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Executive Summary:
A region’s potential for growing grapes for quality wine production requires a sound
understanding of the suitability of the environment to provide the landscape and climate factors
necessary for ripening different varieties. While some regions have had decades and even hundreds
of years to define, develop, and understand their suitability, newer regions typically face a trial and
error stage of finding the best match between region and variety. Furthermore, cool climate regions,
at the margins of viticulture, require a more exacting understanding of their suitability so as to
minimize failure and maximize current and future potential. This research facilitates this process by
modeling the climate and landscape in a young and, as of yet, largely unproven grape growing
region in Washington, the North Olympic Peninsula. The work addresses the need to establish the
baseline knowledge of suitability in order to provide a level of mitigation from mistakes/failures.
The result is an inventory of climate and land suitability that provides both existing and new
growers greater insight into the potential of the region.
The physical factors that influence suitability include matching a given grape variety to its
ideal climate along with optimum site characteristics of elevation, slope, aspect, and soil properties.
To analyze these factors, this research uses spatial data for the region in a multi-layered model that
examines topographical influences, soil factors, land use zoning criteria, and heat accumulation
limits for growing grapevines. The composite model depicts the best landscapes within different
climate suitability zones.
The North Olympic Peninsula region contains nearly 14,000 acres of landscapes with very
good to ideal topographical characteristics having elevations from 200 to 600 ft, slopes between 5 to
20%, and high solar radiation receipt potential. In terms of soil, internal drainage, depth, pH, and
water holding capacity form much of the basis of suitability for viticulture. For the North Olympic
Peninsula, soils vary tremendously over the region but appear to provide nearly 40,000 acres of
either relatively ideal or potentially amendable soil characteristics.
The climate structure of the North Olympic Peninsula region is one of moderate
temperatures due to its location relative to the ocean. Precipitation varies markedly across the
region, but benefits tremendously from the rain shadow of the Olympic Mountains with many of the
suitable areas experiencing from 15 to 30 inches of rainfall per year. Growing seasons across the
best landscapes in the region are typically longer than 180 days with little frost pressure. Growing
degree-days for the best landscapes vary from 1400 to 2300 units, providing a range of cool, early
ripening variety climate types.
Combining all aspects of viticultural suitability from the analysis finds nearly 2000 acres of
agriculturally zoned land with the highest composite topographic and soil suitability that falls within
the climate zones. Spatial data resolution also likely does not account for many suitable areas that
are more sheltered from the dominant wind/weather directions where higher heat accumulation will
likely be found. Furthermore, trends and projections in climate for the region indicate increasing
potential with warmer daytime and nighttime temperatures and a longer growing season with
greater heat accumulation.
In terms of varietal choices given the region’s current climate structure, many of the
varieties currently being grown by individual growers and at the WSU-Mount Vernon's
Northwestern Washington Research & Extension Center should be considered. These include
plantings of white varieties such as Madeleine Angevine, Sylvaner, Siegerrebe, Chardonnay, Pinot
Gris, Riesling, Muller-Thurgau, Pinot Blanc, and Gewurztraminer. For red varieties, plantings
should include Pinot Noir (both precoce and normal clones), Zweigelt, Garanoir, Leon Milot, Agria,
Regent, Marechal Foch, and others. These recommended varieties are supported by experiences
from the few growers in the region who have had success with them.
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Overall, the North Olympic Peninsula region provides sound potential for cool climate
viticulture and presents an interesting development for the industry in Washington and beyond. The
region will benefit from its proximity to a large market and should capitalize on the ability to grow
unique grapes with a light, crisp, and aromatic style of wine that pairs well with the seafood of the
region.
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Introduction:
Vineyard site selection is the single most important decision that any potential grape grower
will face. Combined with matching the site to a grape variety, this decision will ultimately affect the
vineyard’s yield, the quality of the wine produced, and the vineyard’s long-term profitability.
Overall, the quality of wine produced in any viticultural region comes primarily from the high
quality of the grapes, which are carefully crafted in the winery. The quality of the grape, however, is
the result of the combination of five main factors: the climate, the site/local topography, the nature
of the soil, the choice of the variety, and how they are managed to produce the best crop. The
French have named this interaction between the local environment, the vines, and the people the
"terroir” with the history of Old World viticulture showing its importance for quality winegrape
production (for a good review see Vaudour, 2002). From this history, it is clear that the prudent
grape grower must understand the interactions between these factors, their controls on grape growth
and quality, and maximize a given site’s characteristics to produce the best possible fruit at a profit.
To better realize a region’s potential and to facilitate more precise site selection, the purpose
of this research is to establish a baseline understanding of viticultural potential by examining the
climate and landscape in the North Olympic Peninsula region of Washington (Figure 1) through the
spatial analysis of topography, soil, land use, and climate. The results will allow growers to make
more informed planting decisions, which should ultimately drive an overall increase production
quality as the region develops. As the region becomes more recognized for the uniqueness and
quality of its grapes and wine, growers will become economically more viable and sustainable.
This report provides an overview of the factors important for quality wine production,
examines the historic, current, and future climate suitability for wine production, and develops a
model for establishing the baseline knowledge of the region’s potential.

