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SPATIAL ANALYSIS N,O GHG MITIGATION PROJECT

EXECUTIVE SUMMARY

Changing farming practices is one of the most effective ways to reduce emissions of gdsdsgtviglobal
warming potential into the atmosphere. In particular, improved farming practices can play a critical role in
addressing nitrous oxide emissions, as agricultural use of nitrogen fertilizer constitutes the main source of this
potent greenhousegas. Therefore, adjustments to farm practices are among the mosteffesitive ways to
reduce emissions of large amounts ofNinto the atmosphere, a gas that is 310 times more potent for global
warming than C@

The objective of this analysis is to estite average annualitrous oxide emissionfom three major crops grown
in the United States corn, cotton, and wheat. In total, 2,454 counties in 31 staté®re the three crops are
grown are analyzed hergFigureAl). In total, the area of the threerops was 129 million acres with 55% wheat,
40% corn and 7% cotton.

Figure Al. States in the analysis.

In terms of fertilizeran estimated annuatotal of 6.2 million tons of nitrogen is added to the 129 million acres of
wheat, corn and cotton. Seventyne percent of the total fertilizer addition is to corn with 23% to wheat and 6% to
cotton.

The basis of thalirect and indirectemission calculations ia detailed empiricamodel that is discussed in the
companion reportto this work bereafter referred to as the modified Bouwman modeMBM). The MBM
incorporates various factors including quantity of fertilizer used, type of fertilizer, soil texture and drainage, pH and
soil carbon concentration to predict nitrous oxide emissiofiee companionreport shows that the approach of

the MBMis not sufficient at the project level, however, for a broad national analysis the approach is lideals

for this model included fertilzer type, fertilzer amount, soil properties such as pH, organic carbon, texture and
drainage ability. The model was run three times for three different fertilizer types, anhydrous ammonia (AA), urea
or urine (U), and reaammoniumnitrate (UAN often refered to as liquid nitrogen.

Our analysis resulted in an estimatetofal annualN20emission of61 million tons of carbon dioxide equivalent
for the three crops across the 31 states. Seventy percenthelse emissiors were from corn fields, 25% from
wheat fields and 5% from cotton.

Per acre nitrous oxidemissiors ranged between 0.12 and.45 t CG-e annually and this varied amonghe
fertilizer types. Geographicallyiigh emissionswere located in lllinois moving northwest through lowa and
western Minnesota into North Dakota. Thismbinedarea has the highestmissionsand the most cotiguous
area of high emissions in the nation (Figé/®. Coastal areaef the eastern USAlso show tendency teelatively
high emissios. Emissions fromarn farmswere higherthan emissionsfrom either cotton or wheat(Figure A3)
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lowa lead all statesn total emissions despite only growing one criopludedin the analysis, corn. States that
grow a combination of corn and wheat showed high emission values as well. Cotton states were the lowest in
total emissions, having both the leamteaand the last annual emission value per agfégure A4)

The analysis highlights the scale and spatial variation in nitrous oxide emissions from corn, wheat and cotton
croplands in the US. A potential outcome could be a targeting of emission reduction intensmtpecially in the
high emitting statesto maximize the reduction in atmospheric greenhouse gas emissions.
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Figure A 2. Estimated total county -level annual emissions from corn, wheat and
cotton for anhydrous ammonia fertilizer intCO »-e
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1.0 INTRODUCTION

Changing farming practices is one of the most effective ways to reduce emissions of gases with high global warming
potential into the atmosphere. In particular, improved farming practices can play a critical role in addressing nitrous oxide
(N,O) emissions, as agricultural use of nitrogen fertilizer constitutes the main source of this potent greenhouse gas.
Therefore, adjstments to farm practices are among the most eeffective ways to reduce emissions of large amounts

of N,O into the atmosphere, a gas that is 310 times more potent for global warming than CO

In 20@ nitrous oxide from agricultural soil management westimated to beresponsible for 3% of net US emissions
(EPA 201D Direct emissions from synthetic fertilizer use were equal &8million t CQ-e; indirect emissions added an
additional44.7 million t CQ-e. The total emissions resulting from fertdizuse on US croplands was theref@&5 million

t CQ-ein 208 or 15% of net US emissions.

