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1. Introduction

The coastal sections of Oregon and Washington are among the wettest and stormiest in the country. Stretching along Oregon's Pacific border, the coastal zone is characterized by wet winters, relatively dry summers, and mild temperatures throughout the year. Coastal terrain features include a coastal plain (extending from less than a mile to a few tens of miles in width), numerous coastal valleys, and the Coast Range, whose peaks range from 2,000 to 5,500 feet above sea level and extend down the full length of the state. Rivers such as the Coquille, Umpqua, and Yaquina dissect the Coast Range and drain its slopes. The area's heavy precipitation results from moist air masses moving off the Pacific Ocean onto land, especially during winter months. 

Along the lower elevations of the immediate coast, normal annual precipitation is between 65 and 90 inches. However, spots high on the west slopes of the range may get up to 200 inches. Several days of abundant rainfall can cause strong flood events. In some locations, flood control dams have greatly reduced the incidence of damaging floods. As is typical of western Oregon, the highest monthly precipitation values for the coast occur in the winter months of November, December, and January. 

Occasional strong winds strike the coast, usually in advance of winter storms. Wind speeds can exceed hurricane force, and in rare cases have caused significant damage to structures or vegetation. Damage is most likely at exposed coastal locations, but it may extend into inland valleys as well. Such events are typically short-lived, lasting less than one day.
1.1. West Coast Climate

The climate of western Oregon and western Washington can be described as having “high annual average precipitation resulting from many days with low to moderate rainfall totals.” Southern California, in contrast, could be described as “not many rainy days, but when it rains it really rains.” Central and northern California sites are between those extremes.

Table 1.1 below shows rainfall statistics for west coast stations. Record daily amounts range from 12 percent in the north to more than 50 percent in the south. All else being equal, the closer a site is to the tropics the more intense the rain compared with annual averages. This holds true for statewide records as well: Oregon’s all-time daily record is 13.70 inches (Lee’s Camp, 2006), while California’s is 26.12 inches (Hoegee’s Camp, 1943).

	Station
	Annual average

(inches)
	Wet days
(.01” or more)
	Daily record

(inches)
	Daily percent
of annual

	Olympia WA
	50.59
	162
	5.90
	12

	Portland OR
	36.30
	151
	4.44
	12

	Eureka CA
	37.53
	118
	5.83
	16

	San Francisco CA
	19.70
	63
	5.71
	29

	Los Angeles CA
	12.01
	35
	6.19
	52


Table 1.1. Rainfall statistics for West Coast weather stations

The main reason for the latitudinal differences is distance from the tropics. The lower the latitude, the more likely for tropical air masses to retain their character (for example, their water content and temperature). During the long trajectories from the tropics to the mid-latitude Northwest, considerable modification to the air masses occurs. As well, some “dynamic” aspects (moisture and temperatures in particular) of weather change considerably.

Nonetheless, the climate of the Northwest is similar to California’s in many ways. Both areas have “Mediterranean” climates, characterized by generally mild temperatures, winter rainy seasons, and dry summers. As one moves northward in latitude, the rainy season gets longer. In Los Angeles, the wettest month on average is February; in San Francisco, it is January; in Portland and Olympia, December.

Figure 1.1 shows the percent of average precipitation recorded each month for stations along the West Coast. While the general shape of each graph is similar (wet winter, dry summer), as one moves from north to south the distribution becomes less uniform.
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Figure 1.1 Percent of average precipitation recorded each month for stations along the west coast of the U.S. Based on 1971-2000 averages (obtained from Western Regional Climate Center, www.wrcc.dri.edu)

2. Pacific Northwest Storms

Storms in the Northwest have similar characteristics to those affecting the Pacific Coast to the north and the south. For the most part, larger West Coast storms (in terms of moisture content) originate in the tropics or subtropics. Such storms are commonly known as “Pineapple Express” events.
2.1 The “Pineapple Express”

According to Dettinger (2004), Pineapple Express storms occur only between October and April, most often in January and February. The “rivers” of moisture crossed the West Coast “anywhere from 32ºN to 52ºN, with a modest maximum near 45ºN. The circulations have been most pronounced during winters when the PDO is in its positive, El Niño-like phase with ENSO in neutral or near-neutral conditions. The circulations yield storms over the West Coast states (and into Nevada and Idaho) and warm conditions over most of the western states.”

2.2 “Atmospheric Rivers”

Ralph et al (2004) studied low-level jets (LLJ) which they describe as “key contributor to the advection of water vapor” in the atmosphere.The type of LLJ that is the focus of the paper is “part of a broader region of generally poleward heat transport within extratropical cyclones that is referred to as the ‘warm conveyor belt’ … an integral component of extratropical cyclones that plays a key role in transporting sensible and latent heat poleward, balancing the equatorward transport of relatively cool, dry air in other branches of the extratropical cyclone’s circulation.” 

