A Data Mining Approach to Examine the Effect of Climate Change on the Growth
of Pinot Noir Grapes in Western Oregon Using Machine Learning Methods
Student: Abhigya Sodani , Mentor: Debbie Cooper
Westview High School, 9th Grade
Student email: abhigyasodani@gmail.com , Mentor email: rocknpharaohs@gmail.com
Abstract
The wine industry is one of the top industries in
Oregon, with over 700 wineries in the state. This is why this
study aims to find the effect of climate change on the wine
industry in Western Oregon. To find this, I had to choose a
specific grape to look at. The chosen grape was Pinot Noir
because a large part of Oregon’s wine revenue is from the sale
of Pinot Noir wine. Also, I looked at Western Oregon
specifically in this study because most of the wineries in Oregon
are in Western Oregon. Using NASA’s Giovanni website, the
surface temperature data of Western Oregon was collected in
the form of color-coded heat maps. Using these heat maps, the
average surface temperatures during the growing seasons from
1979 to 2015 were found. The growing season for Pinot Noir is
April to September. Then, using the average surface
temperature data I found the average area of land that was in
the ideal temperature range for ripening Pinot Noir for each
specific growing season. Next, I got Oregon’s average annual
temperature data from NOAA’s Climate at a Glance website.
Using a machine learning regression method called LOESS I
examined the two data sets and was able to derive insights from
them. The data showed that, generally, as the average annual
temperature rises, the average area of land that has a
temperature suitable for ripening Pinot Noir decreases. Also,
the data shows that the best average annual temperature for
growing Pinot Noir is 47 degrees Fahrenheit. Lastly, the data
from NOAA’s Climate at a Glance website showed that
Oregon’s average annual temperature is increasing. This
means that as time goes on, the area of land with a suitable
temperature for growing Pinot Noir will gradually decrease.

in Oregon will be on wine, and this impact will be both
economical and agricultural. Therefore, the aim for this
research project is to find out how climate change will affect
the Pinot Noir grape growth in Western Oregon. This will be
achieved by using data from NASA’s Giovanni website and
data from the NOAA (National Oceanic and Atmospheric
Administration).
Background Information
Literature Survey about Oregon Wine:
Oregon has over seven hundred wineries across the
state [4]. These wineries are scattered all over the state, but the
majority of them are in Western Oregon because Western
Oregon has the right conditions and soil types to grow wine
grapes. In fact, the Willamette Valley (which is in Western
Oregon) has 74% of Oregon’s vineyards [1]. Figure 1, which is
pictured below, shows all the AVAs (American Viticultural
Area) in Oregon.

Introduction and Research Question
Oregon wineries made 100 million dollars in the 20152016 fiscal year [8]. A large part of that revenue is from the sale
of Pinot Noir. This is why one of the large impacts of climate
change

Figure 1[1]

Grapes grow in very specific climates, and will not be
able to thrive in any other kind of condition. The type of wines
most commonly grown in Oregon are Pinot Noir and Pinot Gris,
and those are the types of wines that will be most impacted by
climate change because they grow well in cool climates (see
figure 2). Figure 2 is a graph made by Dr. Greg Jones from the
Southern Oregon University that outlines the ideal ripening
temperatures for different grape types.

to a curve that fluctuates more and matches the data set better
[6]. However, a smoothing value too small will lead to the curve
being influenced by small, meaningless variations in the data.
The recommended settings for the smoothing parameter is 0.75.
The way LOESS creates the polynomial equations for
the small subsets of data is by using a weight function. This
weight function is the tricube weight function, which gives
higher weightage to data points near the point of estimation and
less weightage to points that are farther away [6]. This equation
is seen in equation 1:

Equation 1

Figure 2 [1]

As can be seen in figure 2, Pinot Noir ideally ripens in
in temperatures of 57 F to 61 F. If the temperature is too cold
then the grapes will not ripen at all, and if it is too hot the grapes
become overripe and are not ideal to use for wine-making.
Main Findings of Background Literature Survey on Oregon
Wine:
- Pinot Noir and Pinot Gris are the most valuable
exports from the Oregon wine industry.
- The majority of the AVAs in Oregon are in Western
Oregon, and more specifically in the Willamette
Valley (74%)
- Pinot Noir ripens best in a temperature range of (57 F61 F).
- Pinot Gris ripens best in a temperature range of (55 F
- 60 F)

Literature Survey about LOESS Curve Fitting Technique:
NOAA uses a form of curve fitting called LOESS.
This can be seen on the NOAA’s State Annual and Seasonal
Time Series website. LOESS is a curve fitting method often
used in machine learning. It creates a smooth curve for a data
set. It works by dividing the data into small, local subsets, and
fitting those small subsets using first or second degree
polynomials [9]. The length of these subsets is decided by the
smoothing parameter which can be changed and set by the
experimenter. A large smoothing value will lead to a curve that
fluctuates less and is smoother. A small smoothing value leads

