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GROWING CONDITIONS REPORT

Introducing the Growing Conditions Report
Purpose. The Growing Conditions Report was created to provide NVG
members with a simple tool to review the past year’s growing conditions at a
glance. The report employs three simple and widely understood climate
measurements known to influence grapevine development, ripening, and crop
loads: growing degree days (GDD), total frost hours, and rainfall.
Historical Perspective. Additionally, the report provides data for previous
growing seasons (starting in 2009), allowing grape growers to compare
conditions across vintages. Over time, a multi-year collection of reports will
add to our understanding of regional climate conditions and help to identify
climate trends.

To generate growing
degree days, the single sine
method was used with a
minimum temperature
threshold of 50 F.

How the Report Was Created
Overview of the process. John Duckhorn of Picovale Services, Inc. provided
weather data for each growing season from ±24 stations located throughout
the major growing areas across Napa Valley. Using GIS, Matt Lamborn of
Pacific Geodata, LLC mapped the three individual climate factors across the
region and employed spatial analysis methods to further analyze the data and
derive climate values for the report. Justin Leigon of Piña Vineyard
Management and Sarah Ferguson of Silverado Farming Company reviewed the
climate data, mapping, and analysis, and provided an interpretation of how the
findings influenced grape growing throughout Napa Valley.

About the Countywide Growing Condition Maps

To generate frost hours,
the study looked at total
number of hours with
temperatures under 36 F.

Rainfall is expressed as
total number of inches of
rainfall for the entire
calendar year.

Three different maps were made to illustrate the three growing conditions
throughout Napa County mentioned above: growing degree days, frost hours,
and rainfall. Values for each condition were calculated for each of the
approximately 24 weather stations. This grid of known weather values was
used to estimate (through the process of interpolation) similar values in areas
located between weather stations. To simplify the data and provide more
generalized climate conditions, five-mile diameter circles (centered on
commonly known Napa Valley locations and growing areas) were used to
extract the raw climate data and generate a mean value for each area.
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Project Summary
This report is broken down into three different segments: an annual summary of frost, rainfall,
and growing degree days, a monthly review of the growing season by general region, and a
deep dive into two key weather events. For the monthly data we will run through each of the
products; growing degree days, rainfall, and frost hours by month with comments about the
general effect on fruit and wine quality.
We will attempt to dissect the key weather related issues and provide an overall summary of
the 2021 vintage. We will also try to highlight what possible effect these key weather-related
events have on the resulting fruit and wine quality.
For the purpose of this discussion we will try to focus on the observations and general trends
of each vintage, keeping in mind that this data or discussion may not reflect or relate to each
individual grower experience during this season. In general, discussions about fruit quality and
wine quality will reference Cabernet Sauvignon as the primary variety.
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A few questions this project attempts to address:
1. Where might my vineyard fall in relation to other AVAs
throughout Napa in terms of Growing Degree Days (GDD),
Frost Hours, and Rainfall?
2. How did previous seasons compare to the 2021 season
based on these parameters?
3. Just how “perfect or challenging” was the 2021 season, and
what implications did that have for growers?

4. How did the weather at bloom affect set and overall crop
yield?
5. What does a “more normal” season do for disease
pressure? What was the general disease pressure in 2021?
6. What effect did spring soil moisture have on berry
development and wine quality?
7. How can I be better prepared for the challenges posed by
late season extreme weather events?
8. How does the timing and quantity of rainfall affect fruit and
wine quality; did this have an effect on my overall yields?
9. How did we go about collecting and analyzing this data?
10. What are some resources to learn more about weather
related issues in the vineyard?

How can you help us?
Consider installing a weather station and donating your data
anonymously to this project. Contact John Duckhorn at Picovale
Services (530) 889-8845

