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Regional Soil Organic Carbon Storage Estimates for Western Oregon
by Multiple Approaches

P. S. Homann,* P. Sollins, M. Fiorella, T. Thorson, and J. S. Kern

ABSTRACT
Soil is an important factor in regional and global C budgets because

it serves as a reservoir of large amounts of organic C. In our study,
we compared six approaches of estimating soil organic C (kg C m-2,
not including the surface organic horizon, hereafter called soil C)
and its spatial pattern in the mountainous, largely forested western
Oregon region. The approaches were (i) USDA NRCS pedons, (ii)
other pedons, (iii) the State Soil Geographic Data Base (STATSGO),
(iv) the United Nations Soil Map of the World, (v) the National Soil
Geographic Data Base (NATSGO), and (vi) an ecosystem-complex
map. Agreement between approaches varied with scale. For the entire
region (105 km2), estimates of average soil C varied from 4.3 to 6.8
kg C m -2 for the 0- to 20-cm depth and from 12.1 to 16.9 kg C M-2
for the 0- to 100-an depth. At the subregional scale 104 km2), all
approaches indicated higher soil C in the coastal area than in the
inland southern area, but relative amounts in other subregions varied
among the approaches. At the subsubregional scale (AO' km 2), soil
C was consistent between individual STATSGO map units and NRCS
pedons within those map units, but there was less agreement with
other pedons. Rigorous testing of soil-C maps requires data from
pedons that are located by objective criteria, in contrast to the subjec-
tively located pedons now available. The uncertainty associated with
regional soil-C amounts and spatial patterns should be considered
when soil-C maps are integrated into regional or global assessments
of physical and biotic processes because simulation-model outputs
may be sensitive to soil C.

U
NDERSTANDING THE ROLE OF SOIL C in the global C
cycle requires knowledge of its amount and spatial

pattern. Soil contains on the order of twice as much
organic C as terrestrial vegetation (Dixon et al., 1994),
making it an important global pool. Estimates vary con-
siderably (Bohn, 1982; Post et al., 1982; Eswaran et al.,
1993), however, and uncertainties of those estimates
are difficult to determine. One approach to improve
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estimates of soil C and track associated uncertainties at
coarse scales is to synthesize information at finer scales
(Liski and Westman, 1997b). Thus, fine-scale regional
evaluations may contribute to improved assessments of
continental and global soil-C stores.

The amount of soil C provides a basis to evaluate its
potential decrease or increase. Changes in soil-C stores
may result from pedogenesis, land use, and climate
change (Sollins et al., 1983; Mann, 1986; Schlesinger,
1986; Burke et al., 1989; Jenkinson et al., 1991; Liski
and Westman 1997a). The amount of change that may
occur is often expressed as a fraction of the extant soil
C (Bouwman and Leemans, 1995), thus requiring extant
soil C in order to make projections in its potential de-
crease or increase and the corresponding transfers to
or from other pools of the C cycle.

In dynamic spatial models of the C cycle, changes in
soil C are often proportional to either total soil C or its
various fractions (Bouwman and Leemans, 1995). These
models have been implemented across broad areas, in-
cluding the entire globe (Schimel et al., 1996; Thompson
et al., 1996; Den Elzen et al., 1997; Post et al., 1997).
Other coarse-scale models of C dynamics include soil
C as an input variable (Hunt et al., 1996). Regional
assessments of soil-C amounts and spatial patterns may
contribute improved databases for calibration and eval-
uation of these modeling efforts.