Figure 1 – Study area of the North Olympic Peninsula in relation to the region and the Puget Sound
American Viticultural Area (AVA). The North Olympic Peninsula region was delimited by the
author to best encompass the potential areas suitable for viticulture.
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Overview of Climate and Landscape Requirements:
Assessing a region’s, and even more importantly a site’s physical environment is arguably
the single most important decision process that any potential grape grower will encounter when
considering to grow winegrapes (Jones and Hellman, 2003). Combined with matching the
region/site to the most suitable grape varieties, this decision will ultimately affect the vineyard’s
yield, the quality of the wine produced, and the vineyard’s long-term profitability (Wolf, 1997).
However, it should be stressed that site selection will almost always require compromises, in that
few sites will possess ideal landscape and climate characteristics in every respect. Regional or site
suitability assessment represents a complex suite of issues that must be factored into any plan to
establish a successful vineyard operation. Numerous overviews exist that detail region and site
selection in general (e.g., Dry and Smart, 1988; Gladstones, 1992; Wolf, 1997) or for specific
regions (e.g., Shaulis and Dethier, 1970; Davis et al., 1984; Sayed, 1992; Devilliers, 1997; Boyer
and Wolf, 2000; Carey, 2001; Jones and Hellman, 2003; Jones and Light., 2001; Jones; 2003) and
focus mostly on climate, topography, and soil factors using spatial data analysis.
Climate Requirements
Overall, climate exerts the greatest influence on the ability of a region or site to produce
quality grapes. The average climate structure of an area has proven to determine to a large degree
the defining wine style with variations in wine production and quality being chiefly controlled by
vineyard management decisions and short-term climate variability. In general, grapevines need a
growing season of sufficient length with enough sunlight hours and heat energy to allow both the
fruit and the vegetative parts of the vine to mature. Growing season lengths over 180 days are
considered to be suitable for the majority of grape varieties (Jones, 1997). Growing season lengths
should be assessed for any region or site by examining the number of days between the 28-32°F
frost points (28°F is the freezing point of most green tissue). A growing season should also be
largely free of heat extremes where prolonged daytime maximum temperatures over 95-100°F can
cause grapevines to be stressed and not produce to their optimum (Gladstones, 1992). Research
shows that grapevines experience the best whole vine accumulation of photosynthates between 7080°F, reaching a maximum for single leaf photosynthesis near 90°F (Mullins et al. 1992). A region
or site should also provide a growing season with some precipitation for soil moisture, but be at a
minimum during the principal growth stages of bloom and ripening when too much rain can affect
flowering and fruit set and the quality of the ripening fruit. Finally, a region or site should not
experience consistently high winds and be largely free of extreme weather events such as hail.
Arguably the most important and most commonly used gauge of regional/site suitability is
the assessment of heat accumulation. This is normally done using various formulations of growing
degree-days (GDD), which attempts to quantify heat available for vine development during the
growing season. The most common formulation for growing degree-days for viticultural suitability
is the accumulation of degrees above a base temperature of 50°F (the minimum for plant growth)
between April 1 and October 31. The resulting values are typically used to place broad bounds on
suitability with the most common being the designation of Winkler regions (Table 1) which were
developed for California (Amerine and Winkler, 1944). Examples of some other wine regions in
terms of Winkler regions include Region I – Champagne, Burgundy, the Willamette Valley, the
Rhine Valley; Region II – Bordeaux, Umpqua Valley; Region III – Mendocino, Sonoma; Region IV
– Napa Valley; Chianti; Region V – Fresno, Bakersfield. However issues with the Winkler region
degree-day system include not being suitable everywhere (Jones, 1997) and the values do not
differentiate gradations of the cool climate suitability as given by Moulton and King (2005).
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Table 1 – Winkler region growing degree-day limits and types of fruit or wine expected (Amerine
and Winkler, 1944).
Region
Degree-Days
Suitability
Region I
<2,501
Only early ripening varieties achieve high quality.
Early & mid-season table wine varieties will produce good quality
Region II
2,501 to 3,000
wines.
Favorable for high production of standard to good quality table
Region III 3,001 to 3,500
wines.
Favorable for high production, but acceptable table wine quality at
Region IV 3,501 to 4,000
best.
Typically only suitable for extremely high production, fair quality
table wine or table grape varieties destined for early season
Region V
>4,001
consumption are grown.
Topographic Requirements
The topography and soils of a site play important roles in grapevine growth and quality, and
have interactive effects with climatic elements. Topographic factors that exert the greatest influence
on a site’s climate include elevation, slope, aspect, hill isolation and how it affects air drainage, and
proximity to bodies of water. A marginal climate can be mitigated to some degree by locating the
vineyard on an ideal site. Through examining vineyard landscapes worldwide, Gladstones (1992)
found that the very best sites will usually have two or more of the following features:
•
•
•
•

They are on slopes with excellent air drainage, and are usually situated above the fog level in a
thermal zone.
The very best are usually on the slopes of projecting or isolated hills that enhance air drainage.
The slopes directly face the sun during at least some part of the day. South facing is best with
easterly aspects receiving morning sun and westerly aspects receiving the afternoon sun
(Northern Hemisphere).
If inland, they tend to be close to substantial rivers or lakes. Additionally, mountain/valley
breeze locations during the summer are important.

When inspecting a site’s topography, components of elevation, slope, aspect, and hill isolation
should be examined individually, but evaluated collectively since it is their interactive affect on
grape production that is crucial (Jones and Hellman, 2003). While very few sites will have the
perfect blend of each component, there are some general guidelines to follow. First, the effects of a
site’s elevation can be assessed from both absolute and relative standpoints. Overall, absolute
elevation above sea level determines the general climatological characteristics of a site’s
temperature regime. On the average, temperature changes 1.0ºF per 300 feet of elevation. This
effect can leave higher altitude sites with fewer growing degree-days, which can retard vine growth
and fruit maturation. Frost probabilities also increase at higher elevations. Relative elevation of a
site, the local relief from a valley bottom to the site’s elevation, largely determines the air drainage
and slope temperature variations.
Slope is the degree of inclination of the land, which is measured as the angle of the drop in
elevation over a horizontal distance. Both slope and aspect play important roles in sunlight
reception, cold air drainage, and frost and wind protection. Cool climate viticulture often takes
advantage of sloping sites, which alter the angle of incidence of the sun’s rays that strike the
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surface. This effect can be substantial; a vineyard with a 10 degree south-facing slope can receive as
much as 25% more insolation than a flat site. Greater insolation increases the growing degree-days,
so a south-facing slope will be warmer, promoting earlier ripening. A sloped site also enables cold
air to drain away, reducing the risk of frost damage. Hillside sites, however, have increased risk of
soil erosion, higher vineyard management costs, and present a greater hazard for operating
equipment (Coombe and Dry, 1988). Erosional forces increase in direct proportion to increases in
slope, and may experience slow downhill soil creep unless preventive practices are employed.
A site’s aspect describes the compass direction in which the slope faces and in general
southeast to west aspects are favored for maximum sunlight receipt. Depending on numerous other
factors such as obstructing trees, other hills and rock outcroppings, a properly situated slope can
enhance growth and maturation or limit disease problems (Jackson and Schuster, 1987). For any site
in the Northern Hemisphere, northwest, north, and northeast tending sites will experience delayed
grape growth stages, lower sunlight and heat receipt, and slower soil and canopy evaporation.
Southeast, south, southwest, and west tending slopes will exhibit earlier grape growth stages and
show varying increases in insolation, heat, and evaporation (Wolf, 1997).
Isolated or projecting hills or ranges of hills are of special interest because they provide a
temperature-modifying effect compared to the surrounding valley floor by creating thermal zones
and increasing the ability for cold air to drain away from the mid-slopes (Jones and Hellman, 2003).
Cold air drainage occurs because cold air is heavier than warm air and tends to flow downhill as
regions upslope cool more quickly. Cold air will drain downhill until impeded by an obstruction
large enough to pool the cold air or until the flattening of the topography. If a slope is open to
proper airflow, cold air pooling will generally not be a problem, but any obstruction of airflow, such
as fences, treelines, windbreaks, etc. should be avoided or removed. Therefore an isolated hill
allows cold air to be efficiently drained away, and with no new source of cold air, the isolated or
projecting hill is in the thermal zone.
Soil Requirements
Soil characteristics are an extremely important factor in determining the potential success of
a vineyard. However, high quality wines are made from grapes grown in many different types of
soils with no single type considered ideal, but each soil imparts its own unique characteristics
mouth-feel to a given variety (Wilson, 1998). Although most grapevines can be grown across a
wide variety of soil types, the most important characteristics for optimum growth are good internal
drainage, adequate depth, sufficient water holding capacity during dry periods, and a soil pH that is
slightly less than neutral (Jones and Hellman, 2003). A typical well-drained soil is often
characterized by a subsoil layer that has relatively uniform colors of brown, red, or yellow-orange.
Soils that are poorly drained are more commonly gray or have alternating areas of reddish brown
and gray color. Drainage is important to maintain open pore spaces for grapevine roots to access
oxygen. Soils that do not drain very well are easily saturated with water, which eliminates the
oxygen in the pore spaces. Such soils can remain saturated for extended time periods producing
situations where roots have little or no access to oxygen and cause suffocation, lower vine
physiology, and eventually death of the vine.
Soil depth for vineyards is commonly recommended to be a minimum of 30 inches before
reaching bedrock or impermeable layers (shallow bedrock, chemical or physical hardpans) desired
for optimum vine growth (Dry and Smart, 1988). Too shallow of a soil will limit development of
the root system and typically results in smaller vines with greater sensitivity to changes in soil
moisture. To maintain vine balance in all types of moisture conditions, deeper soils provide
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grapevine roots better penetration and the ability to develop a larger root system. Furthermore,
shallow soils that encounter a hardpan layer can greatly influence internal drainage.
While drainage is extremely important in vineyards, a soil’s available water holding capacity
(AWC) is important as those soils with adequate water holding capacity are at an advantage, giving
vines the greatest ability to tolerate periods of moderate drought. Soils with a relatively high waterholding capacity can retain much of the rainfall in the root zone of grapevines and provide a buffer
for water consumption by the vines (Cass, 1999). Low water holding capacity, as is found in very
sandy or cobbly soils, will not hold enough water for the vines and will require very frequent
irrigation to maintain adequate soil moisture levels.
In terms of fertile soils, grapevines are actually easier to manage on soils of relatively low
fertility because too high of fertility leads to more growth and greater expense and time spent on
canopy management. Soil pH gives an indication of fertility and nutrient balance with most ideal
vineyard soils being found between 5.5 and 7.5 (Cass, 1999). Outside this range, nutrients may
become out of balance, with deficiencies or toxic levels effecting vine uptake or beneficial
relationships with microorganisms. Ideally, a vineyard soil will be relatively deep, well-drained,
have good water-holding capacity, and provide a moderate fertility level with a proper balance of
nutrients.
Information on soil characteristics is best determined by site analyses done by sampling
from trenches on the property. However, generalized spatial information on soils can be found in
county Soil Surveys prepared by the USDA-Natural Resources Conservation Service (NRCS; SSS,
2007). Soil Surveys contain information describing the various soil types found in a region and their
properties including average depth, drainage characteristics, water-holding capacity, and pH. This
information is available both in digital data and in the form of maps however; Soil Survey maps are
limited in their accuracy and should serve only as a general guide to the soil type(s) in your area.

