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INTRODUCTION
As a signatory member of the UN Framework Convention on Climate Change 
(UNFCCC), the US is obligated to report an annual inventory of greenhouse gas 
(GHG) emissions and removals for all sectors of the economy.  Agriculture is 
both a source and sink of the three major GHGs, CO2, N2O and CH4 and soils 
are a major source/sink category.  Inventory estimates for soil CO2
emissions/removals have been estimated over the past several years (Eve et al. 
2001, 2002, Ogle et al. 2003) , using empirically-derive methods, based on the 
IPCC guidelines, with successive refinements including derivation of US-
specific model coefficients and statistically-based uncertainty estimates (Ogle et 
al. 2003).  A further refinement in the inventory method is being developed, 
applying a dynamic simulation-based approach, shown here.  Advantages to 
this approach include: 1) ability to incorporate a wider spectrum of land use and 
management activities, 2) inclusion of productivity trends that are general 
across different management regimes, 3) finer-grain representation of climate 
and soil effects on soil C dynamics and 4) inclusion of interannual climate 
variability effects on soil C.
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CURRENT LAND USE INFORMATI ON FROM LOCAL KNOWLEDGE (SHEET A)

STATE INDIANA COUNTY BLACKFORD

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

LAND USE I NFORMATION
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 A S CROPLAND .  THE SUM OF LAND CA PABILITY CLA SS I & II, III & IV, AND V  & VI MUST ADD TO THIS %.
     CLASS I & II: % OF THIS SOIL THA T IS CLA SS I & II CROPLAND.
     CLASS III & IV: % OF THIS SOIL THA T IS CLA SS III & IV CROPLA ND.
     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 A S WETLA NDS.
URBAN / OTHER LANDS: % OF THIS SOIL IDENTIFIED AS OTHER LA NDS INCLUDING URBAN LANDS, DEV ELOPED LANDS, A BANDONED LANDS.
LANDSCAPE DESCRIPTION: % OF THIS SOIL IN EACH LANDSCAPE DESCRIPTION.

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

 

 

 

 

 

 

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

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

TILE DRAINAGEOPEN DITCH DRAINAGE

CARBON SEQUESTRATION RURAL APPRAISAL

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

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

 

 

 

 

 

 

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

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

CARBON SEQUESTRATION RURAL APPRAISAL

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

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

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

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)  

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: ACTUA L 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/A C).
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.)

CARBON SEQUESTRATION RURAL APPRAISAL

% ESTIMATE OF COUNTY BEING FARMED DURING THIS TIME FRAME: GIVE AN ESTIMATE OF THE COUNTY A REA BEING FARMED 
DURING THIS TIME FRAME.
TYPICAL CROP ROTATION:  CROP ROTA TIONS INCLUDE (CORN-CORN; CORN-SOYBEAN; CORN- CORN-OATS-MEADOW-MEADOW; 
CORN-SOYBEAN-CORN-OATS-MEADOW-MEADOW; ETC)

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

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.

ANNUAL CONSERVATION PRACTICES INSTALLED

TREE PLANTING: ALL CONSERV ATION PRACTICES THAT INCLUDE TREE PLA NTINGS.  (WINDBREA KS, SHELTERBELTS, A GRO-
FORESTRY)

REDUCED TILLAGE: REDUCED TILLAGE FARMING WHICH LEAV E GREA TER THAN 15% RESIDUE A FTER PLANTING.  ( INCLUDES 
MULCH TILL, RIDGE TILL BUT NOT NO-TILL).

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

CROP ROTATION:  PICK THE TWO MOST COMMON CROP ROTATIONS.  IF ONE ROTA TION IS >90% OF CROPPED ACRES, 
REPORT ONLY THAT ROTATION.  TOTAL FOR THE COUNTY SHOULD EQUA L THE CTIC REPORTED V ALUES FROM 1989 TO 
PRESENT.  SEE SUPPLEMENTA L INFORMA TION.

GRASS CONV ERSIONS: ALL GRASS PLANTING CONSERVATION PRACTICES.
(WA TERWAY S, BUFFERS INCLUDING RIPIARIAN BUFFERS, FILTER STRIPS, TERRA CES, CRP).
USE 12' WIDTH FOR TERRA CES ( LF*12/43560=A CRE). 
USE 40' WIDTH FOR ALL OTHER PRA CTICES REPORTED IN LINEA R FEET (LF*40/43560=A CRE).  