Ralph et al (2004) describe two general types of large-scale moisture flux: broad, poorly defined air masses and more concentrated, filament-like structures they call “atmospheric rivers.” They say, “more than 90% of the total meridional water vapor flux in the midlatitudes was accomplished by atmospheric rivers.” These are responsible for the largest rainfall events along the West Coast (and many of the moderate-sized events as well). A popular term in the media for these warm, moist air masses is the “Pineapple Express,” due to the fact that many of these “rivers” appear to originate near the Hawaiian Islands.

2.3 The “Pineapple Express” trajectory

Most of California’s largest storms are associated with the “Pineapple Express” trajectory (Pandey, et al, 1999). Figure 2.1 below is an idealized diagram showing the locations and trajectories of warm tropical and cool mid-latitude air masses. Figure 2.2 shows a corresponding Pacific Northwest version. The overall pattern is similar, but the subtropical and polar jet streams are shifted northward about 5 degrees. 

In an effort to better understand (and quantify) the effects of flow direction and air mass origin, analyses of upper-air conditions above Salem, coupled with surface observations at moderate-elevation Northwest stations, were conducted.

2.4 Precipitable Water vs. Flow Direction

Sounding data from the Salem radiosonde site were analyzed over the period 1956-96. For each winter month and sounding time, total precipitable water (PW) was computed. “Afternoon” soundings were launched at 00 UTC (1600 PST) or 03 UTC (1900 PST). “Morning” releases were at 1200 UTC (0400 PST) or 1500 UTC (0700 UTC).

Figures 2.3 and 2.4 show the distribution of PW as a function of 850 MB wind direction. Low PW can occur with winds from any direction. The highest PW, however, occur when winds are generally southwesterly (240 degree azimuth plus or minus 60 degrees).

2.5 Moisture flux

Moisture flux (precipitable water multiplied by wind speed) is a better surrogate for “precipitation potential” than PW alone. For each sounding, wind speed at 850 or 700 mb was multiplied by the PW for that sounding and plotted against wind direction. The result, shown in Figures 2.5 and 2.6, indicates a narrowly-focused distribution centered on southwesterly flow direction. These results are very similar to those presented by Pandey, et al (1999), shown in Figure 2.7.

2.6 Wind direction vs. Daily Precipitation

One would assume that moisture flux would correlate with precipitation. To examine this, 850 mb wind direction from Salem was compared with daily precipitation at Laurel Mountain (near the crest of the Coast Range at 3,590 feet above sea level) and Government Camp (at 3,980 feet in the Cascades on the south side of Mt. Hood). At Laurel Mountain (Figure 2.8), January daily precipitation totals resemble the moisture flux relationship, with the highest daily values occurring with flow from the southwesterly quadrant. Government Camp (Figure 2.8) exhibits a similar relationship, although the wind direction is skewed slightly to the right (more westerly). This may reflect orographic differences between the sites or the occurrence of large events during cooler westerly flow. In addition, Government Camp may be somewhat in the lee of the Coast Range during southwesterly flow and thus in a rain shadow, while westerly flow passes through the Columbia River coastal gap.
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Figure 2.1. The Northern California version of the Pineapple Express (diagram by Wolf Read, Oregon Climate Service)
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Figure 2.2. The Pacific Northwest version of the Pineapple Express (diagram by Wolf Read, Oregon Climate Service)
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Figure 2.3. Precipitable water as a function of wind direction, 850 mb winds, Salem, Oregon, January, “afternoon” soundings
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Figure 2.4. Precipitable water as a function of wind direction, 850 mb winds, Salem, Oregon, January, “morning” soundings

[image: image6.png]Salem 850 mb Wind Direction vs. Moisture Flux,
January 1956-96

[
ul
o
o

X
3
'S

)

15

5
L d
2

o
=

Wind direction (degrees)





Figure 2.5. Moisture flux as a function of wind direction, 850 mb winds, Salem, Oregon, January
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Figure 2.6. Moisture flux as a function of wind direction, 700 mb winds, Salem, Oregon, January
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Figure 5. Climatological distribution of incoming moisture flux as a function of wind direction and fraction
of time the wind is blowing from each direction at Oakland in (a) early winter (NDJ) and (b) late winter
(FMA). The incoming moisture fluxes (solid line) are marked on the left y axis. The distributions of winds are
‘marked on the right y axis and are shown for all days (dotted line), for days with any measurable precipitation
(>0, dashed line), and for days when precipitation exceeds 25 mm/d (dashed-dottcd linc).