Regional evaluations of amounts and spatial patterns
of soil C have been conducted by a variety of ap-
proaches. For our study, we defined soil C as organic
C in kg C m -2 to a specified depth, not including the
surface organic horizon. For a specified area, average
soil C is the organic C in soil (kg) in that specified area
to a specified depth divided by the size of the area (m2).
Soil-C concentration, bulk density, rock volume, and
depth to bedrock are required to calculate soil C. These
attributes for pedons allowed calculation of point esti-
mates of soil C and its relation to climate, soil texture,
and land use in Great Plains grasslands, Lake States

Abbreviations: MLRA, major land resource area; NATSGO, National
Soil Geographic Data Base; NRI, National Resources Inventory; SIR,
Soil Interpretation Records; STATSGO, State Soil Geographic
Data Base.
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Fig. 1. Ecoregions of the western Oregon study area, adapted from Clarke et al. (1991).

forests, and western Oregon forests (Burke et al., 1989;
Grigal and Ohmann, 1992; Homann et al., 1995). Pedon
values of soil C assigned to soil and vegetation map
units yielded maps of spatial patterns of soil C at county
to continental scales (Grossman et al., 1992; Kern, 1994).
These maps permitted calculation of area-weighted esti-
mates of soil C.

Generalized soil-attribute information for soil series
or soil types provides an alternative to pedons for esti-
mating soil C. In the USA, this information is based on
the expert judgments of soil-survey personnel and is
stored in the Soil Interpretation Records (SIR) (Statisti-
cal Lab., Iowa State Univ., Ames, IA). It consists of
ranges of values for a variety of soil attributes, including
those required to calculate soil C. The information is
linked to soil map units in STATSGO at the state scale
(National Soil Survey Center, 1994) and in NATSGO

at the national scale (Bliss et al., 1995). This allows
area-weighting of soil-C values based on map-unit areas
(Davidson and Lefebvre, 1993; Bliss et al., 1995).

In estimating area-weighted soil C for Maine, David-
son and Lefebvre (1993) used STATSGO soil-attribute
information linked to the STATSGO soil map
(1:250 000 scale) and the coarser scale (1:5 000 000)
United Nations Soil Map of the World. They found the
latter approach to yield estimates 8 to 30% higher than
the former, depending on the assumed correlation be-
tween United Nations and U.S. soil taxonomy. An alter-
native approach in using the Soil Map of the World
is to link it with the pedon data that accompanies it
(Kern, 1994).

In our study, we examined soil C and its spatial pat-
tern in the mountainous, largely forested region of west-
ern Oregon. Our objective was to compare estimates of
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Table 1. Primary-information sources for soil attributes and area-weighting for approaches to estimate soil organic C in western Oregon
study area. Date in parentheses indicates the last year primary information was obtained from that source.

Approacht

NRCS
pedons

Non-NRCS
pedons

STATSGO

Soil Map of
the World

NATSGO

Ecosystem
complexes

Sources for soil attributes

NRCS pedons within study area (1991) for C concentration (measured), bulk density
(measured, or estimated from soil C concentration, Homanu et al., 1995), rock
content (measured or visually estimated in field).

Non-NRCS pedons within study area (1991) for C or soil organic matter concentration
(measured), bulk density (measured, or estimated from soil C concentration,
Homanu et al., 1995), rock content (measured or visually estimated in field).

generalized soil-attribute information, possibly based on NRCS soil surveys (1991),
USDA soil inventories (1991), NRCS pedons within and outside study area (1991)

NRCS and nonNRCS pedons outside study area (1975) for C concentration (measured),
bulk density (measured, or estimated from texture, Kern, 1994).

Map-unit descriptions (1969) for rock content (40% for stony, 0% otherwise).
NRCS pedons within and outside study area (1991) for C concentration (measured),

bulk density (measured).
NR1# (1982) for rock content (from taxonomic texture modifier).
NRCS and nonNRCS pedons within and outside study area (1984) for C concentration

(measured), bulk density (measured, or estimated from C concentration, Zinke et
al., 1994), rock content (measured or visually estimated in field).