WETLANDS CREATED AND/OR RESTORED: ALL CONSERV ATION PRACTICES THAT INCLUDE THE CREA TION OR RESTORA TION 
OF WETLA NDS.

REDUCED
TILLLAGE

NO-TILL REDUCED
TILLLAGE

GRASS 
CONVERSIONS

TREE
PLANTING

WETLANDS
CREATED
AND/OR
RESTORED

NO-TILL

Spatial data
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ABSTRACT
National-scale information on soil C changes is needed for greenhouse gas
inventories and for assessing greenhouse gas mitigation practices and policies. 
We describe a methodology for estimating historical and current changes in soil 
C stocks in agricultural soils in the US.  The method is comprised of database 
servers, incorporating spatial and tabular data from a variety of sources, and 
executive programs for computation, using the Century model, within a parallel 
computing environment. We estimate that mineral soils in US cropland are a net 
sink of 20-25 Tg C per year.  Changes in land use and management, including 
CRP land, adoption of conservation tillage (reduced till and no-till) and long-term 
trends of increasing productivity and C inputs on cropland are the primary 
drivers.  In contrast, cultivated organic soils, estimated using a separate 
empirical method, are a net C source of about 9 Tg C per year.  Ongoing 
refinements to the methodology include use of county-level observed weather 
and comprehensive uncertainty analysis.

METHODS
The inventory framework combines spatial and tabular data into a two-stage 

MySQL/Access ® database server.  Data input to the Century model (Metherell et al. 
1993, Parton et al. 1994) is configured for use in a parallel processing cluster, 

controlled by executive programs written in Perl.  Output from the model is then 
compiled in the database tool for post-processing. 

DATA SOURCES
Input data were obtained from several sources.  Data from more than 80 long-term 
experiments in North America were used for verification of the simulation model at 
the national level.  For inventory calculations, the primary data set was the National 
Resources Inventory (NRI).  The model was simulated for each NRI point having a 
unique cropping sequence and soil type, within each Major Land Resource Area 
(MLRA).  Climate variables were defined for each MLRA from the PRISM climate 
database.  All major field crops (maize, wheat and other small grains, soybean, 
sorghum, cotton) as well as hay and pasture (grass, alfalfa, clover) were simulated.  
Management variables included tillage, fertilization, irrigation, drainage, and manure 
addition.  Auxiliary data on management practices was obtained from the 
Conservation Technology Information Center (CTIC), USDA-ERS Cropping 
Practices Survey, USDA AgCensus and NASS.  MLRAs having less than 5 percent 
of total area in crop production were excluded.  The cropland area represented in 
the inventory was 149 Mha. 

Fig. 2. Modeled SOC stocks (0-20 cm) based on 
climate, soil and historical land use.

Fig. 1. Inventory analytical framework. 

RESULTS AND 
DISCUSSION
Simulated cropland SOC stocks, 
averaged by MLRA, largely reflect 
broad climatic gradients, with 
highest levels in the upper Midwest-
Great Lakes region and in coastal 
PNW (Fig. 2).  Changes in cropland 
C stocks (Fig. 3) are more 
geographically variable, depending 
on interactions of climate and soils 
with changes in land use and 
management. Highest rates of SOC 
accumulation, averaged for total 
cropland within each MLRA, are 
predicted in the NE and Ohio Valley, 
Northern Great Plains and PNW.  
Lower rates are occurring in areas 
of the South and in intensively 
managed regions of the Midwest 
(e.g. Des Moines Lobe).  

The model suggests that soil C has 
been increasing by around 15-25 Tg/yr 
over the past two decades (Fig. 4).  
Changes in management responsible 
for the current increase in SOC stocks 
are largely through increased adoption 
of conservation tillage and the CRP 
(Fig. 5), although 35% of the current 
increase is occurring for other reasons

(e.g. reduced summer fallow, hay/pasture management), including long-term increases in 
productivity and C inputs, overall on US cropland.  Sequestration rates estimated with this 
method (Fig. 6) are roughly double those derived using the IPCC methodology (Ogle et 
al. 2003), which does not account for overall trends in productivity and C inputs.

Fig. 3. Simulated SOC stock changes, averaged 
for total cropland area in each MRLA
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Fig. 4. Estimated annual rates of C
sequestration since 1980. 

Fig. 5. Main sources of soil C stock 
change.

Fig. 6. Comparison of Century- and 
IPCC-based inventory results. 
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