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Background

® An important component of endangered species assessments
(ESAs) is the definition of crop footprints that represent
potential sites for pesticide applications based on labeled uses.

® Historically, crop

footprints have often
been based on
generalized land use
datasets, (i.e., NLCD)
without information
concerning specific
crops or historic use.
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Background

" The Endangered Species Act and the National Academy of
Sciences (NAS) recommends using best available data in ESAs
and have listed the Cropland Data Layer (CDL, NASS) as a
source of best available crop/land cover information (NAS
2013).

" The NAS report also recommends incorporating probabilistic
approaches within ESAs to address uncertainty.

" The current approach proposed by EPA and the Services for
crop footprint development uses multiple years of best
available land cover data (CDL) to account for crop rotation and
uncertainty, resulting in a deterministic crop footprint.



Motivation: Probabilistic Crop Footprint

—
for use in ESAs
.

® Previous crop footprint methods based on generalized land use
datasets (e.g., NLCD) are overly conservative in the
representation of crop footprints for individual crops.

® Proposed crop footprint methods are unable to quantify the
likelihood of co-occurrence of potential pesticide use sites and
habitat areas, which may be advantageous at Step 2 and Step
3 of the proposed ESA process.

® Proposed crop footprint methods do not account for all
uncertainty information available with the land cover datasets.
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§ Objectives

® Develop a methodology that uses publically available, high
resolution geospatial datasets to create refined crop footprints
representing the probability of crop presence and thus
potential pesticide use in any given year.

— Account for misclassification of crop classes in the Cropland
Data Layer (CDL) by incorporating accuracy assessment
information by state, year, and crop, and include 5 years of data.

— Adjust CDL misclassification probability based on accuracy
assessment information from the National Land Cover Dataset
(NLCD) by land cover class,

— Scale crop probabilities at the state level by comparing against
NASS surveys of reported planted acres by crop
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y Example Case Study

" Study Area
— The continental 57 o .
US was - @ e s e
evaluated to test - el TR >
the proposed , T o
approach. e FH R .
— Soybean was : -
used as the % | =pgh
example target ‘ T MRS s
crop for 0
pesticide 2 o
applications
D Soybean Growing Counties
Soybean growing counties, NASS Census of Agricuture (2007). o —— i




Base-layer Development:

Step 2: Overlay CDL Footprint

for Target Crop by Year with
NLCD (All Original Classes
Preserved)

Step 1: CDL Footprint By
Year (Target Crop with
Original Class Preserved)

Commission Adjustment: Omission Adjustment:

Step 3: Calculate Bayesian probability based
on CDL accuracy by year, state, and class;
and NLCD accuracy by NLCD class.

Step 4: Omission Error Adjustment based on
2007 Ag Census or NASS Quick Stats.

Final Yearly Crop Footprint: Combine Yearly Crop Footprints: Final Crop Footprint Check:

Step 5: Merge Commission
Adjusted Raster with
Omission Adjusted Raster

Step 7: For Original CDL Crop
Pixels with a Final Probability
of 0, assign 0.0001

Step 6: Average 5 Years
of Probabilistic Crop
Footprint Rasters
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M Probabilistic Crop Footprint Methodology
\~ 5-Year CDL, Bayesian Probability Method

Commission

Legend:

Adjustment: Adjusting for errors associated with
pixels that were incorrectly classified as soybean.

- All pixels not classified as soybean

Soy
(T)
Soy
(F)

Omission Adjustment: Adjusting for errors associated with pixels
that are soybean but incorrectly classified as another crop or land use.

