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The state of Washington in the Pacific Northwest region of the United States is about half the size
of Germany. It was long considered a cool-climate wine region and has been nicknamed the
“Evergreen State.” This is probably because people associated the area with its proximity to
Canada and its most well-known city, Seattle, which is located in the Puget Sound and is indeed
known for relatively cool summers and mild, rainy winters. Situated between 45.5 and 49 degrees
northern latitude, Washington’s climate varies from temperate oceanic in the west to continental
mediterranean and arid steppe in the east. The volcanic Cascade Range, peaking at 4392 m, creates
a pronounced rain shadow effect, so that the average annual precipitation varies from more than
4000 mm on the Pacific Ocean coast, giving rise to a temperate rain forest, to less than 200 mm in
the Columbia Plateau, where sagebrush vegetation predominates. Similarly, the average heat
accumulation during the April‒October growing season varies from about 900 growing degree
days (GDD, above 10°C) in the Puget Sound to more than 1700 GDD in some areas of the
Columbia Plateau.
Over the last few decades Washington has emerged as an important wine region and the
New World’s largest Riesling producer. Grape production has expanded to about 30,000 hectares,
and wine grapes are now processed by over 1000 wineries. At 2500 ha, Riesling is Washington’s
fourth most widely grown variety after Cabernet Sauvignon, Merlot, and Chardonnay. To date,
Washington’s Riesling vines have been grown on their own roots. However, this may be changing,
as phylloxera was discovered in several vineyards in 2019, which will force many growers to use
rootstocks when they consider replanting their vineyards over the coming decades. A long-term
rootstock field trial conducted at Washington State University found that wine composition of
own-rooted vines was very similar to that of grafted vines.
Almost all Riesling is grown in the arid Columbia Plateau, which is characterized by dry,
warm summers and cold winters. Nevertheless, due to the plateau’s large size, there is considerable
variation in mesoclimates and soils. Average seasonal heat accumulation ranges from about 1300
to 1700 GDD across the Riesling vineyards (Fig. 1), but winter temperatures occasionally drop
below -20°C. Although the region is situated on ancient lava flows creating underlying basalt
bedrock, the vineyard soils are far from volcanic in origin. Many soils were created at the end of
the last Ice Age, when the area was flooded repeatedly, leading to dozens of layers of silt sediment.
Wind has since blown the lighter soil particles around, creating soils that are often a mix of windblown loess and flood sediments, with varying proportions of sand and clay, on the top of the
basalt bedrock. Occasional volcanic eruptions in the Cascade Range added layers of ash that
enhanced soil fertility in the near absence of soil organic matter. Therefore, the main ingredient
that is lacking in most vineyard soils is water. Because the potential evapotranspiration far exceeds
annual precipitation, irrigation is mandatory to sustain vineyard productivity. Drip irrigation is
now standard across the wine industry. Absence of rainfall, moreover, implies absence of cloud
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cover, which ensure ample sunshine during long summer days. This climate provides both
advantages and challenges for Riesling production.
Two key advantages are the predominantly sunny skies during most of the growing season
coupled with a relatively reliable supply of high-quality irrigation water from snowmelt in the
Cascade Range (Yakima River) and Rocky Mountains (Columbia River, Snake River). This
combination enables growers to control shoot growth and canopy size by implementing timely
deficit irrigation strategies. Another advantage is the availability of suitable land, which allows
planting large vineyards that lend themselves to mechanization. Indeed, mechanized vineyard
management is increasingly inevitable, because farm labor is becoming progressively less
available and more expensive.
The main drawback of warm, sunny summers for Riesling production is the possibility for
heat stress and overexposure of the fruit clusters, which might result in overly phenolic or bitter
white wines. The risk is somewhat mitigated by the fact that temperatures often start declining
considerably during the ripening season. Challenges to grape production in general include the
uncertain future of water supply and the occasionally cold temperatures that can curtail the growing
season or lead to cold injury to grapevines during the winter. Irrigation water supply depends on
winter snowpack in the mountains, which varies among years and is decreasing due to climate
change, making drought years more common.
Research at Washington State University addresses these drawbacks and challenges in
several ways. To help growers mitigate damage from unseasonably hot or cold temperatures, we
provide decision-aid tools that are supported by a weather station network (http://weather.wsu.edu)
and a grapevine cold hardiness monitoring program (http://wine.wsu.edu/extension/weather/coldhardiness). We are also testing different vineyard irrigation strategies to optimize the amount and
timing of water supply for premium-quality Riesling production. For example, a current research
project compares approaches such as regulated deficit irrigation (moderate water deficit from fruit
set through veraison) and partial rootzone drying (alternating irrigation between two sides of each
vine from fruit set through harvest) with irrigation that attempts to avoid plant water stress.
Participants of the International Riesling Symposium can taste two wines from this field trial and
are encouraged to decide for themselves which of the two experimental wines is their favorite.
From an oenological perspective, the main advantage of producing wine from Riesling in
Washington is the cool nights during the ripening period and the rather cold October, which help
to maintain the grapes’ natural acidity. Washington also has very low humidity, which helps not
only to lower the incidence of Botrytis bunch rot in the vineyard, but also to maintain lower
moisture in the clusters, so if a Botrytis infection does happen it is less problematic as the infection
primarily dehydrates the fruit instead of disintegrating the cluster. The majority of Riesling in
Washington is made from mechanically harvested fruit which would seem like a disadvantage;
however, winemakers in Washington have worked out how to use this to their advantage. If picked
during a cool night and transported directly to the winery, the amount of skin contact time is
enough to enhance flavor precursor and flavor extraction with only some unwanted skin phenolics
(can be removed later with PVPP fining). Many of the vineyards consist of very large plantings
(20–200 hectares) and can be mechanically harvested at night to avoid heat. These vineyards can
have any rot or otherwise damaged fruit hand-sorted out in the vineyard the day before picking, so
the fruit is sorted in the vineyard as opposed to in the winery. The length of time spent in transport
and on the crush pad waiting to be pressed presents a bit of challenge, but the flavor extraction
enhancement makes it worth it.
