
JUNE 2019AMERICAN METEOROLOGICAL SOCIETY | 977

The Quinault Blowdown
A Microscale Wind Event Driven by a Mountain-Wave Rotor

CLIFFORD F. MASS, ROBERT CONRICK, NICHOLAS WEBER, AND JOSEPH P. ZAGRODNIK

D
uring the early morning hours of 27 January 

2018, extreme winds struck a small area on the 

forested slopes just north of Lake Quinault, 

located on the southwest side of the Olympic Moun-

tains of Washington State (Fig. 1). In an area roughly 

0.5 km2, massive old-growth trees, some of which 

had stood for hundreds of years, were snapped off 

or uprooted. The resulting damage closed a por-

tion of the road along the north shore of the lake 

and caused power outages affecting hundreds of 

customers. Photographs by Olympic National Park 

personnel and others showed numerous treefalls, 

documenting both the large size of some of the 

fallen trees and the extraordinary force required to 

damage them (Fig. 2).

Based on the timing of power outages and the 

reports of nearby residents, it appears that the strong 

winds were highly transient, occurring for only a few 

minutes around 0130 Pacific standard time (PST; 

0930 UTC) 27 January 2018. A nearby seismograph 

of the Pacific Northwest Seismic Network (B014), 

located about 3 km northeast of the treefall location 

(Fig. 1b), observed a 4-min period of strong tremors 

starting around 0926 UTC 27 January 2018, with 

two additional impulses approximately 1 h later 

(Fig. 3). According to local seismologists (J. Vidale 

and P. Bodin, past and current directors of the Pacific 

Northwest Seismic Network, 2018, personal commu-

nications) the intense, sudden impulses were likely 

from large falling trees and the few minutes of more 

modest signal were the result of very strong winds 

interacting with the surface (Pryor et al. 2014).

Based on limited ground reconnaissance and a 

low-altitude aircraft survey, it was found that the area 

of damage was spatially limited, extending approxi-

mately 500 m along the north shore of Lake Quinault 
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FIG. 1. (a) View of the regional geography, with a red 

star indicating the location of the downed trees. (b) A 

closer view showing Lake Quinault, the surrounding 

terrain, and ground sites referenced in this study. The 

Forks profiler and Quillayute radiosonde sites are also 

shown in (a).
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and a similar distance up the 

adjacent slope to the north-

west. Fallen trees were found 

in 10–100-m swaths within 

the damage region, with most 

trees falling to the south-

southeast, thus suggesting a 

wind from the north-north-

west (Fig. 4). As described 

in the next section, strong 

northerly winds are unusual 

in this area, with the high-

est wind velocities generally 

from the south or southwest.

The initial speculation 

was that the small area of 

treefall was the result of a 

convectively driven micro-

burst. However, imagery 

from the nearby Langley Hill 

radar did not support this 

conjecture, since generally 

stratiform precipitation was 

observed with the approach-

ing occluded front (Fig. 5a). 

As described below, no low-

elevation observing site in the 

region noted winds exceeding 

20 kt (where 1 kt ≈ 0.51 m s–1), 

leaving the origin of the pow-

erful and damaging northerly 

winds unexplained. One of 

the most amusing aspects of 

FIG. 2. Photographs of damaged and fallen trees taken on the north shore of 

Lake Quinault. [Pictures are courtesy of B. Baccus, National Park Service 

(top) and K. Roper (bottom).]

FIG. 3. Seismic signal from 0855 to 1105 UTC 27 Jan 2018 at the Pacific Northwest Seismic Network site located 

3 km northeast of Lake Quinault. Location shown in Fig. 1b.
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the tree blowdown was the numerous suggestions in 

social media of unconventional origins of the event, 

such as U.S. military operations, aliens and unidenti-

fied flying objects, meteors, and even the actions of an 

angry Sasquatch.

This paper describes the synoptic and mesoscale 

meteorology accompanying this event and examines 

mechanisms that might produce a highly localized area 

of strong northerly winds near Lake Quinault. High-

resolution model simulations are presented to elucidate 

the microscale processes that are inadequately captured 

by the sparse observations and operational models.