The North Olympic Peninsula:
Geology, Soil, Ecology, and Climate
The North Olympic Peninsula region is dominated by the Olympic Mountains (Figure 1).
The peninsula is bordered by the Pacific Ocean to the west, the Strait of Juan de Fuca to the north,
and Hood Canal to the east and is known for spectacular mountains, lush rain forests, and pristine
coastlines. The Olympic Peninsula formed when the Juan de Fuca Plate, a basaltic oceanic plate
carrying a load of marine sediments, moved under the North American Plate (Alt and Hyndman,
1984; Rau, 1987). The upper portions of the marine sediments of the ocean plate crumbled and
folded as it encountered and moved under the North American Plate. Some of the deposits were
scraped off and became part of the North American Plate, forming the steep rock layers and
volcanic flows of the Olympic Peninsula. When the movement of plates slowed, the rocks rose and
formed large, uplifted areas of sedimentary rock surrounded on three sides by oceanic basalt
(Wilson et al., 1996).
Much of the landscape of the North Olympic Peninsula owes its current form to the work of
glaciers. Glaciers pushing out from Canada covered the region several times over the last 100,000
years, most recently about 14,000 years ago. As this ice sheet pushed against the Olympic
Mountains, it split into two lobes, with one lobe that pushed along the trough of Puget Sound, while
the other followed the Strait of Juan de Fuca (Tabor and Cady, 1978). Many local glaciers advanced
and retreated, with the larger ones forming the river valleys of the Queets, Quinault, and Hoh
Rivers. During earlier glaciations, gravel and silt were deposited as far west as today’s nearshore
islands. Sixty major glaciers still cover the Olympic Mountains, providing sources of cold water to
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the glacially fed rivers on the Olympic Peninsula. These same streams and rivers continue to cut
into glacial debris and mountainsides, resulting in land slumps or occasional massive landslides.
This combination of geologic upheavals and weather conditions has produced about 30
major soil types on the western Olympic Peninsula alone (Figure 2). While soils can vary
tremendously over a given landscape, the dominant soils found over the North Olympic Peninsula
region that are likely zones for viticulture, include:
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A
A
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G