Figure 2.7. Winter moisture flux over Oakland, California (from Pandey, et al. 1999).
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Figure 2.8. Salem 850 mb wind direction vs. Laurel Mountain daily precipitation, January
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Figure 2.9. Salem 850 mb wind direction vs. Government Camp daily precipitation, January

3. Time Series of Daily Precipitation
To study changes in the frequency of extreme precipitation events, it is necessary to analyze precipitation trends over time using “time series” analysis. Three long-term weather stations were chosen for this analysis: Tillamook (data beginning 1948); Astoria Airport (data beginning 1953); and Laurel Mountain (data beginning 1978). The first two stations are near sea level on the northern Oregon coast. Laurel Mountain is at 3,590 feet in elevation in the central Oregon Coast Range. All three stations are Cooperative stations administered by the National Oceanic and Atmospheric Administration (NOAA). Data were obtained from Oregon Climate Service.
The analysis here is not intended to be systematic; rather, it uses several reliable, high-quality stations to illustrate trends at those locations. It is believed (but not proven) that these sites are representative of the central and northern Oregon coast.
The data presented are from daily reporting stations (one report per day, measured at the same time each day). Thus, the one-day values are usually somewhat lower than 24-hour values, which can begin and end at any hour of the day.

3.1 One-day precipitation

The twenty highest one-day precipitation observations for Tillamook, Astoria and Laurel Mountain appear in Figures 3.1, 3.2 and 3.3, respectively.

Tillamook and Astoria show no significant change in the magnitude or frequency of one-day events. However, Laurel Mountain data show an increasing frequency of extreme one-day events.

3.2 Two-day precipitation

The twenty highest two-day precipitation observations for Tillamook, Astoria and Laurel Mountain appear in Figures 3.4, 3.5 and 3.6, respectively.

Tillamook and Astoria show very little systematic change in the intensity or frequency of two-day precipitation events. Laurel Mountain data show an increased frequency of extreme events.

3.3 Three-day precipitation

The twenty highest three-day precipitation observations for Tillamook, Astoria and Laurel Mountain appear in Figures 3.7, 3.8 and 3.9, respectively.

All three stations show an increase in the frequency of extreme three-day events. Astoria data show increases in both the magnitude and the frequency of extremes.

3.4 Precipitable Water

Long-term trends in precipitable water were examined using the Salem, Oregon upper-air site. Data from 1966 through 1996 are shown in Figure 3.10, which is limited to the largest events (with a cutoff of 20 mm). No long-term trend is suggested in the data.
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Figure 3.1. Twenty highest one-day precipitation totals, Tillamook, 1948-2007
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Figure 3.2. Twenty highest one-day precipitation totals, Astoria, 1953-2007
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Figure 3.3. Twenty highest one-day precipitation totals, Laurel Mountain, 1978-2007
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Figure 3.4. Twenty highest two-day precipitation totals, Tillamook, 1948-2007
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Figure 3.5. Twenty highest two-day precipitation totals, Astoria, 1953-2007
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Figure 3.6. Twenty highest two-day precipitation totals, Laurel Mountain, 1978-2007
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Figure 3.7. Twenty highest three-day precipitation totals, Tillamook, 1948-2007
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Figure 3.8. Twenty highest three-day precipitation totals, Astoria, 1953-2007
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Figure 3.9. Twenty highest three-day precipitation totals, Laurel Mountain, 1978-2007
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Figure 3.10. Salem soundings with precipitable water of 20 mm or more, 1966-1996
4. Storm Intensity Rating

A storm intensity rating system for the Oregon-Washington coast was developed using historical information from Taylor (1999) and other sources. The parameters used in the rating system were:

a. Precipitable water. As measured at the Salem upper-air site, this provides an estimate of “potential precipitation.”

b. Percent of 100-year precipitation. The actual amount of precipitation reported is compared to estimated 100-year precipitation at that location. 100-year precipitation represents the intensity of precipitation whose probability of occurrence is 1 percent in any given year. Maps and station values of 100-year precipitation are available from NOAA and other agencies.
c. Maximum wind gusts observed along the coast
	Parameter
	Units
	Likert Scale

	
	
	1
	2
	3
	4
	5

	Precipitable Water, Salem
	mm
	20
	22
	24
	26
	28

	Precipitation, Percent of 100 year, maximum observed
	percent
	100
	110
	120
	130
	140

	Maximum wind gust, Oregon-Washington Coast, sea level
	mph
	80+
	90+
	100+
	110+
	120+


Table 1. Storm Intensity scale, using five categories. A value of 1 represents the smallest or weakest significant storm, 5 the highest. The parameters are mutually exclusive.

Most historical storms are either “wet but not especially windy” or “windy but not especially wet.” The December, 2007 storm was an exception: a very wet storm which was also very windy.

5. The Storm of December, 2007

A large and very damaging storm affected all of the Pacific Northwest during the first week in December. Winds exceeding 100 mph were accompanied by intense rains, which led to flooding. Damage was severe in many locations, mostly near the Oregon and Washington coasts. 

