
    

 
                 1  

 

Final Report  
Breeding Season 2007, Winter & Breeding Seasons 2008, Winter & Breeding Seasons 2009 

 
 

Use of Radar to Determine Passage Rates and Height Distributions of 

Marbled Murrelets at the Proposed Radar Ridge Wind Resource Area,  

Pacific County, Washington 

 
 

 
 

Prepared by:   
Hamer Environmental L.P. 
1510 S 3rd Street, P.O. Box 2561, 
Mount Vernon, WA, 98273 
www.HamerEnvironmental.com 
 
 
Prepared for:   
Energy Northwest 
P.O. Box 968, M/D 1035  
Richland, WA 99352 

 

 

August 31st, 2009 

http://www.hamerenvironmental.com/


Use of Radar to Study Marbled Murrelets at the Radar Ridge Wind Resource Area 

 
 

Hamer Environmental L.P. 2  

EXECUTIVE SUMMARY 

Á We conducted radar and ground surveys for the Marbled Murrelet to determine the 
likelihood of the presence of Marbled Murrelets (Brachyramphus marmoratus) within the 
proposed Radar Ridge Wind Resource Area in Pacific County, Washington, and, if 
present, to document the passage rate of murrelet-type targets detected, timing of 
activity, flight paths, and flight heights.  

 

Á Because of the difficulties involved with direct visual observations of Marbled 
Murrelets, radar was used to detect murrelets within the project area and monitor the 
inland flight activity. Radar is able to detect silent murrelet-type targets that are likely 
to be nesting, detect murrelet-type targets passing over a landscape out to a 1.5 km 
radius (more than 40 times the area of a typical ground observer), and detect 
murrelet-type targets through darkness and fog. Radar is considered to be an 
excellent and unique tool for determining murrelet presence on a landscape scale. We 
refined and adjusted some of the study methodologies based on input from members 
of the Radar Ridge Marbled Murrelet Technical Team; which included staff from the 
USFWS Lacy office, WDFW Olympia office, and WDNR Olympia office. 

 

Á Surveillance (horizontal) radar was used during the 2007 breeding season and winter 
season 2008. Surveillance and vertical radars were used during the 2008 and 2009 
breeding season and the 2009 winter season. 

 

Á Radar surveys were completed during the morning activity period beginning 105 
minutes before official sunrise and ending 75 minutes after sunrise for a total of 3 
hours of sampling each day. Ground surveys conducted by an outside observer also 
started 105 minutes before sunrise and continued to 75 minutes after sunrise for a 
total of 3 hours of survey time.  

 

Á Two radar survey sites (Southeast and Middle) were sampled in 2007 and 2008. An 
additional site (Northwest) was added in 2009, as recommended by the Radar Ridge 
Marbled Murrelet Technical Team, for a total of three sampling sites.  
 

Á Murrelet-type targets detected on radar were distinguished from other avian species 
by the target size, flight speed, flight direction, and time of day. Murrelet-type targets 
were recorded with surveillance radar on 33 of the 57 (57.9%) successful survey 
mornings.  

 

Á A total of 103 murrelet-type targets were recorded on radar over the 57 survey 
mornings. In comparison to radar studies conducted in other regions, our breeding 
season detection rates at the ridge-top were relatively low (1.9 murrelet-type 
targets/3km/survey morning). The average detection rate was 1.60 murrelet-type 
targets/3 km/day for all seasons and years combined. Of the 88 murrelet-type 
targets detected over the three years, 38 were defined as flying inbound and 50 were 
flying outbound. Due to low passage rates, our outside observers were not able to 
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confirm any of the murrelet-type radar detections passing over the ridge-top as 
Marbled Murrelets; one audio detection of a Marbled Murrelet was made in June 
2007 by a ground observer who heard faint keer calls to the southwest toward the 
Naselle River Valley. 

