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A COMPREHENSIVE ANALYSIS: THE 
RELATIONSHIP BETWEEN TEMPERATURE AND 
PRECIPITATION ON CHOKECHERRIES

Gurkamal Kaur

ABSTRACT: This research aimed to figure out and study the relationship and combined impact 
of temperature and precipitation on the overall fruit yield of Chokecherry trees. The goal was to 
find the best possible set of conditions that would maximize not only production but the quality 
of produce as well, as constantly changing climate conditions influenced by global warming 
immensely impact the marketability of the fruit. The hypothesis was that in order to maximize 
yield as well as quality, the trees needed spring temperatures ranging from 70°F to 85°F (21°C 
to 29°C) during growing seasons, and 32°F and 45°F (0°C to 7°C) during dormancy to ensure 
proper bud breaking when spring arrived. Moderate to high levels of rainfall are needed (15-25 
inch annually), and in areas of lower precipitation, supplemental irrigation is required. It needs to 
be made sure that the stages of growth sync with the weather predictions, as too high or too low of 
temperature and precipitation levels can seriously impact the fruit yield. In order to collect data 
for this research, data and tools from the USA National Phenology Network (NPN) will be used. 
Data was collected between the years of 2014-2023. This time frame will be consistent throughout 
the research. Then, data analysis will determine the relationships collectively and separately 
between temperature, precipitation and fruit yield. The results suggest minimal correlation between 
precipitation and yield, maximum correlation between temperature and yield, and no correlation 
between temperature and precipitation collectively on yield. To get these results, statistical analysis 
as well as regression analysis was conducted, and the data was analyzed and sorted in Excel.

Keywords: Climate change, chokecherry, temperature, precipitation, fruit cracking, fruit yield, 
quality. 

Research Paper

Introduction

The goal of this research is to understand 
the phenology and relationship between 

temperature and precipitation relative to the 
fruit yield of chokecherries. Getting the most 
and good quality yield has become increasingly 
challenging as climate change impacts rainfall 
and temperature patterns (JT Doyle, 2013). 
It is crucial for cultivators to understand the 
ever-changing patterns to get the most yield, 
so as to maximize marketability, especially 
in the case of a fruit having such a high and 
significant economic impact. In this case, 
farmers often find themselves facing a dilemma 

where they must prioritize one condition over 
the other, either due to lack of knowledge of 
the best set of conditions required, or due to 
the lack of planning of growth periods relative 
to fruit production and weather predictions. 
Understanding the relationship between 
temperature and precipitation, individually and 
together, allows us to firstly address a critical 
gap and lead to a potential breakthrough in 
chokecherry production, as well as allow us to 
assess and create predictive models, and come 
up with new and reformed practices that will 
ensure sustainable and high quality yields from 
every growing season.
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Chokecherries, scientifically known as Prunus 
virginiana, are a deciduous shrub, which may 
also be sometimes seen as a small tree, native 
to Northern American primarily. The plant itself 
tends to grow up to heights of 3 to 6 meters (6.5 
feet to 20 feet, but they have been seen growing 
to heights up to 9 meters or 30 feet). As for the 
main focus, the fruits of this tree, chokecherries, 
emerge from small clusters of white fragrant 
flowers that bloom in spring, and these clusters 
are usually 6 to 15 centimeters long. The fruit 
itself is small and spherical and is only about 
6 to 10 millimeters in diameter. The berries are 
usually dark red to black in color and carry an 
astringent acidic taste. These fruits are widely 
known for their ability to adapt to changing 
conditions, but frequently fluctuating weather 
patterns affect the growth and yield immensely 
(Petruzzello et al., 2024).

Studies such as Proebsting, E. L., & 
Middleton, J.E. (1980), provides us with 
information for the optimal temperature 
ranges for growing chokecherries. This study 
suggested that to maximize fruit production, 
growing periods had to be timed so the spring 
temperatures ranged from 70°F to 85°F (21°C 
to 29°C) during growing seasons and 32°F and 
45°F (0°C to 7°C) during dormancy. This range 
of temperatures helped ensure that proper bud 
breaking would occur when spring arrived. As 
for rainfall, 13 to 65 inches of annual rainfall is 
considered optimal to promote and boost both 
quality and yield of the fruit (Crowder, 2003).

