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Soil radiocarbon measurements can be used to estimate soil carbon turnover rates

and inventories. A labile component of soil carbon has the potential to respond to

perturbations such as CO2 fertilization, changing climate, and changing land use. Soil

carbon has influenced past and present atmospheric CO2 levels and will influence future

levels. A model is used to calculate the amount of additional carbon stored in soil

because of CO2 fertilization.

Introduction:

Houghton et al. (1990) estimate that doubling CO2 over pre-industrial levels will

lead to a global temperature increase of 1 to 4 degrees C. Predicting when or if this

doubling will occur requires an improved understanding of the global carbon cycle. One

key question is the role of soil humus, which contains about three times the amount of

carbon present in the pre-industrial atmosphere. Scientists need to know if the soil

carbon is labile or inert. If labile, soil carbon can respond to perturbations, either adding

or removing atmospheric CO2. If inert, then soil humus does not significantly influence

atmospheric carbon dioxide levels.

The purpose of this paper is to show how soil radiocarbon measurements can be

used to estimate soil carbon turnover times. Background discussions include the

greenhouse effect, the global carbon cycle, and CO2 fertilization, which are linked with

soil carbon turnover times.

Backaround:v
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The important relation between soil humus and greenhouse warming can be

difficult to understand. The greenhouse effect, which includes global warming, is caused

by gases which trap radiation. An improved understanding of the global carbon cycle

will lead to more accurate atmospheric CO2 (a greenhouse gas) level predictions, which

in turn, will improve estimates of global warming. Soil humus represents a large

unknown in the global carbon cycle. Below, we discuss the greenhouse effect, the

carbon cycle, and soil carbon in detail.

Greenhouse gases trap radiation that would otherwise be lost from the earth.

These gases include water vapor, carbon dioxide, nitrous oxide and methane; naturally

occurring gases have elevated the earth's temperature by 35 degrees C (Broecker, 1985).

This study concentrates on carbon dioxide, whose atmospheric concentration is expected

to double in the next 100 years. Houghton et al. (1990) predict that this doubling will

elevate global temperatures by 1 to 4 degrees C. Dixon et al. (1994) suggest that the

sources of C to the atmosphere are 1.1 Gt. C (Gt. = l0 ts grams) greater than the sinks.

Sources include fossil fuel combustion, cement manufacturing, and deforestation. Sinks

include the build-up in the atmosphere and absorption by the ocean. Some postulate that

this missing carbon (sources minus sinks) may be sequestered in the terrestrial biosphere

because of CO2 fertilization, climate change (Dai and Fung, 1993), and anthropogenic

nitrogen deposition (Schindler and Bayley, 1993).

Soil carbon, which contains about 1500 Gt. C, has many organic compounds

having turnover times that range from years to millennia. Many workers have estimated

global carbon inventories of soil carbon using a variety of techniques: Schlesinger (1977)

used vegetation types to estimate an inventory of 1456 Gt. C; Post et al. (1982) estimated

soil humus to hold 1395 Gt. C. using climatic life zones; and Eswaran et al. (1993) used

soil orders to estimate an inventory of 1576 Gt. C. While there are differences between

the techniques, the results generally agree. Estimating soil carbon turnover has proven

more elusive.
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The technique of using soil radiocarbon measurements to estimate soil carbon

turnover used in this paper builds on the approaches of others: Century and Rothamsted

models, mass balance approaches, and soil humus fractionation approaches. The Century

and Rothamsted models use measurements of soil carbon decomposition as the

foundation for sophisticated ecosystem models. The model structures are similar, having

soil organic material consisting of fast, active, and passive fractions. The Century model

(Parton et al., 1987, 1989, 1993) has an active carbon turnover time ranging from 20 to

50 years and 800 to 1200 years turnover time for passive carbon. The Rothamsted model

(Jenkinson, 1990) uses a 20 year turnover time for active carbon and a near infinite

turnover time for passive carbon.

O'Brien and Stout (1978) use a sophisticated model to interpret their New

Zealand radiocarbon measurements. Their model includes carbon input, decomposition

rates, and soil diffusivity, which are constrained by depth profiles of total carbon and

radiocarbon. They assign a 50 year turnover time for active carbon and a near infinite

time for passive carbon.

