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Abstract:

Agricultural trends and insights are critical for stakeholders to make informed decisions, yet the
complexity of raw data often limits its accessibility. The United States Department of Agriculture
(USDA) conducts surveys and censuses to collect data on crops and other relevant sectors.
The National Agricultural Statistics Service (NASS) compiles such data for public release. This
project uses crop data from 2000 to 2024 to visualize agricultural information to benefit users
without advanced statistical expertise. Data from NASS were processed and visualized using
RStudio, Shiny App, and associated packages. The interactive application presents geospatial
and temporal trends for four Midwest crops: corn, soybeans, wheat, and potatoes. The resulting
tool enables users to analyze crop data at both state and county levels, offering insights into
production, yield, and harvested acreage. NASS has commended the resulting app, highlighting
its potential to influence agricultural planning and decision-making, including adjustments to
acreage planted and the possibility of increased yields.



Introduction:

The United States Department of Agriculture is a federal department that oversees
United States agriculture and related operations. The USDA is composed of twenty-nine various
agencies, one being the National Agricultural Statistics Service (NASS). NASS is responsible for
coordinating surveys annually and the Census of Agriculture once every five years. These
provide agriculture info that can be utilized when analyzing agricultural trends. While some
information is compiled into reports that are made available to the public, much of the data
remains in an online database without pre-defined tools for analysis. Data obtained from both
the surveys and census, excluding data that cannot be disclosed for security reasons, is
available on the QuickStats database within the NASS website. While this data is easily
accessible, it is not necessarily as easily understood by the general public. Extraction of data
from the QuickStats database is complex. Only 50,000 observations can be queried at once,
accounting for only a fraction of available data. Additionally, due to the organization of the filters,
data about specific commodities may not be organized as expected; if one is not familiar with
the database, it is possible that relevant data may not be successfully queried for a specific area
of study in one download. Some visualizations are available on the NASS website, but few allow
for customizable visualizations or easily depict trends over time. NASS provides relevant and
important data regarding agriculture, but data users must sift through complex and convoluted
data to understand and interpret agricultural trends.

In an effort to alleviate the data complexity issue, this project aimed to generate an
output portal that would display various insightful visualizations and an interactive map for data
users looking to analyze specific agricultural trends over a 24-year period. To provide
customizable information, both county and state-level comparisons are available. Data
representing four significant crops found in the Midwest, corn, soybeans, wheat, and potatoes,
were displayed within the portal. Density of variables for each crop can be displayed
geospatially via an interactive map, as well as compared to each other over time using line plot
(timeline) visualizations. These tools allow for the transformation from elaborate tabular data to
helpful visualizations of agricultural trends geographically and over time.

Methods:

The first steps in this project involved data collection and gathering ideas for useful
visualizations. While the final product scope involved only crop data, initial experimentation
involved data from the following sectors: animals and products, crops, demographics,
economics, and environmental data. There are three ways to collect data from the QuickStats
database provided by NASS. The first method is to download entire datasets in one large,
compressed file. This is the way data was collected for the final product. The second method is
to pull data in queries of up to 50,000 observations at once from the QuickStats user interface.
The third option is to utilize API calls that download up to 50,000 observations in the data
through a script, using an API key provided by NASS.

In the final rendition of the visualization portal, data is collected from QuickStats in a large
download of all crop data provided. While experimenting with the data, it was determined which
values and features were valuable to interpret. This involved variables such as production, yield,
acres harvested, and acres planted. Additionally, crops other than corn, soybeans, wheat, and
potatoes were not included in the project scope. Using RStudio, after many attempts to filter,
concatenate, and calculate data values, final datasets were developed for county and state-level
data. These datasets were stored in a GitHub repository for online access and the ability to load
data into the app online without the need to do calculations and create as many datasets within
the app. At the point that data creation was complete, visualization could be produced.



