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Questions Addressed

* Role of agriculture?

 How are soil GHG fluxes quantified?
e How is uncertainty quantified?

« What is the mitigation potential?

e Farm level tools?

cortrmey GovEnergy 2010




Global Warming Potential
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US Agricultural GHG Emissions

Soil CO2 energyuse Soil N20 enteric CH4 manure
CO2 CH4+N20
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US Cropped Land A Soil C
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Sampling Methods

Bottom Up

*Appropriate for plot level
*But requires disturbance of
vegetation/soil

*Snapshot of emissions in small slices
of time/space

«Cannot distinguish emissions from plots
receiving different treatments

siImpacted by wind velocity

*Appropriate for field scale

y *Almost continuous sampling through time

ﬁ%‘,’.ﬂlﬁfgy GOVEnergy 2010




Sampling Methods

Global Top Down
source — sink = Aatmos

Aircraft Top Down

310 7
300 T+

290 T

N20 Conoeatration (pphb)

280
1750 1800 1850 1950 2000

Year
satmospheric concentration is well quantified
*\Well established chemistry
«Cannot distinguish sources
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sLarge foot print (> 10 km2)
*Brief periods of time sampled
*Expensive




Modeling Methods

Empirical: Process Based:

«Simple regression egns. «Simulate mechanisms

*Easy computations «Complex algorithms

*High transparency L_ow transparency

ee.g. default IPCC emission c.g. DAYCENT, DND(Q
factors
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IPCC METHODOLOGY FOR N,O

Direct Emissions : Indirect Emissions

Synthetic N :
Organic N ' I\
‘ NH; & NO, Volatilization (10% Synthetic N, 20% Manure N)

Residue N
. NO,- Leaching/Runoff (30%
Mineral = 3 (30%)
Soils Organic
Soils
Temperate: :
, 8 kg N,O-N/ha :
1.09% I N 2= :
0% (applied N) Subtopics:
2.0% (PRP N) 12 kg NZO-N/hag
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DAYCENT MODEL N GAS
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DAYCENT: Primary Inputs/Outputs

Climate Plant Production

 Daily Precipitation "I« NPP Allocation
* “ Max/Min Temperature * Grain Yields

1l Properti
: Eim operties |pAYCENT| | | SOM Changes
+ Bulk Density | MODEL | + active/slow/recalcitrant
. FC, WP, K, pools

Land Use
« Vegetation Type Trace Gas Fluxes
« Nutrient. H,O Inputs "« CO, CH,
 Tillage/Harvest * N,0.NO«
* Grazing/Burning
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At plot level, process based models usually
perform better than simple models
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As scale increases, simple models become more reliable

TgN
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US major Crops N,O

DAYCENT Lower bound DAYCENT Upper bound IPCC

Global Anthropogenic N,O

all

Top Down lower bound Top down upper bound IPCC
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N,O Mitigation

Source of ~ 250Tg CO, eq.:
» Cropped Soils ~ 155 Tg CO, eq.
e Grazed Soils ~ 95 Tg CO, eq.

e ~10Tg N fertilizer and 16 Tg N fixed per year
o ~45% of this N leached or lost as N gas

e Nitrification/urease inhibitors
e Time released fertilizers
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Fertilizer Type and Tillage Intensity Study — Colorado Irrigated Corn
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Mineral Soil GHG Fluxes Major Crops
, Current Management
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Mineral Soil GHG Fluxes Major Crops
Improved Management
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COMET-VR (CarbOn Management and
Evaluation Tool — Voluntary Reporting)

USDA ,
s nited States Department of Agriculture

Contributors '_._' ;'-'“" g 5‘
|- e >} “;'p-.‘ R T - ' - s
FUSDA, L &, 5 ct - N T

‘ b

P USDA GCPO == usnhn'«fuluntary Rep-ortmg Cabon Management Too
P NRCS : % .1_, ,-.* g \

FARS
FCSL NREL

¥ Xt

e First developed for cropland/grassland soil C & fuel use
* New version includes:
* N,O emissions
. Ag roforestry
iy Orchards and vineyards GovEnergy 2010




COMET-VR model

(www.cometvr.colostate.edu)

Environmental Model Inputs Database Management
Conditions : Activi

: | Point Scale Data = 4/
(NRI Survey)

l

Database Management

l Uncertalnty
Run Control Estimator

!