My research question aimed to incorporate 
both the above mentioned phenophases, 
temperature and precipitation, and study their 
separate and combined effects on the production 
of chokecherries which led my research 
question to be, “What relationship between 
temperature and rainfall works best in order to 
maximize fruit yield and quality of chokecherry 
fruits?”. My hypothesis going forward was that 
temperature and precipitation worked together 
to show their collective significant impacts. If 
one of the two is removed, then fruit yield will 

go down by a significant amount. Additionally, 
too high or too low of temperature and rainfall 
levels would also affect the fruit yield by a lot, 
as too high precipitation leads to fruit cracking, 
and too high of temperatures can lead to lower 
efficiency in seed germination and will show 
signs of heat stress. Precautions, such as rain 
covers, or cooling mechanisms can be set up to 
counter these adverse climate conditions. As I 
move forward, data from NPN will be used to 
test my hypothesis and analysis will be done 
based on that. Furthermore, statistical and visual 
analyses will be used to draw conclusions. 
Models can then be created based on those 
results, to design preemptive measures that 
ensure optimal conditions for chokecherry trees 
and fruit.

Methods and Materials

The data needed for the analysis of this was 
retrieved from the USA National Phenology 
Network (NPN) database. Two tools were used 
all together to collect a broader set of results 
and a more specific set of results. Firstly, the 
NPN visualization tool was used to construct 
a scatter plot which showed the relationship 
between total rainfall with respect to onset of 
days of year showing the relative fruit yield. To 
generate this scatter plot, I decided to not apply 
boundaries to maximize the data points I got. I 
then chose a fairly recent time frame of 2014-
2023 as I did mention how global warming did 
contribute to the weather and climate changes, 
so in order to get the most accurate results, 
using a recent data set would be suitable as 
it accounts for a higher number of observed 
fluctuations in temperature and precipitation. I 
then chose to focus on fruits itself by picking 
“Chokecherry/ Fruit or seed cones” as my 
observable phenophase, and my intention was 
to study how much fruit was produced around a 
certain time of year with respect to my chosen 
climate factor. On the X-axis, I had accumulated 
precipitation in millimeters and on the Y-axis I 
had the onset day ` the year. Additional filters 
used by me included the data precision for 30 
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days and I also checked the box off for “Used 
Individual Phenometrics.”

The second graph is also generated with the 
help of the NPN visualization tool. Instead of 
a scatter plot, an AGDD diagram was created. 
AGDD stands for accumulated growing 
degree day. I used this set of data to answer the 
individual portion of how temperature affects 
fruit yield. As for the filters, they were mostly 
similar to ones from the last graph. I chose no 
boundaries to maximize the data points that 
I could get. I chose the same time frame as 
for my precipitation data in order to maintain 
consistency throughout my research and exclude 
any amount of bias that may have come up. I 
once again chose my observable phenophase 
to be “Chokecherry/ Fruit or seed cones”. My 
X-axis this time depicted the AGDD but the 
Y-axis still showed the onset day of the year. 
Data precision was once again turned on for 30 
days and individual phenometrics were used.

My third graph was a little more complex. For 
this graph I used the NPN observational tool. 
For this, I started off by matching the date to 
my data for the last two graphs, January 1st, 
2014, to December 31st, 2023. I then set my 
species as Prunus virginiana, and chose fruits 
for the limiting phenophase, as I am researching 
exactly at what times in the year or certain 
climate conditions fruit yield is at its maximum. 
I then skipped picking specific partner groups 
and source datasets and went to include all the 
data from all sources and specified phenophase 
name, phenophase category, species name and 
species category in the optional output fields. 
For the climate data field, I selected accumulated 
precipitation. The purpose of this graph was 
to provide additional evidence to support the 
results of my first graph, which showed no 
significant or only a minimal relationship with 
rainfall.

The above three graphs include and touch 
upon all the necessary aspects that are required 
to answer my research question. With one graph 

examining the relationship of temperature 
and fruit yield and the other examining that 
of precipitation, we will eventually be able 
to compare those two graphs and pinpoint 
a connection if there was one. From my 
presentation, I found out that precipitation had a 
minimal impact on the fruit yield, so I planned to 
do another analysis to ensure the credibility and 
accuracy of my data, claims and observations. 
To create my third graph, I had to create a pivot 
table which helped me graph my data set. I 
made sure to remove any missing information 
(-9999’s). I also averaged out the onset days 
which were relative to the Y-axis on the graph.