D

Figure 2 – Broad categories of soils in the Clallam and Jefferson county areas of the North Olympic
Peninsula region (Washington State Soils, 2006). Lettered designations in the map match the listing
below.
A. Major Soil Series: Whidbey-Catla-Townsend-Coupeville
Soils with minimal development; some formed partially under prairie vegetation have darkcolored, humus-rich top soils.
B. Major Soil Series: Hoypus-Sequim-Carlsborg
Weakly-developed soils; some have subsoil accumulations of iron, aluminum, and humus;
some soils that developed partially under fern-prairie vegetation have dark-colored, humusrich top soils.
C. Major Soil Series: Alderwood-Everett-Harstine-Kitsap-Indianola
Red, deeply-weathered soils with slight subsoil development.
D. Major Soil Series: Hoodsport, Shelton
Soils that are moist year-round, and typically red and fairly deeply-weathered. The soils
contain amorphous materials and have properties typically associated with weathered
volcanic ash. Some have subsoil accumulations of compounds of iron, aluminum and
humus.
E. Major Soil Series: Philippa-Diobsud-Skykomish-Elwell-Olomount-Montborne
Cool soils of foothills and mountain valleys that are moist year-round; and typically red and
fairly deeply-weathered. Many have subsoil accumulations of compounds of iron, aluminum
and humus; the soils contain amorphous materials and have properties typically associated
with weathered volcanic ash.
F. Major Soil Series: Skagit-Puget-Puyallup-Chehalis-Caples-Oridia
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Well- to excessively-drained soils. Most have a dry season when irrigation is needed for
agricultural production.
G. Major Soil Series: Terbies-Olete-Louella
Soils on mountainsides and hills. Some have dark-colored, base-rich top soils while others
have soil properties typically associated with weathered volcanic ash although tephra may
be absent.
H. Major Soil Series: Lytell-Zenker-Astoria-Elochoman-Snahopish-Solleks
Dark-colored, humus-rich, deep soils that formed in sedimentary rocks, which are moist
year-round and have properties typically associated with weathered volcanic ash although
tephra may be absent.
I. Major Soil Series: Elwha-Poulsbo-Ragnar-Clallam
Soils with slight subsoil development.
Probably the greatest limitations with the soils found in the North Olympic Peninsula are subsoil
pans (Wilson et al., 1996). These pans form below the surface at differing depths from basaltderived alluvium or colluvium over Pleistocene-aged compacted alpine till. Glacial compaction,
parent material mineralogy, and cycles of wetting and drying are important factors affecting
cementation of these pans. Soil fertility varies greatly over the region with issues generally related
to either minor to major imbalances of nitrogen, calcium, potassium, phosphorous, magnesium,
boron, or zinc.
From an ecology standpoint, the Olympic Peninsula is extremely diverse owing to the great
variation of climate that is driven by the topography. The region has the only temperate rain forest
in the northern hemisphere. The types of vegetation found in the North Olympic Peninsula region
(Figure 1) consists of three broad types; the Woodland/Prairie Mosaic which consists of localized
western Washington grasslands and woodlands found mostly in the lower lying areas (coastal
plains); the Puget Sound Douglas Fir zones which are found along the intermediate mountain slopes
and scattered throughout the lower landscapes; and the Olympic Douglas Fir zones found in the
mid-montane forest on the rain-shadowed northeast side of the Olympic Mountains (PNL, 2007).
At the regional scale the weather and climate of the North Olympic Peninsula is driven by
latitude, proximity to the ocean, and its location to the westerly winds and the associated seasonality
of storms coming off the Pacific. At the more local scale of the North Olympic Peninsula, weather
and climate are strongly influenced by the Olympic Mountains and the lay of the landscape.
Precipitation on the west side of the Olympic Peninsula ranges from an average of 90 inches or
more a year near the coast to over 200 inches or more for Mount Olympus (7,965 feet above sea
level). The inner region of the Puget Sound is largely in the rain shadow of the Olympic Mountains,
but varies tremendously from place to place. Some of the lower rainfall amounts are found in the
region around Sequim, where only 16-18 inches of annual rainfall occurs. The proximity to the
ocean and the westerly wind systems produces a ratio of overcast days to clear days of about two to
one, but also moderates the temperatures in both the winter and summer.
A study of long-term stations in the western United States (Jones, 2005) including the
stations of Centralia, Grapeview, Port Townsend, the Puyallup Experiment Station, and Sedro
Woolley in the Puget Sound AVA reveals a regional cool climate structure with an average of 1770
growing degree-days, and a growing season and ripening period of 57.8°F and 59.2°F, respectively
(Table 2). The region is largely free of heat extremes and low frost frequency. The median last
spring frost is April 7th, but varies over 71 days from the coolest to warmest stations. The median
first fall frost is November 1st, but can occur as early as October 1st and as late as December 8th
(Table 2). The resulting frost-free period averages 207 days over the region, ranging from 154 to
269 days. Growing season precipitation (Apr-Oct) averages near 15 inches for the five locations
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with 2 to 4 inches of rainfall expected during either the bloom (May 15 – June 15) or ripening
periods (August 15 – October 15). Trends over the 1948-2004 time period in the Puget Sound AVA
exhibit growing seasons that are 56 days longer (Figure 3) due to earlier last spring frosts and later
first fall frosts (Jones, 2005). These longer growing seasons are on average 1.8°F warmer than in the
middle of the last century with more warming coming at night than during the daytime (Figure 4).
Growing degree-days have increased 320 units over the 58 years (Figure 5) while the frequency of
days below freezing has declined in all seasons and annually.
Table 2 – Climate characteristics average over five stations over 1948-2004 for the Puget Sound
AVA (Jones, 2005).
Variable
Growing Degree-Days (base 50°F, Apr-Oct)
Growing Season Average Temperature (Apr-Oct)
Growing Season Average Maximum Temperature
Growing Season Average Minimum Temperature
Ripening Average Temperature (Aug15-Oct15)
Growing Season # of Days > 95°F (Apr-Oct)
Ripening # of Days > 95°F (Aug15-Oct15)
Annual # of Days < 32°F
Spring # of Days < 32°F (March-May)
Fall # of Days < 32°F (September-November)
Last Spring Frost Date (32°F)
First Fall Frost Date (32°F)
Frost-Free Period (Fall minus Spring)
Winter Precipitation (November-March)
Growing Season Precipitation (Apr-Oct)
Bloom Period Precipitation (May15-June15)
Ripening Period Precipitation (Aug15-Oct15)

Mean
1770
57.8
68.3
47.2
59.2
2
1
45
9
7
6-Apr
1-Nov
207
26.30
15.12
2.18
4.40

Median
1765
57.7
68.0
46.9
59.2
2
0
44
9
7
7-Apr
1-Nov
207
26.08
15.02
2.24
4.15

Stdev.
199
1.1
1.3
1.4
1.4
2
1
15
5
4
17
13
25
5.50
2.78
1.06
1.97

Max.
2280
60.4
72.4
50.2
62.4
6
4
89
24
20
5-May
8-Dec
269
37.38
21.53
5.44
8.99

Min.
1314
55.2
65.4
44.7
56.7
0
0
17
1
1
25-Feb
1-Oct
154
12.44
8.12
0.46
0.52

Range
966
5.2
7.0
5.5
5.7
6
4
72
23
19
71
68
115
24.94
13.41
4.98
8.47
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Figure 3 – Trends in the length of the median frost-free period (32°F) for 1948-2004 averaged over
the Puget Sound AVA (Jones, 2005). Data Source: (Easterling et al., 2006).
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Figure 4 – Trends in growing season average, maximum, and minimum temperatures for 19482004 averaged over the Puget Sound AVA (Jones, 2005). Data Source: (Easterling et al., 2006).
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Figure 5 – Trends in growing degree-days (April-October) at a base temperature of 50°F for 19482004 averaged over the Puget Sound AVA (Jones, 2005). Data Source: (Easterling et al., 2006).
Examining locations more specific to the North Olympic Peninsula region (Figure 1), Port
Angeles, Sequim, and Port Townsend have a similar temperature patterns (Figure 6). Maximum
monthly temperatures are very similar over the three sites with Port Townsend experiencing slightly
warmer days during the middle of the summer. However, regional site differences are quite evident
in minimum temperatures with Port Townsend the warmest in all months, Port Angeles
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intermediate, and Sequim the coolest (Figure 6). Seasonality of rainfall is again very similar across
the three sites (Figure 7) albeit with greater amounts in Port Angeles and lower amounts in Sequim.
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Figure 6 – Seasonality of maximum and minimum temperatures for Port Angeles, Sequim, and Port
Townsend for the 1971-2000 climate normals. Data Source: (WRCC, 2006).
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Figure 7 – Seasonality of precipitation for Port Angeles, Sequim, and Port Townsend for the 19712000 climate normals. Data Source: (WRCC, 2006).
Examining a longer term monthly climate record for Port Angeles (1900-2002) reveals an
historically cool climate region with growing seasons that average 48.5°F and growing degree-day
accumulations averaging 940 units (Table 3). However, this station is very near the coast and is
likely one of the cooler sites in the NOP. Even in spite of the cool station location, Port Angeles has
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shown a consistent and significant long term trend in growing degree-days of nearly 500 units
putting the location between 1200-1400 units today (Figure 8).
Table 3 – Long term climate characteristics for Port Angeles, 1900-2002 (Easterling et al., 2006).
Variable
Annual Average Temperature
Annual Average Maximum Temperature
Annual Average Minimum Temperature
Growing Season Average Temperature (Apr-Oct)
Growing Season Average Maximum Temperature
Growing Season Average Minimum Temperature
Growing Degree-Days (base 50°F, Apr-Oct)