Legend:

Classified as soybean and is soybean
on the ground

Classified as soybean, but is not
soybean on the ground

- Classified as soybean

Non-
Soy (T)

Not classified as soybean and are not
soybean on the ground

Non-
Soy (F)

Not classified as soybean, but IS
soybean on the ground
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.“_ Probabilistic Crop Footprint Methodology
5-Year CDL, Bayesian Probability Method

B Step 1: Base-layer Development

— CDL Footprint By Year (Target Crop with Original Class

Preserved)

Single Year CDL

CDL 2012

Corn

] | Sorghum
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Example: 2012 CDL for Anderson County, Kansas

Single Year CDL: Soybean Classes Extracted
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" CDL 2012 Soybean Classes

- Soybean (5)
- Dbl. Crop Soybean/Qats (240)
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Probabilistic Crop Footprint Methodology
5-Year CDL, Bayesian Probability Method

B Step 2: Base-layer Development

— Overlay CDL Footprint for Target Crop by Year with NLCD (All
Original Classes Preserved)

Single Year CDL:
Soybean Classes
Extracted

Example: 2012 CDL and 2006 NLCD for Anderson County, Kansas

Single Year CDL and NLCD Overlay

oy

1 A

u L
P 3

201 2 CDL and 2006 NLCD Overlay

I coL5/NLED 90

I coLs/NLeD 82

[ |cpLs/NLCD 81
I coLs/NLCD 71

| | cpLs/NLeD 21

I cbL5/NLED 11

[ cDL240/NLCD 82

"!Z‘i

N
- ; : !
. ] 0.25 05 1 Wy E L]
1 Miles x “m—
. —
' Sources: Mational Land Cover Database, 2006, MRLC '-I-l
e L . =




e Probabilistic Crop Footprint Methodology

\
~ 5-Year CDL, Bayesian Probability Method

B Step 3: Commission Adjustment

— Calculate Bayesian probability based on CDL accuracy by year,
state, and class; and NLCD accuracy by NLCD class.

— Bayes theorem is used to determine the posterior probability
a pixel is soybean assuming a prior probability from CDL
user’s accuracy and conditional probabilities from NLCD
overlap. Posterior probabilities may both increase or decrease
depending on the NLCD overlap.

Results:

-Pixel with CDL ‘soy’ AND NLCD ‘cultivated crops’ - higher probability
of being soy

-Pixel with CDL ‘soy’ AND NLCD other class 2 lower probability of
being soy
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l“_ Probabilistic Crop Footprint Methodology

[ .

5-Year CDL, Bayesian Probability Method

" Step 4: Omission Adjustment

Omission Error Adjustment based on 2007 Ag Census or
NASS Quick Stats.

Assumption: Survey data from AgCensus and NASS Quick
Stats represents the “true” crop acreage.

In all omission adjustment cases, no pixel is added or
removed from the overall 5-Year CDL Crop Footprint.

Pixel probabilities are scaled to meet AgCensus/QuickStats
acreage
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Probabilistic Crop Footprint Methodology

—
~ 5-Year CDL, Bayesian Probability Method

" Step 5: Final Yearly EXAMPLE
Crop Footprint
R i AR o
SOMIE *'@de;‘?f;{'ééibr?"
Commission g# “Adjusted
Adjusted Footprint Fﬁotpjjqf
with Omission ﬂ% g o

Adjusted Footprint



- Probabilistic Crop Footprint Methodology
s 5-Year CDL, Bayesian Probability Method

" Step 6: Combine Yearly Crop Footprints

— Average 5 Years of Probabilistic Crop Footprints
® Step 7: Final Crop Footprint Check

— For Original CDL Crop Plxels Wlth a Final Probablllty of O
assign 0.0001 5 g T

Take Average
Yearly Probability
of Crop Footprints

>

5-Year CDL,
Bayesian Probability

E Soybean Crop Footprint




1-Year CDL, All Soybean Classes
5-Year CDL, All Soybean Classes

5-Year CDL, All Soybean Classes, Probability Based on # of Years
Soybean is Present (e.g., soybean in 1 of 5 years would equal a
probability of 0.20).
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Crop Footprint Acreage by Method

350,000,000

300,000,000 -

250,000,000 -

200,000,000 -

150,000,000 -

Soybean Acres

100,000,000 -

50,000,000 -

NLCD 1-Year CDL 5-Year CDL 5-Year CDL, Simple  5-Year CDL, Bayesian
Probability Probability

