Baseline and example reductions in nitrous
oxide emissions from agricultural land in
Maryland

Prepared for

United States Department of Agriculture, Natural Resources
Conservation Service

in partial fulfillment of the requirements of

Agreement No. 68-3B19-1-0018

By James B. Palmer (ICPRB) and William Angstadt (DMAA)
Interstate Commission on the Potomac River Basin and
Delaware-Maryland Agriculture Association

December 2012

ICPRB Report No. ICP 12-11



ICPRB Report 12-11
To receive copies of this report please contact

Interstate Commission on the Potomac River Basin
51 Monroe Street, Suite PE-08
Rockville, MD 20850

or call, 301-274-1908

Disclaimer

The opinions expressed in this report are those of the authors and should not be construed as representing
the opinions or policies of the U. S. Government, the U. S. Department of Agriculture, Natural Resources
Conservation Service, the several states, the signatories or Commissioners to the Interstate Commission
on the Potomac River Basin.

Suggested citation for this report

Palmer, J.B. and W. Angstadt. 2012. Baseline and example reductions in nitrous oxide emissions from
agricultural land in Maryland. ICPRB Report 12-11. Report prepared for the U. S. Department of
Agriculture, Natural Resources Conservation Service in partial fulfillment of the requirements of Contract
No. 68-3B19-1-0018.

Front cover: Corn. Photo by J.B. Palmer, ICPRB.

il



Contents

LIST OF FIUIES ..cuetieiiiieeiie ettt ettt et e ettt e et e et eeebaeestbeesssaeesssaeasseeessseassseessssaessseeansasessessnssennes 1ii
LSt OF TADIES ...ttt ettt e h e e st e et e bt et e s bt e et et e bt et e s bt eae et e saeentens il
IEEOAUCTION. ...t ettt et h e st et et e e bt e bt e s bt e shtesabesateeabeenbeebee bt enaeeeneas 1
LEETALUIE TEVIEW ..c.eueieiieiteeitete ettt ettt sttt ettt b et e bt e st et s bt em e e bt e st et e ebe et e seeemeenaesbeeneesbeeaeeneenne 1
Agricultural GHG @MISSIONS. ...c..ueiiuieitieetieeiie ettt ettt site ettt e bt e bt e s bt e st e et e e bt e bt e bt e sbeesaeesaeeenseenee 1
GHG emission re€dUCtiON CTEAILS .......eeuteriirtieieriieiieie ettt ettt st e st st e e sbe et e e 2
GHG emiSSI0N MOAELS .......eiiiiiiiieiieiet ettt ettt e bt e st e st e eateebe e bt e sbeesaeesaeeeaeas 3
Maryland agriculture and GHG €MiSSIONS. .......cccueeriiiriiiriiiiieie ettt et 3
SUIMIMIATY .. teeeeiee ettt ettt e et e e et e e st e e steesatee e seeesaseeanseeaanseeensseesnseesnseeesnseesnseessseesnsaessnseesseeans 4
IMOAEIINE ...ttt ettt et e b e bt e s a e e at e e et e bt e bt e bt e sbeesatesateeateenbe e bt e eatesaeeeaseenbeenbeenees 4
MOAEL STMULALIONS ...ttt ettt ettt ettt et et s bt et e st e e bt et e e bt est e teeneetesbeeneensesneens 4
IMOAEIING TESULLS. ...ttt ettt et et e bt e s bt e sa e e s ateeabeebeesbeeeseesaeeenteenbeenseenes 6
DIISCUSSION ...ttt ettt ettt ettt et et st e et e st et e e bt em e e beeatenteeheemt e bt eneeaseeseemseebeemeenseeneensesseeneensesneans 7
RESEATCH NGRS ...ttt ettt et ettt e bt e s bt s et e et e e te e beesbeeeaeesateeabeenbeenseenees 8
Reduction Credit trading..........vovverieiieiiieieeieesieeste st te ettt e e eestaessbeesseessaesseessaesssesssessseesseesses 9
ACKNOWIEAGEIMENIES .......ieitieiieiie ettt ettt et et e e bt e s bt e saeeesteemteeabe e bt esstesaeesneeennean 11
LSS 53 (S5 1 Lo J OSSPSR 11