Mean
53.8
62.4
45.4
48.5
56.0
40.9
964

Median
53.8
62.5
45.5
48.4
55.9
41.0
940

Stdev.
1.2
1.2
1.8
1.2
1.2
1.6
203

Max.
57.2
65.1
49.9
51.9
58.9
45.2
1542

Min.
51.0
59.2
41.1
45.7
52.6
37.3
512

Range
6.3
5.9
8.8
6.2
6.2
7.9
1030

1800

+499 units/103 years
2
R = 0.51

1600
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Figure 8 – Trends in growing degree-days for April-October at a base temperature of 50°F for
1900-2002 for Port Angeles. Data Source: (Easterling et al., 2006).

History of Winegrape Production in Washington and the Puget Sound
While the contemporary Washington wine industry is very young, the roots were planted as
early as 1825 with some of the first settlers bringing vines to the west (Irvine and Clore, 1997). By
the early 1900s grapes were grown throughout the state, following the paths of the French, German
and Italian immigrants. Furthermore, once large-scale irrigation was available in Eastern
Washington in 1903 the rich volcanic soils and warm, sunny desert-like climate regions became
viable for growing grapes. In the early 1960s the first commercial plantings were completed.
However it was not until 1969, when the Washington legislature changed production laws to
promote the planting of varietals for wine production that the industry took off (Irvine and Clore,
1997). Today the Washington wine industry ranks 2nd in production in the U.S. growing over 80
different varieties, with 500 licensed wineries, producing wines from over 120,000 tons of grapes
grown on over 31,000 acres (44% white, 56% red) by over 350 growers in nine American
Viticultural Areas (Washington Wine Commission, 2007; USDA, 2007).
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Grape growing the Puget Sound region has a similar early history but has been more limited
by climate and infrastructure for large-scale production. While over 99% of the grapes grown in the
state come from vineyards on the east side, there is more interest today in grape growing in the
region and an increasing number of wineries producing wines from both east side and west side
grapes. Established in 1985, the Puget Sound AVA (Figure 1) owes much of its understanding and
knowledge to Gerard and JoAnne Bentryn who have been growing grapes in the region since 1981.
The Bentryn’s focus on quality and experimentation with new and exciting varieties has provided a
baseline of knowledge of the potential of the region. Today the Puget Sound region grows
approximately 130 acres of grapes (reported acreage; USDA, 2007) with roughly equal amounts of
white and red varieties. Plantings of white varieties include Chardonnay, Pinot Gris, and a long list
of ‘minor’ varieties such as Madeleine Angevine, Sylvaner, Siegerrebe, and Zweigelt. Plantings of
red varieties include most Pinot Noir (both precoce and standard clones) and ‘minor’ varieties that
include Garanoir, Leon Milot, Regent, and others.
Work by Gary Moulton at the Washington State University extension office in Mount
Vernon has focused on trials attempting to understand varietal potential in a cool maritime climate
such as the Puget Sound. His work has shown that the varieties in Table 4 can be ripened at Mount
Vernon to sufficient levels for quality wine production. The work has also documented growing
degree-days ranging from 1400-2400 units over the Puget Sound and the long term trials have
resulted in understanding the growing degree-day bounds on the climate suitability of these varieties
of 1400-1600 for the coolest varieties, 1600-1900 for intermediate cool varieties, and 1900 and
above for cool climate varieties (Moulton and King, 2005; Moulton and King, 2006). Further
experience with some of the varieties by growers throughout the Puget Sound AVA indicates a
range of ripening from early to late September for Sylvaner, Siegerrebe, and Madeleine Angevine to
mid to late October for Gewurztraminer (Table 5). More evidence of potential comes from the
Sequim area where a grower during 2003 to 2006 has experienced a similar ripening sequence for
varieties grown there with an average of 19.1°Brix and 1855 growing degree-days at harvest (Tom
Miller, personal communication). Results from the WSU trials and practical experience by growers
to date have clearly shown that high quality winegrape production is possible in the Puget Sound
given proper site selection, varietal and rootstock choices, and good vineyard management.
Table 4 - Variety guidelines (W=white; R=red) for the North Olympic Peninsula based on growing
degree-days (adapted from Moulton and King, 2005).
Under 1600 GDD
1600–1900 GDD
Above 1900 GDD
Siegerrebe (W)
Everything listed at left, plus
Everything listed at left, plus
Pinot Noir Precoce (R)
Pinot Noir clone 667 (R)
Pinot Noir [all clones] (R)
Garanoir (R)
Pinot Noir clone 777 (R)
Dornfelder (R)
Leon Millot (R)
Pinot Noir clone 115 (R)
Dunkelfelder (R)
Muscat of Norway (R)
Agria (R)
Gamaret (R)
When available:
Regent (R)
Chardonnay cl. 76 (W)
Rondo (R)
Zweigelt-rebe (R)
Sauvignon Blanc (W)
Burmunk (W)
Marechal Foch (R)
Kerner [Kernling] (W)
Iskorka (W)
St. Laurent (R)
Red Traminer (W)
Pinot Gris [Ruhlander] (W)
Madeleine Angevine (W)
Sylvaner (W)
Auxerrois Blanc (W)
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Table 5 – Approximate ripening order of many of the varieties being grown in the region (adapted
from Snyder (2006) and others).
Variety
Ripening Period
Madeleine Sylvaner