Sources for area weighting

Clark et al. (1991) ecological
region map; or not weighted
for arithmetic means

Clarke et al. (1991) ecological
region map; or not weighted
for arithmetic means

NRCS soil surveys (1991); USDA
soil inventories (1991)

NRCS soil surveys (1969); USDA
soil inventories (1969)

NRCS soil surveys (1981); USDA
soil inventories (1981);
NRI (1982)

Ecosystem complex map (1985)

t STATSGO is State Soil Geographical Data Base; NATSGO is National Soil Geographic Data Base.
NRI is National Resources Inventory.

average soil C from six approaches at regional, subre-
gional, and subsubregional scales. The approaches were
(i) NRCS pedons from within the region, (ii) other ped-
ons from within the region, (iii) Oregon STATSGO,
(iv) the United Nations Soil Map of the World, (v)
NATSGO, and (vi) an ecosystem-complex map. The
latter three approaches are coarse-scale soil-C maps
based on pedons from within and outside the region.

METHODS

General
Our study area comprised the western portion of the state

of Oregon (Fig. 1). It is bordered by the Columbia River on
the north, by 42° N lat. on the south, the Pacific Ocean on
the west, and the eastern slope of the Cascade Mountains
on the east. The exact eastern border was determined by
boundaries of STATSGO map units. To provide a common
basis for comparison among approaches, we considered four
subregions: the coast, which includes the coastal lowland and
mountains; Willamette, which includes the Willamette Valley
plains and foothills; Cascade, which includes western Cascade
Mountains, high Cascade Mountains, and eastern Cascade
slopes; and the southern subregion, which includes Klamath
Mountains, Rogue valleys, and Umpqua valleys (Fig. 1).

The primary data for the six approaches overlapped to
different extents with respect to where, when, and how they
were collected (Table 1). Typically, the data had been collected
for a period of one to several decades, although the collection
period was not always stated in original documentation. The
treatment of the primary data with respect to assumptions,
missing data, and data synthesis also differed among ap-
proaches and is documented in Kern (1994), Homann et al.
(1995), and below. We evaluated soil C in the 0- to 20- and
0- to 100-cm depths.

Pedons

There were 499 pedons with known locations within the
study area that had sufficient information for us to calculate
soil C to specified depths (Homann et al., 1995). Those pedons
met the following minimum requirements: (i) depth of at least
50 cm or to a rock horizon (designated by R, Cr, bedrock, or
rock) if that horizon was within the upper 50 cm, (ii) organic
C concentration and rock content (either volumetric or gravi-
metric) measured for the surface mineral-soil horizon, and (iii)

measurements of organic C concentration and rock content
missing for no more than 20% of the pedon depth. Calculation
of soil C, including accounting for missing data, was described
by Homann et al. (1995). Surface organic (0) horizons were
not included, because relevant data were often missing (Ho-
mann et al., 1995).

The pedons comprised two groups. (i) NRCS pedons were
those in published soil surveys; in the National Soil Character-
ization Database, National Soil Survey Center, Lincoln, NE;
or on file in the NRCS Oregon state office, Portland, OR.
(ii) NonNRCS pedons were from theses, dissertations, and
published and unpublished research projects (Homann et al.,
1995). Regional estimates of average soil C based on each set
of pedons were made by two approaches: (i) arithmetic mean
was calculated for the entire region, and (ii) arithmetic means
were calculated for each of the four subregions and a regional
area-weighted average was calculated based on those means
and the areas of the subregions.

State Soil Geographic Data Base
State Soil Geographic Data Base is an electronically based

state soils map with associated attribute tables (National Soil
Survey Center, 1994). It was developed by NRCS from pub-
lished and unpublished soil surveys, county- and state-level soil
maps, major land resource area (MLRA) maps, LANDSAT
images, and other soil, geologic, topographic, and climatic
information. It was designed primarily for planning, manage-
ment, and monitoring at the regional, multistate, state, and
river-basin scale (National Soil Survey Center, 1994).