List of Figures

Figure 1. Twelve year average N,O emissions by county, MMtCOs€........cccocevevieiieirieieenieeniee e e e 8
List of Tables
Table 1. Fertilizer application rates, POUNAS PEI ACTE. ......eecveerieerieerreeieereesieeieeseesreseseeseesaesseesseessnesssennns 6

Table 2. Average N,O emissions by county for Baseline, 10% N reduced fertilizer, and 20% reduced
fertilizer scenarios (MMtCO,e) and average annual grain crop yield (kgC/haly). 7

Table 3. Average Baseline simulation results by county for the most recent 12 years...........cccceevveenveennennn. 9

Table 5. Average 20% reduction simulation results by county for the most recent 12 years. .................... 11

il



Introduction

Climate change as a result of accumulated greenhouse gases (GHG) could have several impacts on
Maryland’s environment and economy. Potential impacts include an increased risk in weather extremes
(such as droughts, storms, flooding), heat-related stress, climate change related sea level rise, increased
coastal erosion, and loss of usable land through inundation of coastal areas (MDE 2012a). In particular,
Maryland is highly vulnerable to sea level rise as a result of climate change due to its extensive tidal
coastline.

Among the GHGs released to the atmosphere as a result of human activities, nitrous oxide (N,O) has 310
times the global warning potential of carbon dioxide (CO,) (USEPA 2011). Emissions of N,O in
agriculture are predominantly the result of anthropogenic soil management practices. On average, 1% of
the nitrogen applied as fertilizer and manure is emitted as N,O into the atmosphere (GGWG 2010)
producing 33% of the total N,O emissions in the U.S. (Snyder et al. 2007). In total, agricultural activities
in Maryland contributed 2.3 million metric tons of greenhouse gas emissions (expressed as CO,-
equivalents, MMtCO,e) in 2000 with 0.83 MMtCO,e from fertilizers and crops on agricultural soils and
in 2005 a total of 1.8 MMtCO,e with 0.54 MMtCO,e from fertilizers and crops on agricultural soils (CCS
2008).

In 2009, Maryland passed the Greenhouse Gas Emission Reduction Act of 2009 requiring the state to
develop and implement a plan to reduce GHG emissions by 25 percent from a 2006 baseline by 2020.
One of the programs described in Maryland’s Plan to Reduce Greenhouse Emissions (MDE 2012b) is
Nutrient Trading for GHG Benefits. This program would add carbon credits and enhanced nutrient
credits to the Maryland Nutrient Trading Program with an estimated reduction in GHG emissions of up to
0.21 MMtCO,e by 2020.

The purpose of this study is to assist NRCS in developing Chesapeake Bay Watershed Initiative
programmatic guidance for reducing N,O emissions from agricultural land. The purpose was fulfilled
utilizing a literature review and the simulation of GHG emissions under various cropping scenarios. The
results of the study will be used to provide information necessary to accelerate the implementation of
agricultural conservation practices that will reduce the level of N,O and other GHGs being released into
the atmosphere from agricultural lands. Additional research needs in developing Maryland-specific
emission factors are also identified.

Literature review

The Interstate Commission on the Potomac River Basin (ICPRB) and the Delaware-Maryland Agriculture
Association (DMAA) conducted a literature review of GHG emissions resulting from agricultural
practices, protocols for issuing GHG reduction credits, greenhouse gas emission models, and studies
applicable to Maryland climate and the impacts of farming practices in Maryland on GHG emissions.

Agricultural GHG emissions

The U.S. Environmental Protection Agency conducted an inventory of emissions that identified and
quantified the trends from 1990 through 2009 of the primary sources and sinks of anthropogenic
greenhouse gases (USEPA 2011). In 2007, the International Plant Nutrition Institute (IPNI) (Snyder et
al. 2007) conducted a literature review of the scientific literature on the linkages between nitrogen
fertilizer use and GHG emissions. The findings from this review include 1) nitrogen fertilizer best
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management practices (BMPs) play a large role in minimizing residual soil nitrate which helps reduce the
risk of N,O emissions; 2) site- and climate-specific conditions determine differences in N,O emissions
among nitrogen fertilizer sources; and 3) intensive crop management systems do not necessarily increase
GHG emissions per unit of food production, by helping keep natural areas from conversion to cropland
and conversion of selected lands to afforestation for GHG mitigation through CO, sequestration. Smith
and Conen (2004) reviewed the impacts of land use changes on the emissions of two greenhouse gases,
methane (CHy) and N,O. One of the land use changes reviewed was the use of no-till agricultural
practices as a way of increasing the sequestration of carbon. They found that in certain soil and climatic
conditions there is an accompanying increase in N,O emissions. The American Society of Agronomy, the
Crop Science Society of America, and the Soil Science Society of America produced a report
summarizing current knowledge of GHG emissions as influenced by cropping system, tillage
management, and nutrient source in six regions of the United States (GGWG 2010). The most effective
way of reducing N,O emissions from agricultural lands is through increasing nitrogen-use efficiency
(NUE). Methods to increase NUE include: perform site-specific soil tests to understand crop need; time
fertilizer application to plant needs; use variable-rate technology; use crop monitoring and other
technologies to apply nutrients based on actual crop need; and implement crop rotation using nitrogen-
fixing cover crops to reduce the need to apply nitrogen fertilizers.