Nitrous oxide is produced naturally in soils through the processes of nitrification and denitrification. Nitrification is the
aerobic microbial oxidation of amonium to nitrate, and denitrification is the anaerobic microbial reduction of nitrate to
nitrogen gas (By. Nitrous oxide is a gaseous intermediate in the reaction sequence of denitrification angdraduct of
nitrification that entersthe soil and ultinately into the atmosphere. One of the main controlling factors in this reaction is
the availability of inorganic N in the soil.

Excessive use of nitrogdertilizer in agricultural systems not only contributes to greenhouse gas emissions but also
impairswater quality, reduces biodiversity and threatens human healbwever, in order to confront and abate the
emissions of nitrous oxide we need to better understand both the magnitude and locations where emissions occur.

Simply putnitrogen added to fiels as fertilizer can have four broad destinations. It can be taken up by the plant, it can
remain in the soil as an enhanced concentration of N, it can be emitted directly from the field into the atmosphere as
nitrous oxide or it can leach into the soilrorun-off the top of the soil. The leached/runoff N can either continue
downstream to cause pollution and/or it can be emitted into the atmosphere as nitrous oxide.

The goal of this study is to spatially estimate theantity of nitrous oxides emissiongsulting from fertilizer application

from the production ofthree important crops in the US (wheat, corn and cottanyl to spatially represent the results to

readily identify locations of high emissions by crop typee first report of thistudy (Pearsm and Brown2010)showed

that 6 KS LYGSNH2@SNYyYSyiGrt tlFySt 2y [/ fAYFIGS / KFEy3aS oLt/ /0Q
the quantity applied by defaults to calculate emissioH®wever, the first report showed that our modiiton of the
empiricallybased Bouwman et al (2002) model (MBM) is an improvement over the IPCC method, because it enables
effects of differences in climate, crop management, and soil properties to be included

2.0 PROPOSED STUDY APPROACH

2.1 Nitrous oxide calculation

The objective of this analysis is éstimate average annual emissions across the US from three important crops: wheat,
corn and cotton. The analysigdentifies the states/countiegrowingthe crops evaluates the factors that contribute to
nitrogen emissionand estimate an annual emission value.

The basis of the emission calculations is the model of Bouwman et al (@082he allied indirect emissions calculation
method that is discussed in the companion report (Pearsond Brown2010. This model is referred tinere as the
modified Bouwmann modetMBM. The MBM incorporates various factors including quantity of fertilizer used, type of
fertilizer, soil texture and drainage, pH and soil carbon concentration to predict nitrous oxidsiens. Pearsoand
Brown(2010) focused on assessing methods for accounting nitrous oxide emissions at the project level. The report shows



that the approach of Bouwman et al (2002) is not sufficient at the project level, however, for a broad natioyalsatied
approach issuperior to the IPCC metho#&or thenational analysiswe useaverageclimatic conditions rather than the
actual rainfall and temperatureoccuring duringa specific growing seasdor a project scale analysis. In oational
analysiswe also usaverag fertilizer management techniques rather than the detailed precision that would be required
on a project level.

2.2 Spatial analysis

This analysis focused on three major crops grown in the United Steesise copious quantities ofinogen fertilizer:
corn, cotton, and wheat.At least one of these three crops grow2m54 counties in 31 stateand are included in our
analysigFigurel, Tablel).

Figure 1. States that grow at least one of the three crop included in the
analysis.
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Table 1. States in the analysis , with area of each crop in 2009 (from the USDA,

NASS Cropland Data Layer ).

Corn Cotton Wheat
STATE ACRES STATE ACRES STATE ACRES
lowa 12,522,63 Texas 5,439,387 North Dakota 9,026,33
lllinois 11,126,53 Georgia 942,840 Kansas 8,521,881
Nebraska 8,561,006 Arkansas 450,733 Texas 6,531,585
Minnesota 6,746,774 North Carolina 433,817 Oklahoma 5,299,646
Indiana 5,064,288} Mississippi 259,244 Montana 5,235,049
South Dakota 4,466,561 Missouri 247,921 Colorado 2,615,059
Kansas 3,758,622 California 237,456 South Dakota 2,584,061
Wisconsin 3,406,333} Alabama 230,487 Washington 2,327,074
Missouri 2,765,287 Tennessee 226,472 Minnesota 1,602,884
Ohio 2,739,173 Louisiana 196,987 Nebraska 1,380,301
Texas 2,381,378 South Carolina 92,617 Idaho 1,353,986]
North Dakota 2,033,928 Oregon 945,590
New York 1,321,142 Michigan 714,556
Colorado 1,057,354 Ohio 702,383
Pennsylvania 966,934 Missoui 155,175
Kentucky 945,890 Illinois 139,148
North Carolina 940,710
Georgia 382,628