Early to Mid-September

Siegerrebe

Early to Mid-September

Madeleine Angevine

Early to Mid-September

Leon Millot

Early to Mid-September

Marechal Foch

Mid- to Late September

Muller-Thurgau

Mid- to Late September

Pinot Noir
Chardonnay

Early to Mid-October
Early to Mid-October

Pinot Gris

Early to Mid-October

Gewurztraminer

Mid- to Late October

Data and Methods:
To analyze the terroir of the North Olympic Peninsula region, a multi-stage Geographic Information
System (GIS) analysis was set up to incorporate factors related to the topography, soils, land
zoning, and climate.
Topographical Suitability
The topographical landscape was analyzed through the use of United States Geological
Survey 10 meter digital elevation models (DEM). The entire landscape in the North Olympic
Peninsula region was then categorized for the most advantageous elevations, slopes, and slope
illumination aspects for growing grapes. The categorization was constructed as a multi-layer,
topographically-driven potential site analysis using ArcGIS (ESRI, 2006) with class rankings given
each grid (data layer) based on its potential (Table 6). The suitability of elevations was determined
from conversations with growers (Gerard Bentryn, personal communication), extension personnel
(Gary Moulton, personal communication), and knowledge of the variations in climate structure over
the landscape in the region. The best suited elevations (400-600 ft) where given the highest value
and those greater than the estimated upper limit were considered not suitable (Table 6).
Table 6 – Elevation categorization of the landscape in the North Olympic Peninsula region (see
Figure 1) using a 10 meter digital elevation model. Class rankings represent a range of values
related to the relative suitability (all elevations above 1000 ft are considered not viable elevation).
Elevation (ft.)
Class Ranking
0 - 200
3
200 - 400
4
400 - 600
5
600 - 800
2
800 - 1000
1
>1000
Not Suitable
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Slopes were categorized into seven classes from less than 1% (or basically flat with poor
cold air drainage) to those over 30% being classed not suitable (increasing slopes cause problems
using vineyard equipment). The best slopes are considered to be those in the 5-15% range (Table 7).
While the aspect of the landscape is typically used to define solar exposure, aspect alone does not
account for obstructions such as other hills or swales in the landscape and does not factor in the sum
total of the seasonal variation in solar declination and azimuth. To account for these variations,
hillshade grids with the appropriate declination and azimuth were calculated for the first day of each
of the seven months of the growing season (April-October) and for six daily time steps (1000, 1200,
1400, 1600, and 1800 hours). The grids were then added together to obtain a cumulative solar
illumination grid that was categorized into five classes with those with the greatest solar
illumination (a proxy of solar radiation receipt), and therefore ripening potential, given the highest
ranking (Table 7). The three separate grids were then added together to produce a single
topographical suitability grid with values ranging from not suitable (coming from either being too
high in elevation or on extremely steep slopes) and least suitable through most suitable landscapes.
Table 7 – Slope and hillshade categorization of the landscape in the North Olympic Peninsula
region (see Figure 1) using a 10 meter digital elevation model. Note that hillshade is directly
comparable to aspect, but takes into account shading by other landscape features. Hillshade units
are an arbitrary scale based upon the sum of 35 hillshades (each of which originally ranged from 0255), with the final values representing potential solar illumination or receipt for that landscape.
Slope (%)
Class Ranking
Hillshade
Class
Class Ranking
< 1 (flat)
1-5
5 - 10
10 - 15
15 - 20
20 - 30
>30

1
2
4
5
4
3
Not Suitable

0 - 2750
2750 - 3749.2
3749.3 - 4627.4
4627.5 - 5315.7
5315.8 - 5956.5

Poor Receipt
Marginal Receipt
Fair Receipt
Good Receipt
Excellent Receipt

1
2
3
4
5

Soil Suitability
To analyze the North Olympic Peninsula region’s soils, spatial data were obtained from the
Soil Survey Geographic (SSURGO) Database for Clallam and Jefferson counties, and the Olympic
National Forest Area (which includes other parts of Clallam and Jefferson counties) (SSS, 2006).
Site suitability relative to soils is analyzed in a similar manner to Margary et al. (1998) for New
York and Oregon (Jones et al., 2004; Jones et al., 2006) with adjustments made for soils found in
Washington (Stulz, 2001). Four soil properties were used in the categorization of suitability:
drainage, depth to bedrock, available water holding capacity, and pH.
Drainage is thought to be the most important soil factor in establishing and maintaining a
vineyard (Cass, 1999) and is influenced by many structural issues such as texture, depth, slope, and
aspect. To assess soil drainage, the SSURGO database was analyzed by individual Hydrologic Soil
Groups by map unit in the database. The four groups represent variations in drainage from good to
poor (groups A to D). Depth to bedrock gives an indication of how well vines can cope with dry
periods, with a minimum of 10-40 inches generally needed (Jordan et al., 1980; Dry and Smart,
1988). Mean depth to bedrock was calculated using the SSURGO database from the low to high
bedrock depths for each component, and a weighted average was obtained for each map unit. While
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drainage is extremely important in vineyards, a soil’s available water holding capacity (AWC) is
important as those soils with adequate water holding capacity are at an advantage, giving vines the
greatest ability to tolerate periods of moderate drought (Cass, 1999). AWC was calculated from the
SSURGO database by computing the mean value for each soil layer, summed over the layers for
each component, and then weighted by the percentage of each component per map unit (Margary et
al., 1998). Soil pH gives an indication of fertility and nutrient balance with most ideal vineyard soils
being found between 5.5 and 8.0. Outside this range, nutrients may become out of balance, with
deficiencies or toxic levels effecting vine uptake or beneficial relationships with microorganisms.
Soil pH was computed from the SSURGO database by computing the mean value for each soil
component and then weighting by the percentage of each component per map unit.
The spatial data for each soil characteristic was then converted to grids at the same 10 meter
resolution to match the landscape suitability grid. Each soil factor was then grouped into classes
based upon their individual values; drainage from poor to excessive, available water holding
capacity from 0.0-0.45 inches of water per inch of soil; depth to bedrock from 0-168 inches; and pH
from values from 4.0-8.0 (Table 8). All classes in each grid were then scaled and weighted with
drainage given the greatest weight (40%) and each of the other factors weighted 20%. A final grid
of soil suitability was then constructed from the weighting of the four soil factors.
Table 8 – Criteria for developing the soil suitability in the North Olympic Peninsula region using
the SSURGO soils database. The soil factors were classed based on general characteristics suitable
for viticulture and then weighted to produce a final soil suitability grid.
Lower
Upper
Number
Soil Factor
% Weighting
Threshold
Threshold
of Classes
Drainage
Poor
Excessive
4
40
AWHC (inches H2O/inches soil)
0.0
0.45
4
20
Depth to Bedrock (inches)
0
168
4
20
pH
4.0
8.0
4
20