GHG emission reduction credits

The Intergovernmental Panel on Climate Change in its Guidelines for National Greenhouse Gas
Inventories (IPCC 2006) described methods and equations for estimating total national direct and indirect
anthropogenic emissions of N2O from managed soils. The IPCC guidelines include the basic three-tier
approach as used in the IPCC Good Practice Guidance for Land Use, Land-Use Change and Forestry
(GPG-LULUCEF) (IPCC 2003). This document provides guidance to estimate the emissions of greenhouse
gases for each land use or land-use practice on a country basis including decision trees providing
guidance on choices of method in terms of tiers. The tier structure used in the [IPCC guidelines (Tier 1,
Tier 2, and Tier 3) is hierarchical, with higher tiers (and tier numbers) implying increased accuracy of the
method of estimating emissions factors and other parameters used in the estimation of the emissions. The
guidelines (IPCC 2006) provide equations and default Tier 1 and Tier 2 emission factors, descriptions of
methods and equations for estimating total national direct and indirect anthropogenic emissions of N,O
from managed soils.

Several organizations have developed protocols for quantifying offsets in carbon dioxide equivalents for
reductions of non-carbon dioxide GHGs (ACR 2010; Alberta Environment 2010; Diamant et al. 2011;
Flederbach 2011; NRCS 2011; Haugen-Kozyra 2012; Heaney 2012; Janzen 2012; Millar et al. 2012).
Carbon offsets make it possible for agricultural operators to participate in markets for GHG offsets
through reductions in the amount of nitrogen and/or improving the efficiency of nitrogen amendments
used to fertilize crops resulting in reductions in the amount of N,O emissions. These carbon offsets can be
sold to other market participants to meet GHG emission reduction targets or requirements. The American
Carbon Registry has developed a methodology which incorporates site specific data into a process-based
computer model to calculate N20O emission reductions resulting from changes in how fertilizer is managed
on a site-specific basis to calculate emission reductions (ACR 2010; Diamant et al. 2011). Another
method, developed by Michigan State University (MSU) and the Electric Power Research Institute
(EPRI) for the North Central Region of the U.S. and adopted by the American Carbon Registry, uses an
equation developed for the North Central Region (NCR) of the U.S. to calculate the N,O emissions
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reductions for applicant projects in the NCR. Applicant projects in the U.S. outside the NCR use either a
Tier 1 emission factor as defined by the IPCC (IPCC 2006) or a local project-supplied emissions factor
(Millar et al. 2012).