We are actively looking for access to stations in areas that are
currently under-represented. These areas include Wooden
Valley/Gordon Valley, Diamond Mountain, and Spring
Mountain.
Would you like to see more parameters in our analysis? Please
contact NVG if you are interested in helping with the next
Growing Conditions Report.
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FROST HOURS
Napa Valley, 2021
The average number of
accumulated hours of frost by
area, based on a temperature
threshold of 36 F and below.
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Frost hour data can be very
useful
for
growers,
specifically in planning for
new vineyard developments, deciding
what varieties to plant, etc. They can
also have a dramatic impact on energy
use, water use, and many growers’ sleep
patterns in any given year. Frost hours
will vary greatly by location, and
especially throughout different vineyard
conditions. Low spots and poorly
drained areas will always see a greater
risk of frost, so vineyard specific
readings are very important when
assessing your frost risk. Overall, 2021
continued the previous season’s trend
with an increase in accumulated frost
hours. No “Miracle March” appeared,
and a strong and persistent ridge formed
in the Gulf of Alaska — which kept
California much drier than average.
The largest percent increases in frost hours compared with 2020 came from Carneros, Yountville, and Oakville, with 143.3%,
145.6%, and 132.9%, respectively. All but one monitored site, Napa, had more frost hours than the 5-year county average of
76. The highest number of frost hours was recorded in Pope Valley at 184 and the lowest in Napa proper with 46. The percent
change from 2020 to 2021 for the countywide average was 66.3% with an average of 114 frost hours. There were reports of
sporadic early season frost damage throughout the valley.
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GROWING DEGREE DAYS
Napa Valley, 2021
The average number of accumulated
growing degree days by area, calculated
using a 50ºF lower temperature threshold.
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An important way of
measuring heat is to
look at accumulated
growing degree days,
as a way of quantifying how
much time the growing vine
spends
above
a
certain
temperature threshold. Between
April and October for 2021 that
quantification of total GDD was
about 4% to 13% lower
compared with last year. The
warmest sites in 2021 fell
between last year and 2017,
being still warmer than 2017,
this was the case for: Aetna
Springs,
Angwin,
Calistoga,
Oakville and Pope Valley. The
coolest sites in 2021 were still
warmer than 2018 but did not
surpass 2019 or 2017, this was
the case for Napa, Yountville,
Oak Knoll, Carneros, Atlas Peak
and Chiles Valley. Rutherford
and St. Helena were warmer than 2019 but cooler than 2017 by about 200 Degree Days. 2021 was a different vintage for the
northern locations compared to southern and cooler areas in the valley.
Overall monthly trends for 2021 showed May being warmer than the 5-year average for across all sites in Napa including warm
and cool locations and both August and October were significantly cooler this year than the 5-year average across all sites in
Napa. June, July and September varied across the valley where most sites saw average to below average GDD accumulation for
these months of June, July and September. The most severe heat waves of the year occurred on May 4, June 17, July 10, and
September 8. Temperatures reached as high as 103 – 118 F for each of these heat events depending on location. Overall, 2021
was a cooler vintage compared to last year but was still a warm vintage similar to 2017 for the northern locations: St. Helena,
Oakville and Calistoga and a cooler vintage similar to 2018 for the southern locations: Coombsville, Carneros and Napa.
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RAINFALL
Calendar Year
Napa Valley, 2021
The average number of total
rainfall by area, expressed in
inches is for the Calendar Year,
not the “water year”. This is a
better representation of
“Growing Season Rainfall” but
not representative of total rainfall for the “water year” which
can be significantly more.

RAINFALL
Water Year
Napa Valley, 2021
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The
2020-2021
Water
Year
(calculated
from
July
2020-July
2021)
brought another period of
relentlessly dry conditions,
with totals of 10.88” in
Carneros, 9.84” in St. Helena,
18.33” in Howell Mountain,
13.99” in Calistoga, 16.56” in
Atlas Peak, and 4.42” in Oak
Knoll. Fortunately, roughly 70%
of
the
Water
Year’s
precipitation arrived during Jan
-Mar and provided much
needed soil moisture to initiate
a healthy bud break. Many
growers
faced
significant
challenges
with
seasonal
irrigations due to empty
reservoirs and drying wells. An
average rainfall year, 30-40”,
will typically fill the soil profile
with enough moisture to allow
growers to delay drip irrigation
until the time of bloom. Like the 2020 growing season, rockier areas required irrigation as early as bud break. The dry conditions continued throughout the summer and into early fall of 2021. A swift conclusion to the growing season came in late October when an Atmospheric River event occurred — making October 2021 the wettest October on record for 10 counties across
Northern California.
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2021 Growing Conditions Report Summary
The post-harvest fall of 2020 brought cold and dry weather as soils awaited much-needed rainfall.
During mid-November, some parts of the valley recorded temperatures in the low 20s. Fortunately, a
few storms followed, and ~4” of rain fell during the final months of the year. The rain continued
through January, with precipitation amounts ranging from 1” to 4” — Carneros being the driest region,
and up-valley the wettest. There was optimism in the air as talk of a COVID-19 vaccination rollout
began and reservoirs started to fill. Unfortunately, the total winter rainfall fell short of what was
needed to overcome the large deficit, and many folks started the growing season without an adequate
supply of water.