The storm began as a large , but not particularly strong, mid-latitude storm in the mid-Pacific. Moisture from several decaying typhoons moved eastward and were absorbed by the storm, causing rapid enhancement. The storm deepened and grew in size, eventually reaching a diameter of several thousand miles; at one point, it stretched from western Idaho to the International Date Line, or about the size of the continental United States.

The moisture-enhanced deepening is what led to the very strong winds. The sheer size of the storm allowed it to reach well down into the tropics and tap abundant tropical moisture, which formed an “atmospheric river” – warm, moist air from the southwest.
At 12:45 pm on December 3 the National Weather Service issued the following announcement:

A strong Pacific system continues to rock the coastal region this afternoon...

A very strong storm over the northeast Pacific continues to hold a tight pressure gradient along the Pacific Northwest coast. This is resulting in very strong winds. The storm peaked early this morning on the coast though strong winds will continue today and may see some peaks in the valley through early Tuesday morning as the cold front pushes onshore. 

Much damage has been reported. Coastal communities have reported many trees that have been blown down...blocking highways and taking out power lines. Damage has also been reported to homes. Major power outages are reported along the coast from Lincoln County to the Long Beach Peninsula. In addition to the wind...heavy rains have saturated most of northwest Oregon resulting in flooding and landslides. 

5.1 Wind reports

Wolf Read, a Northwest wind storm expert, produced a retrospective on the wind storm for Oregon Climate Service. The description below comes largely from Wolf’s report.

"Historic" is a good descriptor of the coastal gale of December 1-3, 2007, especially for the counties of Lincoln, Tillamook and Columbia. At two key official weather stations, at the Newport Municipal Airport and the Astoria Regional Airport, wind gusts were the strongest in 45 years. A gust to 83 mph occurred at Newport, and a burst to 85 mph at Astoria. While these values fall short of the Columbus Day Storm's 138 mph and 96 mph, respectively, it is good to keep in mind that the 1962 storm was unprecedented in raw wind velocity. Table 5.1, showing Astoria peak gusts, reveals that most big windstorms produce maxima of 65 to 80 mph at that location; anything above 80 mph is quite unusual. Roughly speaking, speeds of 85 mph and above appear to belong to a 50-year storm.
	Storm Event
	Peak Gust
at Astoria (mph)
	Other Name

	12-Oct-62 
	96
	Columbus Day Storm

	03-Dec-07 
	85
	"Great Coastal Gale"?

	14-Dec-06 
	82
	Hanukkah Eve Storm

	15-Jan-51 
	80
	

	16-Jan-00 
	78
	

	03-Mar-99 
	78
	

	13-Feb-79 
	76
	Kitsap Blowdown

	17-Dec-61 
	76
	

	20-Dec-61 
	76
	

	16-Jan-86 
	75
	

	03-Nov-58 
	75
	

	15-Dec-95 
	74
	Big Blast

	15-Dec-97 
	74
	

	20-Jan-93 
	72
	Inauguration Day Storm

	27-Apr-62 
	71
	

	27-Dec-02 
	70
	

	26-Mar-71 
	70
	

	09-Jan-53 
	70
	

	14-Nov-81 
	68
	Friday-the-13th Storm

	07-Jan-53 
	66
	

	27-Oct-50 
	65
	


Table 5.1. Historic Peak Winds at Astoria. Peak gusts from 1995-2006 are adjusted upward to account for a 5-second averaging period.
Peak gusts at some unofficial weather stations during the December storm resemble accounts of the Columbus Day Storm. Speeds of 125 mph were clocked on a well-exposed anemometer located at 70-feet above ground level in southern Lincoln City. At the Bay City Fire Station, a blast to 111 mph was observed at 1:10 AM on December 3rd, closely followed by a gust to 114. Then, at 1:30 AM, a 129 mph surge was observed. Nearby, a church steeple toppled, crashed through a power pole and was demolished on the street below. A wood-frame garage lifted from its foundation and flew to pieces, and a modern metal-framed storage building had its roof peeled off and walls disrupted. Two houses had wooden portions of their roofs yanked off, while many lost a flurry of shingles. Some windows shattered, siding peeled off and stop signs with metal poles were bent strongly toward the north. Trees at all points from the fire station toppled, some tearing through power lines and blocking roads. Clearly winds reached extreme levels at Bay City. This kind of damage appeared in many areas of the coast, with the heaviest destruction occurring from about Lincoln City northward. Table 5.2 lists wind reports issued by National Weather Service on the day of the storm.
Table 5.2 Wind Reports, National Weather Service

LOCATION PEAK WIND GUST 
================================================================== 
...PACIFIC BUOYS...
BUOY 50 (OFF NEWPORT)...................76 MPH(SUST. 50 MPH) 
SEAS....40 FEET  BUOY BROKE FROM MOORING AND IS NOW ADRIFT