 

Á Passage rates were similar between years for the breeding season estimates and 
between years for winter season estimates. Annual variation in passage rates were 
considered low. Winter surveys showed consistently lower passage rates (0.98 
murrelet-type targets/3km/day) when compared to breeding season surveys (1.89 
murrelet-type targets/3km/day). The Middle site, which was surveyed for three 
seasons, had the highest passage rate during the breeding season with 2.95 murrelet-
type targets/3 km/day followed closely by the Northwest site with 2.71 murrelet-
type targets/3km/day. The lowest passage rates were found at the Southeast survey 
station during both winter and breeding seasons.  

 

Á In general, as fog intensity increased, passage rates declined. Passage rates during 
heavy fog were 6.5 percent and 12.3 percent of passage rates when fog was recorded 
as absent or moderate respectively. Murrelet-type targets are likely avoiding flying 
over the ridge-top during periods of low visibility. 

 

Á The average flight speed of the murrelet-type targets recorded by surveillance radar 
was 85.5 ± 1.5 km/hr (53.4 ± 0.9 mph) (n = 88) while the minimum was 65.2 km/hr 
(40.8 mph) and the maximum was 108.7 km/hr (68 mph). 

 

Á The earliest target was recorded 100 minutes before sunrise (n=103). Sixty-seven 
(65%) murrelet-type targets were recorded before sunrise. The average timing of 
target movement was 16.6 ± 4.3 minutes before sunrise. 

 

Á The vertical radar was able to detect 38 of 56 (67.9 %) murrelet-type targets recorded 
in horizontal mode when the vertical radar was present. The average flight height 
was 307.9 ± 29.4 m (1,010.2 ± 96.5 ft). Of 38 murrelet-type targets with heights, four 
murrelet-type targets (10.5 percent) were recorded Ò 130 m (height of the proposed 
wind turbines) with one of these murrelet-type targets (2.6 percent) detected under 
the rotor-swept area. The majority of bird heights were detected above the ridge-top 
and above wind turbine maximum blade-tip height between 131-260 m (n=14). 
There was no significant difference in the recorded murrelet-type target flight heights 
between early and late morning. 
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INTRODUCTION  

Hamer Environmental L.P. was contracted to determine the likelihood of the presence of 

Marbled Murrelets (Brachyramphus marmoratus) within the Radar Ridge Wind Resource Area 

(RRWRA) in Pacific County, Washington, and, if present, to document the number of 

murrelet-type targets detected and their flight behavior. The information would then be used 

by various resource managers to assess the likelihood of any impacts to Marbled Murrelets 

(murrelet(s)) from the construction of wind turbines in this region. The Marbled Murrelet 

was listed as threatened by the U.S. Fish and Wildlife Service in 1992 (USFWS 1997). 

 

The objectives of this monitoring program were to: 

1)  Use radar technology to determine the presence or absence of murrelets within the 

RRWRA. 

2)  Document the passage rates, flight patterns, and timing of activity of any murrelet-type 

targets that were detected. 

3)  Measure the flight heights of murrelet-type targets that crossed over the proposed wind 

turbine locations. 

BACKGROUND 

The murrelet is a medium sized Pacific seabird that nests in forests with old growth 

characteristics in the Pacific Northwest some distance from the coast (Carter and Sealy 1987, 

Hamer et al. 1994, Grenier and Nelson 1995). Collecting biological information on this 

seabird at inland sites is extremely difficult because of poor visibility conditions for ground 

observers. Challenges for direct observation include, low light levels during dawn and dusk 

activity periods, limited viewing capability in closed canopy forests, as well as the speciesõ 

small size, rapid flight speed, cryptic plumage, and secretive behavior. The rare visual 

observations are short in duration and offer only limited glimpses of much longer flight 

paths and behaviors (Hamer et al. 1995). 