February was considerably colder in 2021 than the previous year. Temperatures regularly hit the low
30s and daily averages hovered in the high 40s to low 50s. This pattern persisted through March and
multiple unstable systems brought more rainfall as well. The last few months of winter saw around 5”
of precipitation, which even though was a measly amount, it constituted almost half of the total for the
growing season! With the cold weather and periodic showers, bud break occurred later than 2020 by
roughly 1-2 weeks — putting the date in line with the running five-year average.
The early part of the growing season was a challenge for many farmers in the Napa Valley. Reservoirs
lacked sufficient water and early season frost events disrupted the growth of nascent grapevine shoots.
Growers quickly determined that it was going to be a light crop for 2021. It was a busy frost season,
with more than 20 days of protection in some parts of the valley. Luckily, temperatures increased once
spring began, and the end of April brought crystal clear skies with daily highs around 80 F. The pleasant
weather pattern continued through May, and a few days reached into the mid-90s. A notable
characteristic of the 2021 spring season was the sizable range of daily high and daily low temperatures.
On May 31, the difference between the daily high and daily low was 56 degrees!
The end of spring for 2021 was relatively mild. Days were pleasant, and crews worked comfortably as
growers awaited cluster flowering. Early vineyard sites went through bloom during a slight cold period.
Thankfully, the latter part of May was quite warm, and cluster development looked to be right on
target. Bloom dates for the valley ran roughly 5-7 days ahead of the five-year average. If water was
available, most farmers began irrigating and continued throughout the rest of the growing season.
Summer growing conditions were exceptionally good for the 2021 season. The consistent weather,
beautiful skies, and ideal ripening weather aided in a slow and steady sugar accumulation period
alongside excellent tannin development. The Growing Degree-Days (GDD) for 2021 were right in the
middle of the pack when compared with recent growing seasons. The timing of veraison occurred
similarly to bloom, running about 5-7 days ahead of the five-year average. There were notable outliers
for 2021, Howell Mountain and Pope Valley being the biggest. Phenological events were significantly
earlier in these areas and were tracking 2-3 weeks ahead of normal.
The 2021 harvest started fast and was full steam ahead — one of the earliest in recent memory! For
the most part, it was a refreshingly uneventful harvest. There was excitement during the tail end of
October, when a bombogenesis event occurred and over 9 inches of rain fell in less than a 48-hour
period! Fortunately, most growers were finished picking before the arrival of the atmospheric river and
the vineyards were ready for dormancy.
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2020 Informe Sobre las Condiciones de los Cultivos
El otoño posterior a la cosecha de 2020 trajo consigo un clima frío y seco mientras los suelos esperaban
las tan necesarias lluvias. A mediados de noviembre, en algunas partes del valle se registraron temperaturas de hasta 20 grados. Afortunadamente, siguieron algunas tormentas y cayeron ~4" de lluvia durante los últimos meses del año. La lluvia continuó durante el mes de enero, con cantidades de precipitación que iban de 1" a 4", siendo Carneros la región más seca y la parte alta del valle la más húmeda.
Se respiraba optimismo cuando se empezó a hablar de la puesta en marcha de vacunación COVID-19 y
las presas empezaron a llenarse. Desgraciadamente, las precipitaciones totales del invierno no alcanzaron a superar el gran déficit, y mucha gente comenzó la temporada de cultivo sin un suministro adecuado de agua.
Febrero fue considerablemente más frío en 2021 que el año anterior. Las temperaturas alcanzaron regularmente los 30 grados bajos y los promedios diarios rondaron entre los 40 y los 50 grados bajos. Este
patrón persistió durante el mes de marzo y múltiples sistemas inestables trajeron también más precipitaciones. En los últimos meses del invierno se registraron unas 5" de precipitaciones, que aunque
fueron escasas, constituyeron casi la mitad del total de la temporada de cultivo. Con el clima frío y las
lluvias periódicas, la brotación se produjo más tarde que en 2020, aproximadamente una o dos semanas, lo que sitúa la fecha en línea con la media de los últimos cinco años.
La primera parte de la temporada de cultivo fue un reto para muchos agricultores del Valle de Napa.
Las presas carecían de agua suficiente y las heladas de principios de temporada interrumpieron el crecimiento de los brotes incipientes de la vid. Los productores determinaron rápidamente que la cosecha
de 2021 iba a ser escasa. Fue una temporada de heladas intensa, con más de 20 días de protección en
algunas partes del valle. Afortunadamente, las temperaturas aumentaron una vez iniciada la primavera, y el final de abril trajo consigo cielos cristalinos con máximas diarias en torno a los 80 F. El
agradable patrón meteorológico continuó durante el mes de mayo, y algunos días llegaron a alcanzar
los 90 grados. Una característica notable de la temporada primaveral de 2021 fue el considerable rango
de temperaturas máximas y mínimas diarias. El 31 de mayo, la diferencia entre la máxima y la mínima
diaria fue de 56 grados.
El final de la primavera de 2021 fue relativamente moderado. Los días fueron agradables y las cuadrillas trabajaron cómodamente mientras los productores esperaban la floración de los racimos. Los primeros viñedos florecieron durante un periodo ligeramente frío. Afortunadamente, la última parte de
mayo fue bastante cálida, y el desarrollo de los racimos parecía estar en su punto. Las fechas de floración en el valle se adelantaron entre 5 y 7 días a la media de los últimos cinco años. Si había agua disponible, la mayoría de los agricultores empezaron a regar y continuaron haciéndolo durante el resto de
la temporada de cultivo.
Las condiciones de cultivo del verano fueron excepcionalmente buenas para la temporada 2021. El
tiempo consistente, los cielos hermosos y el clima ideal para la maduración ayudaron a un período de
acumulación de azúcar lento y constante junto con un excelente desarrollo de los taninos. Los gradosdía de crecimiento (GDD) para 2021 se situaron en el centro del grupo en comparación con las últimas
temporadas de cultivo. El momento del envero se produjo de forma similar a la floración, adelantándose entre 5 y 7 días a la media quinquenal. Hubo notables valores atípicos en 2021, siendo Howell
Mountain y Pope Valley los más importantes. Los eventos fenológicos fueron significativamente más
tempranos en estas zonas y se adelantaron 2-3 semanas a lo normal.
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La cosecha de 2021 comenzó rápidamente y a toda velocidad, una de las más tempranas que se recuerdan. En su mayor parte, fue una cosecha refrescante y sin incidentes. Hubo emoción durante los últimos días de octubre, cuando se produjo un evento de bombo génesis y cayeron más de 9 pulgadas de
lluvia en menos de 48 horas. Afortunadamente, la mayoría de los viticultores terminaron de recolectar
antes de la llegada del río atmosférico y los viñedos estuvieron listos para el periodo de inactividad.