BUOY 89 (50 MI W OF TILLAMOOK)..........67 MPH(SUST. 50 MPH)
SEAS....48 FEET

BUOY 29 (COLUMBIA RIVER BAR)............67 MPH(SUST. 45-50 MPH)
SEAS....44 FEET
 BUOY BROKE FROM MOORING AND IS NOWADRIFT

80 MI WEST OF WALDPORT SHIP REPORT........69 MPH(SUST.)
SEAS...39 FEET
90 MI WEST OF TILLAMOOK SHIP REPORT.......69 MPH(SUST.)
SEAS...33 FEET

...WASHINGTON COAST...
CAPE DISAPPOINTMENT....................104 MPH
KLIPSAN (Long Beach....................102 MPH
DESTRUCTION ISLAND..................... 93 MPH
TOKE POINT (NORTH END OF WILLAPA BAY).. 75 MPH
BAY CENTER............................. 72 MPH
OYSTERVILLE............................ 67 MPH
OCEAN PARK............................. 67 MPH
LONG BEACH............................. 60 MPH

...NORTH OREGON COAST...
BAY CITY (NEAR TILLAMOOK)..............129 MPH
CAPE MEARES (ELEV. 1500 FT)............114 MPH BEFORE POWER LOSS
ROCKAWAY BEACH.........................104 MPH
TILLAMOOK BAY TIDE GAGE................100 MPH
ASTORIA (WEST SLOPE)................... 86 MPH (SUST. 45-50 MPH) 
CLATSOP SPIT........................... 86 MPH (SUST.70 MPH)
ASTORIA AIRPORT.............. 85 MPH (LOST)
POWER 4 AM) GARIBALDI.................. 81 MPH (LOST)
POWER 5 PM SUN) YOUNGS BAY............. 80 MPH
CANNON BEACH........................... 80 MPH
TILLAMOOK (DOWNTOWN)................... 75 MPH
TILLAMOOK AIRPORT...................... 74 MPH

...CENTRAL OREGON COAST...
LINCOLN CITY...........................125 MPH
YAQUINA HWY 101 BRIDGE (NEWPORT) ...... 88 MPH (SUST. 45-50 MPH)
LINCOLN CITY (OTHER REPORT)............ 85 MPH
NEWPORT AIRPORT........................ 83 MPH (SUST. 58 MPH)
NEWPORT JETTY.......................... 82 MPH
SEA LION CAVES......................... 81 MPH (SUST. 40-45 MPH)
AGATE BEACH............................ 78 MPH (LOST POWER)
HATFIELD SCIENCE CENTER................ 75 MPH
ROSE LODGE (JUST NE OF LINCOLN CITY)... 64 MPH
SOUTH BEACH (NEAR NEWPORT)............. 64 MPH
FLORENCE SIUSLAW JETTY................. 63 MPH
YACHATS................................ 61 MPH

Table 5.2 (continued) Wind Reports, National Weather Service

...WILLAPA HILLS...
ABERNATHY MTN.......................... 62 MPH

...OREGON COAST RANGE...
MT. HEBO............................... 91 MPH
CEDAR RAWS............................. 74 MPH
ROCKHOUSE RAWS......................... 72 MPH
SOUTH FORK RAWS........................ 48 MPH

...SOUTHWEST WASHINGTON INTERIOR...
KALAMA................................. 45 MPH
KELSO AIRPORT.......................... 43 MPH
LONGVIEW TIDE GAGE..................... 41 MPH
INTERSTATE 5 BRIDGE IN VANCOUVER....... 36 MPH
FREMONT BRIDGE......................... 36 MPH
CHEHALIS AIRPORT....................... 35 MPH

...WILLAMETTE VALLEY...
HILLSBORO AIRPORT...................... 51 MPH
HARRISBURG............................. 50 MPH
MCMINNVILLE AIRPORT.................... 48 MPH
SALEM AIRPORT.......................... 46 MPH
ALOHA.................................. 44 MPH
AURORA AIRPORT......................... 40 MPH
EUGENE AIRPORT......................... 38 MPH
BEAVERTON.............................. 36 MPH
PORTLAND AIRPORT....................... 33 MPH

...CASCADE FOOTHILLS...
SUGARLOAF MTN (SW OF OAKRIDGE)......... 81 MPH (SUST. 35-40 MPH)
CANYON CREEK (WASHINGTON).............. 67 MPH
WANDERERS PEAK......................... 67 MPH
BRUSH CREEK RAWS....................... 65 MPH (SUST. 30 MPH)
FIELDS (NEAR OAKRIDGE)................. 55 MPH
HORSE CREEK RAWS....................... 51 MPH
YELLOWSTONE MTN........................ 43 MPH