2.2.2 National Crop Data Layer 2009

The USDA, NASS Cropland Data Layer (CDL) is a rastefegamed, cropspecific land cover datset with a ground
resolution of 56 meters. The CDL is produced using satellite imagdiacted duringa givengrowing season. Some
Cropland Data Layer states used additional satellite imagery to supplement the classification. Anpillteyo aid in
classificationinclude: the United States Geological Survey (USGS) National Elevataset¥AED), the USGS National

Land Cover Dataset 2001 (NLCD 2001), and the National Aeronautics and Space Administration (NASA) Moderate
Resolution Imaging Spectroradiometer (MODIS) Normalized Difference Vegetation Index (NDVI) composites. Training and
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validation data for accuracy assessments are derived from the Farm Service Agency (FSA) Common Land Unit (CLU)
Program. The NLCD 2001 is used asagpitultural training and validation data.

For each state the NCL was downloaded and the crops of intergbis@nalysis were isolated by reclassification. The
crop categories from the CDL of interest are found in Table 2.

Table 2. Reclassification of varieties of the focus crops into single categories

RASTER VALL CLASS NAME RECLAY
1 Corn Corn

2 Cotton Cdton

12 Sweet Corn Corn

13 Popcorn or Ornamental Cor Corn

22 Durum Wheat Wheat
23 Spring Wheat Wheat
24 Winter Wheat Wheat

3.0 THEORETICAL BACK GROUND

As a gross simplification the nitrogen added to fields as fertilizer can have four broad dessnéttioan be taken up by

the plant, it can remain in the soil as an enhanced concentration of N, it can be emitted directly from the field into the
atmosphere as nitrous oxide or it can leach down into the soil oraffithe top of the soil. The leachedmoff N can

either continue downstream to cause pollution and/or it can be emitted into the atmosphere as nitrous oxide.

ATMOSPHERE
Taken up by plant 4
N Added * Emitted from field* [ |
Volatilized / Emitted downstream
Run-off / Leaching/
—— : Pollution to rivers,
¥ Direct Emissions Remaining in soil estuaries and
A o o oceans
Indirect Emissions
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3.1 Approach to Calculation of Direct Emissions

Here we use a modified version of the Bouwman et200@) model referred to as the MBMto account for direct and
indirect N20 emisisons as described in tikempanion reportfrom this work (Pearsonand Brown2010. Thefor the
direct emissions, the MBMses the following factors

o Fertilizer rate

o Fertilizr type

e Crop type

e Soil texture

e Soil organic carbon content
e Drainage

e Soil pH

e Climate

Thedirect emissionsire estinated as follows:

—O.4136Lr§ Factorclasgi)
Emission= e L
Where:
Emissior Nitrous oxide emission g&@-N); kg/ha
Factors:

- N-rate (kg/ha)* Fertilizer Type
- CropType

- Soil Texture

- Soil organic carbon content, %
- Soil drainage

- Soil pH

- Climate type

- Length of experiment

- Frequency of measurements

The parametergor the modelare given in Table 3.
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Table 3. Parameters for the MBMdirect emissions
Factor/Factor Clas N Value
Constant -0.4136
N-rate - Fertilizer Type Interaction
AA¢ Anhydrous Ammonia 38 0.0056
AF¢c Ammoniumbased Fertilizer 59 0.0051
AN¢ Ammonium Nitrate 117 0.0061
CANc Calcium Ammonium Nitrate 61 0.0037
NFc¢ Nitrate-basel Fertilizers 53 0.0034
Mix ¢ Mix of Various Fertilizers 25 0.0065
NP¢ Ammonium Phosphates 16 0.0039
U ¢ Urea and Urine 98 0.0051
AM ¢ Animal Manure 74 0.0021
AMF¢ Combinations of Animal Manure and Mineral N Fertiliz 41  0.0042
Cr type
Grass 177 -1.268
Grassclover 16 -1.242
Leguminous crops 36 -0.023
Other upland crops 512 0
Wetland rice 61 -2.536
Soil texture
Coarse 447  -0.008
Medium 147 -0.472
Fine 134 0
Soil organic carbon, content, %
{h/l X mdn 92 0
mMmd®n £ {h/ X o®dn 353 0.14
odn ¢ {h/l X cdn 126 0.58
SOC>6 18 1.045
Soil drainage
Poor 193 0
Good 460 -0.42
Soil pH
LI XX pPp 93 0
pdPp f LI X T do 359 0.109
pH>7.3 109 -0.352
Climate type
Temperate 650 0
(Sub)Tropical 196 0.824
Length of experiment, days
<120 343 0
120¢180 132  0.004
180c240 42 0.487
240¢300 34 0.657
>300 277 0.825
Frequency of measurements
>1 meas/day 140 0
1 meas/day 286  0.125
1 meas/z; 3 day 78  1.639
1 meas/3; 7 day 262  0.825
<1 meas/week 46 0.788
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Example calculation:

A wheat farm in Michigan applies 89 Ibs per acre (or 99.8 kg/ha) of anhydrous ammonia fertilizer:

99.8 (kg/ha) * 0.0056 = 0.5589

With medium texture soils: -0.472
2% organic carbon soils: 0.14
Poor drainage: 0

7.5 pH: -0.352
Temperate: 0

1 year period: 0.825
Maximal measurements: 0

2 2 —0.4136-0.5589-0.472-0.14+0+-0.352-0+0.825-0
Emission=e

= 1.33 kg N,O-N/ha

Multiplied by 44/28" to calculate the N,O emission
=2.09 kg N,O/ha

Multiplied by 298 to derive a carbon dioxide equivalent
=624 kg CO,-e/ha or 0.62 t CO,-e/ha

When converted to per acre values the resulting estimate of direct emissions resulting from synthetic fertilizer
application is:

0.25 t CO,-e/ac

! The ratio of maécular weights of N (nitrogen) to,® (nitrous oxide)
2 The global warming potential of nitrous oxide according to the Intergovernmental Panel on Climate Change 4
Assessment Report (2007)
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3.1.1 Fertilizer Use

The National Agricultural Statistics Service (NAS®e statistical branch of the U.S. Department of Agriculture (USDA).
NASS conducts hundreds of survyegsd issues nearly 500 national reports each yearapics such asagricultural
production, economics, demographics and the environment. NASScalwtucts the Census of Agriculture every five
years. Producers, farm organizations, agribusinesses, lawmakers and government agencies all rely on the information
produced by NASS.

We usedthe NASS data for state averafgetilizer application irpoundsper acre of fertilizer for each of the three crops
in this analysi¢Tabled4). Theyearfor the availabilityof datavaried depending on the crop

Table 4. State average annual rate of fertilizer application in pounds of nitrogen

per fertilized acre

2005 Corn 2007 Cotton 2006 Whet
STATE LBS/AC STATE LBS/AC STATE LBS/AQ
Kentucky 171 California 123 Idaho 121
Ohio 161 Mississippi 117 Illinois 95
Missouri 160 Arkansas 111 Missouri 94
Georgia 147 Tennessee 102 Michigan 89
Indiana 147 Missouri 97 Ohio 89
Texas 147 South Carolina 91 Minnesota 88
lllinois 146 Georgia 90 Washington 82
lowa 141 Alabama 88 North Dakota 69
Minnesota 139 Louisiana 87 South Dakota 69
Nebraska 138 Texas 82 Oregon 64
Kansas 136 North Carolina 68 Texas 62
Colorado 129 Kansas 57
North Carolina 124 Oklahoma 56
North Dakota 121 Nebraska 54
South Dakota 113 Montana 54
Wisconsin 107 Colorado 31
Pennsylvania 92
New York 67
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3.1.2 Fertilizer Type

Personal communication with extension agents in Texas, Minnesota, Geangidowa revealed that price is the major
factor in deciding which form of nitrogen to use. Due to current prices, anhydrous ammonia is the most common form
used, especially for corn arfdr other instances where large amounts of nitrogen need to bplied (nore than100
Ibs/ac). Urea is a common form for wheat but the second most common form overall immme@nium nitrate at either

28-0-0 or 320-0 strength.

Three forms of nitrogenanhydrous ammonia, urea, and ur@amonium nitratewere modeledfor all three crops.