Simulation Maodel

e Lo _:_;n-___-m_ T et |
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Go to | Reset | State | County | Parcel | Soil | Rotation |

Step 5. Enter the land management information: Choose a rotation for the four time periods.

The following cropping systems were identified as having the greatest harvested crop acreage in your county using
production data from the National Agricultural Statistics Service and the NRCS Natural Resource Inventory. They may
not be the most commeon cropping systems in your immediate neighborhood but are the maost significant cropping
systems in your county,

Please select the system that most closely resembles your land management practice. Choose a rotation that is most
like your land management that produces a similar residue, and fertilizer application. Or select Other. Other
represents the most dominate cropping system for your county according to current data.

GIBSON County, Indiana Management History for Morth Fortys

Choose A Rotation for each Management Time Period:

all Rotations
1. Landscape position and historical management:

[Livestock Grazing (pre 1370s)
|Lowland Man-Irrigated (pre 19705)
Upland Mon-Irrigated (pre 1970s)

Sort -
By: ™~
Mumber of Records: 3

) Non-Inrigated

Inigated ) Grazing () AgroForestry (&) all

all Rotations
2. 1970s through mid-1990s:

[Livestock Grazing: seasonal, heavy grazing, low fert
e oot s yest sannd, oy aeaciua low riier
|Man-Trrigated: corn-soybean

|Mon-Trrigateds corm-soybean-winter wheat

|Other

O Non-Inigated ) Inigated (0 Grazing

By:

Mumber of Records: 5

Conservation Reserve Program {CRP} Enrollment during 1980s?
Select the CRP type:

[100% grass

grassflagume misxture

[Hone

All Rotations
3. Base (Current Management):
Mon-Ttrigated: corn-oats-5 yrs grass/legqume pasture Al
Mon-Trrigated: carn-sarghum f
Men-Irrigated: corn-soybean
Mon-Irrigated: corn-soybean-5 yrs lagume hay
Mon-Trrigated: corn-soybesn-uinter wheat 1
|[Men-Trrigated: corn-winter whest ™

Sort O'Nonnigated O Inigated O Grazing (' AgroForestry (U cre O 0THER
By: @awn
Humber of Records 35

all Rotations
4. 2007 Report Period:

Mon-Irrigated: corn-oats-5 yrs grass/lequme pasture |
Mon-Trrigated: corn-sorghum

Maon-Irrigated: corn-sopbesn

Mon-Irrigated: corn-soybean-5 yrs legume hay

HMen-Irrigated: corn-soybean-winter wheat |
[ Mo n-Trvigsreds corm-winter whear x|

Sort ONon-wigated O Inigated O Grazing O AgroForestry O tRp ) DTHER
@ ALL

Humber of Records: 35

Selection

Session Information:

o: 1
ID: 2 122271884
ID: 3 122272107

Location Information:

State: Indiana
County: GIBSOMN
Fips: 13051

Parcel Information:

Report Date: 2/1/2007
Name: Horth Forty
Size: 40 Ades

¥pe: Agriculturs

Soil Information:

Texture: silty clay loam
_ Hydric:

Management History:

See Also

MRCS Energy Estimator for
 Tillage
© NREL Agroecosystems

CASMGS Consortium for
° Agricultural Soils Mitigation
of Greenhouse Gases

> ARS Research

_ U.S. Agriculture & Forestry
Greenhouse Gas Inventory

Greenhouse Gas Reporting
" Guidelines
, Greenhouse Gas Guidance
for FARMS and FORESTS

, Draft 1605b Technical
Guidelinas

. 1605b Voluntary Reporting
Program

COLE Forestry Model

COLE Lite Foresty Model

Select management
sequences

Select tilage management
sequence

You are hare: Home / Online Tool

Online Tool for Agriculture & Range

Selection
Goto | Reset | State | County | Parcel | Soil | Rotation | Tillage |

Session Information:

Step 6. Enter the land management information: Choose a tillage for the three time periods. B

D! 2 122271884
5 101 3 122272107

Enter =
Sns:‘wlu)l:\ |.Go)

GIBSON County, Indiana Tillage History for Marth Forty

Enter the management history for this parcel:
Tillage Faor this Time Period: Choose T|I|age.