Researchers have tried to separate active and passive components using physical

and chemical fractionation techniques (Paul et al., 1964; Cambell et al. 1967; Martel &

Paul, 1974; Goh et al. 1976, 1977, 1989; Scharpenseel et al. 1968a,b; 1984 and Trumbore

et al. 1989, 1990). Trumbore (1993) summarizes the fractionation techniques results.

One way to test the effectivenes,_ of these fractionation schemes is r_osee if the increase in

bomb radiocarbon in the soil predicted by pre-bomb residence time measurements is

observed. To date, the available fractionation schemes cannot do this (Trumbore, 1993).

Estimating soil carbon turnover times using bulk radiocarbon measurements:

This research uses a time step one box model and bulk soil radiocarbon

measurements to estimate turnover times and inventories of active and passive carbon.



The model has atmospheric C-14 values and CO2 concentrations for every year from

1800 to the present. The user selects the carbon inventory and the turnover time. The

turnover time equals the carbon inventory divided by the exchange flux. The exchange

flux equals the amount of carbon that is added to the box (from photosynthesis) or lost

from the box (respiration). Losses through erosion and dissolution are thought to be

small (Schlesinger, 1986) and are not considered. The model can be run in either a steady

state mode (where the flux in equals the flux out) or in a non-steady state mode (in which

carbon is either accumulating or decreasing). This research uses this model and soil

radiocarbon data to show that soil carbon has more than one component, to estimate the

turnover time of the passive fraction, the proportions of active and passive carbon in

surface soil, and the active soil carbon residence time.

Researchers have concluded that soil consists of a complex soup of organic

molecules whose turnover times range from a few years to thousands of years and cannot

be characterized by a single turnover time (O'Brien & Stout, 1987; Balesdent et al., 1988;

Patton, 1987, 1989, 1993; Jenkinson and Raynor, 1977 and Van Breemen, 1990). Figure

1 shows how a single residence time fails _ocharacterize soil humus. Five pre-bomb

values of surface soil had an average radiocarbon content of 90% modern (Harrison et al.,

1993a). "Modern" means the amount of radiocarbon relative to 1850 wood. This 90%

modern value translates into an 850 year turnover time, which shows very little increase

in bomb radiocarbon with time. While these values may not represent a global average,

and values will vary between tropical, temperate and boreal ecosystems, it does illustrate

what could be done were this data available. Further, different types of vegetation and

soil types within the same climate will often have different values. The soil radiocarbon

values increase in the 1960's and then level off (figure 1). This increasesuggests that soil

organic material contains an active component with a turnover time significantly less than

850 years. This active component must be diluted with a passive component having a

turnover time of greater than 850 years.



The passive soil turnover time can be estimated from soil radiocarbon

measurements made at depths where little or no active soil carbon is present.

Radiocarbon values decrease with depth, which shows a decrease in the proportion of

active to passive carbon. Both carbon content and radiocarbon soil values decrease with

increasing depth (Harrison et al., 1993a). At some depth, the soil radiocarbon

measurements approach a minimum, where values tend to decrease very slowly. These

values and depths vary for different locations (see table 5). For example, a site in China

had a 49% modern value at a depth of 65 to 105 cm. In contrast, a site in Germany was

71% modern (80 to 100 cm). The average value for the sites listed in table 5 was 63%

modern, which corresponds to a 3700 year turnover time for passive soil carbon.

One can estimate the proportions of active and passive components in surface soil

using the 63% modem passive soil radiocarbon value and the 90% modern pre-bomb

surface soil value. Assume that the active component turns over quickly (<100 years)

enough so that its pre-bomb radiocarbon value is almost 100 percent modern

(radiocarbon has a half life of 5,700 years). A mixture of 25% passive and 75% active

leads to the observed average radiocarbon value of 90% modern (figure 2).