CLIMATOLOGICAL AND OBSERVED SUR-

FACE WINDS. Although there are no long-term 

surface observing sites with wind speed and direction 

within or near the treefall area, two U.S. Department of 

Agriculture (USDA) Forest Service Remote Automated 

Weather Station (RAWS) locations are within 25 km. 

Extended-period wind roses for both locations over 

their period of record do not suggest a history of strong 

northerly winds (Fig. 6). The Black Knob RAWS site 

(2003–18), located on a coastal foothill of the Olympics 

about 20 km southeast of the damage site at an eleva-

tion of 588 ft (179 m) MSL (Fig. 1b), has both its most 

FIG. 4. (left) View of a portion of the treefall area taken from the air on 20 Mar 2018 showing swaths of tree loss. 

(right) Map of the approximate tree damage area based on ground surveys by National Park Service personnel, 

with arrows showing the direction of treefall.

FIG. 5. (a) Radar reflectivity and (b) radial velocity at 0927 UTC 27 Jan 2018 from the 0.5° scan of the National 

Weather Service Langley Hill radar. The white circle shows the location of the treefalls.
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frequent and strongest winds (exceeding 40 kt) 

from the south–southeast, with a lesser frequency 

peak of 20 kt from the north-northwest direction 

(Fig. 6a). Winds at the more exposed and higher-

elevation Humptulips site [2,400 ft (750 m) ASL; 

1985–2018], located on a ridge approximately 20 km 

southeast of Lake Quinault (Fig. 1b), are most often 

from the southwest, with peak wind speeds exceeding 

40 kt (Fig. 6b). Northerly winds at Humptulips are 

infrequent and have not exceeded 20 kt during the 

period of record.

There were no surface wind observation sites within 

the localized region of strong winds on 27 January 2018, 

and none of the nearby surface observing sites reported 

extreme winds at 0900 UTC, immediately before the 

blowdown. The nearest surface observing location, lo-

cated in a clearing adjacent to the seismograph (Fig. 1b), 

is the Quinault Climate Reference Site. This station 

lacks wind direction but reported a maximum gust 

over a 10-s period at 1.5 m (not the standard 10 m) of 

5.76 m s–1 (11.2 kt) between 0800 and 1000 UTC.

The Weather Underground station at Quinault 

(KWAQUINA2), located on the south side of Lake 

Quinault (3.5 km south of the damage location; 

Fig. 1b), had a peak gust of 4.37 m s–1 (8.5 kt) from 

the southwest at 0855 UTC, although the quality of 

this instrument is uncertain (Fig. 7). Wind direction 

at this location became more erratic after 0900 UTC, 

jumping between south-southwesterly and north-

easterly during the period of strongest winds at the 

treefall location (~0925 UTC 27 January). Intrigu-

ingly, the sea level pressure there showed a transient, 

short-period dip of ~2 hPa around the time of the 

wind event, a possible indicator of a high-amplitude 

mountain wave (e.g., Sheridan et al. 2007). Farther 

from the damage location and toward the coast, the 

Black Knob RAWS site (Fig. 1b) had a maximum gust 

of approximately 17 kt from the southeast at the time 

of the incident, while the upwind, higher-elevation 

Humptulips RAWS site, to the southwest of the treef-

all, had a maximum gust of 11.3 kt from the north-

east at that time. The radial velocity data from the 

0.5°-elevation angle at the Langley Hill radar, located 

43 km to the southwest of the treefall site, indicated 

a veering wind with height in the lower troposphere 

and a low-level (below 1 km) jet with a maximum 

sustained wind speed of approximately 26 kt from the 

southeast at the time of the treefall (Fig. 5b). There was 

no evidence of low-level southeasterly flow offshore, 

where the flow was more southerly and possessed a 

stronger speed maximum of approximately 50 kt at 

roughly 1,500 m MSL.

