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Take home messages
•

•

•

GIS systems are powerful tools that can be used to better
understand spatial and weather factors that can increase the risk of
foodborne pathogens in natural environments (for example, fields,
water)
Industry often may already have GIS data visualization and analysis
tools in place, but often they are used in areas other than food
safety
Consider public-private partnerships to better use GIS for food
safety applications
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What are geographic information systems (GIS)?
GIS as a tool for:
1. Visualizing of spatial patterns.
2. Working with “big data”.
3. Case Study: Predicting the Prevalence of L. monocytogenes in New York
State Produce Fields.
4. Potential and future applications of GIS for produce and food safety.

Geographic Information Systems (“Science”)
GIS is a computer system for capturing, storing, checking, and
displaying data related to positions on Earth’s surface.
This enables people to more easily see, analyze, and
understand patterns, relationships and trends between
different datasets.
- National Geographic

How does GIS work?

GIS allows us to stack layers of
information and examine the ways in
which datasets relate to each other.
Layers can contain a variety of spatial
(e.g., GPS location) and non-spatial
(e.g., land ownership).

GIS is a relational database that facilitates data
management, use and analysis.
Data for one field at one time point:
•
•
•
•

Microbial data
Molecular data
Field-collected environmental
data
Management practice data

• Real-time weather data
• Remotely-sensed data
• Output from statistical
models
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Hotspot maps can show areas where a pathogen was
repeatedly isolated or where odds of isolation is high

Spinach Field

Hotspot Map:
Warm colors indicate a higher density of L.
monocytogenes positive samples compared to cool
colors.

Strawn et al. Manuscript in preparation

Spatial and Temporal Factors affecting detection of Listeria
monocytogenes in Spinach Fields
Objective: To quantify the effects of spatial and temporal factors on the likelihood of produce
contamination following rain and irrigation events and to validate that pathogen prevalence is
higher after rain events.

Methods:
Two fields divided into 21 plots.
Sampled 24, 48, 72 and 144-196
h after rain and irrigation events.
Each visit we collected 1 random
soil sample/plot, and weather
data.

Weller, D., M. Wiedmann, and L. Strawn. 2015. Spatial and temporal factors associated with an increased prevalence of L. monocytogenes in spinach fields in New York State. Appl. Environ. Microbiol.

Result visualization
Distribution of L. monocytogenes-positive
(red) and –negative (yellow) samples.

Result visualization
Distribution of L. monocytogenes-positive
(red) and –negative (yellow) samples.

Positive samples are concentrated in
parts of the field closest to water.

Formal risk factor analyses
Risk Factor
Amount of irrigation water applied to the fields 2 days
before sample collection a
Distance of each sampling point to the nearest road (m) b
Distance of each sampling point to flowing water (m) b
Event type that initiated sample collection
Irrigation
Rain
Hours since event occurred
24
48
72
144-196
a OR

Odds
Ratio
1.2

95% Confidence
Interval
1.1, 1.3

Pvalue
< 0.01

9.0
0.18

1.5, 54
0.06, 0.54

0.02
< 0.01

1.0
0.74

0.41, 1.4

0.33

24
2.4
3.3
1.0

5.7, 100
0.46, 12
0.72, 15
-

< 0.01
0.30
0.13
-

is change in odds for a 1 mm increase in the amount of irrigation water applied. For this study approximately 13 and 8 mm of
irrigation water were applied to the fields during the two irrigation events.
b OR is change in odds for a 1 m increase in the amount of irrigation water applied. For this study the distance from water ranged
from 20 m to 360 m, and the distance from roads ranged from 30 m to 250 m.
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GIS enables users to acquire, extract and visualize
relevant areas or sections of “Big Data” sets.
Examples of Publicly Available Data:
•
•
•

Demographic data (population, livestock density)
Meteorological events (precipitation)
Soil characteristics (available water storage)

https://nassgeodata.gmu.edu/

Hydrological Map
Watershed
Sub-watershed
Flowlines
Roads
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GIS enables users to manipulate existing datasets
to create or generate new data.
Digital Elevation Model (DEM)

Water Flow Direction and Accumulation

Delineate Sub- Watersheds

Time for Water to Flow Through the Watershed
http://webhelp.esri.com/
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Validation of a Previously Developed Geospatial Model
That Predicts the Prevalence of L. monocytogenes in
New York State Produce Fields.
Objective:
1. Implement a geospatial model to develop predictive maps to identify
environmental reservoirs for L. monocytogenes on produce farms.
2. Validate a geospatial model’s ability to predict areas that have a higher
prevalence of L. monocytogenes, as compared to areas identified as having
a significantly lower prevalence of L. monocytogenes.