Crop Footprint Method
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Results: Crop Footprint Comparison
Crop Footprint Extent

a) NLCD

-i:ﬁ,

d) 5-Year CDL, Simple Probability

Example: Dallas County, lowa

[-)5 Year CDL Bayes:an Probability
. B | ib __Momml . |

-- 100% Probability
0% Probability
S
0 1 2 4
Miles

Sources: a) NLCD 2006, b) CDL 2012,
NASS, c) CDL 2008 - 2012, NASS, d)
CDL 2008 - 2012, NASS, e) CDL 2008 -
2012, NASS; NLCD 2006, 2007 Ag
Census; 2008 - 2012 NASS Quick Stats.
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Spurious Pixels
e

s Results: Crop Footprint Comparison

Example: Iron County, Missouri

o A

- 100% Probability .
- W%E
- 0% Probability :

Miles

Sources: Imagery, USDA NAIP, a) MLCD 2006, b)
CDL 2012, NASS, c)CDL 2008 - 2012, NASS. d)
CDL 2008 - 2012, NASS, e) CDL 2008-2012,
MASS; NLCD 2006; 2007 Ag Census; 2008 -
2012 NASS Quick Stats.



<> Results: Crop Footprint Comparison
Crop Footprint Extent

[ .

® Crop footprint EXTENT is the same for all 5-year CDL methods
(5-Year CDL, 5-Year CDL Simple Probability, and 5-Year CDL
Bayes Probability)

— NO pixels removed for probabilistic methods

® Spurious pixels are not removed, but assigned lower
probabilities, due to overlap with non-agricultural NLCD
classes.

" Final acreages are within the error bounds of known
soybean acreages, based on NASS statistics.
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Results: Crop Footprint Comparison
Co-occurrence Analysis

® All 5-Year CDL methods result in the same number of species
that have co-occurrence with soybean crop footprint

— NO pixels removed for probabilistic methods

5-Year CDL,|5-Year CDL,|5-Year CDL,|5-Year CDL,

NLCD NLCD 1-Year CDL | 1-Year CDL || 5-Year CDL | 5-Year CDL Simple Simple Bayesian Bayesian
Probability | Probability | Probability | Probability

% of All % of All % of All % of All % of All

(Number of % . (Number % : (Number % : (Number % . (Number % :

Species) Species Species) Species Species) Species Species) Species Species) Species
P Evaluated) P Evaluated) P Evaluated) P Evaluated) P Evaluated)

511 48.99% 210 20.13% 276 26.46% 276 26.46% 276 26.46%
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Cumulative % of EOs
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Crop Probability

oo \

5

0.200

0.000

Habitat Area Exceeding Crop Presence Probability

0%, 0.652

5%, 0.483

100%

7%,0.475
20%,0.472
21%,0.306 55%, 0.300
58%,0.293
63%, 0.181
63%, 0.000
0% 10% 20% 30% 40% 50% 60% 70% 80% 90%
Habitat Cumulative Area (%)
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§ Summary of Probabilistic Approach
e

® Use of best available, crop-level land cover data (Cropland
Data Layer, USDA NASS)

B Use of multiple years of crop-level land cover data to account
for crop rotation and uncertainty

" Probabilistic crop presence based on well established Bayesian
approach and known uncertainty of land cover datasets

® The number of species that co-occur with the crop footprint
and potential pesticide use is the same as all other 5-year CDL
methods (can be used in Step 1 of proposed ESA method)

® However, the likelihood of co-occurrence of species habitat
and potential pesticide use sites is better understood (can be
used in Step 2 and Step 3 of proposed ESA approach)
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§ Conclusions
o

® There are known and quantifiable uncertainties in land cover datasets that
can be accounted for using probabilistic methods.

® The proposed method accounts for both commission and omission errors.

® Using yearly data can help understand and account for crop rotation and
changes in land use over time.

® The probabilistic crop footprints represent the same amount of acreage as
NASS reported acreages by state (+/- 95% Cl)

® The probabilistic crop footprints help to reduce the influence of ‘spurious’
pixels without removing them from the analysis.

" The probabilistic crop footprint allows for conservative estimates of May
Affect for ‘Step 1’ of the proposed ESA process, but allows for more
detailed analysis and review of habitat level information for ‘Step 2’ and
‘Step 3’ of the proposed ESA process
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