3.1.3 Crop Type

Thefive cropclasseaused in the MBMare: grass, grasdover, leguminous crops, other upland crops and wetland rice.
Wheat, corn and cotton eadire classified as other upland crops.

3.1.4 Soil Texture

Texture is aoil property used to describe the relative proportion of different sizes of mineral particles in a soil. Particles
are grouped according to their size into what are called soil sepathtgsare known as clay, silt, and sand. Texture
classification is &sed on the fractions of separates present in a soil. A fourth term, loam, is used to describe a roughly
equal concentration of sand, silt, and clay, and leads to even more classifications, e.g. "clay loam" or "silt loam." In the
United States, the smalleparticles are claythe next smallest particles are siind the largest particles are sand

We used STATSGO?2 tablebtexture and chtexturegrp to identify soil texture for each mapt (polygon). The texture
classes were reclassified into 2 egii categories: fine and coaréEable5, Figure 2

Table 5. Reclassification of soil texture attribute values into emission

categories (highest emissions associated with medium texture soils ,  medium
emissions on coarse texture soils, and the lowest dir ect emissions on fine texture
soils)

TEXTURE CLASS RECLASS DESCRIPT RECLASS CO

Clay Fine 1

Clay loam Fine 1

Coarse sand Coarse 2

Coarse sandy loam Coarse 2

Fine sand Coarse 2

Fine sandy loam Coarse 2

Loam Coarse 2

Loamy coarse sand Coarse 2

Loamy fine sand Coarse 2

Loamy sand Coarse 2

Loamy very fine sand Coarse 2

Sand Coarse 2

Sandy clay Coarse 2

Sandy clay loam Coarse 2

Sandy loam Coarse 2

Silt Medium 3




TEXTURE CLASS RECLASS DESCRIPT RECLASS CO
Silt loam Medium 3
Silty clay Coarse 2
Silty clay loam Coarse 2
Very fine sang loam Coarse 2
All other types (muck, bedrock, etc Background 0

Texture
Category
B 1
-2
3

Figure 2. Soil texture categories, reclassified into emission rankings
lowest, 2 = medium and 3 = highest emissions)

1



3.1.5 Organic Material

In STATSGO?2, organic material valhegg G KS (I o6f Sa NS RSTAYSR o0& (GKS YSil RI
RSO2YLRA&ASR LIXIFyd IyR FyAYLFEf NB&ARIZS SELINB&aasSR Fa + 6Sa13
Each percent of organic matter in the soil releases 20 to 30 g@ofhnitrogen per year (Funderbu2g01).

The STATSGO? tabfehorizort ¢ I ato dentByRand categorize organic material for each mapunit (polygon) . The
columndphltolh2o ra Ay (i K Sis thelrepriesengativé Balue for the mapunithd MBM ses soil organic matter
expressed in units of soil carbon, arwdonvert to soil carbomwe used the following facto©rganicCarbon(%) = Organic
Matter (%)/ 1.724

Thesoil organic material converted to organic carbeas reclassified int@ emission cegories; low (<1%), medium (1%
- 6%), high(>6%) (Talfe Figure 3.

Table 6. Reclassification of soil organic carbon material attribute values into
emission categories.

Organic Carbon (% RECLASS DESCRIPT RECLASS CO
>6 High 1
3.1-6 High Medum 2
1.1-3 Low Medium 3
K Low 4
(blank) Background 0

Organic Carbon
Category

-

- 2

-3

-4 e

Figure 3. Soil organic material categories, converted to organic carbon and
reclassified into emission rankings. 1 = highest emissi on rank and 4 = lowest
emission  rank.
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3.1.6 Drainage

Drainag is the natural or artificial removal of surface and swiface water from an area. Agricultural soils need
drainage to improve production or to manage water supplies. Drainage is important to nitrogen emissions because poor
drainage is shown to increaghe nitrogen emission rate.

The STATSGO?2 tabléable componentand column drainageélwere usedto identify for each mapunit (polygon) the
drainage properties. The drainage values were reclassified i@temissioncategories;poorly drained and wellrained
(Table7, Figure 4 Poor drainage has the highest emissions and good drainage has the lowest.

