
Create model. The nine factors were evaluated to
determine which should be used in the final model.
Multiple models were test. Tests for assumptions of
model parameters were performed. A final best
fitting model was chosen. The model was run on a
randomly selected 75% of counties in NYS in STATA. 
Create maps of variables. Maps of soil factors
(available water capacity, pH, depth to water table,
k-factor, slope, and flooding frequency) were created
from SSURGO using Soil Data Development Toolkit
to join these tables to the New York state 10m
square raster. 
Calculate missing variables. Erodibility was
calculated by multiplying k-factor and slope using
field calculator. 
Reclassify categorical variables. Flooding was
reclassified to binary. “None” and “rare” were
reclassified as 1; occasional, frequent, very frequent
were reclassified as 0. Farmland was also
reclassified. “All areas are prime farmland” was
reclassified as 1, everything was 0.
Run regression. Raster calculator was used to run
the logistic regression model in Eq 1 using the 5
rasters described above to generate the predicted
log odds of each raster cell being prime.
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and area symbols were joined with the 10m NYS map
unit raster. The remaining counties that were not
originally randomly selected were extracted by
attribute. 
Convert log odds to probability. The resulting raster
representing the predicted log odds was converted
to probability using the formula:                                               
Compare actual and predicted. The predicted
probability of prime farmland was visually compared
to the actual locations of prime farmland, as shown in
Figures 6 and 7.
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Figure 6: Prime Farmland. 
Prime farmland locations from gNATSGO (2019) in New York  as determined by local NRCS offices.

DATA

Equation 1: Logistic Regression. 

RESULTS
farmland. The probability ranged from close to 0
(2.3e-09) to closer to 1 (0.78). The actual range on
the binary scale is from 0-1. As the highest
predicted values were still not that close to 1, it
indicates that there are likely missing factors
from  the model that could improve the predictive
power. However, the darkest green portions of
the predictive model align with land that is
actually prime. Although it is not the most refined
tool, it is potentially able to identify areas that
could be prime , if more information was included,
such as distance from bodies of water as there is a
clear pattern seen along rivers in Figure 6.

Each of the five main factors that determine prime
farmland according to the USDA are mapped in
Figures 1-5, using different colors and notation.
For each range of data mapped, the less optimal
conditions, based on the direction of the
relationship with prime farmland, are in beige. For
example, the higher the erodibility of soil, the
lower probability of that area being prime.
Therefore, high erodibility is represented in beige.
This highlights some patterns in varying soil
quality across the state.  As seen by comparing
Figure 6 and 7, the regression model is not very
accurate in predicting the location or prime 

“Dependable & adequate” water (Figure 1)
No or low water table (Figure 2)
Not highly erodible soil (Figure 3) 
Not frequently flooded (Figure 4) 
Soil pH between 4.5 and 8.4 (Figure 5)
Low electrical conductivity in soil
Favorable soil temperature
Sufficient soil permeability
Less than 10% rocks in soil surface
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Prime farmland is a classification given by the
USDA to demarcate areas that are optimal for
growing important crops. According to the USDA
(2015) criteria, there are nine main characteristics
of prime farmland that can be summarized as: 

INTRODUCTION

Figure 7: Predicted Probability of Prime Farmland. 
Predicted probability that the area is designated as prime farmland from logistic regression model. 

CONCLUSION
This analysis shows that the regression model
created in STATA can predict to some degree what
areas might be prime or not but it is not yet a very
refined tool. Including more factors than just the 5
examined in this analysis could improve the
predictive power of this model. This fits with the
results of the study that developed the logistic
regression, which had a pseudo R-squared of 0.19
(Moschowits, 2019). Additionally, using GIS to
examine the effect of spatial autocorrelation might
help improve accuracy. Other factors that should be
included in future models include land use, proximity
to urban centers, and remote sensing climate data.

MODELING PRIME FARMLAND FROM GEOSPATIAL DATA IN NEW YORK STATE

The Empire State of Prime Farmland
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Figure 1: Available Water Capacity. 
AWC was measured in cm of water/cm of soil for 0-200 cm depth of
soil from gNATSGO (2019). 

Figure 4: Flood Frequency. 
Data on flood frequency between April and November for 0-200 cm depth of soil
was from gNATSGO (2019). It was reclassified into two categories flooding (for
occasional, frequent, and very frequent) and no flooding (for none or rare).

Figure 4: Soil pH. 
Surface soil pH data come from gNATSGO (2019) for 0-200cm soil
depth. pH is measured on a logarithmic scale. 

Figure 3: Erodibility. 
Erodibility was calculated by multiplying k-factor and slope (in
percent) for 0-200 cm depth of soil from gNATSGO (2019). 

Figure 2: Depth to Water Table. 
Depth to water table was measured in cm for 0-200 cm depth of soil
from gNATSGO (2019) for January-December. 

ResourcesInventory (USDA, 2015). Therefore, it
would be useful to be able to estimate the
probability that an area would be designated as
prime farmland without relying on these
infrequent and local assessments. It would also be
useful to be able to predict the probability that
land might be designated as prime with predicted
climatic changes.A logistic regression model was
created using data from the National Soil Survey
about the factors listed above and their
relationship to the locations of prime farmland
(Figure 6). The best fitting model is shown in Eq 1.
This will be used in this study to create a
predictive probability that an  area is prime
(Figure 7) in order to assess the validity of the
model. New York was chosen for this study as
agriculture is vital to the state economy and the
state has passed legislation in the last 30 years to
try to protect their farmland (AFT, 1993).

The designation of prime farmland currently relies
on local level assessment by state and regional soil
conservation districts (Agriculture, 2017).
Assessments of farmland and soil occurs every 5
years through the National

Data were obtained from the USDA gridded
National Soil Survey Geographic Database
(gNATSGO) for New York State. Raster data
layers used for this analysis were created using
the “create soil map” tool in the Soil Data
Development Toolkit. Data layers used include:
farmland classification, available water capacity,
pH, depth to water table, k-factor, slope, and 

flooding frequency. K-factor and slope were
multiplied together to calculate erodibility. Map
algebra was used to create a final “predicted
prime farmland” map based on a logistic
regression model created in STATA using the
same data on a map unit level (Moschowits, 2019).
The full model is seen in Equation 1. 
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Create model. The nine factors were evaluated to
determine which should be used in the final model.
Multiple models were tested. Tests for assumptions
of model parameters were performed. A final best
fitting logistic regression model was chosen using
STATA 16. Electrical conductivity, soil permeability,
and rockiness were eliminated due to lack of
variability across the state or unavailability of data.
Create maps of variables. Maps of soil factors
(available water capacity, pH, depth to water table,
k-factor, slope, and flooding frequency) were created
from SSURGO using Soil Data Development Toolkit
to join these tables to the New York 10m raster in
ArcMap 10.6.1, as specified below in Figures 1-5. 
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