State Soil Geographic Data Base map units are spatially
explicit. Each consists of 1 to 21 components whose attributes
and percentage contribution to the map-unit area are speci-
fied, but whose locations within map units are not indicated.
The STATSGO attribute tables contain descriptive, physical,
and chemical information for each component. Each compo-
nent represents a phase of a soil series, water, or a miscellane-
ous land area. For the components based on phases of soil
series, physical and chemical soil characteristics are derived
from the SIR (NRCS-SOI-5) database (Statistical Laboratory,
Iowa State Univ., Ames, IA). Characteristics are presented
as minimum and maximum values and adhere to specific rules.
For example, for organic matter as weight percentage of <2
mm material, whole numbers are used for >1%, tenths from
0.5 to 1%, and <0.5% for below 0.5%. For weight percentage
of material >75 mm in size, values are presented to the nearest
5% (Soil Conservation Service, 1983). Examples of relevant
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Table 2. Example of map-component variables in State Soil Geographic Data Base (STATSGO) attribute table used to calculate
soil organic C (kg m -2) for the map component. Values are for Component 10 of Map Unit 10 in Oregon STATSGO.

Layer

Variable

Horizon top
Horizon bottom
Minimum organic matter
Maximum organic matter
Minimum bulk density
Maximum bulk density
Minimum % <2 mm mass
Maximum "Y. <2 mm mass
Minimum % 75-250 mm mass
Maximum % 75-250 mm mass
Minimum % >250 mm mass
Maximum % >250 mm mass

Unitst

cm
cm
mg (g <2 mm)-'
mg (g <2 mm)-'
g cm-3
g cm'
% of <75 mm mass
% of <75 mm mass
% of total soil mass
% of total soil mass
% of total soil mass
% of total soil mass

1 2 3 4

10 23 46
10 23 46 61
20 10 10 10
40 30 20 20

1.25
1.35

1.25
1.35

13
1.4

13
1.4

70 70 45 45
100 100 100 100
15 10 20 25
30 25 30 35
15 15 30 40
40 25 50 55

t Some units and values were converted from the English units presented in STATSGO.

data from the STATSGO attribute table are presented in
Table 2. As noted by Davidson and Lefebvre (1993), data are
not provided in STATSGO attribute tables for 0 horizons,
except for Histosols or histic epipedons.

Oregon STATSGO (October 1994 CD-ROM, National Soil
Survey Center, NRCS, Lincoln, NE) consists of 217 map units,
of which 87 were in the study area. For the study area and
for each map unit, estimates of average soil C were calculated
as area-weighted soil C (kg C m - ') in 0- to 20- and 0- to 100-
cm depths as described by Davidson and Lefebvre (1993) and
Bliss et al. (1995), with the following exceptions: (i) A value
of 2.0 was assigned to particle density of rocks, based on
measurements made in Oregon (Flint and Childs, 1984). (ii)
If data were missing between 18 and 20 cm for the 0- to 20-
cm calculation, or between 81 and 100 cm for the 0- to 100-
cm calculation, bulk density and rock volume were assumed
to be equivalent to the layer above, and the organic matter
concentration was assigned one-half of the value of the layer
above, based on trends of decreased organic matter concentra-
tion with increased depth (Kern, 1994). (iii) The layer below
the deepest reported layer was assumed to be bedrock.

The methods of Davidson and Lefebvre (1993) and Bliss
et al. (1995) used the means of the minimums and maximums
to determine representative values for the variables in Table 2.
These procedures inherently assume symmetrical distributions
of those variables. Many soil characteristics are skewed rather
than symmetrically distributed (Grigal et al., 1991). Therefore,
calculations were also performed assuming skewed distribu-
tions by calculating the value of a map-component variable
as:

value =
minimum + coefficient(maximum - minimum) [1]

where the coefficient was 0.39 for organic matter concentra-
tion, 0.49 for bulk density, and 0.38 for the >2-mm masses.
These coefficients are based on 271 soil cores, each 10 by 15
by 30 cm deep, taken in a 15-km 2 area in southwestern Oregon
(Homann, Bormann, and Boyle, 1997, unpublished data).