GHG emission models

Computer based models have been created to simulate the biogeochemistry of C and N in agricultural
ecosystems (Li et al. 1992a; Li 1995; Li 2000; Li et al. 2006; DNDC 2007; Li 2007; Delgado et al. 2010a;
Delgado et al. 2010b). Of interest to this study, these models can be used to simulate the impacts of
agricultural practices such as nutrient application and cropping systems (Li et al. 1992b; Farahbakhshazad
et al. 2008; Li et al. 2010; Smith et al. 2010; Olander and Haugen-Kozyra 2011). The Denitrification-
Decomposition (DNDC) model is a process based model that simulates the biogeochemistry of the soil,
climate, crops, and agronomic activities and the nitrification, denitrification and fermentation processes to
simulate the nitric oxide (NO), N,O, dinitrogen (N,), CH4, and ammonia (NH;) fluxes within the
agricultural ecosystem (DNDC 2007). Simulations can be performed specific to local agriculture sites or
on regional estimates of agricultural activities. The DNDC model was used to estimate GHG emission
factors for changes in agricultural management in Canada (Smith et al. 2010). DNDC was used to
simulate the impacts of alternative agricultural management practices on crop yield and various
greenhouse gas emissions from a row-crop field in lowa (Farahbakhshazad et al. 2008). The Nitrogen
Loss and Environmental Assessment Package (NLEAP)' model simulates soil carbon and nitrogen
processes in the soil including processes for water and nitrate fluxes; surface runoff of water, nitrate,
ammonium; nitrate leaching from the root zone; crop uptake of nitrate and ammonium; denitrification
losses; and ammonia volatilization (Shafer et al. 2010). Delgado et al. (2010a) report using NLEAP to
evaluate agricultural management practices in Colorado, Ohio and Virginia. Data required by these
computer models include, but are not limited to, climate (temperature, precipitation, etc.), soils (texture,
pH, bulk density, etc.), farming management practices (cropping systems and durations, etc.), tillage,
fertilization, manure amendment, and irrigation (DNDC 2007; Delgado et al. 2010b). Outputs from the
models include C and N fluxes and water budget in the agroecosystem (DNDC 2007; Delgado et al.
2010b). As a part of their research on N,O emissions, MSU (McSwiney 2010) has expanded and refined
an online “carbon calculator” to estimate GHG emissions by county for major grain crops using inputs of
crop yield, tillage, fertilizer application rate, using an IPCC (2006) Tier 1 emission factor, described
below. This calculator is based on the SOCRATES (Soil Organic Carbon Reserves And Transformations
in EcoSystems) soil carbon model (Grace et al. 2006).

Maryland agriculture and GHG emissions

The Maryland Department of the Environment developed a plan to achieve the 25 percent GHG reduction
required under the Greenhouse Gas Emission Reduction Act of 2009 while also creating jobs and
improving Maryland’s economy (MDE 2012a). One of the programs identified in the plan calls for the
Maryland Department of Agriculture to expand the Nutrient Trading Program to included trading in GHG
credits (MDE 2012a; MDE 2012b).

In the Northeast region it appears there are no studies quantifying GHG emissions in agricultural systems.
No studies were found of GHG emissions response to agricultural practices specific to Maryland and few

' Nitrogen Loss and Environmental Assessment Package with GIS capabilities (NLEAP GIS 4.2), U.S. Department
of Agriculture, Agricultural Research Service,
https://www.ars.usda.gov/services/software/download.htm?softwareid=292 accessed March 20, 2012.
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in the Mid-Atlantic region NWCC 2012). One Mid-Atlantic study used the NLEAP model to evaluate
various no-till crop rotations in two soil textures in Virginia (Delgado et al. 2008). Long-term field
experiments and data collection are needed to quantify the N,O emissions baseline and reductions
resulting from implementing various practices in order to determine GHG benefits so that these benefits
can be successfully registered in a carbon trading market (GGWG 2010).

Summary

Emissions of GHGs from agricultural lands and their linkages to nitrogen fertilizer use have been studied
in the U.S. and worldwide. Agricultural practices have been studied for their effects on emissions of
GHGs including N,O. A standard emission factor was developed to estimate GHG emission rates on a
country-wide scale. Protocols have been developed to quantify the N,O emissions from agricultural lands
in the North Central Region of the U.S. using this standard N,O emission factor. These protocols are
designed to allow for the creation of carbon-equivalent N,O emission reduction credits that can be
exchanged on carbon trading markets. Computer-based models are available to study the GHG emission
response of agricultural systems to changes in environmental conditions and agricultural management
practices. Once calibrated and validated these models can be used to estimate the change in GHG
emissions resulting from proposed adjustments in agricultural practices and provide verification of local
or site scale emission factors. Validation of regional, local, or site scale emission factors depends on
scale-dependent data about the climate, soil, and typical agricultural practices. Detailed studies compiling
this data and the GHG emission responses applicable to Maryland have not been published.

Modeling

By quantifying the N,O emissions baseline and any emissions reductions resulting from implementing
various agricultural management practices, the resulting GHG emissions benefits can be determined. The
benefits can then be registered in a carbon registry (e.g. American Carbon Registry, Climate Action
Reserve, etc.). The IPCC has developed Tier 1 default emission factors (IPCC 2006) for estimating GHG
emissions at the national level, but these estimates become less appropriate as the spatial resolution
decreases from the regional level to local and site levels. Combined with the a lack of detailed studies of
GHG emissions response to agricultural practices in Maryland developers of GHG mitigation programs or
protocols have to use the Tier 1 default GHG emission factors developed by IPCC (2006).
Biogeochemical model simulations can be used to improve the accuracy of this quantification of GHG
reduction emission factors resulting from the implementation of alternative agricultural practices.