Main Findings of Background Literature Survey on LOESS
Curve Fitting:
- Creates a smooth curve for a data set
- Breaks large set into subsets, and fits those small
subsets with a one or two-degree polynomial equation.
- The size of these subsets are determined by the
smoothing parameter.
- The weight function the LOESS uses the the tricube
weight function, which weight points closer the point
of estimation higher than points that are farther away.
Previous Work
Many articles have been written about the area that I
aim to study. Many of these articles have interviewed, or are
based on the work of Dr. Greg Jones. That being said, not many
papers have been written on the topic that I am researching.
There have been papers written on how climate change will
affect Pinot Noir growth in other parts of the world, and papers
about how climate change will affect the wine industry as a
whole. The novelty of this project lies in its focus on a specific
Pinot Noir growing region (Western Oregon). Also, unlike the
many articles published on the internet, this project uses data
mining techniques and data from NASA and the NOAA. Lastly,
a comprehensive method of data analysis using LOESS curve
fitting was used derive meaningful insights from the data.
Methods
To conduct this research, the first step was to get
Western Oregon heat maps from NASA and the climate data
for Oregon from NOAA. Then, using ImageJ, the heat maps
were analyzed and data was extracted from them. Lastly, using
R, LOESS was used to fit curves to climate and heat map data,
and these LOESS curves were crucial in drawing conclusions
from the data.

Oregon Wine Sales Figures
To conduct this investigation, it is crucial to see just
how important Pinot Noir is to the Oregon wine business.
Figure 3 is a chart from 2012 that is from the form 10-k of
Willamette Valley Vineyards INC. Here we can see that a large
part of the Willamette Valley Vineyard’s sales come from the
sales of Pinot Noir. In fact, it is also stated on the form that 47%
of the company’s cases sold, were cases of Pinot Noir [12].
Since 74% of the vineyards in Oregon are in the Willamette
Valley and 88% of Pinot Noir is also grown in the Willamette
Valley, we can use the statistics provided by Willamette Valley

Vineyards to see what a huge part of the Oregon wine industry
Pinot Noir is.

Figure 3 [12]

Figure 4 (Data Table) Every data value in the rightmost column is the average of six data points, with each of the six data points
representing one month of the growing season
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Graph C
Oregon’s Average Annual Temperature vs. Time

In graph A it can be seen that the LOESS curve peaks
around 47 degrees Fahrenheit. This means that the best annual
average temperature to grow Pinot Noir is 47 degrees
Fahrenheit. Graph A also shows that as the annual average
temperature of Oregon increases or decreases beyond 47
degrees Fahrenheit, the area of land in Western Oregon within
the suitable temperature range to ripen Pinot Noir also starts to
decrease. The Pearson correlation coefficient for graph A is
-0.372, which means a 37% negative correlation. This means
that the annual average temperature and the area of land with a
suitable temperature for ripening Pinot Noir are negatively
correlated. Also, the p-value for the data set that was graphed
on graph A is 0.141, which means about a 14% likelihood that
this data occurred on accident. Usually a p-value of 0.141 is not
considered to be statistically significant, but because the data
set that was being worked with in this project had a high amount
of variation, because of the many variables that affect the
climate of a small area such as Western Oregon, a 0.141 p-value
is acceptable.
Graph B is the original graph from NOAA and graph
C is that same data except plotted in R. The LOESS curve on
graph B shows that as time is passing, the average annual
temperature of Oregon is rising. The Pearson correlation
coefficient the data set graphed on graph B is 0.427 means a
42.7% positive correlation. This correlation is quite strong. The
Pearson correlation coefficient shows that the passing of time

and the annual average temperature of Oregon have a strong
positive correlation. Lastly, the p-value of the data set graphed
on graph B is 0.008, which means that there was a 0.8% chance
that this data was an accident. This p-value is definitely
statistically significant.
Graph D is showing how the land with a suitable
temperature to ripen Pinot Noir is decreasing over time. The
LOESS curve on this graph does how a negative correlation.
But the Pearson correlation coefficient is -0.122 which means a
12% negative correlation, which is very weak. Also, the p-value
is extremely high at 0.639. This means that there is a 64%
chance that this data happened on accident. That is why the data
on Graph D is not statistically significant and will have no effect
on any conclusions drawn from this research.
On the Oregon heat maps the light-yellow color
represents the land that has the ideal temperature for ripening
Pinot Noir. Both the maps are taken in the same month, July,
and they show visually that between 1979 and 2015 the area on
land that has the ideal temperature for ripening Pinot Noir has
decreased. In fact, the area of land that is light-orange, which
represents land that is above the ideal temperature for ripening
Pinot Noir, has increased significantly. These heat maps are
from NASA’s Giovanni website. However, the drastic decrease
of land that is suitable for growing Pinot Noir that is seen on the
heat maps is not actually how drastically the suitable land is
decreasing. Overall, when all of the months of the growing
season are averaged together, the decrease is very gradual.
These heat maps are just serving the purpose of visualizing the
research that has been done.

in Oregon is grown in Western Oregon. This is why the loss of
land suitable for properly ripening Pinot Noir in Western
Oregon is particularly detrimental for Pinot Noir growth in
Oregon as a whole.
Caveat
This experiment looked at the area of land in the
suitable temperature range for ripening Pinot Noir at a level that
encompassed all of Western Oregon. Obviously, not all of
Western Oregon is used for growing Pinot Noir. This means
that the actual effects of climate change on Pinot Noir growth
might have a different magnitude if the area of land that was
looked at was entirely made up of wineries.
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