
An Example of a Tier 3 
Inventory Method:

Soil Organic C Stock ChangesSoil Organic C Stock Changes
ead Compilers: 
ephen M. Ogle (Natural Resource Ecology 
aboratory, Colorado State University)

i h P i (NREL d D f S il d Ceith Paustian (NREL and Dept. of  Soil and Crop 
ciences, Colorado State University)
Jay Breidt (Dept of Statistics Colorado StateJay Breidt (Dept. of  Statistics, Colorado State 
niversity)

For more information: 
US EPA National GHG Inventory
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Century Model Evaluation
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US National Resources Inventory (NRI):
Point-Based Survey Datay

Johnson County, IA

563 points                              
Note: points not spatially 



Other Key Input Datay p

Tillage Practices, Conservation Technology 
I f i CInformation Center

Mineral Fertilizer Rates, USDA-ERS

Manure amendment application rates by crop 
type (USDA-NRCS)yp ( )

Manure available for amendment (US-EPA)

Municipal sewage amendment to agriculturalMunicipal sewage amendment to agricultural 
soils (US-EPA)
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Uncertainty Framework
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Model Input Uncertainty

Tillage
Practices (CTIC)Johnson County, IA

PDF

PDFPDF

Mineral N 
Fertilization
(USDA-ERS)

Manure 
Amendments
(USDA and EPA)

Monte Carlo Analysis



Uncertainty in NRI Survey

Johnson County IA

NRI Survey is a Two Stage Sample
Johnson County, IA

NRI Weightsg

NRI survey sample σ2



Model Structural Uncertainty

Model algorithms (i.e., equations), 
parameterization and measurement errorparameterization and measurement error 
Empirically-Based Approached 

• Simulate management impacts on SOC storage forSimulate management impacts on SOC storage for 
experimental sites
– ca. 50 sites with over 800 management treatment observations

Li i d ff t d l• Linear mixed effect models

  siteyearsitemlrappo XXSOC *11 ...

Adjust for biases and apply a measure of 
i i i d i h d l di iprecision associated with model predictions



Structural Uncertainty:
Theoretical Relationships
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Bare-Summer No-Till Set-Aside Lands (CRP)

Century Structural Uncertainty
Fallow

No-Till

Hay/Pasture in 
Annual Cropping Rotation

Hay/Pasture in 
Annual Cropping Rotation

25 35 45 55 65 75 85 95
pp g Annual Cropping Rotation

w/ Organic Amendments

Organic 
Amendments

Other Cropping 
Practices

Ogle et al. 2007, 
E l i l M d lli
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Implementation Framework

Management 
ActivityCURRENT LAND USE INFORMATION FROM LOCAL KNOWLEDGE (SHEET A)

STATE INDIANA COUNTY BLACKFORD

FOR INDICATED SOILS ON MAP DETERMINE:
MUID (STATSGO ASSOCIATION) IN004 IN005 IN029 IN032       

LAND USE INFORMATION
72.9 90.7 74 83.4

          CLASS I & II

          CLASS III & IV

          CLASS V & VI

FOREST OR TREES 10.9 0.9 17.5 11.9

GRASS LANDS 14 7.7 8.5 3.1

WATER / WETLANDS 0.1 0.6 0 1.7

URBAN / OTHER 2 0.05 0 0
TOTAL 99.9% 100.0% 100.0% 100.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

LANDSCAPE DESCRIPTION
FLAT

ROLLING HILLS

STEEP HILLS

FLOOD PLAIN

OTHER
TOTAL 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

TOTAL CROPLAND: % OF THIS SOIL IDENTIFIED AS CROPLAND .  THE SUM OF LAND CAPABILITY CLASS I & II, III & IV, AND V & VI MUST ADD TO THIS %.
     CLASS I & II: % OF THIS SOIL THAT IS CLASS I & II CROPLAND.
     CLASS III & IV: % OF THIS SOIL THAT IS CLASS III & IV CROPLAND.
     CLASS V & VI: % OF THIS SOIL THAT IS CLASS V & VI CROPLAND.
FOREST OR TREES: % OF THIS SOIL IDENTIFIED AS  FOREST OR TREES.
GRASS LANDS: % OF THIS SOIL IDENTIFIED AS GRASS LANDS.
WATER / WETLANDS: % OF THIS SOIL IDENTIFIED AS WETLANDS

CARBON SEQUESTRATION RURAL APPRAISAL

TOTAL CROPLAND

GENERAL LAND USE INFORMATION FROM LOCAL KNOWLEDGE (SHEET B)

STATE INDIANA COUNTY BLACKFORD

HAS ANY PART OF THE COUNTY BEEN DRAINED (YES/NO):
IF YES, ANSWER THE FOLLOWING.