Model simulations

Version 9.2 of DNDC was used to perform simulations of the biogeochemistry of agricultural systems in
order to simulate the emission of N,O in response to adjustments in the application of nitrogen fertilizers
to corn crops in Maryland. The model program and associated data were obtained from the DNDC
Biogeochemistry Model web site®. There are many inputs required for the model including parameters
related to climate, soil properties, vegetation, and anthropogenic activities. Outputs from each simulation
include fluxes of CO,, CH4, NH;, NO, N,O, N, and crop yield. Simulations assumed a corn crop and
utilized parameter values for the dominant soil type under normal climate conditions and typical crop

2 DNDC web site at: http://www.dnde.sr.unh.edu/, accessed April 12, 2012.
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practices by county. A separate text file with the input parameters unique to each county was generated
plus a text file containing a list of the county input files. This text file was used to run DNDC in batch
mode, with the model performing the simulation for each county in turn. The outputs were recorded in
separate simulation summary files for each county.

Climate input data for the simulations were taken from a 22-year (1984-2005) continuous time series of
hourly precipitation data developed from a statistical analysis of rainfall data observed at numerous
measurement stations in the Mid-Atlantic region prepared for and used in the Chesapeake Bay Program
Phase 5.3 Community Watershed Model®. Hourly precipitation data were summed to provide daily
precipitation values and hourly air temperature data were used to calculate mean daily temperatures for
each county. Estimates of the rate of atmospheric deposition of nitrate were also taken from the
Chesapeake Bay Program Phase 5.3 Community Watershed Model on a monthly and yearly basis” and
were used to assign nitrate atmospheric deposition input values for each county. All scenarios used a
simulation period of 24 years following the method described in Delgado et al. (2010a) using the 22 years
of available climate data. The first 3 years (1982, 1983 and 1984) of simulation used climate data from
1984. The remaining years used the contemporaneous climate data. Twenty two years of climate data
were used to provide a fairly complete range of likely climate conditions. Also following Delgado et al.
(2010a), only the last 12 years of simulation results were averaged for each county.

Default values of most soil characteristics were taken from the U.S. Greenhouse Gas Wizard data sets, a
version of the DNDC model’ with U.S. specific data sets. Soil texture and clay fraction input parameters
for each county were generated based on the dominant soil type classification in the SSURGO datasets®.
The dominant soil type was determined using a GIS to determine the total area of each soil type in the
county. This approach however, does not relate the dominant soil type with the actual land area used for
crop production.

Corn is the dominant crop in Maryland, occupying 40% of the harvested cropland (USDA 2009).
Therefore, corn was the single crop input for the model runs. Default values of crop parameters for corn
from the DNDC 9.2 data sets were used in all simulations due to the lack of Maryland-specific values.
Multiple simulation scenarios were run using different rates of nitrogen fertilizer application. For the
Baseline scenario a total of 150 pounds per acre (Ib/ac) (168 kilograms per hectare [kg/ha]) nitrogen
fertilizer was applied three times during each year, 30 Ib/ac (34 kg/ha) at planting on April 20" and 60
Ib/ac (67 kg/ha) on May 1* and June 15" (Table 1). Two additional scenarios were run with reduced
application of fertilizer using a reduction of 10% and 20% respectively applied on the same dates.

*Precipitation and air temperature data inputs for the Chesapeake Bay Phase 5.3 Community Watershed Model
from: http://ches.communitymodeling.org/models/CBPhase5/datalibrary/meteorological-data.php and documented
at ftp://ftp.chesapeakebay.net/modeling/P5Documentation/SECTION 2.pdf, accessed March 8, 2012.

* Atmospheric deposition data inputs for the Phase 5.3 model from:
ftp://ftp.chesapeakebay.net/Modeling/phase5/Phase%205.3%20Calibration/Model%20Input/ AtmosDepP53 Calibrati
onlnputSummary.xls , accessed March 8, 2012.