...CASCADES...
TIMBERLINE (ELEV. 7001 FT)............. 99 MPH (SUST. 60 MPH)
GOVT CAMP SKI BOWL..................... 90 MPH
MT HOOD MEADOWS........................ 66 MPH
BLUE RIDGE RAWS........................ 51 MPH
MT ST HELENS (COLDWATER RIDGE)......... 46 MPH

The peak gust map (Figure 5.1) shows the narrow focus of the storm. The Pacific shoreline of Oregon and Washington bore the brunt of the winds, and a heavy gale tore through the Coast Range northward, producing an extreme gust of 147 mph on Naselle Ridge, a place subject to local wind enhancement where gusts of 160 mph occurred during the Columbus Day Storm. Eastward, beyond the coastal hills, the ferocity of the December 2007 gale quickly waned. Wind gusts in the Willamette Valley ranged from 35 mph at Troutdale to 54 mph at Salem: While it was a forceful storm, it paled in comparison with other Valley windstorms. 
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Figure 5.1. Peak gust map for December, 2007 wind storm

Peak gust is one of a number of important ways to measure wind. The Columbus Day Storm may outclass all windstorms in terms of maximum wind speed; however, the December, 2007 storm is perhaps the longest-lasting high-wind event on record. The Columbus Day Storm sprinted through the Northwest, typically delivering its lively gale over a period of about two to three hours at most locations. The 2007 storm proved to be a very long-lasting event. Allowing for a few brief lulls, high-wind criteria gusts of 58 mph (50-knots) and higher lasted nearly two days. 

Table 5.3 lists the duration of four categories of wind speed as measured at the Yaquina Bay Bridge in Newport. The duration counts the hours between the first and last gust in each category. As indicated by the complete Yaquina Bridge record depicted in Figure 5.2, wind speed is highly variable, and the actual time the wind spent in specific categories of speed was considerably less. 

	Category 
	Begin Time 
	End Time 
	Duration 

	40-knot (46-mph or higher) 
	Dec 01 2007 14:34 
	Dec 04 2007 04:34 
	60 hours 

	50-knot (58 mph or higher) 
	Dec 01 2007 18:19 
	Dec 03 2007 19:34 
	49 hours 

	60-knot (69 mph or higher) 
	Dec 02 2007 06:19 
	Dec 03 2007 15:34 
	33 hours 

	70-knot (81 mph or higher) 
	Dec 02 2007 11:49 
	Dec 03 2007 01:34 
	14 hours


Table 5.3. Duration of peak gusts at Yaquina Bay Bridge, Newport, December 2007
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Figure 5.2. Wind speed and wind gusts, Yaquina Bay Bridge, Newport, December 2007

The persistence of high winds is perhaps the most significant aspect of the December, 2007 windstorm. Duration can contribute significantly to a windstorm's damage. By the constant loading of structures, nails and other holds can gradually pull loose. Trees under heavy wind stress may build up an accumulation of microfractures in the trunk, or undergo a series of small root breaks, that could lead to catastrophic failure given enough time. The fact that this storm was a significant rain event doubtless contributed to the damage, because rain drops propelled by strong winds are much more damaging than winds alone.
5.2 Rainfall
Moisture from the remains of two typhoons, Hagibis and Mitag, was entrained in the monster-sized second low of the series. The tropical genesis of the storm, coupled with very fast mid-level (850 mb) airflow sweeping the moisture-filled air into the coastal mountains, resulted in a significant rainstorm to go with the powerful, hurricane-force winds. The resulting storm thus closely resembled the typhoons that provided much of the original moisture.

Figure 5.3 is an enhanced infrared satellite image for 4:00 am PST on December 3, during the height of rainfall intensities. Figure 5.4 shows the surface analysis for the same time; winds were strong at this time, but the strongest wind zone was still offshore. Table 5.4 lists precipitation observations reported by the National Weather Service at the time of the storm. Several locations exceeded 10 inches for the event, led by Lees Camp at more than 14 inches.
Figure 5.5 is a preliminary map of maximum one-day precipitation published by Oregon Climate Service, based on daily values (not 24-hour maxima). Figure 5.6 shows the percent of 100-year precipitation represented by the values in Figure 5.5; this was obtained by dividing observed values by the estimated 100-year precipitation for that location, and performing an inverse-distance-weighted smooting. Several areas in northwest Oregon and southwest Washington saw daily totals exceeding 140% of the historical 100-year values: in other words, the rainfall totals were truly unusual, if not unprecedented.
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Figure 5.3. Enhanced infrared satellite image for 4:00 am PST on December 3
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Figure 5.4. Surface analysis for 4:00 am PST on December 3