Oregon STATSGO indicated 97.5% of the 89 795 km 2 study
area was covered by soil, 1.5% by rock outcrops and lava
flows, 0.3% by mountain glaciers, and 0.7% by water. Of the
soil area, 95% had sufficient data to calculate area-weighted
soil C for the 0- to 20-cm depth, but only 63% for the 0- to
100-cm depth. To better represent the entire study area, we
adjusted the initially calculated 0- to 100-cm value for this
63% area by multiplying it by the ratio (0- to 20-cm soil C in
the 95% area)/(0- to 20-cm soil C in the 63% area).

Coarse-Scale Maps

Area-weighted soil C of the western Oregon study area and
its subregions was calculated from coarse-scale soil-C maps
of the contiguous United States. Those maps had been devel-
oped by Kern (1994) using three approaches: (i) The Soil Map
of the World approach used both spatial and pedon data
from the Food and Agriculture Organization (1971-1981). The
spatial data was based on pre-1969 soil survey and resource
inventory data. (ii) The NATSGO approach was based on
the spatial pattern of MLRAs, which are areas with similar
patterns of soils, climate, water resources, and land use (Soil
Conservation Service, 1981). The areal extents of soil great
groups within each MLRA were determined from the 1982
National Resources Inventory (NRI) (Reybold and TeSelle,
1989). The arithmetic mean soil C of pedons within each great
group was calculated from the National Soil Characterization
Database (National Soil Survey Center, Lincoln, NE), except

Table 3. Estimates of average soil organic C for the western Oregon region and ranges of individual pedon and map-unit values
contributing to those estimates. Surface organic horizons are not included.

Approacht

Soil organic C estimate (range)

0- to 20-cm depth 0- to 100-cm depth

kg C kg C m-2
NRCS pedons, arithmetic mean of 291 pedons 63 (0.9-24.3) 15.1 (23-80.3)
NRCS pedons, area-weighted average of 4 map units 5.9 (4.4-7.9) 13.6 (85-21.0)
NonNRCS pedons, arithmetic mean of 208 pedons 6.8 (1.1-23.6) 16.9 (3.6-88.2)
NonNRCS pedons, area-weighted average of 4 map units 5.7 (4.3-9.5) 14.2 (6.5-24.6)
STATSGO, area-weighted average of 87 map units,

symmetric distribution of soil properties assumed
5.1 (15-10.8) 13.8 (3.8-33.7)

STATSGO, area-weighted average of 87 map units,
skewed distribution of soil properties assumed

4.8 (1.4-10.3) 12.9 (3.4-31.4)

Soil Map of the World, area-weighted average of 7 map units 5.8 (25-14.7) 12.1 (6.3-27.6)
NATSGO, area-weighted average of 6 map units 4.3 (2.4-5.3) 12.1 (7.0-15.6)
Ecosystem complexes, area-weighted average of 6 map units not available 12.3 (5.9-23.4)

t STATSGO is State Soil Geographic Data Base; NATSGO is National Soil Geographic Data Base.



HOMANN ET AL: SOIL ORGANIC CARBON STORAGE ESTIMATES FOR WESTERN OREGON
	

793

Table 4. Relative average soil organic C per square meter, exclud-
ing surface organic horizons, for subregions of western Oregon.

Approachf
	

Relative order of subregions

NRCS pedons	 Coast > Willamette > Southern > Cascade
NonNRCS pedons	 Coast > Willamette > Cascade > Southern
STATSGO
	

Coast > Willamette > Cascade > Southern
Soil Map of the World
	 Willamette > Coast > Cascade > Southern

NATSGO
	 Coast > Cascade > Willamette > Southern

Ecosystem complexes	 Coast = Cascade > Willamette > Southern

t STATSGO is State Soil Geographic Data Base; NATSGO is National
Soil Geographic Data Base.

rock content was taken from the NRI and depth to bedrock
from a 1982 version of the SIR. (iii) The ecosystem-complex
approach was based on the spatial pattern of ecosystem types
(Olson et al., 1985) and arithmetic mean soil C of pedons
falling within each ecosystem type, using pedon data from
Zinke et al. (1984).

