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Using the DayCent Model to Estimate Soil Carbon
and GHG Fluxes for Bioenergy Assessments and

the Annual U.S. GHG Emissions inventory

@ Colorado State U_nlverSIty
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Overview

e Assessing agricultural GHGs @ CSU-NREL
» DayCent model

e EPA National GHG inventory
» National-scale assessment

e Bioenergy landscape design case study

» Landscape-scale assessment
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Overview

e Assessing agricultural GHGs @ CSU-NREL
» DayCent model
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GHGs in the AFOLU sector
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Agroecosystem biogeochemistry

e Cycling of C & N w/ associated GHG fluxes
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Measurement challenges

e Measurements of
SOC, N,O are
difficult & labor-
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DayCent ecosystem model
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Overview

 EPA National GHG inventory

> National-scale assessment
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National GHG Emissions
Inventory-Monitoring System

* Annual reporting of GHG emissions to UNFCCC
e Comply with IPCC guidelines and good practice

» Support analyses of GHG mitigation potentials for
development of domestic policy
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Model Development
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Input data regquirements

e Site latitude/longitude
e Climate (daily temp & precip data)

e Soil properties

e Texture, depth profile
e MANAGEMENT

* Crop rotation, tillage, fertilizer, organic matter, irrigation
* Productivity (EVI)
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Management via Conservation
Effects Assessment Project (CEAP)

e Survey of management practices on NRI subsample

* Information such as tillage practices, fertilizer management,
manure/organic amendments, cover crops, and residue
management

e We use machine learning (neural network) to impute
management data from CEAP to rest of the NRI points
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Typical point-level results
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Soil C Stock Changes — Mineral Soils (2012)
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Soil N,O emissions (2012)
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Final reported result

Table 7-20: Net CO: Flux from Soil C Stock Changes in Cropland Remaining Cropland (Tg CO-

Eq.)

Soil Type 1990 2005 2008 2009 2010 2011 2012
Mineral Soils (75.9) (51.5) (52.0) (514) (49.8) (49.7) (48.6)
Organic Soils 24.0 224 221 221 221 221 221
Total Net Flux (51.9) (29.1) (29.8) (29.2) (27.6) (27.5) (26.5)

Note: Totals may not sum due to independent rounding.
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Overview

* Bioenergy landscape design case study

» Landscape-scale assessment
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Landscape design case study

e Abengoa 25 MGY cellulosic EtOH
biorefinery (biochem.)

BCAP site, ~4000 acres switchgrass

e 7-county case study area

Field et al. High resolution techno-ecological
modeling of a bioenergy landscape to identify
climate mitigation opportunities in cellulosic
ethanol production. Accepted pending final
revisions at Nature Energy.
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Landscape design case study

Irrigated Area-weighted soil surface texture distribution by land use class
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Integrated assessment

Cost
estimation

Lifecycle
assessment

Cost
estimation

Lifecycle
assessment
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Integrated assessment

Custom crop production
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Landscape scale trade-offs

 Total social cost = production cost + monetized GHGs @
carbon price of 0, 41, and 204 USD (Mg CO2eq)!

Optimal fertilizer
0 USD (Mg CO,eq)” 41 USD (Mg CO.,eq)™ 205 USD (Mg CO,eq)™ application rate
(design i) (design ii) (design iii) (kg N hat)
0.0
15.0
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Bl 45.0
I 60.0
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sand % sand % sand %
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Landscape optimization
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Landscape scale trade-offs
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Modeling soil C dynamics

a Historical view b Emerging understanding
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Uncertainty in Model Structure

A B .

L]
~
o0




Ln Measured N,O Emissions

(g NoO-N ha™L day™1)

Other Crops

Bare Fallow

y=x__{ California

Grassland

70
All other states
60 -
T
U 7 50
o =
Q o
5 E 40
§ =
s B 30 A
£ E
-3 20 1
10 4
0 10 20

NATURAL

Ln Modeled N,O Emissions
{g N20-N ha ! day™)

RESOURTCE

ECOLOGY

LABORATORY

50

60 0 10 20

Sqrt Modeled CHyg
(mg CH, mZd?)

40 50 60 70




1000 2000 3000 4000

Modeled Difference (g C/m*2)

0

-1000

NR
EL

Manure Amendments

Treatment differences (Best)

Measured Difference (g C/m*"2)

NATURAL RESOURTCE

7
r'd
4
e
7/
rd
7
e G
7 L ]
rd
#
’
. o
.
r'd
/s
7’
>
g
rd
4 ° [} L]
" i
rd
7
7
4
s
rd
Vs L]
I
» .
s
e e
‘/“ oy
7 °
LN L L
TE 14 " - o o
7 ® e
s ° .
”»
s
rd
I'd
-
s
'
7
e
4
i * ClOmad
I I I I I I
-1000 0 1000 2000 3000 4000

ECOLOGY

Tillage Change — Full Till to No-Till

Treatment differences (Best)

1000 2000 3000 4000
|

Modeled Difference (g C/m”2)

0
|

-1000

* FT2NT

LABORATORY

rd
s
4
I
e
e
'
e
P
7’
. 7.
7
L] P
e of
® /‘ .
o [ ]
«® P
4
4 -' *
o
4 .
I I I
1000 2000 3000

Measured Difference (g C/m*2)

I
4000




ils (2012)

IC SO

Organ

il C Stock Changes

So

Grassland

Cropland

| | _l
N Y |
| R R — A
| | E \
f E % |
/ f | |
| ]
f L f T _
k\ M ﬁﬂ - k__
{ N «l\;ﬁ\ / &
i P !
f fr— / /

[ -~ T L.r\.

/ f T __\ o ’
/ B e r/f,)v\
/ k \‘ \.K.\ !

J J ! -~ ‘_
! \\
L [ o P
/ \ -
P — /
11..#: .rl.,‘_ . aﬂ%ﬂ..\.r\\\ o

- Lol
—

MT CO, ha' yr-

[1<10

-1

MT CO, ha' yr

[1<10

[110to 20

[]10to 20

[ 20t0 30

11 20t0 30

M 30 to 40
B 40

M 30to 40
M- 40

>
o
O
~
<
o
o
m
<
-

ECOLOGY

RESOURTCE

NATURAL

NR
EL



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Experimental Sites
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	USDA- NRCS�SSURGO�Soils Data
	MODIS Enhanced Vegetation Index
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Uncertainty in Model Structure
	Slide Number 41
	Slide Number 42
	Soil C Stock Changes – Organic Soils (2012)