Table 7. Reclassification of soil drainage attribute values into emission

categories

DRAINAGE CLASS RECLASSESRIPTION RECLASSODH
Excessively dmaed Good 2

Moderately well drained Good 2

Poorly drained Poor 1

Somewhat excessively draine Good 2

Somewhat poorly drained Poor 1

Very poorly drained Poor 1

Well drained Good 2

(blank) Background 0

Drainage
Category

[
-2

Figure 4. Soil drainage categories, reclassif ied into emission rankings with 1 =
poorly drained and high emission rank and 2 = well drained and low emission rank
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3.1.7 Soil pH

Soil pH is a measure of the soil acidity or soil alkalinityiaridfluenced by the soil parent materialdtis an impatant
consideration for farmerand the majority of food crops prefer a neutral or slightly acidic soil. Some plants, however,
prefer more acidic (e.g., potatoes, strawberries) or alkaline (e.g., cabbage, broccoli) conditions. Rainfall also affects soi
pH. Water passing through the soil leaches basic nutrients such as calcium and magnesium from the soil. They are
replaced by acidic elements such as aluminium and iron. For this reason, soils formed under high rainfall conditions are
more acidic than thoseofmed under arid (dry) conditions. Saitidity is reduced by volatilization and denitrification of
nitrogen. Under flooded conditions, the soil pH value increases. In addition, the following nitrate fertiizalsium

nitrate, magnesium nitrate, potsium nitrate and sodium nitrate also increase the soil pH value.

We used STATSGO? taldishorizonte  idedtify for each mapunit (polygon) a pH walfrom the columndphltolh2o
_ré. The column phltolh2o_r is the representatptd value for the mapuri The pH values wereclassifed into three
emissioncategoriesmedium (<5.5),high (5.57.3),low(>7.3)(Table 8, Figure 5)

Table 8. Reclassification of soil pH attribute values into emission categories.
Highest emissions occur on neutral soils , medum emissions on low pH soils, and
lowest emissions on alkaline soils
pH RECLASS DESCRIPT RECLASS COJ
<55 Medium 2
5.5¢7.3 High 1
>7.3 Low 3
0

(blank)  Background

pH

Category
- 1
2 3 .
-3 A
Figure 5. Sail pH categories, reclassified into emission rankings. 1 = high

emis si on rank, 2 = medium emisison rank, and 3 = low emission rank.
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3.1.8 Climate type

The climate type throughout agricultural lands in theis/Simplyclassified asemperate.
3.1.9 Length of experiment

The length of the experiment is considered todgear to allow annual accounting

3.1.10 Frequency of measurements

The maximum frequency of measurements is assumed to capture all potential emissions.

3.2 Approach to Indirect Emissions

As with direct emissionghe method usedhere is based on theompanion reportby Pearsorand Brown(2010) The
general form of the equations follows the IPCC approach with aspieific improvemento include emissions resulting
from leaching.

Indirect Emissions = Emissions from leaching of NOSEmissions from vdiéization & deposition of NH4+

3.2.1 Emissions resulting from leaching

Emission resulting from leaching = Amount of fertilizer appli€dattion Leaching * Emission Factor
3.2.1.1 Amount of fertilizer applied

See Section 3.1.1 for the quantity of fedtdr applied by crop and by state.

3.2.1.2 Fraction leaching

Where annual rainfall is less than potential evapotranspiration then:

FRACLEACH = 0.05 (IPCC default)

Otherwise:

FRACLEACH= PRF* RF* F

Where:

F = Leaching factor based on presence or absefitde drainage, tillage and deepoted crops
RF = Leaching factor based on precipitation in current year & Bmission assessment

PRF = Leaching factor based on precipitation in year prior to curre Bimission assessment
F=

If + Tile +Till - DeepRooted = 0.30
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If - Tile +Till - DeepRooted or
+ Tile - Till - DeepRooted or
+ Tile +Till + DeepRooted = 0.20
If - Tile - Till - DeepRooted or
- Tile +Till + DeepRooted or
+ Tile - Till + DeepRooted = 0.15
If -Tile -Till + DeepRooted = 0.125
Where:
Tile = presence (+) or absencg ¢f tile drainage
Till = presence (+) or absenc# ¢f tillage as part of agricultural practices
Deeprooted = presence (+) or absencg ¢f deeprooted crop in assessmegear
AR
RF=——
MAR
Where:
AR = Annual rainfall; inches
MAR = Mean annual rainfall; inches
PRF =