Effect of Spatial Pattern
To examine the influence of spatial patterns on estimates of

potential change in soil-C stores, we applied a simple empirical
steady-state model to the spatial patterns developed from the
six approaches. The model is from Homann et al. (1995) and
is based on soil pedons in western Oregon:

soil C in 0- to 100-cm depth (kg m -2) =

-0.2 + (0.0035)AET2 - (0.00008)PCP2

+ 0.0026(PCP)AWC	 [2]

where AET (cm) is actual evapotranspiration calculated from
monthly precipitation and monthly air temperature by the
method of Thornthwaite and Mather (1955), PCP (cm) is
annual precipitation, and AWC (cm) is available water holding
capacity. For each of the four subregions, monthly precipita-
tion and temperature were calculated as the averages of 50 to
183 pedon locations (Homann et al., 1995). For each approach,
AWC was adjusted to yield the initial area-weighted soil C
for each subregion. Then soil C was calculated under a scenario
of a 4°C increase in air temperature concomitant with a 3-cm
increase in monthly precipitation in all subregions.

RESULTS
The approaches yielded regional estimates of 4.3 to

6.8 kg C in -2 for the 0- to 20-cm depth and 12.1 to 16.9
kg C ITI -2 for the 0- to 100-cm depth (Table 3). Highest
values were from arithmetic means of pedons and lowest
values from the NATSGO approach. Area-weighting
reduced the estimates based on pedons, indicating an
under-representation of pedon locations in areas with
low soil C. The assumption of skewed rather than sym-
metrical distributions of soil properties reduced the
STATSGO estimates. Further results are reported only
for the STATSGO estimates based on symmetrical dis-
tribution of soil properties because of their better
agreement with the other approaches.

At the subregional scale, all approaches indicated
higher soil C along the coast and in the Willamette
Valley and foothills than in the southern subregion (Ta-
ble 4). For all but the ecosystem-complex approach, the
coast had higher soil C than the Cascades. For all but
the Soil Map of the World, the coast had higher soil C
than the Willamette Valley and foothills. The soil-C

Table 5. The influence of initial soil organic C spatial pattern on
change in average soil organic C of the western Oregon region.
The change is the result of 4°C increase in air temperature
concomitant with a 3-cm increase in monthly precipitation.

Soil organic C

Basis of spatial patient Initial Final Change

m-2
13.6

kg C
18-9 5.3NRCS pedons

NonNRCS pedons 14.2 19.1 4.9
STATSGO 13.8 18.6 4.8
Soil Map of the World 12.1 17.0 4.9
NATSGO 12.1 17.0 4.9
Ecosystem complexes 12.3 17.3 5.0

t STATSGO is State Soil Geographic Data Base; NATSGO is National
Soil Geographic Base.

stores and patterns from the various approaches yielded
different amounts of soil-C change under a scenario of
temperature and precipitation alteration (Table 5).

Only STATSGO and pedon approaches allowed com-
parison at a finer scale. For the 87 Oregon STATSGO
map units in the study area, one was water, one was
lava flows, one was mountain glaciers, and 84 had soil.
Of those with soil, 81 had sufficient information to calcu-
late area-weighted soil C to a depth of 20 cm for ^70%
of their areas (Fig. 2). The highest soil-C levels were in
the coastal lowlands and adjacent coastal mountains, in
the Willamette Valley foothills, which are dominated
by Xeric Haplohumults and Palehumults, and in valleys
of the Coastal and Cascade Mountains (Fig. 1 and 2).
Low values occurred in the high Cascade Mountains and
on the eastern Cascade slopes, as well as the Umpqua
valleys, Klamath Mountains, and Rogue valleys.