> Soil parameter data from the US Greenhouse Gas Wizard: http://www.dndc.sr.unh.edu/, accessed February 2,
2012.

® SSURGO data for each county in Maryland from: http://soils.usda.gov/survey/geography/ssurgo/, accessed July
12,2012.
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Table 1. Fertilizer application rates, pounds per acre.

Scenario Baseline | 10% Reduction | 20% Reduction
1st Application 30 27 24
2nd Application 60 54 48
3rd Application 60 54 48

Modeling results

Simulation results for each year and a summary of all years were recorded for each county from each
simulation scenario. Each county’s average values for the most recent 12 years of the simulations were
calculated for each of seven fluxes; change in SOC (Soil Organic Carbon) (dSOC, kgC/haly), Grain Yield
(GrainC yield, kgC/ha/y), N uptake (N_uptake, kgN/ha/y), N,O emission (N,O, kgN/ha/y), NH; emission
(NH; kgN/ha/y), total precipitation (Total Precip mm), and mean temperature (Mean T °C) (Tables 3, 4,
and 5). The DNDC model generates estimates of GHGs in kilograms per hectare per year. The 12-year
average values of N,O emissions from the model were converted to per acre and applied to the total acres
of cropland planted in corn in each county. The acres of cropland in corn were obtained from the 1992,
1997, 2002, and 2007 USDA Ag Census for Maryland (USDA 1999; USDA 2004; USDA 2009) and
estimates of the acres of corn cropland for the intervening years were calculated by linear interpolation.
The 12-year average acres of cropland in corn for grain were used in the calculation of 12-year average
N,O emissions. Table 2 shows the simulated 12-year average N,O emissions, in MMtCO,e, for each
county and the Maryland total.



Table 2. Average N,O emissions by county for Baseline, 10% N reduced fertilizer, and 20% reduced fertilizer scenarios

(MMtCO,e).
Average
Acres
Corn 10%
for Reduction Emission 20% Reduction | Emission

Grain Baseline Scenario Reduction Scenario Reduction | County
County (ac) (MMtCO,e) | (MMtCO,e) (%) (MMtCO,e) (%) Number
Allegany 496 0.0003 0.0002 15% 0.0002 32% 01
Anne Arundel 5,277 0.0036 0.0032 13% 0.0027 27% 03
Baltimore
County 15,199 0.0116 0.0104 10% 0.0092 21% 05
Calvert 4,305 0.0017 0.0013 24% 0.0009 47% 09
Caroline 25,355 0.0122 0.0101 17% 0.0076 38% 11
Carroll 30,590 0.0151 0.0129 15% 0.0104 31% 13
Cecil 19,390 0.0120 0.0106 11% 0.0092 24% 15
Charles 5,506 0.0036 0.0031 15% 0.0025 31% 17
Dorchester 21,942 0.0160 0.0141 12% 0.0122 24% 19
Frederick 20,296 0.0165 0.0148 10% 0.0130 21% 21
Garrett 4,505 0.0024 0.0022 9% 0.0020 20% 23
Harford 20,734 0.0159 0.0144 9% 0.0128 19% 25
Howard 7,475 0.0048 0.0042 12% 0.0036 25% 27
Kent 39,903 0.0211 0.0178 15% 0.0139 34% 29
Montgomery 11,936 0.0066 0.0056 16% 0.0043 35% 31
Prince Georges 4,922 0.0035 0.0030 13% 0.0025 27% 33
Queen Anne’s 48,835 0.0395 0.0357 9% 0.0316 20% 35
St. Mary’s 12,281 0.0091 0.0080 12% 0.0068 25% 37
Somerset 8,992 0.0042 0.0036 16% 0.0028 34% 39
Talbot 33,172 0.0213 0.0185 13% 0.0155 27% 41
Washington 15,480 0.0079 0.0066 17% 0.0050 37% 43
Wicomico 21,810 0.0174 0.0157 10% 0.0139 21% 45
Worchester 37,940 0.0239 0.0209 13% 0.0174 27% 47
Maryland Total | 416,339 0.2703 0.2369 12% 0.1997 26%
Discussion

Simulations of GHG emissions were performed using a peer-reviewed process based biogeochemical
model (DNDC) with average climate, soil, and agricultural management input parameters for each county
in Maryland. A Baseline and two reduced nitrogen fertilizer application scenarios were run to evaluate
the potential N,O emissions reductions. Crop yield, reported as the carbon content of the grain harvested,
for each county was the same between the 10% and 20% reduced nitrogen fertilizer application scenarios
and the Baseline scenario with one exception. There was a slight increase of less than 1% in the reported
grain yield for Calvert County in both 10% and 20% reduced fertilizer scenarios compared to the Baseline
scenario. The 10% reduced fertilizer application scenario produced a median reduction in N,O emissions

for all counties relative to the Baseline scenario simulation of 13% and the 20% reduced fertilizer




application scenario resulted in a median reduction in N,O emissions for all counties relative to the
Baseline scenario of 27 percent (Figure 1 and Table 2).