LT LINBOA2dza &SI NRa NIAyFE@2 ' ¢ oy alw FYR !'w B a!w
otherwise = 1

3.2.1.2.1 Tile drainage

Modern production agriculture in much of the ceat and eastern United States would not be possible without the
extensive drainage network that has been built up starting ~1870. While an unqualified success for increasing agricultural
production, much of the nitrate that enters the Mississippi river aodtributes to hypoxia in the northern Gulf of Mexico
comes from tile drainage of agricultural fields in the Midwest. (JagmesJame®007). Unfortunately, little institutional
information about the location and extent of tile drained cropland in tH& id known. This analysis follows the methods

of Jaynes et aby using the direct emission factor of drainage as a guide to whether a field is in tile drainage or has a
potential for being converted to tile drainage (Fig. 3). Where the direct emisa@iarfdrainage was classified as poor,

then tile drainage was assumed to be present otherwise it is assumed to be absent.

3.1.1.2.2 Tillage

In all cases tillage is assumed to occur.

3.1.1.2.3 Rooting depth

Wheat, corn and cotton are albnsidered to baleep-rooted crops.
3.1.1.2.4 Rainfall

For the purpose of the calculationsainfall is assumed to be equal tmeanannual rainfall so that AR (annual rainfall)
and MAR (mean annual rainfall) are considered to be identical
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3.2.1.3 Emission factor

The IPCQeport gives a range of values for the emissions factd@.@d05 to 0.025There is no literature to suppottnder
what conditions a particular value for the emission facstwould be chosenWe thereforechoseto use the suggested
IPCC value of 0.0075time calculations

3.2.2 Emissions resulting from volatilization
Emissions resulting from volatilization = Amount of fertilizer applied * Volatilization Fraction * Emission Factor

Leaching and rusoff account for 75% of indirect emissiqmgith atmosphericdeposition only a fifth of the magnitude of
emissions due to leaching (Nevison 199%tudies on this form of indirect emission are very limited and are largely
focused on forest soils. We use the IPCC defaults for fraction volatilized and proportiedepbsited fraction that is
emitted as NO.

The amount of fertilizer used comes from the sources described in section Jhel IPCC set the fraction volatilized to
be equal to 0.1.The IPC@efaultvaluefor the volatilized proportion emission factaras setequal to 0.01

3.3 Combining the data

The three soil variables were then combinadth the crop variable and a US county data laysingthe intersect
function to create a single file. This creates a single file where at any given lotegivalues of all variables are known

and therefore the nitrogen emission for that location can be calculated. The equations used to calculate the total annual
nitrogen emissions are:

1. Calculate direct nitrogen emission

= EXR(Q.4136+(0.0053* [fertilizer_mount])+ [texture_emission]+ [oc_emission]+ [drainage_emission]+0.825)
2. (onvertto CQ-e

Equivalent_emission=(( direct _emission*(44/28))*298)/1000

3. Incorporate indirect nitrogen emissiono total emissions

=( equivalent _emission +( equivalent _emissitaa¢hing+( equivalent _emission *volatilization)



SPATIAL ANALYSIS N,O GHG MITIGATION PROJECT

4.0 RESULTS

Emission values ranged between 0.12 and 1.454eCg@er acre annually. Corn farms show higher emissions than either
cotton or wheat and the range between maximum and minimubi25 t C@e/ac- is the largest of all three cropBor all
three crops, anhydrous ammonia has the highest emissalnesand urea has the lowedfTable 9) However,asthe
difference in emisions among the different fertilizer typesper crop is notparticularly lage, maps of the spatial
distribution will be presented only for anhydrous ammariertilizer as this is commonly used and is the cheapest.

Table 9. Summary results , in average annual t CO >- € per acre, across crops,
locations and fertilizer types
Comn Cotton Wheat
Mean Anhydrous Ammoigi 0.53 0.38 0.34
Urea and Urine 0.49 0.36 0.33
Urea Ammonium Nitrate 0.50 0.36 0.33
Maximum 1.45 0.97 0.93
Minimum 0.19 0.16 0.12
90% Confidence Interval 0.01 0.01 0.01

Applying the the per acre values to tlaeea of each crop in each county givesestimate ofannualnational emissions
across the three crops in the 3tates of between 57.4 million tons of carbon dioxide equivalent (urea and urine) and
61.4 million t C@e (anhydrous ammonig Forall fertilizersapproximately70% of the total emissions were from corn
fields, 25% from wheat fields and 5% from cotton fields.

