31.5 9.2 88.4 33.2 35.7 26.3 20.2 25.6 

40 8.3 87.3 31.2 34.2 24.7 19.3 24.0 

50 8.7 86.9 29.8 33.1 23.1 18.1 22.3 

63 6.7 85.8 28.1 31.3 21.2 16.7 20.5 

80 5.3 84.5 25.9 28.6 19.2 14.8 18.3 

100 4.2 83.8 23.3 25.8 16.8 12.7 16.3 

125 0.7 82.3 21.2 23.4 14.6 9.8 14.1 

160 -0.8 81.6 19.3 20.6 12.3 6.8 11.8 

200 -1.8 82.0 18.5 18.7 10.7 5.1 9.9 

250 -2.8 79.8 17.9 17.9 9.0 3.6 8.3 

315 -2.9 77.5 16.3 17.0 8.0 3.1 7.4 

400 -2.4 77.0 14.6 15.1 7.5 3.0 7.0 

500 -1.8 74.5 11.7 11.9 5.6 2.2 5.1 

630 -1.4 70.4 8.7 9.7 4.2 1.7 3.8 

800 -0.6 68.4 6.2 7.7 3.2 1.6 3.0 

1000 -0.1 65.2 4.6 5.9 2.8 1.7 2.7 

1250 0.8 62.1 3.8 4.8 2.8 2.1 2.7 

1600 1.7 56.9 3.8 4.4 3.2 2.7 3.2 

2000 2.6 52.2 4.3 4.8 3.8 3.4 3.8 

2500 3.3 53.7 4.9 5.3 4.5 4.1 4.4 

3150 4.0 51.2 5.5 5.9 5.0 4.7 5.0 

4000 4.5 50.9 7.0 7.7 6.0 5.4 5.9 

5000 4.9 48.3 12.5 15.6 8.3 6.3 8.1 

6300 5.3 48.1 8.1 8.9 7.0 6.4 6.9 

8000 5.7 53.1 7.5 7.5 6.5 6.3 6.5 

10000 5.2 53.2 6.9 7.1 6.1 5.8 6.1 

12500 5.2 51.6 6.7 6.8 6.1 5.9 6.1 

16000 4.9 52.9 6.2 6.4 5.7 5.5 5.6 

20000 3.7 57.7 5.3 5.1 4.5 4.3 4.5 
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 Table 5.  GRCA010, July 1-31, 2005, 1900-0700, median hourly dBA and one-third octave 
band dB (12.5-20,000 Hz); Lnat computed as L57 (n = 372 hours). 

 
The sound pressure level exceeded 57 percent of the time (L57) characterizes natural ambient 
sound levels (1900-0700) for cold desert scrub vegetation type.