Tendencias de 12 Años
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Breakdown by Month: 2021 Growing Season
JANUARY
Rainfall: The winter leading into the 2021 season brought sporadic precipitation events. January was
the wettest winter month due to a Pacific jet stream extension that generated strong storms across
Northern California — the lion’s share of rainfall occurring January 22-31. The middle of the month
remained relatively dry allowing crews to prune without too much interruption. The exceptionally dry
winter, along with the unseasonably warm weather, led to talk of early season cultivation. Most parts
of the Napa Valley received 3-5” for the month. Average rainfall amounts for January ranged from
3.12” in Carneros, 1.96” in St. Helena, 4.43” in Calistoga , 4.04” in Howell Mountain, 4.48” in Atlas
Peak, and 1.83” in Oak Knoll.
Temperature: Springlike weather arrived early in 2021. Average daily highs were in the low-60s with
daily low temperatures around the high-30s to low-40s. Record heat was felt across areas of California
due to a strong West Coast ridge that persisted during January, followed by an “inside slider” low
pressure system that brought exceptionally strong offshore winds to Northern California — much of
the valley reaching the high-70s on January 18! All parts of Napa were warmer than the previous year.
Oak Knoll remained coldest at night with an average daily low temperature in the mid-30s and in
general, minimal freezing occurred.
FEBRUARY
Rainfall: While February in 2021 was better than the previous year, the weak cold systems only
brought a few scattered showers. Like 2020, rainfall totals remained far behind the average for the
Water Year to date, and a strong and persistent ridge formed in the Gulf of Alaska that kept Northern
California relatively dry for the duration of the month. All areas of the Napa Valley experienced more
precipitation compared to 2020, with monthly totals of 2.39” in Howell Mountain, 2.80” in Atlas Peak,
2.57” in Carneros, and 1.54” in St. Helena. Yountville and Napa were the driest regions with only 1.19”
and 0.43”, respectively. The rainfall helped cover crops establish, but soils were still lacking in the
required moisture for a strong bud break.
Temperature: In an unusual combination, February was both cold and periodically wet, which was
especially surprising after an exceptionally warm January. Average daily highs were significantly lower
compared to February 2020, with most parts of the valley only reaching into the mid-60s — roughly 5
degrees cooler than the previous year. Daily lows remained in the mid-30s, apart from Howell
Mountain which only dropped into the low-40s most nights. Howell Mountain was also distinctive in
that it maintained a tight range for the month of February, with daily temperature swings being mild
and highs averaging in the mid-50s. The cool weather mixed with moderate soil moisture kept
grapevines dormant for most of February, leaving ample time for crews to keep pace with pruning and
prepare for the 2021 growing season.
MARCH
Rainfall: A lackluster rainy season continued into March. Rainfall totals remained low — like February
— and hopes of a “Miracle March” faded. Two bright spots were March 10 and 18, when showers
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arrived bringing most of the monthly total rainfall. Unfortunately, even with the rain events, the North
Coast region continued to experience one of the driest winters since the late 1970s. Totals for the
month were 2.24” in Carneros, 2.45” in St. Helena, 2.66” in Calistoga, 2.50” in Howell Mountain, and
1.09” in Oak Knoll. For the Water Year to date (beginning July 1, 2020), cumulative precipitation
amounts were below normal, ranging from 10.86” in Carneros, 14.19” in Calistoga, 13.77” in Howell
Mountain, and 16.25” in Atlas Peak.
Frost: On average, the daily low temperatures in March 2021 were significantly lower than March 2020
at around 5 degrees cooler in most of the valley. Early March saw temperatures in the low-30s, but the
first major frost event occurred on the morning of March 12 with lows ranging from the high-20s to
mid-30s. Another cold snap followed on March 16. Fortunately, bud break was not far along by St.
Patrick’s Day, so only pockets of the valley needed protection. Minor frost damage was reported in
especially dry soils that led to lower cold hardiness.
Temperature: The cool weather pattern persisted throughout March 2021. Daily temperatures were
seasonably normal, with daily lows being slightly lower on average. Daily lows ranged from 36.6 F in
Carneros, 36.5 F in St. Helena, 35.4 F in Calistoga, 34.5 F in Atlas Peak, and 39.4 F in Howell Mountain.
Overall, the weather was more normal leading into spring, with a few scattered showers, brief hail, and
fleeting thunderstorms. The month concluded with a major push as daily highs hit their peak during the
final week. On March 31, weather stations recorded highs of 82.1 F in Carneros, 81.6 F in St. Helena,
83.0 F in Calistoga, and 72.7 F in Howell Mountain.
APRIL