	LOCATION/STATION
	STORM TOTAL (INCHES)
	REMARKS

	SOUTH WASHINGTON/NORTH OREGON COAST

	ASTORIA
	3.94
	THROUGH 4 AM MONDAY

	TILLAMOOK RAWS
	3.76
	CENTRAL OREGON COAST

	LINCOLN CITY
	3.50
	THROUGH 6 AM MONDAY

	DUNES
	3.10
	NORTH OREGON COAST RANGE

	SOUTH FORK RAWS
	12.71
	

	CEDAR MTN RAWS
	12.19
	

	MILLER RAWS
	8.65
	

	LEES CAMP
	14.50
	

	VERNONIA
	11.00
	

	ABERNATHY MTN
	1.84
	

	RYE MOUNTAIN
	9.51
	CENTRAL OREGON COAST RANGE

	GOODWIN PEAK RAWS
	5.59
	

	ROCKHOUSE MTN
	9.12
	

	VILLAGE CREEK
	7.60
	

	HIGH POINT
	4.91
	

	KELSO
	5.16
	

	BONNEVILLE
	5.50
	

	MIDDLE MTN
	5.17
	

	PARKDALE
	3.57
	

	HOOD RIVER
	4.50
	

	NORTH WILLAMETTE VALLEY/CLARK COUNTY

	GRESHAM
	3.70
	

	FOREST GROVE
	6.37
	

	VANCOUVER
	3.73
	

	TROUTDALE
	3.38
	

	PORTLAND AIRPORT
	3.35
	

	SCAPPOOSE
	5.97
	

	HILLSBORO
	4.48
	

	GASTON
	7.65
	

	CENTRAL WILLAMETTE VALLEY

	SALEM
	2.44
	

	AURORA
	2.36
	

	JEFFERSON
	4.58
	

	MCMINNVILLE
	3.50
	

	STAYTON
	1.40
	

	FALLS CITY
	10.70
	

	EUGENE (AIRPORT)
	2.19
	

	CORVALLIS
	1.51
	

	CANYON CREEK
	5.76
	

	COLDWATER RIDGE VISITOR CENTER
	6.42
	

	TROUT CREEK
	1.43
	

	DETROIT LAKE (AG STN)
	6.39
	

	DEE FLAT
	4.96
	

	EAGLE CREEK RAWS
	3.17
	

	HORSE CREEK RAWS
	8.37
	

	LOG CREEK RAWS
	11.23
	

	SCOTTS MILLS
	5.40
	


Table 5.4. Storm Total Precipitation, Dec. 1-3, 2007
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Figure 5.5. Preliminary map of maximum one-day precipitation for the December, 2007 storm (Oregon Climate Service, 2008)
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Figure 5.6. Percent of 100-year precipitation represented by the values in Figure 5.5 (Oregon Climate Service, 2008)

5.3 Stream flows

Stream flow data are collected by several agencies and reported by NWS. Table 5.5 lists the maximum river crest and flood stage height for Northwest rivers. The Nehalem was more than 10 feet above flood stage, and several other rivers exceeded flood stage by more than 5 feet.
	GAUGE
	FLOOD STAGE (ft.)
	RIVER CREST (ft.)
	FLOW RATE (cfs)
	CREST DATE/TIME

	   COASTAL RIVERS

	WILLAPA NR WILLAPA 
	21.0
	26.6
	15,000
	5 PM DEC 3 **

	NASELLE NR NASELLE 
	15.5
	14.7
	7,200
	8 AM DEC 3 

	GRAYS NR ROSBURG 
	12.0
	16.5
	20,100
	1 PM DEC 3 **

	NEHALEM NR FOSS
	14.0
	24.4
	52,200
	12 PM DEC 3 ** 

	WILSON NR TILLAMOOK
	12.0
	20.5
	33,300
	11 AM DEC 3 **

	TRASK NR TILLAMOOK 
	16.5
	20.8
	20,400
	10 AM DEC 3 

	SILETZ AT SILETZ 
	16.0
	19.0
	25,800
	2 PM DEC 3 

	ALSEA NR TIDEWATER 
	18.0
	21.8
	27,500
	10 PM DEC 3

	SIUSLAW NR MAPLETON
	18.0
	21.5
	30,200
	9 PM DEC 3

	...SOUTHWEST WASHINGTON INTERIOR...

	COWLITZ AT CASTLE RK 
	48.0
	47.4
	64,600
	6 PM DEC 3

	COWLITZ AT KELSO 
	21.7
	22.8
	N/A
	1 AM DEC 4

	...WILLAMETTE VALLEY...