Determination of the localized wind speeds re-

quired to produce the substantial treefalls that morn-

ing is difficult, since tree damage depends on many 

factors including exposure, the directional frequency 

FIG. 6. Wind roses of maximum wind gusts (kt) for the 

period of record for the USDA/Forest Service RAWS 

sites at (a) Black Knob (2003–18) and (b) Humptullips 

(1985–2018).
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of the climatological winds versus the direction of the 

wind during the event, the health of the fallen trees, 

and soil saturation (Mitchell 2013). In this case, the 

strong winds came from an unusual direction (north-

erly), in contrast to the southerly or southwesterly 

winds typically associated with the climatologically 

most intense winds in the area. A subjective evalu-

ation of the photographic evidence by a local expert 

in wind-caused treefall (Dr. W. Read 2018, personal 

communication) suggested gusts of 40–50 kt or more 

were necessary, particularly considering the large 

size [8–10-ft (2.4–3.0-m) diameter] of several of the 

downed trees.

SYNOPTIC EVOLUTION ACCOMPA-

NYING THE WIND EVENT. An occluded front 

approached the treefall location during the early 

morning hours of 27 January, as suggested by the 

tongue of warm air extending into a 999-hPa low 

center positioned west of the Washington coast in the 

9-h forecast of the 12-km grid-spacing University of 

Washington (UW) Weather Research and Forecast-

ing (WRF) Model simulation1 initialized at 0000 UTC 

27 January 2018 (Fig. 8a). A close-up view from the 

1.33-km WRF domain shows a front offshore of the 

southern Washington coast and moderate south-

easterly flow (~20 kt) at the surface approaching the 

treefall site (Fig. 8b).

The National Oceanic and Atmospheric Adminis-

tration (NOAA) Earth System Research Laboratory 

(ESRL) 449-MHz radar–wind profiler observations 

at Forks (located 17 km east-northeast of Quillayute 

in Fig. 1) clearly showed the occluded frontal pas-

sage, with a veering wind and a transition to warmer 

temperatures (Fig. 9a). Before the frontal passage, 

which occurred between 0900 and 1000 UTC, there 

was southerly–southeasterly flow of 15–50 kt in the 

lowest 1.5 km of the atmosphere. No northerly wind 

was evident at any level. The virtual temperature near 

the surface at Forks warmed by 3°–4°C with the front, 

with greater warming aloft. The sounding data at 1200 

UTC 27 January 2018 (launched at approximately 

1100 UTC) from the nearby Quillayute rawinsonde 

(position shown in Fig. 1a) indicates a well-defined 

frontal inversion between 925 and 910 hPa (Fig. 9b). 

There was significant wind veering with height asso-

ciated with the front, with strong flow (~50 kt) above 

the inversion and 20–50-kt winds below.

1  For more information about the UW WRF, visit http://
atmos.washington.edu/wrfrt/.

FIG. 7. Observations of wind speed (kt), wind direction, 

and sea level pressure (hPa) at the Quinault Weather 

Underground site (Fig. 1b; ID: KWAQQINA2) for 

0800–1000 UTC 27 Jan 2018.
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HIGH-RESOLUTION SIMULATION OF 

THE EVENT. To examine the origin of this high-

wind event, WRF was run using 148-m horizontal 

grid spacing and 101 vertical levels. This simulation 

was initialized at 0000 UTC 27 January 2018, nested 

with 12-, 4-, and 1.33-km grid spacing for the outer 

domains, and receiving initial and boundary con-

ditions from the National Weather Service Global 

Forecast System (GFS) model (0.5° grid). The terrain 

resolution (grid spacing) was 30 arc s, approximately 

1 km. Like the operational UW WRF, this 

simulation used the Yonsei University (YSU) 

boundary/surface layer scheme (Hong et al. 

2006), Thompson et al. (2008) microphysics, 

and the Noah land surface model with mul-

tiparameterization options (Noah-MP; Niu 

et al. 2011). Analysis of model output at 1-min 

temporal resolution revealed the development of a 

mountain wave and downslope flow, followed by 

the appearance of a rotor beginning at 0923 UTC. 

The rotor winds reached a maximum near the sur-

face at 0925 UTC and the rotor dissipated by 0926 

UTC, starting close to the observed initiation time 

FIG. 8. The UW WRF simulations of sea level pres-

sure (solid lines, hPa), 10-m winds (kt), and 925-hPa 

temperature (°C) for (a) the 9-h forecast (valid 0900 

UTC 27 Jan 2018) from the 12-km domain and (b) the 

10-h forecast (valid 1000 UTC 27 Jan 2018) from the 

1.33-km domain. The white circle is centered on the 

area of tree loss.