  

An inland survey protocol for the murrelet was first developed in 1990 (Paton et al. 1990, 

Evans et al. 2003). With this protocol, murrelets could be detected by both auditory and 
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visual observations. However, in regions that receive little use by murrelets, they may be 

extremely difficult to detect using this protocol. It is suspected that murrelets may not 

vocalize very often in regions where only solitary murrelets are flying inland because 

vocalizations are often initiated only when other murrelets are present. Since 85-90 percent 

of murrelets are detected by hearing their vocalizations (Hamer and Cummins 1990), silent 

murrelets are extremely difficult to detect. Data collected by Ralph et al. (1994) suggests that 

observers generally see murrelets only within 100 m (328 ft) or hear murrelets within 200 m 

(656 ft). Observers can detect murrelets at greater distances, but many are missed at these 

distances and classifying behavior is more difficult. Therefore, ground observation is often 

an inefficient method to determine the presence of murrelets within a larger area that may be 

utilized by only a few individuals. 

  

Evidence from radar studies indicate breeding murrelets may be flying inland before ground 

protocol surveys begin, or during the early survey period when low ambient light levels 

preclude detection by the surveyors (Cooper and Blaha 2002, Burger 1997). Radar studies on 

the Olympic Peninsula, Vancouver Island, and in the North Cascades found an initial peak 

of silent murrelets 45 to 60 minutes before sunrise when low light levels preclude detection 

by standard surveys (Cooper and Blaha 2002, Burger 1997). We believe it is likely that the 

early influx of silent murrelets consists primarily of breeders. These murrelets are very 

difficult to detect using standard ground protocol surveys. Some murrelet populations may 

also continue to visit breeding areas during the winter (Naslund 1993). It is suggested that 

the winter visits of murrelets to stands, even though little or no below-canopy behavior is 

observed, might even be a better indicator of nesting than those during the breeding season 

(Ralph et al. 1995). 

 

Because of the difficulties involved with direct visual observations of murrelets, another 

method was needed to detect murrelets within a watershed and monitor the inland flight 

activity. Several types of radar have been effective tools in ornithological research for more 

than four decades (Eastwood 1967). Marine radar is the easiest and least expensive to 

operate, and has additional benefits such as high resolution, small minimal sampling range, 

high availability, and high portability (Cooper et al. 1991, Hamer et al. 1995). The U.S. Fish 
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and Wildlife Service and the Pacific Seabird Group support the use of radar (Evans et al. 

2003). For these reasons, radar is an excellent and unique tool for determining murrelet 

presence on a landscape scale.  

 

The primary advantage of radar surveys over standard direct observation surveys is the 

radarõs ability to detect murrelet-type targets regardless of light levels and to detect murrelet-

type targets over a greater portion of the landscape. Radar is able to detect silent murrelets 

that are likely to be nesting, detect murrelets passing over a landscape out to a 1.5 km radius 

(more than 40 times the area of a typical ground observer), and detect murrelets through 

darkness and fog (Hamer et al. 1995). It can provide information on flight speed, flight 

direction and behavior, where individual murrelet-type targets are headed, and determine 

which areas are likely being used by the murrelet-type targets. Therefore, it is a more efficient 

tool for determining murrelet presence across a landscape than the ground-survey approach 

described by the Pacific Seabird Group survey Protocol.  

STUDY AREA 

The proposed RRWRA is located east of Willapa Bay in Pacific County, Washington (Figure 

1). The RRWRA extends along the summit of Radar Ridge running northwest to southeast 

and forms the northeastern edge of the Naselle River valley. Elevations in the radar survey 

area vary from 180 to 600 m above sea level. The maritime climate creates a fairly moderate 

and wet condition over the project area. Average annual precipitation ranges from 

approximately 230 cm to 380 cm.  

 

The Naselle River runs from southeast to northwest forming the southwest boundary of the 

study area. Tidal estuarine wetlands exist along the Naselle River/ Willipa Bay interface, and 

non-tidal freshwater marshes, swamps, bogs, and ponds are found further inland of the 

coastal plain. To the west of the RRWRA is Willapa Bay with extensive saltmarsh and 

estuarine habitat. The southeast edge of the mature forests of the lower Nemah River lie 

approximately 368 m west of the northwest end of the ridge-top and are perennially 

occupied by breeding murrelets.   
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The topography of the area consists of coastal flatlands transitioning into rolling hills to the 

east. These hills are covered by forests of Sitka spruce (Picea sitchensis), western hemlock 

(Tsuga heterophylla), Douglas fir (Pseudotsuga menziesii) and red alder (Alnus rubra). The forests 

within the WRA are primarily a contiguous 40 year old stand of western hemlock and 

Douglas fir along with a mix of recent clear-cuts.   