We compared STATSGO values for individual map
units with values for NRCS and nonNRCS pedons
located within those map units. The comparison was
made only for map units that had five or more NRCS
pedons or five or more nonNRCS pedons. Average,
rather than individual, pedon values were used, because
a STATSGO value represents an average for a large
map unit and is not expected to provide an accurate
value for any specific location within that area. There
was good agreement between STATSGO and NRCS
pedons for the 0- to 20-cm (r = 0.82) and 0- to 100-cm
depths (r = 0.80, Fig. 3). The map units with the most
deviation had unusual characteristics for one or both
data sets, such as relatively constant C concentration
throughout the profile, extreme decrease in C concen-
tration with increased depth, and very high rock volume
at depth. There were poorer relations between STAT-
SGO and nonNRCS pedons (r = 0.63 to 0.72, Fig. 3).

DISCUSSION
Regional evaluation of soil C may be used to improve

continental and global estimates of soil-C stores in two
ways. First, estimates for a number of regions may be
combined to yield an estimate for a broader area. Sec-
ond, regional estimates may be used to check estimates
made at coarser scales by other approaches. For western
Oregon, the coarse-scale soil-C maps yielded values for
the 0- to 100-cm depth that were 5 to 30% lower than
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those based on the regional pedon and STATSGO ap-
proaches. Whether this is representative of other regions
can only be determined through further evaluation. Da-
vidson and Lefebvre (1993) found an alternate coarse-
scale approach to yield higher values than STATSGO
for the state of Maine.

We expect up-to-date, detailed information from
within an area to yield the most reliable estimate of
average soil C. Thus, we expect the NRCS pedons,
nonNRCS pedons, and STATSGO to be more reliable
at regional and subregional scales than the coarse-scale
approaches. State Soil Geographic Data Base represents
the most detailed basis for spatially weighting soil-attri-
bute information for regions of the USA, but the soil-
C values derived from it are from generalized soil-attri-
bute information based on expert judgment. Compari-
son with pedon values would test the adequacy of

Fig. 2. Pattern of soil C (kg C m -2 in 0- to 20-cm depth), not including
surface organic horizons, in western Oregon, based on State Soil
Geographic Data Base (STATSGO). No data are presented for a
map unit if <70% of its area had data for calculating soil C.

STATSGO soil-C values if the pedons within a specified
area were randomly located and were not used to derive
STATSGO values. The arithmetic mean of randomly
located pedons would be the best estimate of average
soil C within an area, irrespective of whether the statisti-
cal distribution of pedon soil-C values were symmetrical
or skewed. Unfortunately, neither the NRCS nor
nonNRCS pedons were randomly located, because sam-
pling locations were chosen for specific purposes. There-
fore, even if STATSGO values represented reality, per-
fect agreement between pedons and STATSGO would
not be expected. In spite of this limitation, the
agreement between the different approaches is en-
couraging.

State Soil Geographic Data Base and nonNRCS ped-
ons are independent data sets; i.e., the two approaches
do not overlap in their primary data (Table 1). They
were most consistent at the subregional scale and some-
what less consistent at coarser and finer scales. State Soil
Geographic Data Base and NRCS pedons do overlap in
their primary data. They were quite consistent at the
regional scale for 0- to 100-cm depth and subsubregional
scale for 0- to 20- and 0- to 100-cm depths. This
agreement indicates NRCS pedon data were adequately
considered and synthesized during the development of
the SIR, from which the STATSGO attribute table
was derived.