FIG. 9. (a) Wind speed and direction and virtual tem-

perature (°C) from the NOAA/ESRL 449-MHz vertical 

profiler. (b) Vertical sounding of temperature (°C), 

dewpoint (°C), and winds (kt) from the Quillayute 

sounding at 1200 UTC 27 Jan 2018.
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of strong winds. Figure 10 shows simulated 10-m 

winds from the 148-m domain at 0925 UTC 27 Janu-

ary 2018, approximately the time of the observed 

event. Modest (~15 kt) southeasterly sustained 

winds were predicted over the upstream ridge, with 

northerly winds at and immediately north of the 

treefall location.

The existence of a low-level rotor is shown ex-

plicitly in a vertical cross section (location shown 

in Fig. 10) extending to 2,000 m MSL across the 

Quinault valley at the time of the wind event (0925 

UTC 27 January) (Fig. 11). A terrain-induced 

mountain wave and near-surface rotor is evident, 

with 16–20 m s–1 winds approaching the crest of the 

upstream ridge. Associated with the rotor are north-

erly low-level winds reaching 16–18 m s–1 within the 

lowest few hundred meters over the northern side 

of the valley.

To explore the evolution of the synoptic and meso-

scale environments that led to the wind-rotor event, 

Fig. 12 shows sea level pressure and 925-hPa tem-

peratures, vertical cross sections across the Quinault 

valley, and upstream soundings for the 4 h prior to 

the event, using the output from the 1.33-km UW 

WRF simulation initialized at 0000 UTC 27 January 

2018. The synoptic maps (left column in Fig. 12) show 

the approaching occluded front and the associated 

tongue of warm air. The corresponding vertical cross 

sections across the valley (middle column) exhibit a 

substantial increase in wind speed at and above the 

upstream ridge during the hours leading to the event. 

Finally, model vertical soundings (right column in 

Fig. 12) at point B, just upstream of the upwind ridge, 

indicate a saturated lower atmosphere and an increase 

in stability above the upwind ridge prior to the event 

(0600–0900 UTC 27 January).

DISCUSSION AND 

SUMMARY. This pa-

per describes a highly 

localized strong wind 

event t hat  occurred 

along the north shore of 

Lake Quinault, Wash-

ington, which is located 

in a valley on the south-

west side of the Olym-

pic Mountains. Strong 

northerly winds result-

ed in the loss of large 

trees over an area of ap-

proximately 0.5 km2. 

These winds were highly 

transient, lasting only 

a few minutes starting 

around 0925 UTC 27 

January 2018 and were 

not observed at surface 

FIG. 10. The 10-m winds (kt) at 0925 UTC 27 Jan 2018 

from the 148-m WRF domain, terrain elevation (m; 

color shading), and vertical cross-sectional location 

across Lake Quinault (red line).

FIG. 11. Vertical cross section across the Quinault valley (line A–B in Fig. 10) at 0925 

UTC 27 Jan 2018 showing the winds in the plane of the cross section (kt; barbs), 

potential temperature (solid lines, every 1°C), and wind speed (kt; shading).



JUNE 2019|984

stations in the surrounding area. This event was 

associated with the approach of a Pacific occluded 

front that produced moderate (15–30 kt) low-level 

southeasterly flow and a stable layer with wind veer-

ing with height above the crest of the upwind terrain 

(Fig. 9b). This upstream environment is favorable 

for high-amplitude wave and rotor formation (e.g., 

Doyle and Durran 2002; Grubišić and Billings 2007).

An important feature of the event was the strong 

northerly winds during the period of treefall, in 

contrast to the general southerly–southeasterly meso-

scale/synoptic winds of the region. Strong northerly 

winds are unusual in the area of treefall, and it is ex-

pected that the trees were more vulnerable to damage 

from an unaccustomed direction. Regional pressure 

gradients were modest (Fig. 8b) and consistent with 

southeasterly winds and, thus, cannot explain the 

strong northerly flow. High-resolution WRF simula-

tions produced moderate northerly flow in the correct 

location (north of Lake Quinault) and time as the 

FIG. 12. (left) Sea level pressure (hPa), 925-hPa temperature (°C), and 10-m winds (kt). (middle) Vertical cross 