METHODS  

Three methods were used to detect and track murrelets as they crossed the WRA. These 

methods consisted of: 1) using radars in surveillance mode; 2) using radars in vertical mode 

and; 3) the use of an outside observer.  

 

Radar tracking in horizontal and vertical modes was performed using high-frequency marine 

radars (Furuno Model FR-1510 Mark 3, Furuno Electric Company, Nishinomiya, Japan) 

transmitting at 9,410 MHz (i.e. X-band) with 2 m long slotted wave guide array antennae 

with a peak power output of 12 kW. The radar beams had a vertical span of 25̄ and a 

horizontal beam width of 2̄. The radars were operated at a range of 1.5 km. The units were 

powered by 2000 kW Honda quiet generators positioned within 5 m of the radar lab. The 

radars were mounted on 4WD pick-up trucks (Figure 2). 

 

We located three radar survey stations in the study area to provide coverage of the majority 

of the ridge-top where the proposed wind turbines would be constructed (Figure 1). Radar 

surveys began 105 minutes before official sunrise and ended 75 minutes after sunrise for a 

total of 3 hours of sampling each day. This survey period was designed to cover the morning 

daily peak activity period of murrelets. Ground surveys using an outside observer also started 

and ended at the same time as the radar surveys. Sunset and sunrise times to calculate survey 

start and end times were obtained from the Long Beach, Washington NOAA 

Sunrise/Sunset tables (2007 to 2009). We conducted radar surveys during the murrelet 

breeding seasons of 2007, 2008 and 2009. Winter surveys were conducted during the winters 

of 2008 and 2009. 
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Figure 1.  RRWRA location in southwestern Washington, including radar survey locations and 1.5 km radius radar coverage areas.  
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Figure 2.  Furuno Model FR-1510 Mark 3 radar mounted on a pick-up truck at the 
Southeast site on the ridge-top. The radar antenna is positioned in vertical 
mode to measure bird heights. 

 

For each radar detection of a murrelet-type target identified in horizontal mode, we gathered 

the following information: time, radar species identification, outside observer's species 

identification, flight behavior, flight direction, location where the target crossed the ridge-

top, flight speed, furthest distance detected from the radar unit, and flock size. In addition, a 

mylar sheet was placed over the radar screen during each survey and the entire flight path of 

each murrelet-type target was traced.  

 

In 2008 and 2009, we used the horizontal radar system while simultaneously operating a 

second radar in vertical mode. When a target on the horizontal mode was confirmed as a 

murrelet-type target, the same target was located on the vertical radar monitor by comparing 

the distance of the target from the radar along with target size. On the vertical radar, we 

recorded heights only for targets that were confirmed by the surveillance (horizontal) radar 

as likely murrelet-type targets. We collected the following data on the vertical radar: distance 
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from the radar to the target and the bearing of the target from the radar. This enabled us to 

calculate the height above radar level and horizontal distance from the radar of each target. 

We adjusted for the difference in elevation between the estimated ridge-top crossing location 

of the murrelet-type targets and the radar elevation using GIS, and then applied that 

difference (positive or negative) to the measured height above radar level of the target to 

calculate the actual altitude that the bird was flying above the ridge-top.  

  

The third survey method consisted of an observer conducting ground surveys outside the 

radar unit using the Pacific Seabird Group (PSG) Marbled Murrelet Inland Survey Protocol 

(Evans et al. 2003). This protocol uses ground observers to record all audio detections or 

visual sightings of murrelets. Murrelets are known to vocalize as they travel along river 

corridors or across the landscape. The ground observer was stationed approximately 20-40 

meters from the radar unit on most survey mornings. The radar technician(s) were in radio 

contact with the ground observer to communicate the distance, direction, and flight path of 

any murrelet-type targets detected on the radars. The ground observer attempted to identify 

these murrelet-type targets and confirm murrelet presence or absence in the study area. 