All of the data used for my research was 
obtained from the NPN database where 
appropriate researchers and organizations input 
it into the database. In order to create my third 
graph, I selected the column for accumulated 
precipitation and onset of days. I also chose 
phenophase name and observation date as 
guides to organize my data. As mentioned 
above, all the missing information was filtered 
out, as was any additional irrelevant data which 
could not be graphed. The analytical approach 
that I went for was data visualization where I 
was able to see the trends and relationships with 
respect to the climate conditions for each day of 
the year and I was also able to look at the linear 
regression line for a clear idea of what the trends 
were. My scatter plot showed points signifying 
each individual observed phenophase. This 
model can also help predict fruit yield and 
quality under the same or different temperature 
and rainfall conditions, becoming an extremely 
useful resource for chokecherry cultivators.

To analyze Graph 1 and 2, regression analysis 
was conducted. I was able to tell the relationship 
by looking at the R2  value. In graph 1, the 
X-axis represents the total rainfall accumulated 
in millimeters over a period and the Y-axis 
indicates said period or the day of year on which 
the fruits or seed cones of chokecherries began 
to appear. The trendline showed the relationship 
in the form of the slope. The R2  value came out 
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to be 0.27 which indicated a weak yet positive 
correlation between the phenophase and the 
climate condition. As for my second graph, 
the X-axis represents the accumulated growing 
degree days, which is basically a measure of heat 
accumulation which can be used to predict plant 
development rates, over a period and the Y-axis 
indicates said period or the day of year on which 
the fruits or seed cones of chokecherries began 
to appear. The trendline showed the relationship 
in the form of the slope. The R2  value for 
graph 2 came out to be 0.73 which showed that 
statistically, temperature played a huge role in 
the timing and yield of fruit and seed cones in 
chokecherry trees.

Using a scatter plot and an AGDD diagram 
as a means of graphical visualization between 
the two variables turned out to be a reliable 
way to figure out relationships and test if 
our data matches our claims and hypothesis. 
Each point in the scatter plot represented an 
individual observation in the dataset with the 
x-axis representing the independent variable 
(temperature or precipitation) and the y-axis 

representing the dependent variable (onset day 
of year). Using linear regression, relationships 
could be observed. The R2  value is a statistical 
measure that indicates the proportion of variance 
that can be predicted from the independent 
variable and projected on the dependent 
variable. The primary goal was to understand 
the relationship between the climate factors and 
linear regression analysis through this value 
helps figure out how much variation there is.

Results

The graph shown above illustrates the 
relationship between total accumulated 
precipitation in millimeters and the onset day of 
year for chokecherry fruit and seed cone’s first 
appearance. The graph has data from January 
1st 2014 to December 31st 2023. Here The 
x-axis is showing the total accumulated rainfall, 
and the y-axis shows the onset day of the year 
when fruits or seed cones begin to appear. Each 
one of the red circles represents an individual 
data point for a year between the given dates 
of 2014-2023. The R2  value of 0.27 points 

Figure 1: Relative fruit yield with respect to accumulated rainfall and onset day of year.
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toward the idea of there being a relatively weak 
correlation between precipitation levels and 
fruiting. Basically, what it meant was that only 
27% of the variability in the onset of the day of 
reproduction could be explained by precipitation 

levels. From this we were able to conclude that 
even though it can be observed that wetter 
conditions may possibly delay fruiting but other 
climatic factors, such as temperature, tend to 
play a more significant role in fruiting. 

Figure 2: Relative fruit yield with respect to AGDD and onset day of year.

Additionally, the scattered data points visible 
around the trendline end up further supporting 
my claim of a weak correlation. This graph 
shown above illustrates the relationship between 
AGDD (Accumulated Growing Degree Days) 
and the onset day of the year for chokecherry 
fruit and seed cone’s first appearance. The graph 
has data from January 1st 2014 to December 
31st 2023. Here The x-axis depicts the AGDD 
and the y-axis depicts the onset day of the year 
when fruits or seed cones begin to appear. Each 
one of the red circles represents an individual 
data point for a year between the given dates 
of 2014-2023. The R2  value of 0.73 points 
toward the idea of there being a significant 
and strong correlation between temperature 
and fruiting. In other words, we can say that 
73% of the variability in the onset of the day 
of reproduction could be explained due to the 

temperature conditions. From this observation, 
we can conclude that temperature is one of 
the more significant climatic conditions which 
affects fruiting and eventually, the overall 
fruit yield of chokecherry trees as the yield 
obtained will be controlled by how much fruit is 
produced relative to the temperature conditions. 
We can also see that the data points on the graph 
are close and follow the trendline which further 
supports our claim towards there being a strong 
correlation between the independent variable 
and the dependent variable.
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Figure 3: Observed fruiting patterns with respect to accumulated precipitation and onset day of year.