Figure 1. Twelve year average N,O emissions by county, MMtCQO,e
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These simulation results suggest that reducing the amount of applied nitrogen fertlizer will result in a
significant reduction in N,O emissions from agricultural land planted in corn in most counties in
Maryland while at the same time not reducing the crop yield. However, since default parameter values
for agricultural management practices, soil characteristics, and climate conditions were used in the
simulations, similar results are likely to be achievable using combinations of nitrogen reductions and
other management practices.

Research Needs

The results of this study indicate that considerably more research needs to be conducted before N,O
emissions factors or an emissions reduction crediting program can be implemented in Maryland. N,O
emissions are correlated with soil pH, mineral N, temperature, pore moisture, organic carbon, soil
compaction, and many other environmental factors. There is significant underlying uncertainty in the
appropriate Maryland-specific values of all these input parameters used in the model simulations.
Calibration and validation of the model inputs under the broad spectrum of climate condition, soil type,
and agricultural practice parameters for all agricultural regions in Maryland must be performed. The
applicability of each of these factors to actual agricultural conditions and conservation practices in
Maryland must be evaluated. Data collection and in-field research to allow validation of a Tier 1
emission factor or Tier 2 type emission factors for each county or agricultural region of Maryland need to
be developed. Ultimately, emission factors for the whole state, for each county, or for each agricultural
region in Maryland need to be developed to allow for the implementation of GHG emissions reduction
credits in a credit trading program.



Reduction credit trading

One of the objectives of this project was to determine a procedure for registering credits on a voluntary
carbon market. Under the Greenhouse Gas Emission Reduction Act of 2009 Maryland’s Nutrient Trading
Program will be expanded to include trading credits for reductions in GHG emissions. The Nutrient
Trading Program was initiated in 2007 to be a public marketplace for the buying and selling of credits for
the reduction of nutrients released to the ground water and surface waters of the state. The steps
remaining in order to allow the issuance and trading of N,O reduction credits are several. First,
appropriate emission factors need to be developed for the baseline and alternative agricultural
management practices in agricultural settings throughout Maryland. Next, these emission factors will
need to be verified, requiring considerable research and field data collection efforts. Then, agricultural
projects could apply for emission reduction credits. Finally, credit issuing agencies (e.g. MDA,
USDA/NRCS, etc.) would perform a technical review of the application and if approved, certify the
credits and list them as available for trading within the Maryland Nutrient Trading Program or other
similar programs.

Table 3. Average Baseline simulation results by county for the most recent 12 years.

dSOC | GrainC yield | N _uptake N,O NH; 1;1;2213 MeanT

County KgC/ha kgC/haly kgN/ha/y | kgN/ha/y | kgN/ha mm °C

Allegany -187 3751 136 4.6 0.1 966 11.3
Anne Arundel -204 3747 135 5.5 0.1 1082 13.8
Baltimore County -191 3748 135 6.1 0.1 1090 12.6
Calvert -205 3746 135 3.1 0.0 1099 13.8
Caroline -209 3746 135 3.8 0.0 1143 13.8
Carroll -196 3750 135 3.9 0.1 1083 11.6
Cecil -190 3747 135 4.9 0.1 1121 12.6
Charles -205 3746 135 5.2 0.1 1060 14.1
Dorchester -212 3747 135 5.8 0.1 1122 14.3
Frederick -199 3746 135 6.5 0.1 1052 13.4
Garrett -178 3707 134 4.3 0.2 1201 8.6