	JOHNSON CK IN PORTLAND 
	11.0
	11.9
	1,300
	10 AM DEC 3

	CLACKAMAS NR ESTACADA
	20.0
	20.3
	24,200
	11 PM DEC 3

	TUALATIN AT DILLEY 
	17.5
	19.0
	9,700
	9 PM DEC 3 

	TUALATIN NR FARMINGTON 
	32.0
	32.6
	11,100
	7 PM DEC 5

	MARYS NR PHILOMATH 
	20.0
	21.0
	13,000
	9 PM DEC 3 **

	LUCKIAMUTE AT SUVER
	27.0
	29.0
	11,000
	4 PM DEC 3

	S YAMHILL AT MCMINN. 
	50.0
	55.9
	31,000
	4 PM DEC 4


Table 5.5. Maximum river crest and streamflow volume, northwest Oregon and southwest Washington, December 2007

6. Future Trends in Storm Intensity
As for changes in intensity or frequency of storms in the future, these are very difficult things to predict. Three factors that could cause such changes include:
a. changes in the tropic-polar temperature gradient

b. changes in moisture content of the atmosphere

c. changes in clouds

NASA’s Goddard Institute of Space Science (GISS) provided an excellent summary of how future changes in temperature could affect weather:

“The connection between global warming and mid-latitude storms lies in the temperature difference between the poles and the equator. This temperature difference behaves much like the potential difference across an electric battery, the greater the difference, the easier it is for energy to flow between the end points. As global warming continues, the temperature difference between the poles and the equator is expected to decrease, making it harder for energy to flow. The poles will warm more quickly, while the already warm tropics will experience small increases, resulting in a smaller temperature difference. This in turn should produce a less energetic jet stream, with fewer disturbances within it. The expectation is that global warming will cause a reduction in the number of mid-latitude storms.

“There is however, an additional factor to consider. Under continued global warming, the average surface temperature of the earth will increase. Warmer air at the surface will be able to hold more water vapor. When this air is lifted into the atmosphere, there will be more water available to form clouds and precipitation. So even though there may be fewer mid-latitude storms in the future, these storms may produce more optically thick clouds and more damage causing precipitation. (Optical thickness is a measure of the total water within a cloud. An optically thick cloud contains a great deal of water and suspended particles, and reflects most of the sunlight hitting it from above. Such a cloud appears dark from below.)

“An almost hidden, third factor is the potential of clouds to reduce or enhance the global warming that is occurring. Lower, optically thicker clouds will reflect more solar energy back into space, and have an overall cooling effect. Higher, optically thinner clouds will allow most of this solar energy to pass through to the earths surface, but will then absorb and reradiate some of the infrared energy released by the earths surface, producing an additional warming. Thus, the exact nature of the clouds that will be produced by the storms of the future is of great importance to the climate scientists as they try to predict the magnitude of future global warming.”
Recent years, however, have seen observed temperatures diverge from earlier predictions. In fact, global temperatures (from satellite) have dropped in recent years after reaching a peak in 1998 (during the big El Nino of that year). Perhaps “global warming” has paused. Perhaps a continued decline in temperatures will occur. Figure 6.1 shows observed satellite temperatures in the mid-troposphere (the part of the atmosphere that should be warming the fastest, according to models). Trends from IPCC and CCSP modelers are shown. The overall trend since records began (1978) is close to zero.
Even if a clear trend in temperatures were evident, the effects on Pacific Northwest weather are unclear. As described in the GISS narrative above, warmer temperatures could cause storm intensity to rise or fall. The effects of cooling would also be hard to 

assess.

If, on the other hand, one views trends in recent decades as “likely to continue,” the following conclusions can be drawn:

1. extreme rainfall events, which have been increasing in magnitude and frequency, would continue to become stronger and more common

2. extreme wind events peaked in the late 1950s through mid-1960s and thus would not be expected to increase

In the end, that is probably as far as we can go.
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Figure 6.1. Projected temperature trends from IPCC and CCSP models compared with observed monthly values from the tropical mid-troposphere
7. Conclusions

Large rain storms in the Pacific Northwest are similar in structure to those affecting other locations along the West Coast. The largest events are those originating to the southwest, in the tropical or subtropical Pacific.

An examination of precipitation trends for three western Oregon stations revealed an apparent increase in the intensity and frequency of large rain storms. This result is tempered by the very small set of data points. The increase was most pronounced in the case of 2-day rainfall totals.

Examination of atmospheric moisture for Salem, Oregon showed little or no systematic variation in precipitable water for the period 1966-1996. Thus, the apparent increase in large rainfall events may be due to some factor other than available moisture. Instead, it may involve a change in the direction from which storms arrive or some other reason.
A “storm intensity” rating was developed to rank storms according to moisture and wind speeds. Parameters used in the evaluation included precipitable water, percentage of 100-year precipitation, and sustained wind speeds.
The December, 2007 storm was an unusual combination of very wet and very windy. As such, it is one of the highest ranked storms ever experienced in the Northwest, using the new rating system.

Predicting changes in future storm intensity and frequency is very difficult and highly uncertain. Based on trends in recent decades, future rain events may continue to increase in intensity and frequency, while future wind events will not.
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