Night vision goggles were used during the dark portions of the 3 hours survey period. 

Weather 

Although ornithological radar is perfectly suitable to use in heavy fog, clutter forms on the 

screen during periods of rain/snow making the detection of murrelet-type targets difficult, 

or in the case of heavy rain/snow, impossible. This is not to say that birds cannot be 

detected through all types of rain clutter. During periods of lighter rain, rain clutter on the 

screen is often somewhat transparent, and echoes of birds can often be tracked and 

measured through the clutter. We could not collect horizontal or vertical radar data during 

periods of heavy rain because the electronic filtering required to remove the echoes of the 

precipitation from the display screen also removed bird targets.  

 

The calculation of the mean passage rate (murrelet-type targets detected/survey morning) of 

murrelet-type targets across the ridge-top is affected by two variables, the total number of 

murrelet-type targets detected (numerator) and the total number of mornings sampled 
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(denominator). It is possible that passage rates could be underestimated if portions of the 

survey period where murrelet-type targets could not be detected due to rain clutter on the 

radar monitor were inadvertently counted as acceptable survey time, thus increasing the 

value of the denominator (total survey time) and decreasing the estimated mean passage rate. 

As a result, we recorded the number of minutes of each survey morning where Ó35 percent 

of the radar monitor contained clutter due to rain/snow or heavy mist (where fog starts 

turning into rain droplets). During these portions of the survey period the radar scan was 

compromised by rain or snow to the point where we could no longer reliably detect 

murrelet-type targets. Therefore, these compromised survey minutes were excluded from 

mean passage rate calculations. 

Species Identification 

Murrelet-type targets detected on radar were distinguished from other avian species by the 

target size, flight speed, flight direction, and time of day. At inland sites, Hamer et al. (1995) 

found the only other common inland species of similar size and flight speed to the murrelet 

was the Band-tailed Pigeon (Columba fasciata), which overlapped at the lower end of murrelet 

flight speed. Although less common, other birds at inland sites can also have similar body 

size and flight speeds to murrelets. These species can include smaller bodied local waterfowl 

(mallards, mergansers), terns, migrating shorebirds, and sometimes raptors.  

 

Only murrelet-type targets flying Ó67.7 km/hr (40.8 mph) were recorded as murrelets to 

minimize the number of non-murrelet targets recorded. Although the original 

recommendation in the protocol is to use >64.4 km/hr (40 mph) as a speed threshold 

(Evans et al. 2003), we can only accurately record the distance between echoes on the radar 

screen to the nearest millimeter. Therefore, the type of radar monitor used and the survey 

scale plays a role in determining the final speed threshold that can be accurately applied. In 

general, the faster the flight speed the more likely the target could be a murrelet. In addition, 

murrelets will typically show a somewhat higher mean flight speed for outbound versus 

inbound flights (Burger 1997). This discrepancy results from the murrelets losing altitude 

after visiting nest sites in the nearby hills and mountains as they descend back to sea level. 
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Murrelets heading inland to nest sites usually have to gain some altitude to fly over nearby 

ridges and hills and this slows their flight speed. 

 

Direct flight paths along drainages and east-west flight directions on their way to and from 

marine waters can also help distinguish the murrelet from other species. However, Radar 

Ridge runs northwest to southeast, subsequently influencing the prominent directions of 

local river valleys. Therefore, we defined a murrelet-type target as inbound if it was headed 

between 0 and 179 degrees and outbound if the target had a flight bearing between 180 and 

359 degrees. In early spring, nocturnal migrating waterfowl and shorebirds are heading north 

and can easily be misidentified as murrelets during the early portion of the morning survey 

period when migrants are still active. In July, shorebirds begin migrating south creating 

another potential period of increased species misidentification. To minimize the 

misidentification of murrelets in the spring, we filtered out northerly flying birds with flight 

directions between 337.5 and 22.5° from 1 March to 15 May. In July, we filtered out birds 

with southerly flights paths between 135 and 180°. These flight directions were derived from 

our knowledge of local bird migration and from a nocturnal migration study we conducted 

at Radar Ridge in 2008.    