MUID % OF SOIL % OF SOIL
DRAINED DRAINED

IN004

IN005

IN029

IN032

 

 

 

TILE DRAINAGEOPEN DITCH DRAINAGE

CARBON SEQUESTRATION RURAL APPRAISAL

TIME PERIOD OF 
INSTALLATION

TIME PERIOD OF 
INSTALLATION

GENERAL LAND USE INFORMATION FROM LOCAL KNOWLEDGE (SHEET C)

STATE INDIANA COUNTY BLACKFORD

IS 10% OR MORE OF ANY MUID IRRIGATED (YES/NO):

IF YES, ANSWER THE FOLLOWING.

MUID % OF SOIL ANNUAL AMOUNT TYPES OF SYSTEMS
IRRIGATED APPLIED (INCHES)

IN004

IN005

IN029

IN032

 

CARBON SEQUESTRATION RURAL APPRAISAL

TIME PERIOD OF 
INSTALLATION

COUNTY LEVEL FARMING AND CROPPING SYSTEM HISTORY FROM PRE 1900 TO PRESENT (SHEET D)

STATE INDIANA COUNTY BLACKFORD

TIME FRAME 1970-1990+

% ESTIMATE OF COUNTY BEING FARMED DURING THIS TIME FRAME: 85%

CROP ROTATIONS (SPECIFY 1 TO 3)

1)  CORN-SOYBEAN

2)  

3)

CARBON SEQUESTRATION RURAL APPRAISAL

PRACTICES INSTALLED BY COUNTY AND SOIL TYPE

USE IN REPORTING TO DOE FOR CARBON SEQUESTRATION
(USE SEPARATE SHEET FOR EACH SOIL MUID)

STATE INDIANA COUNTY BLACKFORD MUID IN004

ANNUAL CONSERVATION PRACTICES INSTALLED

COMMON CROP ROTATION (s)
ACRES OF CONSERVATION PRACTICES INSTALLED (ACRES)

GRASS TREE WETLANDS

Environmental
Conditions

Point Scale Data 

Model Inputs Database

WATER / WETLANDS: % OF THIS SOIL IDENTIFIED AS WETLANDS.
URBAN / OTHER LANDS: % OF THIS SOIL IDENTIFIED AS OTHER LANDS INCLUDING URBAN LANDS, DEVELOPED LANDS, ABANDONED LANDS.
LANDSCAPE DESCRIPTION: % OF THIS SOIL IN EACH LANDSCAPE DESCRIPTION.

 

 

 

MUID: SOIL MAP UNIT ID FROM STATSGO. (FROM MAP)

% OF SOIL DRAINED: GIVE AN ESTIMATE FOR THESE SOILS OF THE AMOUNT OF DRIANAGE INSTALLED.

TIME PERIOD OF INSTALLATION: GIVE THE TIME PERIOD WHEN DRAINAGE PRACTICES 
WERE INSTALLLED. (i.e. 1930-1950, 1940-1960, 1970-1990, ETC.)

 

 

 

 

 

MUID: SOIL MAP UNIT ID FROM STATSGO. (FROM MAP)

% OF SOIL IRRIGATED: GIVE AN ESTIMATE FOR THESE SOILS OF THE AMOUNT OF IRRIGATION INSTALLED.

TIME PERIOD OF INSTALLATION: GIVE THE TIME PERIOD WHEN IRRIGATION PRACTICES WERE INSTALLLED. (i.e. 1930-1950, 1940-1960, 1970-
1990, ETC.)

ANNUAL AMOUNT APPLIED (INCHES): GIVE AN ESTIMATE OF THE ANNUAL AMOUNT OF IRRIGATION WATER APPLIED IN INCHES.  (6 INCHES, 12 
INCHES, 15 INCHES, ETC.)

TYPES OF SYSTEMS: TYPICAL TYPE OF IRRIGATION SYSTEM INSTALLED.  (CENTER PIVOT, GATED PIPE, ETC.)

3)  

FOR INDICATED CROPS

CROP NAME CORN SOYBEAN

YIELD (BU OR TONS/AC) 130 40

N FERT APPLIED (LBS/AC) 110

MANURE APPLIED (TONS/AC) 2   

TYPICAL TILLAGE OPERATIONS DISK DISK  

CULTIVATE DISK

PLANT PLANT

CULTIVATE CULTIVATE

Comments:

TIME FRAME: PERIOD OF TIME AS SPECIFIED.