Rainfall: Similar to last year, April 2021 was another fairly dry month. Most of the valley received less
than an inch of rain adding to historically dry soil profiles. Typically, rainfall starts to taper off in April
where 1.5 - 2” total can be typical for the month. Rains in April 2021 were not historically low by any
means, but at this point in the year the total accumulated rainfall was historically low and the hope in
the valley was definitely for more rain.
Frost: With dry early spring months, there’s always a concern and potential for frost but there were
only a few nights in mid-April and then again at the end of the month where temperatures dipped
close to 30 F. Apart from some of the colder regions such as Coombsville, Howell Mountain, and the
Upper Valley it was a fairly easy frost month. Even in the colder regions, fans and sprinkler usage was
on par, if not less than for an average frost season.
Temperature and GDD: The start of the growing season for Cabernet Sauvignon was reminiscent of
2020. Bud break was slightly earlier however, by about 2-5 days, occurring in the first half of April. By
the middle of the month, temperatures started amping up with 2-4 days reaching over 90 F in the
warmer parts of the valley including St. Helena, Rutherford, Oakville, and Calistoga. Warmer
temperatures supported ample growth, but with lower-than-normal soil moisture levels in many
locations the demand for growth was halted by a lack of available water, causing some stunted shoots
and areas with slower growth for the second year in a row. Growing Degree Days were lower this
month compared to 2020 by about 30 – 50 GDD due to spending fewer hours above 90 F.
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MAY
Rainfall: We returned back to a typical May without any rainfall aside from a stray afternoon shower
adding less than 0.1”.
Frost: There was only one concerning frost event mid-month on May 20 where temperatures dipped
down to between 27 – 36 F in the frost prone areas and the valley floor.
Wind: This was one of the windiest months for May in recent years, with over 200 hours of 5+ MPH
winds and high wind speeds in the teens and twenties throughout Napa Valley.
Temperature: There was an extreme heat event at the end of the month where temperatures reached
105 F in St. Helena and Oakville, 103 F in Oakville, and 102 F in Howell Mountain. These extreme
temperatures were similar to last year, but overall, May 2021 was actually warmer than May 2020
since average high temperatures were higher. Last year, there were 2 distinct periods in the month
where temperatures built up to 100+. In 2021, the high temperatures stayed more consistently above
80 F with one build up at the end of the month to 100+. There were only 8 days where temperatures
didn’t go above 80 F. The consistently warm temperatures may have sped up bloom, as bloom was
about a week ahead of 2020. There was a condensed duration between flowering and fruit-set for the
second year in a row. The accumulated GDD in May of 2021 was lower than 2020 and was similar to:
2000, 2007 and 2014.
JUNE