 

In addition to speed and flight direction, the murrelet's compact body and relatively large 

muscle mass make comparatively large, round, echo sizes on the radar monitor. The timing 

of the detections was also considered. Murrelets start flying inland as much as 105 minutes 

before sunrise when most other birds are not yet active. Therefore, murrelet-type targets 

flying inland (easterly) predawn are more likely to be murrelets. In addition, daily murrelet-

type target detections will usually show a pulse of early inbound detections and then a pulse 

of outbound detections some time later in the morning. During the breeding season, the 

difference between the inbound and outbound flight timing results from the time it takes the 

murrelets to fly inland to exchange incubation duties and feed young along with the time it 

takes to return back to the ocean. These criteria, when considered together, assist in the 

identification of murrelet-type targets using radar and in the final assessment of whether a 

site has a likelihood of murrelets present. Radar targets showing roughly inbound-outbound 

flight patterns, high flight speeds, occurring before sunrise, and arriving in pulses of inbound 
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and outbound detections have a much higher likelihood of being murrelets than other 

similar radar targets. 

Radar Survey Coverage 

The ability to detect murrelets with ornithological radar can decline with increasing ground 

clutter. Ground clutter forms on the radar monitor when radar energy bounces off solid 

objects such as landforms or trees. Ground clutter forms solid echoes on the radar monitor 

creating conditions where the echoes of individual birds cannot be seen. Our radar systems 

were modified to significantly reduce this clutter by being able to tilt the radar up to focus 

energy in the sky where birds are flying and lessen the amount of energy hitting the ground 

(and forming solid echoes). In addition, our radar units have a small ground clutter screen 

positioned below the antennae which also focuses the radar energy away from the ground 

helping to prevent and minimize ground clutter.  

 

Small knolls and ridges can block the radar energy creating shadows òbehindó (lower in 

elevation) these features where the radar cannot detect birds. On the radar monitor these 

areas look clear, but birds behind and lower in elevation than the landform would not be 

detected. Radar survey station locations were carefully chosen to minimize this problem.  

 

To assess and display the areas around each radar station where ground clutter or shadows 

made detection of birds difficult, we used GIS to map these areas and calculated the 

proportion of the 1.5 km radius survey area where birds would not likely be detected.  

 

Using 10 meter resolution digital terrain data for the RRWRA, we mapped the areas around 

each of the three radar survey stations that were higher in elevation than the radar and would 

thus appear as solid ground clutter on the radar monitor. We also mapped areas that would 

be expected to be in the shadow of these higher points. However, an area that is shadowed 

or ground cluttered from one survey station can often be seen from an adjacent survey 

station. Therefore, we also distinguished between cluttered and shadowed locations that 

would or would not be visible from the adjacent higher elevation radar station.  
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Detection Distances 

Cooper et al. (2006) stated that the effective radar sampling area for murrelets was 1.5 km. 

This distance was derived by conducting radar field tests with Rock Pigeons (Columba livia), a 

species similar in body size to the murrelet, by suspending individual birds from weather 

balloons at various heights and distances up to 1.5 km away from the radar location. As 

detections of murrelet-type targets come across the radar monitor, it can take 10-20 seconds 

to identify the echo trail, measure their speed, and then decide that is a murrelet-type target 

needing to be counted and measured. Therefore, in our data collection in 2007 and 2008, 

although we always recorded the distance of the target from the radar, by the time the targets 

were measured and the distance recorded, the targets were often closer to the radar, making 

a standard distance detection assessment challenging. In addition, target echo trails of birds 

are only retained on the radar for a period of 30 seconds before the echoes disappear. This 

short echo trail retention setting is necessary to avoid having older echoes retained so long 

that they clutter the screen making it difficult to detect new targets. Therefore, measuring the 

farthest distance a target has been detected on the radar monitor can be difficult because of 

this time-lapse. The farthest distance murrelet-type targets were detected on the ridge-top 

was not measured by our researchers until a detectability question was raised in a meeting of 

the Radar Ridge Marbled Murrelet Technical Team in April 2009. We began to collect 

specific data to address the distance question in May of 2009 by measuring the furthest 

distance a target was detected throughout the flight path of the bird.  