The post-bomb increase in soil radiocarbon values can be used to estimate the

active soil carbon turnover time. Figure 2 shows how a series of curves can be used to

obtain the best fit. Upper and lower limits are formed by 10-year and 100-year turnover

times, respectively. A 25-year turnover time produces the best fit to the available data.

Most of the points are for temperate ecosystems, so warmer tropical ecosystems may

have faster turnover times, while cooler boreal turnover times may be slower.

Determining the global inventory of active soil organic matter:

Of the 1500 Gt. C. in soil organic material, Schlesinger (1991)estimates that

about one-third of it is present in wetland ecosystems. Although wetlands play an
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important role in regulating atmospheric CO2 levels, they are beyond the scope of this

study. The 3 to 1 active to passive proportions found in surface soil cannot be applied to

the remaining 1000 Gt. C present in non-wetland soil because the proportions of active to

passive carbon decrease with increasing depth. The integrated inventories come out to

about 50% passive and 50% active (Harrison et al., 1993a). While extrapolating these

distributions involves uncertainty (i.e., the proportions are likely to differ for other !

climates and types of vegetation), one can estimate the inventory of global soil carbon as

500 Gt. C.

Turnover time model validation:

This approach can be validated by looking at a specific site where deep, pre-

bomb, and a time series of surface soil data can be used to compare model predictions

with soil radiocarbon measurements, and seeing if soils that are gaining or losing carbon

can be modeled. While these observations do not rigorously prove soil carbon turnover

times, they do show that the turnover time is consistent with observations.

O'Brien and Stout (1978) reported measurements for a New Zealand grassland

soil that included a deep soil value and a time series of surface soil values that extended

from pre-bomb times into the mid-1970's. The model that best fit the data consisted of a

23% passive, 77% active portion that turned over every 22 years. These values were very

similar to those derived from the available global radiocarbon set. Further, figure 3

shows the excellent agreement between the model and the data.

Another way to test the model is to see if it can explain radiocarbon data from

accumulating and cultivated ecosystems. An accumulating ecosystem increases its

carbon stores. One example includes a recovering temperate forest located in the

Calhoun National forest that is described by Richter et al. (In Press) and Harrison (1994).

This site contains a Loblolly pine forest that was planted in 1959 on land that had been



cultivated for 150 years. The soil has been accumulating carbon ever since the pines

were planted. Figure 4 shows the agreement between the model and the data for

accumulating ecosystems. Cultivated soil generally has lower radiocarbon values than

native soil in the same time (tables 2 and 4). Harrison et al. (1993b) showed that

cultivated ecosystems could be modeled as well. They assumed that carbon lost from soil

due to cultivation would be lost from the active carbon pool. Making a correction for the

mixing of deeper soil with the shallow surface soil because of cultivation (i.e., the plow

mixes up the .soil), the cultivation model produced good agreement with the available

data.

Another way to confirm the model is to see if fluxes measured from the soil agree

with values predicted by the model. A 500 Gt. C pool turning over every 25 years emits

20 Gt. C from the soil annually. This translates into a 150 g C/m2/yr flux. The observed

flux from a temperate forest soil ranges from 400 to 500 g C/m2/year (Raich &

Schlesinger, 1992), which is much higher than the predicted value. Yet, the measured

values include sources of carbon dioxide in addition to microbial respiration of soil

organic matter, such as root respiration and oxidation of litter and fine roots. It is

impossible to separate these CO2 sources. Also, land having low organic carbon contents

such as deserts make it difficult to compare global and regional values. It would be

impossible to get better agreement between the fluxes predicted by the model and

measured fluxes for a temperate forest ecosystem because of these differences.

Sensitivity t_sts:

The estimate that non-wetland soil contains a 500 Gt. C pool that turns over every

25 years is a crude approximation that is based on many assumptions. The results

presented here can be thought of as providing an example of what could be done on a

biome to biome basis were more soil radiocarbon data available. Below, we shall test



how sensitive these estimates are to the assumptions. The first generalization is using a

3,700 year turnover time for passive soil carbon. The lowest radiocarbon value observed

was 49% modern and translates into a mixture of 82% active and 18% passive carbon. If

the highest value of 76% modem is used, the proportions become 63% fast and 37%

slow. Clearly, the model is not very sensitive to passive carbon values that contain

radiocarbon values that are less than 63% modern. But, when the radiocarbon content

rises above 63% modern, the proportions of active to passive begin to change more

dramatically, especially when they approach the mean pre-bomb value. Using a pre-

bomb value of 90% modem as a global average can also lead to errors. This value and

the passive carbon value determine the proportions of active and passive carbon. These

values range from a low of 82% modern to a high of 96% modem, which translates into

51% active (49% passive)and 89% active (11% passive)respectively.