FOR INDICATED CROPS: ACTUAL CROP INFORMATION FOR THE INDICATED CROPS IN THE ROTATIONS.
CROP: CROP NAME AS SHOWN IN CROP ROTATION.

YIELD: CROP YIELD IN BU/AC FOR GRAINS OR TONS/AC FOR HAY.
N FERT APPLIED: ESTIMATE OF COMMERCIAL NITROGEN FERTILIZER APPLIED ANNUALLY (LBS/AC).
MANURE APPLIED: ESTIMATE OF MANURE APPLIED ANNUALLY (TONS/AC), BY CROP.
TYPICAL TILLAGE OPERATIONS: TYPICAL TILLAGE OPERATIONS USED TO GROW THIS CROP.  (EXAMPLES ARE FALL PLOW; 
SPRING PLOW; CHIESEL PLOW; DISK; HARROW; CULTIVATOR; DRILL; PLANT; ETC.)

% ESTIMATE OF COUNTY BEING FARMED DURING THIS TIME FRAME: GIVE AN ESTIMATE OF THE COUNTY AREA BEING FARMED 
DURING THIS TIME FRAME.

TYPICAL CROP ROTATION:  CROP ROTATIONS INCLUDE (CORN-CORN; CORN-SOYBEAN; CORN-CORN-OATS-MEADOW-MEADOW; 
CORN-SOYBEAN-CORN-OATS-MEADOW-MEADOW; ETC)

1985

1986

1987

1988

1989

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000

MUID: SOIL MAP UNIT ID FROM STATSGO. (FROM MAP)

NO-TILL: NO-TILL FARMING SYSTEM.

TREE PLANTING: ALL CONSERVATION PRACTICES THAT INCLUDE TREE PLANTINGS.  (WINDBREAKS, SHELTERBELTS, AGRO-
FORESTRY)

REDUCED TILLAGE: REDUCED TILLAGE FARMING WHICH LEAVE GREATER THAN 15% RESIDUE AFTER PLANTING.  (INCLUDES 
MULCH TILL, RIDGE TILL BUT NOT NO-TILL).

COMMON CROP ROTATION (s)

CROP ROTATION:  PICK THE TWO MOST COMMON CROP ROTATIONS.  IF ONE ROTATION IS >90% OF CROPPED ACRES, 
REPORT ONLY THAT ROTATION.  TOTAL FOR THE COUNTY SHOULD EQUAL THE CTIC REPORTED VALUES FROM 1989 TO 
PRESENT.  SEE SUPPLEMENTAL INFORMATION.

GRASS CONVERSIONS: ALL GRASS PLANTING CONSERVATION PRACTICES.
(WATERWAYS, BUFFERS INCLUDING RIPIARIAN BUFFERS, FILTER STRIPS, TERRACES, CRP).
USE 12' WIDTH FOR TERRACES (LF*12/43560=ACRE). 
USE 40' WIDTH FOR ALL OTHER PRACTICES REPORTED IN LINEAR FEET (LF*40/43560=ACRE).  

WETLANDS CREATED AND/OR RESTORED: ALL CONSERVATION PRACTICES THAT INCLUDE THE CREATION OR RESTORATION 
OF WETLANDS.

REDUCED
TILLLAGE

NO-TILL REDUCED
TILLLAGE

GRASS 
CONVERSIONS

TREE
PLANTING

WETLANDS
CREATED
AND/OR
RESTOREDNO-TILL

(NRI Survey)
PDF

Data Management Results Database

un Control
Structural Unc.

Estimator

Simulation Model: 
Century



Totals for US Croplands (1990s)Totals for US Croplands (i.e., Major Crops)

2006: -64 0 ± 16% Tg CO eq yr-1



Model Selection/Developmentr 3

Model Evaluation

Does not capture 
general trends from 
experimental data?

Unable to 
locate

idance
ed from 2006 

Identify Model Inputs

locate
appropriate 
input data?

Guidelines)

Assess Uncertainties

Implement Model

Evaluation with

Model Results 
deemed 

unacceptable due to 
mismatch with Evaluation with 

Independent Data
(Good Practice)

evaluation data?

Reporting/Documentation



Long-Term Monitoring Network
(P p d)(Proposed)
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Consideration for Reporting 
Tier 3 In entor

Tier 3Tier 1 Tier 2

Tier 3 Inventory

Complexity
TransparencyTransparency             

Tier 3 more complex and can provide more 
i f GHG i i !accurate estimates of GHG  emissions!

However, National Inventory Report (NIR) 
id l i fmust provide transparent explanation of 

inventory methods, which is a challenge for 
Tier 3!Tier 3!



Th nk for o r tt ntion!Thanks for your attention!