RESULTS 

Weather Conditions  

Sixty-three murrelet radar surveys occurred at the RRWRA. As a general rule, we examined 

local weather forecasts before each planned survey period and shifted the survey schedule to 

occur during drier conditions whenever possible. However, six survey days were completely 

rained or snowed out and had no acceptable survey time counted. Of the remaining 57 

surveys, an additional 12 mornings (21 percent) had some time lost due to rain and snow. A 

total of 12.75 percent of the possible survey time was lost due to rain/snow clutter on the 

radar monitor (Table 1). To further investigate which portions of the surveys had lost time, 

we divided the 3 hour survey into 15 minute blocks and calculated the percent of possible 
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survey time with less than 35 percent rain/snow clutter (Figure 3). The distribution of time 

lost to rain/snow clutter was fairly uniform with the exception of a slightly larger amount of 

missed survey time during the first 15 and the last 30 minutes of the three hour survey 

period (Figure 3). 

 

Table 1.  Weather related survey time lost (from completely and partially rain/snowed out 
surveys) as a proportion of total possible survey time by survey season (one 
survey morning = 3 hrs of survey time).  

 

Total survey hours

Total time lost (hrs) 

incl. completely rain/ 

snowed out surveys

Percent of total 

survey time lost 

from weather 

Breeding Season 132 19.3 14.60%

Winter Season 57 4.8 8.42%

Total 189 24.1 12.75%  
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Figure 3. Hours of suitable survey time completed during 63 survey days displayed in 
15 minute intervals from 105 minutes before sunrise to 75 minutes after 
sunrise.   
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Survey Effort 

Two radar sites (Southeast and Middle) were surveyed during the 2007 and 2008 breeding 

and winter survey seasons. A third site became available to survey in 2009 when a new 

meteorological tower was installed. The forest clearing needed for the installation of the 

meteorological tower created an ideal radar survey station.  This third site (Northwest) was 

added in April of 2009 in order to have a better coverage of the western portion of the Wind 

Resource Area that was closest to a stand of old growth forest known to be occupied by 

murrelets (Figure 4). The ridge-top extends a total distance of 8,119 m. The three radar 

survey stations sampled 7,039 m of the ridge-top, missing a small portion of the ridge-top in 

the southeast portion of the wind resource area boundary (Figure 3). No suitable radar 

survey site existed in this area. Therefore, 1,080 m (13.3 percent) of the ridge-top in this 

region was not sampled. 

 

During the breeding season of 2007, we had eight successful survey mornings during the 

months of June (4) and July (4). On 13 and 14 June, rain may have impaired the audio and 

visual conditions during a portion of the ground based survey period but never affected 

more than 25 percent of the radar screen (Table 1 and Appendix A). During the winter 2008 

survey season, several survey attempts were made because of bad weather conditions in 

January (1), February (2) and March (4). We had seven successful surveys and two days of 

complete weather-outs, one due to a snow storm and icy roads on 27 January and another 

due to heavy rain on 14 January (Table 1 and Appendix A). Only the surveillance radar was 

used during this first year of surveys in 2007. However, we had an outside observer present 

at all times.  
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Figure 4. Locations of the three radar survey stations within the RRWRA. 
 