Strawn, L., E. Fortes, E. Bihn, K. Nightingale, Y. Gröhn, R. Worobo, M. Wiedmann, and P. Bergholz. 2013. Landscape and meteorological factors affecting prevalence of three food-borne pathogens in fruit and vegetable farms. Appl. Environ. Microbiol..
Weller, D., S. Shiwakoti, P. Bergholz, Y. Grohn, M. Wiedmann, and L. Strawn. 2015. Validation of a previously developed geospatial model that predicts the prevalence of Listeria monocytogenes in New York State produce fields. Appl. Environ. Microbiol.

Using GIS to extract data to use as input for statistical
analysis.
1. Data from many sources were merged into
one dataset using GIS.

National Land
Cover Dataset

US Census Data on
Highways and
Roads

Impervious
Cover Data

Pathogen presence
absence data for 20
fields across New York
State

Using GIS to extract data to use as input for statistical
analysis.
1. Data from many sources were merged into
one dataset using GIS

National Land
Cover Dataset

2. GIS was used to create input data for
statistical analysis in R.

Impervious
Cover Data

US Census Data on
Highways and
Roads

Weller et al. 2016

Environmental Factors that Increase the Risk
of L. monocytogenes Isolation
• Locations within 38 m of mapped waterways had a higher likelihood of
LM isolation (39%) than locations further than 38 m of mapped
waterways (12%)
• Locations within 10 m of an impervious surface had a higher likelihood
of LM isolation (20%) as compared to locations further than 10 m of an
impervious surface (5%)
• Moist soils had a higher likelihood of LM isolation (31%) as compared
to dry soils (10%)
• Moist soil locations sampled within 62.5 m of a pasture had a higher
likelihood of LM isolation (50%) versus similar locations further than
62.5 m from pasture-class land areas (7.5%)

Using GIS to visualize model output.
3. Using the results of the statistical
analysis, a new map was made in GIS
using the relevant data layers.

4. Tools built into GIS programs were used to create a map of
the model output. The expected prevalence of L. monocytogenes
is in parentheses in the legend.

Expected Prevalence 50%

Proximity to
Road

Proximity to
Water

Expected Prevalence 45%
Expected Prevalence 8%
Streams

Proximity to
Pasture

Available Water
Storage

Cropland
Proximity to Posture

Strawn et al. 2014.

Predicting L. monocytogenes Prevalence

Field Sampling to Validate the Original Model
1. Divide four farms into high and low risk areas.
2. Collect drag swabs samples from 5x5 m subplots
(n=1056).
3. Test for presence/absence L. monocytogenes.
4. Validate each rule

.

Using GIS to improve efficiency and ease of sampling.
Fields within each category were divided into
5x5 m plots, and a true random sample of
plots were selected.

To facilitate sample collection the shortest route
between all sampling points was determined
using GIS.
5m

5m

Validation of the predictive model.
Rule

Odds
Ratio

95%
Confidence
Interval

P-value

Pasture

2.9

1.4, 6.0

0.005

Water

3.0

2.0, 4.6

< 0.001

We validated 2 of the 4 rules that
comprised the geospatial model.

Practical Applications

Predicted Prevalence of
L. monocytogenes

Predictive risk maps can identify areas of high predicted pathogen prevalence within farms, and
enable growers to make more informed decisions about the management of crops in these
areas including targeted pathogen surveillance programs and altered management practices

GIS Applications for Produce Safety
• GIS technology is already on farms
– Growers are increasingly comfortable with the technology due to precision
agriculture
– Increasingly available open source software

• Free information about environmental factors specific to a grower’s farm
• More information means more informed decisions
– Track trends from year to year
– Better ability to forecast food safety issues
– Targeted surveillance plans
– Food safety plans tailored to individual fields

http://www.sdcorn.org/

Take home messages
•

•

•

GIS systems are powerful tools that can be used to better
understand spatial and weather factors that can increase the risk of
foodborne pathogens in natural environments (for example, fields,
water)
Industry often may already have GIS data visualization and analysis
tools in place, but often they are used in areas other than food
safety
Consider public-private partnerships to better use GIS for food
safety applications

Opportunities
• Academia
–
–
–
–

Create training opportunities for growers and students to learn these tools
Work with growers to incorporate these tools into their risk management plans
Develop smart phone applications to facilitate their use (e.g., predictive risk maps)
Collaborate with researchers in other fields (e.g., crop and soil science)

• Industry
– Identify existing data that can be examined using GIS
– Identify free, publically available data that is relevant to your interests and needs
– Think about specific scenarios where GIS can help your company
• e.g., identifying factors associated with the persistence of L. monocytogenes in a processing plant

– Build data infrastructure so that GIS can be utilized in these scenarios
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