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Abstract

The growing season start and duration, along with other temperature-related

measures of importance to premium wine grapes in Napa Valley, California

have changed as climate over the western United States has warmed. The

growing season start has varied from year to year with a standard deviation of

about 3 weeks, but over the 1958–2016 record a linear fit to the time sequence

shows it advanced by more than 4 weeks. Over the study period, advances in

the growing season were strongly influenced by temperature increases begin-

ning in the late 1960s with warm anomalies generally persisting through

recent years. The date upon which the growing season accumulated 1400

growing degree-days also shifted earlier by about 4 weeks. Other measures

swung to a warmer status, including the mean temperature of the last 45 days

of the growing season, which warmed by over 1.5!C. Warming days and espe-

cially warming nights contributed to the growing season advance as well as

trends towards warmer expressions of other viticultural measures. Years with

earlier and warmer growing seasons experienced a substantial reduction in the

number of daily cool extremes, and an increase in daily warm extremes,

including the number of days whose temperature reaches or exceeds 35!C.
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1 | INTRODUCTION

Napa Valley, located north of San Francisco Bay in the
transitional climate between California's coast and Central
Valley (Figure 1) is one of the premiere viticultural regions
of the world. Wine grapes, reported as the world's most

valuable crop (Wolkovich et al., 2018), contribute substan-
tially to California's agricultural economy. Napa Valley's
wine grapes and wines are dependent upon its Mediterra-
nean climate with warm dry summers and cool wet win-
ters (Skinner, 2003). Napa Valley shares characteristics of
both interior and coastal climates of the central California
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Table 2:  COOP station location information 

Station Name COOP 
Number 

Current Temperature  
Instrument 

Current 
Elevation 

(feet) 
Latitude  Longitude  

Napa State Hospital 046074 MMTS Electronic Sensor 35 38.277780 (38°16'40"N) -122.264720 (122°15'52"W) 
St. Helena 047643 Nimbus 225 38.506670 (38°30'24"N) -122.471390 (122°28'17"W) 
Angwin 040212 MMTS Electronic Sensor 1715 38.573000 (38°34'22"N) -122.440500 (122°26'25"W) 
Calistoga 041312 MMTS Electronic Sensor 400 38.596110 (38°35'45"N) -122.601390 (122°36'05"W) 
Sonoma 048351 MMTS Electronic Sensor 97 38.299440 (38°17'57"N) -122.462220 (122°27'43"W) 
Petaluma 046826 MMTS Electronic Sensor 20 38.257700 (38°15'27"N) -122.607700 (122°36'27"W) 
Santa Rosa 047965 MMTS Electronic Sensor 174 38.438060 (38°26'17"N) -122.697780 (122°41'52"W) 
Healdsburg 043875 MMTS Electronic Sensor 108 38.617500 (38°37'03"N) -122.873060 (122°52'23"W) 

 
 

Napa State Hospital COOP site 
This site is only marginally suited for long term temperature measurements because it is close to 
a driveway/parking area and a window air conditioner (see photos below). It is located over a 
lawn which is presumably irrigated. This irrigation could reduce daytime temperatures and 
perhaps increase nighttime temperatures (Christy et al. 2006). Time of observation is noted as 
1600. The photos below are from the blog “Watts up with that” by Anthony Watts 
(http://www.norcalblogs.com/watts/weather_stations/ ).  

 

 
 

Napa State Hospital COOP site moves / instrument changes 
Napa State Hospital 046074    

Date Station Moved Temperature Instrument Elevation 
(feet) Location How far did the site 

move? 
07/23/2008 MMTS Electronic Sensor 35 Fire Station office, on hospital grounds -- 
09/22/1997 MMTS Electronic Sensor 35 Fire Station office, on hospital grounds -- 
02/15/1994 MMTS Electronic Sensor 35 Fire Station office, on hospital grounds E/50/Feet 
12/01/1990 MMTS Electronic Sensor 35 Fire Station office, on hospital grounds E/50/Feet 
03/14/1985 MMTS Electronic Sensor 35 Fire Station office, on hospital grounds E/50/Feet 
01/01/1931 Unknown 60 Napa State Hospital Grounds E/50/Feet 

 
  