Geographically, the locationgith the highest emissions for all crops are spatially related to the location ofotinekey

soil emission factors, however, there is variability among the crdpsil aganicmatter is the dominant factoffor corn

and wheat but for cotton, texture is thdominantfactor. This is likely due to the greater variability in values for the
texture fador in cottongrowing areas whereas corn and wheat see a more homogenous texture but greater variability
with organicmatter and drainage.

4.1 Corn

There are 1,744 counties in 19 states growing corn, lttigest number of countiesf the three crops. T highest
emissions for corn occur with anhydrous ammonia fertilizers, with a me#&@n538ft CQ-e/acre annually. The location of

the highest emissions is in the upper Midwest, starting in northeast lowa the high emission trend continues northwest
into Minnesota and North DakotdFigures 7 and §. Other areas ofhigh emissions occur in northern Ohio and
northeastern Indiana, along the Atlantic coast of North Carolina and Georgia and the Gulf Coast of Texas. This follows the
trend of the organianatter factor (Figure3), where category 2 shows the same trend in the upper Midwest anerevh
category 1(highest emissionsoccurs most frequently along coastal areas and along the shores of the Great Lakes. The
next highest emissions come frobrea Ammonium Nitite and the locations of the highest emissions follow the same
pattern as AA. Out of the 19 states in the corn group, the state with the highest average emission is Qofvdats

CQ-e peracreannually. Therés nostrong evidence of a connectioretiveen amount of fertilizer applied and emissions
based on the results of this model. Kentucky which has the highest average use of fertilizer, 17 {Thisla@S) ranks
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10th in emissiongTables 10 and 1) and while Ohio is second in fertilizer usagel aankssecondin emissionsMissouri is
sixthin emissions despite ranking third in fertilizer usage.

Table 10. Estimated annual per acre nitrous oxide emissions by potential
fertilizer type on corn fields in the United States (t CQ-el/ ac).
STATE Anhydrous Ammonia Urea and Urine Urea Ammonium Nitrate

lowa 0.77 0.71 0.73

Ohio 0.70 0.64 0.66

Minnesota 0.66 0.61 0.63

Indiana 0.62 0.57 0.59

lllinois 0.60 0.55 0.57

Missouri 0.56 0.51 0.53

Georgia 0.55 0.51 0.52

North Dakota 0.55 0.51 0.53

North Garolina 0.53 0.49 0.51

Kentucky 0.52 0.47 0.49

Texas 0.50 0.46 0.47

Nebraska 0.46 0.43 0.44

Kansas 0.45 0.42 0.43

South Dakota 0.44 0.41 0.42

Colorado 0.41 0.38 0.39

Wisconsin 0.39 0.37 0.38

New York 0.31 0.30 0.31
Pennsylvania 0.31 0.29 0.30

National Mean 0.53 0.49 0.50

Table 11. Estimated total annual nitrous oxide emissions by potential fertilizer
type on corn fields in the United States (t CO - €e).

STATE Anhydrous Ammonia Urea and Urine Urea Ammonium Nitratel
lowa 9,805,800 9,060,800 9,351,8@
lllinois 6,958,100 6,411,500 6,624,800
Minnesota 4,807,900 4,447,600 4,588,400
Nebraska 3,849,100 3,562,600 3,674,600
Indiana 3,412,900 3,143,000 3,248,300
Ohio 2,370,800 2,166,300 2,245,900
South Dakota 2,050,700 1,924,800 1,974,200
Missouri 1,738,300 1,589,300 1,647,300
Kansas 1,634,000 1,514,100 1,561,000
North Dakota 1,324,000 1,237,200 1,271,200
Texas 1,260,700 1,161,000 1,199,900
Wisconsin 1,247,300 1,174,700 1,203,200
North Carolina 558,100 520,600 535,300
Kentucky 535,500 486,600 505600
Colorado 474,300 441,200 454,200

New York 415,400 400,100 406,100
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STATE Anhydrous Ammonia Urea and Urine Urea Ammonium Nitrate
Pennsylvania 302,100 286,900 292,900
Georgia 204,900 188,700 195,000
National Total 42,949,900 39,716,900 40,979,5004
t CO,-e/ ac
Figure 7. Estimated annual emissions t CO ,-elacre  fr om corn fields for anhydrous

ammonia fertilizer




