I decided to construct a third graph with the 
same parameters and variables as graph 1 to 
further back up as well as confirm the claim 
of there being a weak and not very significant 
correlation between accumulated precipitation 
and fruiting and in turn, the fruit yield. I initially 
took data from the NPN observational tool as 
I have described in methods and materials. I 
further filtered out missing data and selected just 
the accumulated precipitation over the same date 
range as my other two graphs. I then averaged 
out the day of onset as well as accumulated 
precipitation data, and created a scatter plot that 
showed data and observed fruiting relative to 
the selected climatic conditions and day of year 
when the phenological event occurred. I was able 

to form an equation of the regression line which 
was y=0.0677x+182.58 and had an R2  value of 
approximately 0.13. This value showed us an 
even weaker relationship between accumulated 
precipitation and fruit yield showing that only 
13% of the variability in the onset of the day of 
reproduction could be explained by precipitation 
level. This helped us back up our initial slightly 
uncertain claim about precipitation not having 
a significant impact on fruiting. This graph 
also had data points scattered more widely and 
further apart from the trendline as did Graph 1, 
which shows the weak influence of accumulated 
precipitation and a greater influence of other 
climatic factors.
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Figure 4: Scatter plot showing predicted vs observed onset day of year based on the combined impact of 
precipitation and AGDD.

In order to answer my main research question 
which was “What relationship between 
temperature and rainfall works best in order to 
maximize fruit yield and quality of chokecherry 
fruits?”, I needed to analyze the collective 
impact. For this purpose, I constructed the three 
graphs but then I proceeded to combine the data 
to see if there was a relationship between the two 
climatic conditions on the selected phenophase 
collectively. From that graph, I was able to get 
the R2  value, which came out to be 0.04, which 
showed an extremely weak relationship between 
the two combined variables (accumulated 
precipitation and AGDD), relative to the onset 
day of the year. This showed that there was 
only a 4% variance. The linear regression line 
in this graph was depicted by the black dashed 
line. Overall, we can say that while temperature 
(AGDD) significantly predicted the onset day 
of year for fruit and seed cone appearance, 

accumulated precipitation did not add onto the 
accuracy of the predictions. The weak R2  value 
showed that there was a greater chance of other 
biological or environmental factors affecting the 
fruit yield rather than the precipitation levels.

Discussion

In the introduction of this research paper, I 
briefly highlighted the reason for conducting 
this experiment and explained that my goal 
was to bridge a critical gap in the production 
of chokecherries. This gap, if addressed, could 
lead to a potential breakthrough and allow us 
to further assess conditions, develop predictive 
models, and design improved practices that 
ensure sustainable, high-quality yields each 
growing season. As we all are aware, global 
warming has caused weather patterns to become 
unpredictable, and inconsistent. With rapidly 
increasing temperatures, increase in the UV 

N069431.01F
N69431 2025 CROW Journal - Final 2 168pp.pdf
May 19 2025 13:23:55



108
UWB The CROW, 2025

Kaur

index, rising Carbon dioxide levels, and many 
more environmental changes, it has become 
more challenging for farmers to follow and 
continue with old crop growing techniques. But 
the lack of research and data made it challenging 
to come up with possible solutions to this issue. 
With foundational research, predictive models 
could be designed that not only predict the 
conditions needed for the best fruit yield of a 
specific plant at the given moment, but they 
also allow us to predict how the climate and 
environmental conditions will change, and what 
steps they need to and can take to ensure the 
best and most productivity from their crops. 
(City of Chicago, n.d)