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Manual or mechanical crop load management to about 14 metric tons per hectare enables
many vineyards in Washington to produce premium wines from the slow-ripening Riesling grapes.
The crop load is also varied depending on climate. Heavier crop loads slow sugar accumulation so
that the final month of fruit ripening coincides with the coolest month of the season, allowing for
good flavor development and no significant loss in acidity. Washington also tends to have
pronounced diurnal shifts in temperature, with the cool nights helping to maintain the acidity,
which is key to high-quality Riesling. The resulting typical Riesling fruit chemistry is reasonable
to work with in the winery. The pH is normally between 2.9 and 3.1 with 7.5 to 10 g/L of titratable
acidity. The soluble solids in October tend to be at around 20 to 22 °Brix (83–92 °Oechsle). By
varying the balance of sugar and acidity, wineries can craft many styles of Riesling to meet
numerous price points and taste preferences. Higher soluble solids, if sought, can be achieved and
ice wine can be made in cool vintages with the frozen fruit achieving 40–50 °Brix (180–230
°Oechsle) at harvest.
One of the major challenges for Riesling winemaking is that Washington can be quite hot
during the summer, and the risk of forming precursors of the C13 norisoprenoid 1,1,6-trimethyl1,2-dihydronaphthalene (TDN) from higher temperatures and light exposure is significant. The
non-glycosylated form of TDN is an important odor-active compound in Riesling wine and
provides its characteristic ‘petrol’ or ‘kerosene’ aroma. TDN precursors are formed via acidcatalyzed structural rearrangements of breakdown products of carotenoids found in the grape berry
skin. Carotenoids help protect light-absorbing chlorophyll from photodamage due to high light.
The skin carotenoid content changes considerably during ripening, with its breakdown starting just
prior to veraison, and the formation of C13 norisoprenoids such as β-damascenone and TDN
glycosides, occurs after veraison. The free form of TDN is normally released from the sugar by
acid-catalyzed hydrolysis as the wine ferments and ages. As a result, TDN formation is largely
controlled by the acid concentration of the wine and the temperature during fermentation and
storage. The worry is that in hot vintages the fruit may also form greater amounts of TDN
precursors and the wine will have aged Riesling character in the young wine. Most vineyards in
Washington use a combination of relatively large canopies to partially shade the fruit and liberal
amounts of irrigation water under hot conditions to help prevent the formation of TDN precursors.
Inspired by Beethoven’s Third Symphony, Eroica Riesling emerged in 1999 in a
partnership between Old World and New World winemaking, namely Dr. Loosen Estate of
Germany and Chateau Ste. Michelle of Washington. The Eroica project was started to help lift the
reputation and image of Riesling as well as define a “Washington state” style. The image of
Riesling in the U.S. still tends toward the perception of sweet, simple wines. The goal with Eroica
is to craft a wine that is just the right tension and balance between the great natural acidity and
proper residual sugar, resulting in crisp, refreshing Riesling wines that are great with food and age
beautifully. Ernst Loosen’s experience and palate help define what a Riesling from Washington
can be.
The grapes for Eroica are typically sourced predominantly from the Ancient Lakes (45‒
75%) and Yakima Valley (15‒30%) American Viticultural Areas (AVAs) with smaller portions
from other AVAs within the vast Columbia Plateau region (Fig. 2). Like many Washington wines,
therefore, Eroica is a changing blend from different vineyard sites located in climatically distinct
regions. Four contrasting Eroica vintages will be tasted during the Riesling Symposium. The 2011
vintage was unusually cool, whereas the 2015 vintage came from one of the warmest growing
seasons in recorded history (Fig. 1). The climatically similar 2013 and 2017 vintages were both
slightly above average in terms of heat (GDD) accumulation and illustrate the changes in aroma
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profile as the wines age. Cool temperatures during spring of 2011 delayed budbreak and bloom by
3‒4 weeks, and harvest started 3 weeks later than normal. In the absence of any heat waves, grapes
ripened very evenly, and Riesling developed vibrant acidity and concentrated flavors with belowaverage sugar at harvest. The spring of 2013 contrasted with 2011, and budbreak occurred
unusually early. Summer was consistently warm, and ripening started early. Nevertheless, Riesling
ripening slowed down as temperatures dropped in late September, which resulted in ripe and
balanced wines. Warm temperatures prevailed through the spring and summer of 2015, moderating
slightly into September. Riesling was picked 3‒4 weeks earlier than normal, getting full sugar
ripeness but lacking some of the typical Riesling flavor development. The 2017 growing season
was more average, and crop yields were lower than in the two preceding vintages. The cool
September delayed ripening into late October and helped to retain acidity and obtain complex
aromas. The unusually high acid retention made 2017 a very special vintage for Riesling.

Fig. 1: Heat accumulation, expressed as cumulative growing degree days (GDD) above 10°C,
from 1 April to 31 October in two main Riesling production areas in Washington, USA. The longterm average and four distinct vintages are shown.
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Fig. 2: Grape growing regions, termed American Viticultural Areas (AVAs) in Washington, USA.
Source: Washington State Wine Commission (https://www.washingtonwine.org). Riesling for
Eroica wine is mainly sourced from the Ancient Lakes and Yakima Valley AVAs, with smaller
portions of fruit from other AVAs within the vast Columbia Valley region.
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