’[Mﬁnsws Tillage

Location Information:

1970s through mid-1990s: Reduced Tillage

No Till Tillage State: Indisna

© County: GIESON

= Fips: 18051
MLRA: 1154
LRR: M

[ntensive Tillage
Reduced Tillage
Ho Till Tillage

Base (Current Mgmt.):

'Imenswe Tnlaqe

2007 Report Period: Parcel Information:

° Report Date: 2/1/2007
Name: North Forty

Back

> Type: Agriculture
Seil Information:

@ Texture: silty clay loam

GovEnergy 2010
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Voluntary Reporting
Carbon Management Tool COMET-VR

Carbon Storage Report

Report Year: 2008
Session ID: 80747966

Parcel Management
History
Lowland Mon-

Historic: Irrigated (pre
1970s)

Maon-Irrigated: corn-

Parcel Description

Parcel

Type: Agriculture

Total Parcels

fur_this 1 s 1o zoybean; Intensive
Entity: 90s: Tillage !

Parcel Name: Parcel 1 Maon-Irrigated: corn-
parcel Size: | 100 Acres Current: :T'ﬁlvaze:n; Intensive

Location: GIBESOM, Indiana e \ _
r Report Mon-Irrigated: corn

Soil: MNon-hydric loam Period: soybean; N Till
) Tillage

Predicted Change in Soil Carbon for the Parcel
Annual Change for 2008

Uncertainty

Carbon

Change
Total Tons Carbon 15.27 | 20.16 % @ 10.79 20.00
per year:
Total Tons CO2 56.00 @ 320.16 % | 39.57 73.34

Equivalent per year:

“alues recorded in English units. One ton of carbon is equivalent
to 3.667 tons of carbon dioxide.

Flease report the Large Bolded Values on your 1605(b) report
for carbon change and uncertainty. We are 95% confident that
your average carbon change value is within (+-) 30.16 % of the
modeled carbon change value shown on this report.

_
2OMLFEAL L LOA

Parcel Information:

o Report Date: 9/29/2008
o Name: Parcel 1

© Size: 100 Acres

o Type: Agriculture

Soil Information:

o Texture: loam
o Hydric: N

Management History:

“ Historic: Lowland Mon-
Irrigated (pre 1970s)

“ 70's - 90"s: Non-Irrigated:
corn-soybean, Intensive
Tillage, CRP: None

“ Current: Non-Irrigated:
corn-soybean, Intensive
Tillage,

“ Report Period: Non-
Irrigated: corn-soybean,Nao
Till Tillage.

See Also

_ MRCS Energy Estimator for
" Tillage

“ MREL Agroecosystems

CASMGS Consortium for
o Agricultural Soils Mitigation
of Greenhouse Gases

o ARS Research

_ U.S. Agriculture & Forestry
" Greenhouse Gas Inventory

= Greenhouse Gas Reporting
Guidelines

- Greenhouse Gas Guidance
for FARMS and FORESTS

- Draft 1605b Technical
Guidelines

_ 1605b Voluntary Reporting
" Program

o COLE Forestry Model

o COLE Lite Forestry Model 20 10




Limitations

e Models that COMET is based on have been
verified with measurements from controlled
experiments

e But what about farm level?

— A national monitoring system for soil C is being
planned

— Something similar for N,O?
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A National Soil Inventory Network

1% Paint is Random

Angle Orientation

& Ty

Ball marker

e Prototype network
under development
with USDA/NRCS-NRI

 Proposed build-out to
7 5000-10,000 locations,
) \Sones 30 e with 1000-2000

\ locations per year

3 cores per small

i
44— triangle

Figure 4. Layvout of a monitoring site in proximity to a NRI point location.
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Conclusions
*No perfect method to quantify soil GHG fluxes

*As scale increases, different methods tend to converge
eImproved fertilizers can substantially reduce soil N losses
*Farm level tools can estimate offsets, BUT:

A national monitoring system is needed to further verify the ability
of models to represent the impacts of management practices

«Aggregation Is necessary

cortrmey GovEnergy 2010




Stephen Del Grosso, Stephen Ogle, Bill Parton,
Keith Paustian, Tom Wirth, Jay Breidt, et al.
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