Temperature and GDD: Continuing the trend from May, June was another warm month with one
extreme heat event reaching above 103 F throughout the valley on June 17. The highest temperature
clocked in at 116 F, ten degrees warmer than this time last year. Berry development was a primary
focus of the vines at this time as fruit-set finished at the beginning of June and started entering lag
phase by the end of the month. Phenology was still tracking ahead of recent vintages at this point in
the season. With the low initial soil moisture this year and extreme heat starting in May, irrigations
began early for the second year in a row. Powdery mildew infections were fairly mild again this year for
most locations, with the heat playing a big role in keeping disease pressure low.
JULY
Temperature and GDD: The month of July can be challenging with multiple vineyard activities needing
to be done simultaneously — especially if mildew pressure is high. There is canopy work to do, tractor
sprays scheduled, and cultivation to finish up. Most of California experienced long periods of persistent
heat throughout the spring and early summer months of 2021. Fortunately, the warm and dry weather
meant that mildew pressure was extremely low across the valley during July. Also, with many vineyards
being practically dry farmed, canopy work required less labor hours as well. A brief heatwave arrived
July 8-10, with many parts of the valley reaching triple digits — the hottest location being Calistoga
breaking above 110 F. Average daily highs were 78.8 F in Carneros, 92.6 F in St. Helena, 96.3 F in
Calistoga, 87.7 F in Howell Mountain, and 88.8 F in Oak Knoll. Ver aison arrived at around the 5-year
average, with Cabernet Sauvignon reaching 50% during the last week of July in most locations.
Accumulated growing degree days indicated a relatively normal summer and tracked slightly behind
the previous season, with total GDD for the months April-July at ~20-100 GDD less than 2020. Heat
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units for the season through July showed 1,560 GDD in Carneros to 2,078 GDD in St. Helena to 2,166
GDD in Calistoga and 1,793 GDD in Howell Mountain.
AUGUST
Temperature and GDD: Summer weather during the 2021 growing season was exceptionally pleasant.
A major contrast with the previous season that had record breaking heat and intense wildfire pressure.
Most days experienced the classic diurnal temperature swings that give Napa Valley wines their stellar
acidity and ripe flavor profiles. A few brief heat spikes occurred during August 10-16 and 27-30, with
the hottest areas of the valley peaking around 105.2 F and 110.1 F, respectively. Overall, only 5-7 days
reached triple digits in August and the conditions were ideal for ripening. Average daily highs across
the region were 80.3 F in Carneros, 91.3 F in St. Helena, 94.4 F in Calistoga, 85.5 F in Howell Mountain
and 89.7 F in Oak Knoll. In general, August weather for most of California was unremarkable during
2022. There were exceptions inland and at high elevations — some areas earning “hottest on record”
titles — but a persistent marine layer shielded a vast majority of the state’s population. All monitored
sites recorded significantly less GDD by the end of August compared with the 2020 growing season
with Carneros at 2,051 GDD, St. Helena at 2,749 GDD, Calistoga at 2,878 GDD and Howell Mountain at
2,443 GDD.
SEPTEMBER
Temperature and GDD: The summer heat that arrived during the end of August continued into the first
part of September. Unlike the previous summer months, this heatwave was more characteristic of
California summers with warmer temperatures extending across all parts of the state. Thunderstorm
warnings were issued, and minor precipitation events occurred on September 9 and 10, but overall,
Napa vineyards weathered the tumultuous events soundly. Like August, daily temperature swings
ranged by 40-50 F and saw highs and lows both relatively lower than the previous year’s growing
season. Average daily highs were ~2-4 F below that of September 2020 with 82.6 F in Carneros, 90.0 F
in St. Helena, 92.8 F in Calistoga, 82.3 F in Howell Mountain and 90.2 F in Oak Knoll. Autumn nights
were more frigid than the previous vintages with average daily low temperatures hitting 49.0 F in
Carneros, 47.9 F in St. Helena, 47.8 F in Calistoga, 56.1 F in Howell Mountain and 46.1 F in Oak Knoll.
While still lagging 2020, by the end of the month accumulated degree days had accelerated with
Carneros at 2,536 GDD, St. Helena at 3,322 GDD, Calistoga at 3,500 GDD, Oak Knoll at 3,095 GDD and
Howell Mountain at 3,081 GDD.
OCTOBER

Rainfall: In stark contrast to 2020, October 2021 was the wettest October in recorded history. The
atmospheric river that drenched the valley delivered as much precipitation as that which had
accumulated throughout the rest of 2021. Precipitation accumulated at a rate as high as 0.3 – 1.5
inches per half hour. Between 7.8 and 14.5 inches of rain were recorded across the valley. No year in
recent history comes close to this October’s rainfall. The Oakville CIMIS station shows this to be the
highest October rainfall recorded since inception in 1989.
Temperature and GDD: Temperatures were cooler in October 2021 compared to 2020 where the
average highs were 10 – 17 degrees cooler in comparison. Likewise, only 8 days in the month reached
temperatures above 90 F compared to 16 days in 2020.
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There was a greater disparity in GDD by location within the valley this year in comparison to 2020. The
difference between the warmest locations and the coolest locations was 1,000 degree days in 2021, in
other words, the warmest locations reached the same amount of heat accumulation 60 days ahead of
the cooler locations in the valley. In contrast, in 2020 this difference was 900 degree days and the
warmest sites were ahead by 43 days.
NOVEMBER
Rainfall: November 2021 had fairly similar rainfall totals to November 2020. For both years there was
more rain in the mountains (2.5”) than along the valley floor. In 2020 the valley floor had 1-1.5” of rain
whereas 2021 there was 1.5 to 2” of rain on the valley floor.
Temperatures: The most significant difference this year regarding temperatures in November was
fewer cold nights in comparison to 2020. The low temperatures were relatively higher throughout the
valley by as much as 3 – 8 F warmer compared to 2020. And fewer nights approached 30 F in 2021 in
comparison to 2020. As a result, fewer chilling hours (34-45 F) were accumulated in comparison to
November 2020.
DECEMBER
Rainfall: December 2021 brought more rain to the valley and was similar to December 2019. We had
about 7 days of significant rain in 2021 and between 8 – 16” across the valley bringing totals to 19” –
29” for the fall and winter months.
Temperatures: Temperatures remained cool in December with nighttime temperatures dipping down
into the upper 20s and low 30s. December 2021 was more moderate in comparison to 2020 with far
fewer cold nights and fewer warm days – continuing the trend from November and a result of more
precipitation. There were only 11 days in 2021 below 34 compared to 22 days in 2020.