Napa State Hospital
Temperature Recorder 
outside Fire Station



ºC

Average Daily Tmax and Tmin (ºC)
Oakville CIMIS    Monthly average

1989-2016

Growing season start 
when mean daily temperature

rises to 10ºC (50ºF) or above
without dipping below for

more than 3 days

10ºC



YEAR

DATE 
of year

END
1400 dg day

START
Growing Season

Temperature-based
measure from 

Napa State Hospital
and Oakville CIMIS

Start
daily T ≥10dg C (≥50dg F
no more th 3 d of interruptions 

End
1400 dg day (Celcius)
2520 dg day (Fahrenheit)

Napa Growing Season shifted 4 weeks earlier
from late 1950’s   to mid-2010’s

Napa v. Oakville correlations
start 0.71 end 1400 0.93





Napa Growing season fluctuation linked to regional temperature anomalies 
Mar-Sept divisional temperature anomaly average (std deviations) during late and early growing season end 1400 dg days



Napa GHCN-
adjusted
1958-2016

mean s dev Trend
(per yr)

Start day Mar 16 29.4 days -0.557 days/yr
End day (1400) Oct 5 14.5 days -0.536 days/yr
Length (1400) 202.7 24.9 days 0.022 days/yr
T 45 (1400) 18.9 °C 1.16 °C 0.032°C/yr
End day (whole) Dec 2 13.4 -0.060 days/yr
Length (whole) 262.1 34.0 0.499 days/yr
XT35 5.8 3.27 0.047
Sep Tmin 11.3 °C 0.91 °C 0.110°C/yr
Days w T < 0 15.8 days 9.05 days -0.060 days
GDD (apr-oct) 1586 °C 120 °C 4.47 °C days/year

Table 1. Viticultural Statistics based on Napa adjusted GHCN  1958-2016 
temperature record.  Trends significant (Mann-Kendall test) at 95% 
confidence level shown in bold.  



Mean Temperature last 45 days of Growing Season (1400dd) 
1958-2016  increase 1.8 ºC  (3.2 ºF)



Number of Tmin > Tmin95, Apr-Sep full

trend =0.085
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Number of Tmin < Tmin05, Apr-Sep full

trend =-0.160
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Decreasing cool extremes
5th percentile daily Tmin half as many 2000’s as in 1950’s-60’s  



Summary

Warming has shifted Napa growing season earlier 1958-2016     temperature reckoned (not grapes)

daytime and nighttime warming
hot extremes increased warm extremes declined
region-wide warming   -- similar increase as global temperature
summer napa fluctuations more correlated w coastal than inland temperature
largest changes observed btw 1950’s and 1960’s and 1990’s but warmth has persisted

Warming will quite certainly continue due to anthropogenic change--
warming during last 60 years about .3ºC / decade
+2ºC additional warming predicted by 2050’s

Observations are vital to track and understand climate variation and changes—
sustain Napa State Hospital and Oakville CIMIS but broader network is very useful

Lower degree of warming is predicted for coast than inland
will Napa Valley more closely track coastal temperature regime or inland?     Influence of marine layer? 

Grape phenology, wine quality records greatly important
long continuous records vital









Number of Tmax > Tmax95, Apr-Sep full

trend =0.082
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Number of Tmax < Tmax05, Apr-Sep full

trend =-0.110
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Increasing warm extremes
95th percentile daily Tmax 1.5 more 2000s than 1950’s and 60’s  









Correlation 
Coefficient

Napa vs Coastal temp Napa vs Inland temp

Napa day-to-day temperature fluctuations in summer 
more closely correlated with Coastal  than  Inland temperatures







SST vs Tmax & Tmin Tdew vs Tmax & Tmin SST vs Tdew
(1958-2016)Napa 

(1958-2016)
Oakville

(1989-2016)
Napa

(1958-2016)
Oakville

(1989-2016)
Tmax Tmin Tmax Tmin Tmax Tmin Tmax Tmin

ONDJFM 0.37 0.44 0.12 0.37 0.07 0.62 0.12 0.59 0.28
AMJJAS 0.30 0.54 0.14 0.38 -0.07 0.51 -0.15 0.27 0.57

Coast Inland Coast Inland
Tmax Tmin Tmax Tmin Tmax Tmin Tmax Tmin

ONDJFM 0.39 0.47 0.28 0.47 0.09 0.63 0.06 0.59
AMJJAS 0.37 0.62 0.14 0.41 0.06 0.65 -0.06 0.27