Freq/dBA Lmin Lmax Leq L10 L50 L90 Lnat  

dBA 14.7 76.9 25.7 27.2 21.2 17.2 20.6 

12.5 8.6 85.3 31.0 32.4 26.7 22.7 26.1 

16 7.8 83.0 29.6 31.7 25.7 21.5 25.0 

20 7.8 84.4 29.2 32.1 25.3 20.8 24.6 

25 4.7 85.9 27.8 30.5 21.5 17.6 20.8 

31.5 1.7 87.6 27.7 30.1 18.7 14.7 17.8 

40 0.5 84.7 28.0 30.3 16.4 12.3 15.7 

50 -0.9 84.2 27.7 29.6 12.2 8.3 11.6 

63 -2.1 85.5 26.3 27.9 9.5 5.8 8.6 

80 -3.5 85.0 23.9 26.0 7.2 3.8 6.3 

100 -4.4 82.6 20.1 22.0 5.0 1.7 4.1 

125 -4.4 79.6 17.5 18.0 3.2 0.4 2.5 

160 -5.3 83.6 18.1 14.4 1.5 -0.7 0.8 

200 -5.1 79.2 19.3 11.1 0.1 -1.7 -0.5 

250 -5.3 74.5 16.9 9.9 -1.1 -2.4 -1.4 

315 -4.9 74.7 13.9 8.6 -1.2 -2.3 -1.5 

400 -4.4 72.4 10.2 6.3 -0.9 -1.9 -1.2 

500 -4.0 70.4 7.3 4.2 -0.6 -1.5 -0.8 

630 -3.2 70.2 3.5 2.1 -0.6 -1.4 -0.7 

800 -2.6 68.7 1.4 1.0 -0.6 -1.1 -0.6 

1000 -1.9 67.5 0.8 0.7 -0.1 -0.6 -0.2 

1250 -0.9 65.3 1.3 1.5 0.5 0.1 0.5 

1600 -0.1 62.1 1.9 2.1 1.2 0.9 1.2 

2000 0.8 56.3 2.4 2.5 1.9 1.6 1.9 

2500 1.7 55.1 3.4 3.3 2.7 2.4 2.7 

3150 2.5 64.0 4.2 3.9 3.4 3.2 3.4 

4000 3.4 67.6 13.1 14.4 8.0 5.1 7.6 

5000 4.1 59.7 19.0 21.6 16.1 9.9 14.9 

6300 4.7 58.3 6.3 6.3 5.5 5.2 5.4 

8000 5.0 57.3 6.6 6.2 6.0 5.8 5.9 

10000 5.7 63.2 7.0 6.8 6.6 6.5 6.6 

12500 5.6 53.5 6.9 6.8 6.6 6.5 6.6 

16000 4.3 46.3 6.0 6.0 5.9 5.8 5.9 

20000 -0.1 53.1 3.8 3.5 3.4 3.3 3.4 
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Table 6.  GRCA011, June-August, 2005, 1900-0700, median hourly dBA and one-third 
octave band dB (12.5-20,000 Hz); Lnat computed as L61 (n = 330 hours). 

 
The sound pressure level exceeded 61 percent of the time (L61) characterizes natural ambient 
sound levels (1900-0700) for ponderosa pine vegetation type. 

Freq/dBA Lmin Lmax Leq L10 L50 L90 Lnat 

dBA 15.7 77.5 24.6 25.3 19.2 17.3 17.8 

12.5 6.2 71.5 31.9 34.4 30.8 27.2 28.9 

16 6.5 72.7 30.7 33.2 28.9 25.4 27.0 

20 7.1 72.8 30.2 32.7 28.2 24.7 26.2 

25 6.8 74.9 30.0 32.7 26.6 22.9 24.3 

31.5 5.6 75.7 30.6 33.8 26.9 22.3 24.0 

40 3.7 75.8 31.9 35.5 28.0 21.5 23.8 

50 0.9 79.2 29.8 33.5 25.6 20.1 22.1 

63 -1.5 78.4 28.8 32.4 24.9 19.1 21.3 

80 -2.3 81.5 27.4 30.7 23.6 18.7 20.7 

100 -3.7 79.8 26.0 27.7 19.2 14.0 15.8 

125 -3.6 81.0 26.7 26.7 18.2 13.3 15.2 

160 -4.6 78.5 25.7 24.4 13.0 8.7 10.4 

200 -4.7 74.4 22.4 22.9 10.9 6.3 7.7 

250 -4.2 78.2 22.1 21.1 11.8 6.5 8.2 

315 -3.5 73.1 20.8 19.5 11.7 6.3 7.9 

400 -3.0 74.7 19.5 18.3 10.9 5.7 7.3 

500 -2.7 71.8 16.0 15.9 9.0 4.6 6.1 

630 -2.2 70.1 12.6 13.3 7.0 3.5 4.5 

800 -1.4 67.5 8.2 10.2 5.0 2.3 3.2 

1000 -0.2 64.4 5.6 6.9 3.3 1.8 2.3 

1250 0.5 58.2 4.0 5.3 2.7 2.0 2.2 

1600 1.5 53.3 3.6 4.0 3.0 2.6 2.8 

2000 2.5 51.2 4.2 4.6 3.7 3.3 3.5 

2500 3.2 49.3 4.5 4.7 4.3 4.0 4.1 

3150 4.0 51.7 5.1 5.2 5.0 4.8 4.9 

4000 4.7 53.1 5.6 5.8 5.5 5.3 5.4 

5000 5.0 45.7 6.0 6.1 5.9 5.8 5.8 

6300 5.3 50.3 6.3 6.4 6.2 6.1 6.1 

8000 5.5 48.2 6.7 6.8 6.6 6.5 6.5 

10000 5.3 41.2 6.5 6.6 6.5 6.3 6.4 

12500 4.8 45.0 5.8 5.7 5.6 5.5 5.5 

16000 3.8 41.5 5.0 5.1 4.9 4.8 4.8 

20000 2.0 40.0 3.6 3.5 3.4 3.3 3.3 