Following the creation of project data, the application was developed using Shiny, a framework
for building interactive web applications in R. The app’s user interface and server components
were designed to dynamically process and display data based on user selections. Key features
include:
1. Summary Tab: Provides plots summarizing crop data at a high level, including yearly
trends.
2. Interactive Map Tab: Displays geospatial data for states and counties, allowing users to
customize their view by selecting variables and filters.
3. Comparison Tab: Enables temporal and statistical comparisons between selected states
or counties, offering insights into regional agricultural performance.
These features transform raw tabular data into visual insights, facilitating user engagement and
understanding.
To further enhance user accessibility, the app includes a walkthrough YouTube video explaining
its features and functionality. Additionally, simple explanations accompany certain visualizations
to help users with limited data analysis experience understand the insights being presented.
The app is also deployed on an AWS server using RStudio Connect, allowing users to access it
directly through a web browser using the app's URL.

Results:
The application’s outputs include:

1. Temporal Trends: Line graphs depicting annual changes in yield, production, and
harvested acres, helping users identify key patterns and anomalies over time.

2. Geospatial Visualizations: Interactive maps at state and county levels showing variable
densities, with selectable criteria for customization. For example, users can compare the
density of harvested acres for corn across multiple states.

3. Comparison Graphs: Box plots and line graphs standardizing variables for comparative
analysis across regions and timeframes.

Figure 1 displays a visual representation of the scaled values of average vyield, total production,
and total harvested acres. Trends in Figure 1 help determine which years saw an increase in
yields and how this relates to harvested acres and production. Figures 2 and 3 display the
interactive map tabs, with Figure 2 showing state data and Figure 3 showing county data. The
selected filters for these maps are shown on the left-hand side, and the stats of the selected
county and state are shown on the right-hand side. Next, Figures 4 and 5 display the
comparison graphs produced after a second variable is selected. Figure 4 shows a z-score
standardized box plot comparing these selected variables, while Figure 5 shows the bar graphs
and a line graph showing the comparison across time. Figures 6, 7, and 8 are all crop condition
and progress graphs. Figure 6 shows separate line plots across the weeks of the year showing
the values of “Good” and “Excellent” crops in the selected area across the surrounding years.
Figure 7 shows the cumulative percentages of crops in each crop condition category across the
planting and harvesting timeline in the selected area and year. Finally, Figure 8 displays the
progress of each variable listed in the legend as a percentage throughout the weeks of the crop
year.

From further analysis using these visualizations, quantitative conclusions can be drawn
about agricultural practices. For example, counties with consistently high yields over a decade
may provide benchmarks for best practices. This will benefit agricultural industries and
emphasize this project's significance. Future results will be drawn by NASS and the US
Department of Agriculture after this app is deployed publicly and feedback is received from
users across the region.



Discussions/Conclusions:

The project was concluded with the Shiny App being deployed for public use. The
visualizations throughout the app are able to assist farmers in making strategic decisions for
agriculture in their selected states or counties. Additionally, data users can observe the
visualizations and realize trends. The initial goal of this project was to create a portal where
helpful and easy-to-read visualizations could be made using data from NASS’s survey and
census programs. Allowing the general public to have access to the portal was important when
working on the project. The portal is a success in this area due to a link being easily accessible
to deploy the app, having a clear simple design for the app and its functions, providing a
walkthrough YouTube video explaining the use of the app, and providing simple explanations of
certain visualizations. Farmers will be able to use the app to observe if their farm is competitive
when compared to nearby counties, and they could then make more informed and strategic
decisions regarding their farm.

In the future, a weather data source could be integrated, and climate change
implications could be observed with the comparison of the weather data and current data in the
app. Although the app is impressive and a success when compared to the initial goals, there is
room for improvement. One shortcoming would be that new data from NASS will not be
integrated automatically into the app.

Overall, this tool offers significant value to the agricultural sector by enabling data-driven
insights and strategic planning. Its deployment marks a step forward in making complex
agricultural data accessible and actionable for a wide range of users.