Land Use Suitability
To incorporate land use issues relative to the potential for agricultural development, both
Clallam and Jefferson County zoning data were used (Tom Shindler, Clallam County DCD; Doug
Noltemeier, Jefferson County DCD). For this analysis only lands zoned agriculture (rural, local, and
commercial zoning types), and commercial forest/mixed use (rural, in-holding, commercial, and
resource-based industrial zoning types) are considered as viable parcels where agriculture is a
permitted use. All other designations do not specify agricultural usage in the two county zoning
criteria.
Climate Suitability
To assess the climate suitability of the North Olympic Peninsula region this analysis uses the
PRISM (Parameter-elevation Regressions on Independent Slopes Model) model which is derived
from a combination of point data, a digital elevation model, and other spatial data sets to create
estimates of monthly and annual climate variables that are gridded at a 400 m (1312 ft) resolution
(Daly et al., 2001; 1971-2000 climate normals). Climate/maturity groupings for three ranges of cool
climate suitability where developed based on growing degree days (GrDDs; from April to October
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using a base of 50°F) using practical experience in the Puget Sound region of Washington (Table 9)
(Moulton and King, 2005, Snyder, 2006) and general knowledge of the cool limits of viticulture
elsewhere (Gladstones, 1992; Jones, 1997). Other climate factors were examined and depicted in
individual maps (but not included in the model) and include frost timing in the spring and fall,
growing season length, and precipitation (Daly et al., 2001; 1961-1990 climate normals, 2 km
resolution).
Table 9 – Growing degree-day criteria for suitability ranking based on regional experience (see
Moulton and King, 2005) and practical knowledge from the general limits in cool climates. Degreedays are calculated from the 1971-2000 PRISM climate normals using a base of 50°F.
Growing Degree-Day Classes
Description
< 1400
Not Viable
1400-1600
Coolest Suitability
1600-1900
Intermediate Suitability
1900-2300
Cool Suitability
Composite Suitability
The three main site factors – topography, soil, and land use grids – after being internally
scaled relative to their individual grape growing influences (as defined above), were then combined
to produce a composite suitability grid taking into account the combined landscape/land use effect.
The composite grid was then masked with the climate maturity group grid to produce a spatial
depiction of the best vineyard sites in each climate group in the North Olympic Peninsula region.

Results:
Topographical Characteristics and Suitability:
Using digital elevation model (10 m DEM) data along with the criteria for topographic
suitability for the North Olympic Peninsula region (Tables 5 & 6) produces spatial depictions of
elevation, slope, and solar radiation receipt (illumination). In terms of elevation suitability (Figure
9), the region has intermediate suitability along most of the coastal zones that increases inland to the
south and west with much of the most suitable elevations for viticulture found in the 200-600 ft
zone of the surrounding isolated hills and foothills. Much of the suitable elevations can be found in
sheltered areas of the Elwha and Dungeness rivers in the north and the Big Quilcene, Dosewallips,
Duckbush, and Hamma Hamma Rivers in the southeastern portion of the NOP. In terms of slope
suitability for good air drainage, ease of farming, and solar radiation receipt the region has a widely
varying landscape with much of the lower coastal plains being too flat and the majority of the best
slopes scattered throughout the NOP region’s lower to mid elevation zones (Figure 10). The
elevation and slope characteristics of the landscape produce strong gradients in solar radiation
receipt, or the illumination of the landscape (aspect with obstructions taken into account). For the
NOP, much of the coastal plain provide for intermediate solar receipt while many of the SE to SW
facing slopes in the lower to mid foothills provide strong radiative potential (Figure 11).
The combined topographic suitability (elevation, slope, and solar illumination) finds nearly
14,000 acres that meet the best overall suitability for planting winegrapes in the region (Table 10).
The most prominent areas run from south of the Miller Peninsula west to Burnt Hill, across the
foothills toward the Elwha River, and even as far west as Lake Crescent (Figure 12). Other areas of
high suitability are scattered throughout the region. In addition, as much as 126,000 acres may offer
some suitability (next lower class), but should be examined for other suitability criteria (see below).
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Elevation Suitability

Figure 9 – The North Olympic Peninsula region elevation suitability for viticulture based on the
criteria detailed in Table 6. (Data Source: USGS, 2006).

Slope Suitability

Figure 10 – The North Olympic Peninsula region slope suitability for viticulture based on the
criteria detailed in Table 7. (Data Source: USGS, 2006).
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Illumination Suitability

Figure 11 – The North Olympic Peninsula region solar radiation receipt suitability (illumination)
suitability for viticulture based on the criteria detailed in Table 7. (Data Source: USGS, 2006).

Combined Topographic Suitability

Figure 12 – The North Olympic Peninsula region combined topographic suitability for viticulture derived
from the combination of elevation, slope, and illumination (Tables 6-7). (Data Source: USGS, 2006).
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Table 10 – Combined topographic suitability (elevation, slope, and solar illumination) in the North
Olympic Peninsula region (see Figure 1).
Suitability
Acres
Low Suitability
7,486
412,837
Intermediate Suitability
177,525
126,187
High Suitability
13,869
Total
737,904
Soil Characteristics and Suitability:
While soil characteristics can vary tremendously over the landscape, the use of spatial data
on soils from the National Resource Conservation Service (SSS, 2007) gives a sound picture of
what can generally be expected throughout the region. For the NOP, drainage characteristics range
from Group A, typically deep sandy loams with excessively drained sands and gravels; Group B,
typically moderately deep to deep loam to silt loam with moderately coarse textures and drainage;
Group C, typically a sandy clay loam with fine texture and impediments to drainage; and Group D,
typically a silty clay loam or clay with high runoff potential due to poor infiltration rates and
drainage, along with swelling potential during wet periods and a permanent high water table, a clay
layer at or near the surface, and/or shallow soils over nearly impervious material. Over 40% of the
NOP is either in Group B (good drainage) or Group A (high drainage) which would be suitable for
viticulture (Figure 13). Much of the best drainage soils are found throughout the upper Dungeness
River area, in the foothills to the southeast, and scattered across the foothills and coastal plain to the
west.
Depth to bedrock across the region is fairly limited with only 16% of the region showing the
potential for 30 inches or greater soil depths. Some of the deepest soils are found too high in
elevation, however much of the lower to mid slope zones have scattered areas for intermediate to
high depths (Figure 14). The SSURGO soils data is largely limiting depths by considering glacial
till hardpans over the region (Wilson et al, 1996). Given that these are discontinuous, one should
check each site by digging soil pits to confirm adequate depths. In terms of pH the SSURGO soils
data for the NOP depict a region with relatively acidic soils. The pH ranges from values near 4.0 to
values near 8.0 with much of the landscape falling into amendable pH ranges for viticulture
(intermediate to high) and these areas cover much of the suitable landscapes found in the
topographical portion of the analysis (Figure 15). In a relatively cool region like the NOP available
water holding capacity (AWC) of the soil is less critical than in drier regions, however having
moderate capacity increases the ability of the vines to access soil water during times of drought.
Much of the NOP provides low to intermediate AWC with 0.10 to 0.30 inches per inch of soil and
should be considered adequate for vineyards with supplementary irrigation (Figure 16). The high
AWC soils, which are quite limited are likely heavier clays and should be assessed on a site by site
basis.
The weighted soil suitability (drainage, water holding capacity, depth to bedrock, and pH)
finds over 2000 acres that meet the best overall suitability for planting winegrapes in the region
(Table 11), being found along the lower reach of the Dungeness River and in isolated zones with the
foothills (Figure 17). In addition, over 36,000 additional acres offer moderate to very good
suitability (next lower class) and are found mostly along the foothills to the north and southeast.
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Drainage Suitability

Figure 13 – The North Olympic Peninsula region soil hydrologic soil group drainage classes (low to high
drainage) suitability for viticulture based on the criteria detailed in Table 8. (Source: SSS, 2007).