Harford -187 3748 135 6.1 0.1 1107 12.4
Howard -198 3748 135 5.1 0.1 1067 12.4
Kent -199 3746 135 4.2 0.1 1129 13.5
Montgomery -197 3748 135 4.4 0.1 1050 12.6
Prince Georges -202 3746 135 5.6 0.1 1040 13.4
Queen Anne’s -242 3728 135 6.4 0.1 1139 13.7
St. Mary’s -245 3722 134 5.9 0.1 1104 14.3
Somerset -180 3747 135 3.8 0.1 1155 14.5
Talbot -209 3746 135 5.1 0.1 1127 14.0
Washington -193 3748 135 4.1 0.0 1016 12.1
Wicomico -258 3730 135 6.4 0.1 1143 14.0
Worchester -235 3726 134 5.0 0.1 1126 13.6




Table 4. Average 10% fertilizer reduction simulation results by county for the most recent 12 years.

dSOC | GrainC yield | N_uptake N,O NH; I};Ztc?:) MeanT

County KgC/ha kgC/haly kgN/ha/y | kgN/ha/y | kgN/ha mm °C

Allegany -187 3751 136 3.9 0.1 966 11.3
Anne Arundel -202 3747 135 4.8 0.1 1082 13.8
Baltimore County | -191 3748 135 5.5 0.1 1090 12.6
Calvert -205 3747 135 2.4 0.0 1099 13.8
Caroline -208 3746 135 3.2 0.0 1143 13.8
Carroll -196 3750 135 3.4 0.1 1083 11.6
Cecil -190 3747 135 4.4 0.1 1121 12.6
Charles -204 3746 135 4.4 0.1 1060 14.1
Dorchester 211 3747 135 5.1 0.1 1122 14.3
Frederick -199 3746 135 5.8 0.1 1052 13.4
Garrett -178 3707 134 3.9 0.2 1201 8.6

Harford -187 3748 135 5.5 0.1 1107 12.4
Howard -199 3748 135 4.5 0.1 1067 12.4
Kent -198 3746 135 3.6 0.1 1129 13.5
Montgomery -195 3748 135 3.7 0.1 1050 12.6
Prince Georges -202 3746 135 4.9 0.1 1040 13.4
Queen Anne’s -242 3728 135 5.8 0.1 1139 13.7
St. Mary’s -244 3722 134 5.2 0.1 1104 14.3
Somerset -178 3747 135 3.2 0.1 1155 14.5
Talbot -208 3746 135 4.5 0.1 1127 14.0
Washington -192 3748 135 3.4 0.0 1016 12.1
Wicomico -257 3730 135 5.7 0.1 1143 14.0
Worchester -233 3726 134 44 0.1 1126 13.6
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Table 4. Average 20% fertilizer reduction simulation results by county for the most recent 12 years.

dSOC | GrainC yield | N _uptake N,O NH3 Total Precip | MeanT
County KgC/ha kgC/haly kgN/ha/y | kgN/ha/y | kgN/ha mm °C
Allegany -187 3751 136 3.1 0.1 966 11.3
Anne Arundel -203 3747 135 4.0 0.1 1082 13.8
Baltimore County | -190 3748 135 4.8 0.1 1090 12.6
Calvert -204 3753 135 1.6 0.0 1099 13.8
Caroline -208 3746 135 2.4 0.0 1143 13.8
Carroll -196 3750 135 2.7 0.1 1083 11.6
Cecil -190 3747 135 3.8 0.1 1121 12.6
Charles -203 3746 135 3.6 0.1 1060 14.1
Dorchester -209 3747 135 4.4 0.1 1122 14.3
Frederick -199 3746 135 5.1 0.1 1052 13.4
Garrett -178 3707 134 3.5 0.2 1201 8.6
Harford -187 3748 135 4.9 0.1 1107 12.4
Howard -197 3748 135 3.8 0.1 1067 12.4
Kent -197 3746 135 2.8 0.0 1129 13.5
Montgomery -194 3748 135 2.9 0.0 1050 12.6
Prince Georges -200 3746 135 4.1 0.1 1040 13.4
Queen Anne’s -242 3728 135 5.2 0.1 1139 13.7
St. Mary’s -245 3722 134 4.4 0.1 1104 14.3
Somerset -179 3747 135 2.5 0.1 1155 14.5
Talbot -208 3746 135 3.7 0.1 1127 14.0
Washington -191 3748 135 2.6 0.0 1016 12.1
Wicomico -258 3730 135 5.1 0.1 1143 14.0
Worchester -231 3726 134 3.6 0.1 1126 13.6
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