Another possible source of error comes from using a 25-year turnover time for

active carbon. This estimate is based on data that is from mostly temperate climes.

Warmer tropical regions may have a faster turnover time. For example, Trumbore (1993)

estimates tropical soil carbon to have about a 10 year residence time. Cooler climes may

have slower turnover times.

_d]Jng:

Having estimated the turnover-time and inventory of fast cycling carbon, it is

possible to estimate the amount of carbon potentially stored in soil because of CO2

fertilization. CO2 fertilization occurs when plants increase their growth when exposed to

elevated carbon dioxide levels (Strain & Cure, 1985; Bazzaz & Fajer, 1992). A

convenient way of expressing CO2 fertilization is with a CO2 fertilization factor (i.e., the

percentage increase in growth for a doubling of CO2 concentration).
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For this study, a greening model has been developed to estimate the additional

amount of carbon stored in soil because of CO2 fertilization. The greening model builds

on the carbon model described earlier. The flux of carbon into the box can be increased

by adding the term 13* delta pCO2 * EF. 13is the CO2 fertilization factor, delta pCO2 is

the fractional change in carbon dioxide, and EF is the exchange flux. As the flux of

carbon into the box increases in the box, the decay flux (i.e., the decay constant times the

amount of carbon in the box) also increases_ If the level of atmospheric carbon dioxide

stops increasing, the soil will attain a higher steady state carbon content with an e-folding

time of 25 years.

Table 6 lists the greening model results. About half the missing sink can be

accounted for using a CO2 fertilization factor of 0.35 (i.e., plant growth increases 35% for

a doubling of carbon dioxide), and a carbon pool that has a 25 year turnover time and a

500 Gt. C. size. Performing similar greening calculations for litter and short- and long-

lived vegetation, the entire missing sink can be accounted for (table 6).

Greening laaodelvalidation:

Although many indoor CO'2 fertilization experiments have shown increased

growth at elevated CO2 levels (Strain and Cure, 1985), extrapolating these results to

natural vegetation is highly controversial (Bazzaz & Fajer, 1992). Further, applying these

CO2 fertilization factors to the carbon flux going into soil is speculation. Still, Zak et al.

(1993) have shown that plants grown in open-top chambers with doubled CO2 had more

soil carbon than their non-elevated, paired counterparts. Also, Norby et al. (1993) found

evidence of increased fine root turnover for trees grown in elevated CO2 concentrations,

lending credibility to the belief that if plant growth is stimulated, so will soil carbon

storage.
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Selasitivity tests:

Table 6 shows how sensitive estimates of soil carbon storage due to CO2

fertilization are. Specific tests are for the CO2 fertilization factor, turnover time, and

inventory size. In general, more carbon is sequestered for higher CO2 fertilization

factors, faster turnover times and larger inventories. A further test is done to see what

effect splitting soil carbon spatially by climate would have on carbon sequestration (table

7). If soil carbon turnover times for temperate forests fall between turnover times for

boreal and tropical soil, then using a 25 year turnover time as an average for global

ecosystems does not lead to huge errors. However, if the inventory and turnover of active

carbon differ more dramatically than suggested by the table, the results will also differ.

More soil radiocarbon measurements are needed to answer this question.