Depth to Bedrock Suitability

Figure 14 – The North Olympic Peninsula region soil depth to bedrock classes (low to high depths)
suitability for viticulture based on the criteria detailed in Table 8. (Source: SSS, 2007).
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pH Suitability

Figure 15 – The North Olympic Peninsula region soil pH classes (low to high pH) suitability for viticulture
based on the criteria detailed in Table 8. (Source: SSS, 2007).

Available Water Holding Suitability

Figure 16 – The North Olympic Peninsula region soil water holding capacity classes (low to high AWC)
suitability for viticulture based on the criteria detailed in Table 8. (Source: SSS, 2007).
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Combined Soil Suitability

Figure 17 – The North Olympic Peninsula region combined soil suitability for viticulture derived
from the combination of drainage, depth to bedrock, ph, and available water holding capacity (Table
8). (Data Source: USGS, 2006).
Table 11 – Combined soil suitability (drainage, depth to bedrock, pH, and water holding capacity)
derived from the SSURGO data for the North Olympic Peninsula region (SSS, 2007; see Figure 17).
Suitability
Acres
Low Suitability
38,042
234,042
Intermediate Suitability
157,378
36,601
High Suitability
2,240
Total
468,303
Merging the overall topographic suitability (Figure 12; Table 10) with the overall soil
suitability (Figure 17; Table 11) provides an overview of the composite landscape suitability of the
region (Figure18). Fair to good suitability is found throughout the coastal plain, along many of the
river valleys, and into the foothills over most of the northern and eastern sections of the NOP. The
best composite landscape zones are found in a general east-west transect in the foothills from south
of Miller Peninsula and the Clallam-Jefferson county line across the foothill zone through the Little
River Valley and the Indian Creek Valley near Lake Crescent (Figure 18). The highest composite
suitability of topography and soil depicts over 12,500 acres that provide the best landscape
conditions for viticulture with an additional 42,000 acres of potentially good to very good areas
(Table 12).
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Composite Topography and Soil Suitability

Figure 18 – The North Olympic Peninsula region composite topographic and soil suitability for
viticulture. (Data Sources: USGS, 2006; SSS, 2007).
Table 12 – Composite topography and soil suitability (elevation, slope, solar illumination, drainage,
depth to bedrock, pH, and water holding capacity) derived from the regional DEM and SSURGO
data for the North Olympic Peninsula region (see Figure 18).
Suitability
Acres
Low Suitability
10,166
66,633
Intermediate Suitability
265,901
42,674
High Suitability
12,523
Total
397,897
Land Use Characteristics and Suitability:
Land using zoning in the two counties provides a series of zoning types that are suitable for
agriculture including many different classes of agriculture and some forest zoning types (note that
even if a property is zoned appropriately it does not necessarily mean it easily developed for
agriculture). The goal here is to further limit the composite topography and soil suitability to those
areas that are either zoned for agriculture or other uses that would be relatively easily converted to
vineyards. Limiting the spatial data to the North Olympic Peninsula region defined in this analysis
(Figure 1) finds that over 165,000 acres are zoned in the various agriculture designations, with the
area of Clallam County in the NOP having slightly more acreage than Jefferson (Figure 19; Table
13). Most of the agriculturally zoned lands are found along the coastal plains and throughout the
intermediate foothill zones across the NOP (Figure 19). In addition, over 230,000 acres fall into the
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various forest categories, some of which is likely convertible to vineyards given the right
developable circumstances and its suitability on the other criteria depicted in this report.

Zoning Suitability

Figure 19 – The North Olympic Peninsula region zoning suitability for viticulture. Suitability
criteria is based on those lands that are zoned for agriculture and mixed forest, whether or not the
land is already in agriculture or cleared (see text for more details). (Data Sources: Clallam County
DCD; Jefferson County DCD).
Table 13 – Combined land use suitability (convertible forest and agriculture zoned lands) derived
from both Clallam and Jefferson counties in the North Olympic Peninsula region (see Figure 19).
Agriculturally Mixed Forest Not Suitably
County
Zoned
Zoned
Zoned
Clallam
91,837
145,128
192,460
Jefferson
73,723
88,186
37,210
165,560
233,314
229,670
Total
Climate Characteristics and Suitability:
Climate parameters important for viticultural suitability show important spatial and
elevational limits across the NOP. Annual precipitation values across the region vary from near 16
inches along the coastal plain near Sequim to over 185 inches in the Olympic Mountains (Figure
20). While no absolute rainfall limits have been established for viticulture (Gladstones, 1992),
rainfall levels in most viticultural regions tend to average less that 40 inches. This would place
much of the coastal plain and up into the foothills across to the Quimper Peninsula and south to the
Toandos Peninsula as not limited by too much rainfall (Figure 20). In terms of frost risk, the last
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spring frost is important for damage to tender young shoots in the spring and frost occurrence prior
to April 15th is likely to be limiting to the plant and the economics of viticulture in any region
(Jones, 2005). For the NOP region, the median April 15th date of the last spring frost occurs in a line
from the southern tip of the Bolton Peninsula that follows the 300-600 ft contour zones in a northnorthwest manner, then westerly across the foothills to the western part of the study area (Figure 21).

Annual Precipitation

Figure 20 – The North Olympic Peninsula region annual precipitation (1961-1990 Climate
Normals). (Data Source: Daly et al. 2001).
In a similar fashion the timing of the first fall frost is important for allowing growers to hang
fruit to the desired ripeness and to allow a slow progression into winter dormancy. The spatial
patterns of the November 1st median first fall frost over the NOP mirror that of the last spring frost,
albeit starting more easterly along the Toandos Peninsula, continuing along the 300-600 ft contour
zones to the west, up the Elwha River valley to Lake Mills, and nearly to the western end of the
study area (Figure 22). Combining the median dates of the last spring and first fall frosts produces a
median frost-free period that is important for ripening many winegrape cultivars (Gladstones,
1992). Often considered best when the frost-free period is 180 days or greater, the median length of
the growing season for the NOP follows much of the pattern of the spring and fall frost timing with
the 600 ft contour line representing the elevational limit and much of the coastal plain and the
foothills across the northern and southeastern areas of the region (Figure 23).
While the above climate parameters are very important to understand risk and potential,
probably the most recognized method of climate suitability for viticulture are measures of heat
accumulation (Jones, 2005).
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