[1]

2]
[3]

[4]

References:

“NASS - Understanding Agricultural Statistics - Education and Outreach - Understanding
Agricultural Statistics.” Accessed: Dec. 10, 2024. [Online]. Available:
https://www.nass.usda.gov/Education_and_Outreach/Understanding_Statistics/index.php
“USDA.” Accessed: Dec. 10, 2024. [Online]. Available: https://www.usda.gov/

“USDA — National Agricultural Statistics Service — National Crop Progress.” Accessed: Dec.
10, 2024. [Online]. Available:
https://www.nass.usda.gov/Publications/National_Crop_Progress/

“USDA/NASS QuickStats Ad-hoc Query Tool.” Accessed: Dec. 10, 2024. [Online]. Available:
https://quickstats.nass.usda.gov/



Appendix

e Ar
and Averags Tield Over Years

Total Fraduction (caled to 106 Malion],
i rea (Scaled to 100

2000

Thousand).

Tota! Production {Sealed tn 1 Millon),
Harvested Arve (scaled Lo 100 | housend)
ang Average TIels Dver Tears

2000

Tata Production {Scated to 1 Milion),
Horve ke Arcs (Scaled to 100 Thousend]
Gng Average Hield Over ve:

1200

ca0s

Total Proguction (3caiedto 100 Thousandl.

Horvested Arca (Scaled to £ 1

housand!
and Average Vel Over Years

" 2 amse
H R e e i
L s 200¢
——— bt ettt b e adme oot S U
ettt et teae e . ) ) \
SRS E B B & RS E
Paramaters = TiaLHarvmsnd i b T 4 R L etmrs: o el arestad
il raduction B Sy — B [ ey
e, Fra— Totat Harvested verage Fr— vers
VED(EU ot Production v tio WED U Total Production harcation VELD(EU  Total Production “acreation WEDEU  Tolalfveduction  Tola Harvested
Yo ) 10 Mt} ) T pcE) Mt Tl Yo nea) (3 Wit Thormaml Yo Aeae) (300 Thamsad] e (3 T
2oz prs 1300 £ . = 0 e 2 - 025 = 2 v s @
Timeline of Selected Parameter INDIANA, year 2022
2000 2022] STATISTICCAT_UNIT Value
AREA HARVESTED_ACRES 5,130,000
PRODUCTION_S 6,316,056,000
Choose a level
PRODUCTION_BU 974,700,000
+ YIELD_BU / ACRE 190
Choose acrop -
Gorn -
Choose a STATISTICCAT_DESC
A HA -
Choose a UNIT_DESC
Acres
ACRES >
2,000,000
4,000,000
6,000,000
@ create the Map! 8,000,000
10,000,000
12,000,000
Timeline of Selected Parsmeter Louisa County,lowa, year 2022
e STATISTICCAT_UNIT Value
AREA HARVESTED_ACRES 85,541
AREA HARVESTED_OPERATIONS 321
Choose a level
PRODUCTION_BU 15,072,356
+ YIELD_BU / ACRE. 176
The total values of parameters in all the selected counties:
STATISTICCAT_UNIT Value
AREA HARVESTED_ACRES 23,210,351
e 2 ki AREA HARVESTED_OPERATIONS 86,302
g = Acres
e ] PRODUCTION_BU 4,564,505,655
100,000
el The average values of parameters in all the selected
@ Createthe Map! g averageva arar e selecte
counties:
100,000
06,000 STATISTICCAT_UNIT Value
500,000
Choose another variable AREAHARVESTED_ACRES 9615
YIELD_BU { ACRE > AREA HARVESTED_OPERATIONS 373
+ FRODUCTION_BU 19,590,153
7 YIELD_BU / ACRE 183
Select Distance [miles):
1 s
s sy s s B s g

@ Update the map!

i
mow om oM om m W e @

[Figure 3]



YEAR
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023

2024

AREA HARVESTED
ACRES

5550000.00
5670000.00
5220000.00
5390000.00
5530000.00
5770000.00
5380000.00
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5470000.00
5200000.00
5120000.00
4770000.00
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5270000.00
5130000.00
5310000.00

5060000.00

Standardized Value (Mean =0, SD = 1)

Boxplot for INDIANA (Z-Score Standardized)

[Figure 4]

Bar graph of the first selected vanable
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Good Excellent Values of the crop by Week for selected state
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Cumulative Crop Candition by Week in the selected state and year

Cumulative Parcentage
]

20
Wesk Number (Wheat Adjusted to Begin Wesk 35)

[Figure 7]

Pragress of Crop by Category Over Weeks
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