All approaches have one major drawback: the accu-
racy of, or conversely the uncertainty associated with,
the estimate cannot be objectively assessed. Uncertainty
of soil C of an individual pedon can be propagated
statistically from uncertainties associated with C con-
centration, bulk density, and rock content (Homann et
al., 1995). Improvements in these measurements (e.g.,
Vincent and Chadwick, 1994) or use of volumetric sam-
pling (Huntington et al., 1988) could reduce the uncer-
tainty of soil C for an individual pedon. There are no
statistical procedures to account for possible bias in
pedon locations that have been selected for specific
purposes, however. Subjectively selected sampling
points can yield substantially different values of C stor-
age compared with random sampling. For example, in
evaluating the boreal forest, Botkin and Simpson (1990)
found random sampling to yield much lower estimates of
vegetative C storage compared with subjectively chosen
sampling points of previous studies.

Uncertainties associated with expert judgments are
often not tractable or not evaluated. Expert judgments
occur in all approaches. For pedons, assignments are
made for missing values of soil attributes, and rock con-
tents may be from visual field estimates. In the aggrega-
tion and generalization of soil spatial pattern, soils
judged to have similar attributes are grouped, but those
attributes may not be the most relevant for soil-C assess-
ments. Soil attributes for areas with limited field data
are extrapolated from soils outside map units.

Improvements in approaches to estimate regional soil
C and its spatial pattern may take several forms. For
pedons, unbiased locations combined with complete
profile measurements would allow . objective evaluation
of uncertainty. Locations could be determined by ran-
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Fig. 3. State Soil Geographic Data Base (STATSGO) C (kg C m -2) vs. pedon C (kg C m -z) for NRCS pedons (a) 0- to 20 -cm depth and (b)
0- to 100-cm depth, and nonNRCS pedons (c) 0- to 20-cm depth and (d) 0- to 100-cm depth. The STATSGO C is the area-weighted soil C
for a map unit that has data for ^70% of its area. Pedon C is the arithmetic mean sod C of at least five pedons within the map unit. Statistical
results indicate significance of the regression (REG), deviation of slope from 1 (SL = 1), and deviation of intercept from 0 (IN = 0). ', **,
*** Significant at the 0.05, 0.01, and 0.001 probability levels, respectively; as is not significant.

dom, grid-based (McGrath and Loveland, 1992), or
geostatistical procedures. Comparison of current soil-C
values of several map units with values obtained from
these more complete and objective approaches would
allow a rigorous test of the validity of current soil-C
maps. Sampling and analysis of the surface 0 horizon
as well as the mineral soil would allow whole-profile
estimates of soil C. This has been done in some previous
research studies (Huntington et al., 1988; Homann et
al., 1995) and has been implemented in some recent
NRCS investigations. In western Oregon, surface 0 ho-
rizons contain an average of 2 kg C rn -1 (Homann et
al., 1995), equivalent to 40% of the C in the 0- to 20-
cm mineral soil (Table 3). Because the 0 horizon C
storage can change quickly, e.g., during forest site prepa-
ration (Little and Ohmann, 1988), assessment of its spa-
tial pattern is equally important as that of C in the
mineral soil. Uncertainty associated with some expert
judgments could be determined by duplicate assess-
ments by independent professionals. In combination,
these steps would result in improved estimates of re-
gional soil C, its spatial pattern, and associated uncer-
tainties.

This assessment of uncertainty is important because
of the potential use of estimates of soil-C amounts and
spatial patterns. Our simple model analysis (Table 5)
suggests regional soil-C response to environmental per-
turbations may be influenced by initial amounts and
spatial patterns. Spatial patterns of other soil properties
also influence regional estimates of ecosystem proper-
ties and processes (Lathrop et al., 1995). For spatial
models of C dynamics with C as an input variable (Hunt

et al., 1996), model-specific sensitivity assessments
would determine the extent to which model output is
influenced by the uncertainty associated with soil-C
amounts and spatial patterns. For other complex spatial
models of the C cycle (Den Elzen et al., 1997; Post et
al., 1997; Schimel et al. 1996; Thompson et al., 1996),
calibration and evaluation would benefit from the best
estimates of spatial patterns of soil C and their associ-
ated uncertainties.
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