 

Three sampling sessions, consisting of four consecutive days each, were conducted in May, 

June and July of 2008. Eleven of these 12 survey days had a concurrent ground observer 

while eight survey days had concurrent vertical radar surveys (Table 2 and Appendix A).  On 

13 May, the survey was conducted solely by horizontal radar, with no outside observer or 

vertical radar present. On 15 May, logging machinery working at the site impaired the 

ground based surveyorõs ability to obtain audio detections.  The surveys conducted on 14 

May, 2 June and 3 June had the radar screen significantly obscured by rain clutter throughout 

the entire survey period; these three survey days were not used in our analysis (Appendix A 

and Table 2). 
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Table 2. Summary of survey effort at each site including survey methods used for each 
                survey season at the RRWRA. 

 

Season Site

No. of total 

survey 

days*

Surveillance 

radar (days)

Vertical 

radar (days)

Ground 

Observer (days)

Southeast 4 4 0 4

Middle 4 4 0 4

Southeast
1

5 5 0 5

Middle 4 4 0 4

Southeast
2

6 6 4 1

Middle
3

6 6 4 2

Southeast
4

8 8 8 8

Middle 0 0 0 0

Northwest 4 4 4 4

Southeast
5

12 12 12 12

Middle 0 0 0 0

Northwest 12 12 12 12

Total: 65 65 (100%) 44 (68%) 56 (86%)

*
 
"total survey days" include ALL survey days (successful, cancelled and incomplete).

1
 two surveys were cancelled due to heavy snow/rain;

 2
 two surveys were cancelled due to heavy rain;

3
one survey was  cancelled due to heavy rain; 

4
one survey was cancelled due to snow;

 5
two surveys were 

cancelled and 1 was an incomplete survey due to rain.

Breeding 2007

Winter 2008

Breeding 2008

Winter 2009

Breeding 2009

 
 

During the winter and breeding survey seasons of 2009, we completed 36 survey sessions. 

Twelve surveys were completed in winter (February (4), March (4) and April (4)), and an 

additional 24 surveys in the breeding season (May (8), June (8) and July (8)) (Tables 1 and 2). 

One survey was cancelled due to snow in February while two surveys were cancelled in May 

because of heavy rain. A few surveys were incomplete because of rain clutter on the radar 

screens especially one survey session on 8 July where we lost 131 minutes. 

 

In summary, we had a total of 65 days that were scheduled for survey, eight that were 

completely cancelled either because of heavy rain or snow, for a total of 57 successful survey 

days between June 2007 and July 2009. Of these, a total of 11 survey days were partially 

incomplete (from 5 to 131 minutes) because of rain or snow. Discounting the portions of 
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these survey days lost to rain/snow clutter; our total survey time equaled 54.98 days over the 

three year period. 

Radar Survey Coverage 

The mean percent of the 1.5 km radar survey area consisting of shadow areas and ground 

clutter for all three sites combined was 6.59 percent. The site with the lowest percentage of 

shadow and clutter areas (regardless of coverage from an adjacent radar station) was the 

Southeast site (0.31%). The highest percent area of shadow and clutter combined was found 

at the Northwest site (11.08%) while the second highest percent clutter/shadow was found 

at the Middle site (8.38%). The table below does not include the radar corona effect which 

creates a clutter ring directly adjacent to the radar with a radius of approximately 180 m 

(0.102 km2 or 1.4 percent of the total survey area). 

 
Table 3. Summary of the radar survey coverage at each site calculated as the percentage of 

the 7.07 km2 survey area (1.5 km radius) at the RRWRA, 2007-2009. 

 

  NW  Middle  SE  Average 

Shadowed (likely not visible to radar due to 
topography) and not visible from adjacent station 

0.70% 0.00% 0.00% 0.23% 

Shadowed but covered by another radar 6.85% 1.73% 0.00% 2.86% 

Higher elevation ground clutter areas and not visible 
from adjacent station 

0.82% 0.09% 0.31% 0.41% 

Higher elevation ground clutter areas but covered by 
adjacent station 

2.71% 6.56% 0.00% 3.09% 

Total Percent of Area Shadowed and/or Cluttered  11.08% 8.38% 0.31% 6.59% 
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Figure 5.  Shadow and clutter at each radar site located at the RRWRA in Pacific 

County, Washington, 2007-2009. 


























