18

2021 Growing Conditions Report

Key Weather Events of the 2021 Vintage
Every vintage has unique characteristics that drive the growing season, management practices, and
ultimately, quality. Some years, these characteristics only have ramifications in the vineyard, i.e., high
mildew pressure in the spring or low soil moisture early in the season which requires earlier irrigation.
Other years, these vintage characteristics cross over from the vineyard to the winery, i.e., late ripening
curves or large crops which create logistical pressures.
Carbohydrate Storage in Grapevines
By Justin Leigon, Piña Vineyard Management
In grapevines, carbohydrate storage plays a vital role in vine health, canopy growth, and overall
winegrape quality. These carbohydrates store energy for the plant, become building blocks for
essential organic compounds, and form physical structures that are required during each growing
season. Understanding the different aspects of this storage mechanism is critical when creating a farm
plan each season — especially during long periods of drought.
During the 2021 growing season, many farmers in the Napa Valley reported diminished canopy growth.
While lack of available water was a notable factor, starch concentration (plant carbohydrate storage)
also played an important role. This concentration was likely impacted by climatic conditions at the end
of 2020. Past research has examined different parts of the grapevine to better understand these
storage locations. According to Bates et al. (2002), “roots were the major storage organ for
carbohydrates and nutrients, accounting for 84% of the starch and 75% of nitrogen stored in the vines
at the beginning of the season.” Napa Valley has faced multiple years of below average rainfall, and
prolonged drought conditions, which in turn has led to a decrease in the mass of root systems. In
general, the capacity for carbohydrate storage can be negatively impacted by a reduction in overall
root system size.
Root growth is responsive to auxin flow from buds and new shoots (Keller, 2010). For this reason, it’s
important to establish high early leaf area for grapevine canopies. This can be achieved by appropriate
pruning protocols, supplying early season nutrients if needed, and fostering healthy soils with compost
and other amendments based on lab analysis.
Root starch concentration reaches its maximum value during dormancy (Zufferey et al., 2012). After
budbreak, these resources are used by the plant to grow new leaves and roots in preparation for the
upcoming growing season. Zufferey et al. (2012) found that “from flowering until leaf fall, starch
accumulated in the roots, trunks and one- and two-year-old wood.” During each growing season,
grapevine canopies use photosynthesis to facilitate both ripening of the fruit and this starch
accumulation. The period leading into each harvest — as well as post-harvest — is also a crucial phase
for the storage of grapevine carbohydrates.
Starch is a polysaccharide, composed of glucose molecules, that can store energy in plants for future
use. One pathway for sugar creation is through photosynthesis in leaves. These sugars also play an
important role in fruit set. Lebon et al. (2008) observed that “the sugar content in the whole plant at
bud break most likely participates in controlling the number of flowers on each inflorescence.” In other
words, these inflorescences (groups of flowers that potentially develop into grape cluster berries), can
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be impacted by previous periods of starch accumulation throughout the grapevine. Leaf-fruit ratio also
has a significant effect on the total organic nitrogen and total non-structural carbohydrate
concentrations in the grapevine roots at harvest (Zufferey et al., 2012).
It’s prudent to consider these different aspects of carbohydrate storage each season when managing
crop load and grapevine canopies. Fruit thinning and canopy management are important tools for
farmers each season. With the favorable weather during the end of the 2021 growing season,
substantial rainfall, and generally lighter crop, vineyards in the Napa Valley are well prepared for the
next growing season.
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Vintage Comparison Across Oakville CIMIS Data (1989-2021)
By Sarah Ferguson, Silverado Farming Company, Inc.
“Excellent quality, structured tannins, color and intensity” describe the wines from the 2021 vintage.
The drought may have brought low yields and small berries but the near perfect conditions throughout
the growing season resulted in superb quality throughout the valley.
In this deep dive, we’ll examine some general conditions that may contribute to these characteristics
and compare across vintages looking at data from the Oakville CIMIS weather station.
To get an idea of how environmental conditions impact the vintage, we split the growing season into
Pre- and Post-veraison time periods. This allows us to look at environmental conditions that occurred
during berry development versus ripening since these are two distinct phenological stages. For this
comparison, May through the end of July were included in the pre-veraison time period and August
and September were included in the post-veraison time period.
Berry Development:
Starting at berry set, this is when organic acids start to accumulate in the berries and phenolic
production is focused to tannin precursor development as well as the production of phenolic acids:
hydroxycinnamic acids. Tannin production and anthocyanin production use the same precursor and in
fact cannot occur at the same time. Tannin production happens prior to veraison and anthocyanins are
produced at and after veraison. Vintages with an extended period of time between bloom and veraison
have the potential for higher tannin concentrations given more time to build substrates before
switching over to producing anthocyanin.
Environmental Factors during Berry Development:
Exposure to light during berry development increases accumulation of tannin and other flavonols.
Likewise, development and synthesis of flavor substrates and methoxypyrazines are impacted by light
exposure during berry development that can impact flavor development through ripening.
Temperatures impact the rate of early vine growth. As vines are developing canopy in the start of the
season to optimize photosynthesis and carbon partitioning, high temperatures accelerate growth and
plants respond to early heat by shifting energy to favor shoot growth at the expense of fruit
development.
Also, cooler days and or warmer nights may result in higher transpiration rates and therefore more
carbon being lost than may be gained back through photosynthesis if temperatures remain cool. The
result being less carbon and energy may be available for vine growth and berry development.
Ripening:
Once berries reach 9-10 Brix this triggers a shift to start producing anthocyanin, this also includes
changes in berry cell wall structures as berries start to soften. Sugar starts accumulating, flavor
compounds are synthesized, and acids degrade as pH rises. Tannin polymerization continues during
ripening and anthocyanins can be incorporated into tannins during this time. We often describe this
period of time as waiting for the optimum level of sugar and flavor development and phenolic ripeness.
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Environmental Factors during Ripening:
High night-time temperatures result in higher amounts of respiration, as discussed earlier, but during
ripening this means a faster degradation of the organic acid-malate which is accelerated at high
temperatures.
Temperature and light also have a significant impact on anthocyanin formation and degradation. Cooler
climates are known to generally have higher anthocyanin levels in comparison with hot climates.
Optimum temperatures for anthocyanin production is around 86 F.
Ripening is also dependent on temperature. Sugars are accumulated rapidly between temperatures of
68 F – 86 F. In fact, extreme heat events can actually slow down ripening as photosynthesis slows or
stalls. In the same way, berry size due to cell expansion can also be impacted by temperature where
high temperatures limit berry size and keep berries smaller.
Environmental Factors used in this Vintage Comparison:
Average Temperatures: This is the average temperature for each time period, taken from hourly data
from Oakville.
Heat Events: A heat event was considered when temperatures reached above 95 F. In this comparison
we’re looking at the number of days pre and post-veraison when temperatures reached above 95 F.
Average Low Temperatures (Night Temps): We’re including nighttime low temperatures in this
comparison for the impacts on acid retention and respiration. This measurement was the average of
each night’s lowest temperature for the time period.
Total Rainfall: This is the total rainfall accumulated in inches between October 1 through September 30.
Vintage Comparison:
We conducted a cluster analysis including the above environmental factors to group vintages into 8
distinct clusters as a way of identifying similar vintages based on temperatures and rainfall.
A summary table is included which describes each cluster’s environmental characteristics as either high,
medium or low.
Also, each year is plotted on a graph where the axis compares average pre-veraison temperatures to
post-veraison temperatures. The cluster groups are color coded in this graph according to the above
environmental factors.
We hope you find the comparison interesting and perhaps useful as you do your own research tasting
Napa wines from different vintages.
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Table: Cluster Descriptions
Data from Oakville CIMIS station. Temperature data shown for 1989 – 2021. Pre-Veraison included
May through the end of July. Post-Veraison included August through the end of September. Heat
events include the total number of days above 95 F in these time periods. Ranges: Avg. Temperatures
for Pre-Veraison: 62-67 F and Post-Veraison: 63-72 F. Total number of Pre-Veraison heat events: 1-11
and Post-Veraison heat events: 1-15. Pre-Veraison Avg. Cold Temps: 47-54 F, Post-Veraison Avg. Cold
Temps: 48-57 F, Total Rainfall: 6-62 in. The 2021 vintage is in cluster 6 – highlighted in green.

Cluster

Avg. PreVeraison
Temps
(May-July)

Avg. PostVeraison
Temps
(Aug-Sept)

Pre-Veraison
Heat (Days
Above 95)

Post-Veraison
Heat (Days
Above 95)

Pre-Veraison
Night Avg.
Temps

Post-Veraison
Night Avg.
Temps

Total Rainfall
(Oct-Sep)

1

Highest

High

Medium

Medium-High

High

High

High

2

Medium

Low

Low

Low

Low

Low

Low

3

Medium

Medium

Medium-High

High

Lowest

Low

LowMedium

4

Low

High

Low

High

High

High

Highest

5

Medium-High

Highest

Low-Medium

Highest

Highest

Highest

Lowest

6

Medium

Medium

Medium

Low-Medium

Medium

Medium

Low

7

High

Lowest

Highest

Lowest

Medium

High

Medium

8

Lowest

Low

Lowest

Low-Medium

Medium

Lowest

Medium

2021 Growing Conditions Report

23