I selected chokecherries due to their high 
economic value in the Seattle region and their 
growing significance in global markets. Given 
the increasing demand and market potential, 
I viewed this study as a foundational research 
with the potential to inform best practices, guide 
other cherry cultivators through agronomic 
challenges, and mitigate factors that threaten 
the marketability of this important crop. My 
contribution to addressing this gap was to 
pinpoint the perfect set of conditions that were 
required for chokecherry trees to produce 
the maximum yield while also ensuring the 
best quality. From my research I found out 
that the temperature was the more significant 
climatic factor that controlled the production of 
chokecherries. Ideally, temperatures of 70°F to 
85°F (21°C to 29°C) during growing seasons and 
32°F and 45°F (0°C to 7°C) during dormancy 
are needed and strictly recommended for the 
best possible yield. Precipitation levels on the 
other hand do not significantly impact the fruit 
yield although the aim is for the chokecherry 
trees to get around moderate to high levels of 
rainfall, which would be around 15-25 inch 
annually, and in areas of lower precipitation, 
supplemental irrigation is required. During my 
research I found that participation contributes 
more towards fruit cracking, where excess 
rainfall leads to the decrease in quality of the 
fruits produced.

As for discussing the implications of 
stakeholders, I will start off by stating that the 
primary stakeholders of this research would 
be the cultivators or farmers who focus on 
this crop, agricultural planners, and other 
researchers and scientists who plan on helping 
create foundational or more complex predictive 
models. It is crucial for farmers and cultivators 
to understand the requirements and relationship 
between temperature and precipitation 
collectively and separately on the productivity of 
their crop. Understanding this and studying the 
models provided will aid them as they develop 
strategies against too high or too low levels of 
temperature and precipitation. These predictions 
give them enough time to set up preventive 
measures such as cooling mechanisms during 
higher temperatures or random heat waves 
or rain covers in case the precipitation levels 
rise unexpectedly. Additionally, irrigation 
mechanisms can also be set up in case the 
precipitation levels fall below the requirements.

In the case of agricultural planners, it is their 
duty to highlight and promote the trends and 
needs as the climate conditions change and 
help the farmers come up with plans relating 
to timings of the growing seasons as well 
as particular growth periods. By promoting 
new innovations and technologies as well 
as climate-resilient practices, they can help 
lower the adverse impacts of the varying and 
unpredictable climate and maximize good 
quality yield. They also are the ones who need 
to focus more towards weather forecasts and 
climate conditions and it is their responsibility 
to provide the farmers with this data, and a plan 
in order to get the best results and produce.

As for researchers and scientists, this research 
acts as a push in the direction of more in depth 
and specific research on varying climate and the 
effects of varying climate conditions on crops 
and in turn the economy of the world. This 
research is also applicable to many other crops 
and provides a great foundation to build upon. 
Overall, this research enhanced our knowledge 
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of what we already knew and provided 
researchers with more information that could be 
referenced back to when needed.

Although this research was very specific as 
it focused on two of the biggest factors that 
affected the fruit yield of chokecherry trees, 
there were certain limitations as well that cannot 
be ignored. One of the biggest ones being that 
this paper only focused on temperature (AGDD) 
and accumulated precipitation. While these 
two factors had the strongest impact on the 
quantity and quality of the yield, many other 
climatic factors such as humidity, wind, soil 
type, altitude, UV rays, etc. could have impacts 
on the fruit yield. Even if a certain condition 
had a relatively small impact, adding the rest of 
the conditions would amplify said impact and 
could potentially immensely change our results. 
Another limitation was the time frame that I was 
able to study as I was limited to 2014-2023. If 
I were to have studied a larger period, such as 
2003-2023, I would have a larger data set and 
in turn a smaller uncertainty about my results. I 
would have also been able to study the climate 
and temperature changes as well as how the 
fruit yield seemed to have changed according 
to said temperature and precipitation level 
changes. Not only that, but the NPN database 
was also limited to just the United States, and 
it is entirely possible that other regions have 
different sets of conditions and research results 
compared to what I have.

Even though I filtered out the missing data, 
using NPN left me with inaccuracies and gaps 
within my research topic and additionally 
averaging the onset day of the year may have 
ruled out crucial peaks and variations in the 
data. All of the combined factors could have 
easily impacted the precision of my findings in 
significant ways. Additionally, a known fact is 
that using linear regression to analyze complex 
environmental and biological occurrences, is a 
way to oversimplify the relationships. If I were 
to further research this, I would opt for non-
linear regression so as to hopefully get the idea 

and understand the complexity of connections 
between my independent and dependent 
variables.
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