section across the Quinault valley (location shown in Fig. 10) for total wind speed (kt; color shading), wind along 

the cross section (kt; wind barbs), and potential temperature (K). (right) Upstream model soundings at point B 

showing temperature and dewpoint (°C; red and blue lines) and horizontal winds (kt). The sounding is at water 

saturation throughout the layer shown above. Results at 0700, 0800, 0900, and 1000 UTC 27 Jan are shown.
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event, resulting from a high-amplitude mountain wave 

and attendant rotor within the valley. The rotor was 

produced by the interaction of incoming southeasterly 

flow with a southwest–northeast-oriented ridge to the 

southeast of the damage site (Fig. 1).

While the timing and location of the northerly 

rotor-driven wind event were well captured by the 

148-m WRF simulation, the maximum near-surface 

model wind speed [16–18 m s–1 (31–35 kt)] was too low. 

It appears that 148-m grid spacing is not sufficient for 

properly defining the intensity and tight structure of 

the rotor circulation and is within a resolution gray 

zone for which the assumptions made in contempo-

rary boundary layer parameterizations are probably 

not valid. It might well be expected that a large-eddy 

simulation (LES), using resolutions in which turbu-

lent eddies are resolved (10–20-m grid spacing), might 

not only better simulate the major rotor circulation, 

but also define subrotors that produce much stronger 

transient winds (Doyle and Durran 2002, 2007; Doyle 

et al. 2009; Cohn et al. 2011; Strauss et al. 2016). The 

nearly perfect timing of such a complex mesoscale 

flow event was fortuitous, although a timing error of 

less than an hour might be expected considering the 

strong control of the synoptic-scale forcing from the 

approaching front.

An important question concerns the frequency 

of this localized treefall event and whether the syn-

optic/mesoscale conditions during the event were 

unusual. Such localized, low-elevation tree loss with 

northerly winds has not been noted previously in the 

immediate area (B. Baccus, National Park Service, 

2018, personal communication) and the frequency 

of intense, transient, microscale rotors in nearby 

mountain valleys is uncertain. Since mountain-

wave amplification is often related to elevated stable 

layers near and above crest level and strong winds 

approaching terrain (Doyle and Durran 2002), we 

compared the 27 January 2018 event with other dates 

that had lower-tropospheric inversions. Specifically, 

we considered several parameters (925–850-hPa 

wind shear, inversion bottom height, maximum 

wind speed below the inversion) and used obser-

vations from the nearby soundings at Quillayute, 

Washington (Fig. 1a).

Figure 13 shows a plot of three of these param-

eters at Quillayute based on observations between 

1995 and 2018 for the months of October–March, 

with the star indicating the observation at 1200 

UTC 27 January. Only days with a nonsurface in-

version of at least 1°C were considered, resulting 

in 800 soundings. It is clear from Fig. 13 that 

conditions on the morning of 27 January 2018 

were unusual. The 925–850-hPa wind speed shear 

(40 kt) was near the highest on record at that loca-

tion (925 hPa is close to the height of the upwind 

terrain), and the height of the inversion base was 

relatively low and nearly identical to the height of 

the upstream terrain. In short, the combination of 

strong wind shear and a low inversion base, with 

the latter nearly coincident with the height of the 

upstream terrain, is highly unusual and favorable 

for the formation of downstream vorticity that can 

be expressed in rotor circulations and localized 

strong winds.

Future work on this event should include LES 

simulations to determine whether considerably 

higher wind speeds might result from better defining 

the rotor and possible subrotors, and the exploration 

of the sensitivity of rotor location and amplitude 

to variations in the incoming flow. In any case, the 

ability of a simulation with marginal resolution 

(148-m grid spacing) to capture the occurrence of a 

rotor at almost exactly the correct time and location 

is a favorable sign for the potential to predict future 

FIG. 13. Scatter diagram of the height of the inversion 

bottom (m) and 925–850-hPa wind shear magnitude 

(kt) based on Quillayute soundings (Fig. 1a) for periods 

with low-level inversions during 1995–2018. The points 

are color coded to show the maximum wind speed 

below the inversion (kt). The star indicates 1200 UTC 

27 Jan 2018.
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occurrences of such infrequent, but potentially de-

structive, localized phenomena.
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