Conclusion and future research:

This paper presents a strategy for estimating the global inventory and turnover

time for non-wetland soil. The available radiocarbon data suggest that active soil carbon

has a 25 year turnover time and a 500 Gt. C inventory. Dividing the inventory by the

turnover time leads to a 20 Gt. C/year exchange flux. Therefore, active soil carbon can

respond significantly to perturbations such as CO2 fertilization, changing climate and

anthropogenic nitrogen deposition. Even a small CO2 fertilization effect will remove

significant amounts of atmospheric carbon dioxide into the soil. For example, during the

1980's, a greening model estimates that 0.5 Gt. C/year may be sequestered in soil humus,

thus potentially e.xplaining part of the missing sink. More soil radiocarbon data is needed

to estimate the turnover time and inventories of active soil organic carbon on an

ecosystem by ecosystem basis. Much of the soil radiocarbon data collected has remained

unpublished, in part because it has been so difficult to interpret. Hopefully, this data can



be coaxed out of musty file cabinets. Because radiocarbon values are time sensitive,

archived soil samples should be analyzed before they are cleaned out or their history is

lost forever. Because radiocarbon measurements can cost as much as $500, publishing

available data represents the most cost effective approach for expanding the available soil

radiocarbon database.

Researchers are working to reduce the uncertainties in CO2 fertilization factors.

By measuring iw:entories of active and passive carbon at the start of CO2 fertilization

experiments, it will be possible to observe soil carbon increases in response to CO2

fertilization directly. New lab experiments have begun that examine how plants respond

to gradually increasing carbon dioxide concentrations, rather than experiments that

simply double carbon dioxide concentrations.
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Table 1: The Global Carbon Budget for the 1980's.

Reservoir Average flux GtC*/year

Sources

Fossil fuel combustion 1 5.4 :t:0.5
Deforestation & land use2 0.9 + 0.4

Total 2 6.3 :t:0.6

Sinks
Atmosphere increase1 3.2 + 0.1
Oceans (modeled uptake) 1 .2.0 + 0.8

Total I 5.2 + 0.8

Imbalance (sources - sinks) 2 1.1 + 1.0

*GtC equals 1015 grams of carbon.

1Houghton et al, 1990, 1992; Sundquist, 1993.

2Dixon et al., 1994



14

Table 2: Native soil radiocarbon values

%modern date depth reference vegetation/soil type location

112 1991 0-10 Harrison, 1994 hardwood North Carolina
103 1991 10-20 Harrison, 1994 hardwood North Carolina
98 1991 20-30 Harrison, 1994 hardwood North Carolina
95 1991 30-40 Harrison, 1994 hardwood North Carolina
96 1991 40-50 Harrison, 1994 hardwood North Carolina
86 1991 70-80 Harrison, 1994 hardwood North Carolina
113 1985 0-5 this report boreal forest Saskatchewan
123 1985 0-5 Harrison, 1994 boreal forest Saskatchewan
110 1985 0-7 Harrison, 1994 boreal forest Saskatchewan
109 1985 0-5 Harrison, 1994 grass Saskatchewan
115 1991 0-2 Harrison, 1994 grass Kansas
109 1984 0-23 Harrison, 1994 grass Lombardy
113 1982 0-2 Becker-Heidman,1989 hapludalf Ohlendorf, Ger.
107 1982 0-3 Becker-Heidman,1989 hapludalf Ohlendorf, Ger.
113 1983 3-5 Becker-Heidman,1989 hapludalf Wohldorf, Ger.
120 1983 0-2 Becker-Heidman,1989 hapludalf Timmendor, Ger.
96 1959 0-23 Trumbore, 1993 temp. for CA
111 1990 0-12 Trumbore, 1993 temp. for CA
90 1959 0-22 Trumbore, 1993 trop. for. Brazil
120 1986 4.7-7.5 Trumbore, 1993 trop. for. Brazil
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Table 3: Recovering soil radiocarbon values.

%modem date depth reference vegetation location

115 1991 0-10 Harrison, 1994 pine North Carolina
98 1991 20-30 Harrison, 1994 pine North Carolina
113 1991 0-2 Harrison, 1994 grassland Kansas
99 1962 0-7.5 Harrison, 1994 pine South Carolina
123 1968 0-7.5 Harrison, 1994 pine South Carolina
128 1977 0-7.5 Harrison, 1994 pine South Carolina
121 1988 0-7.5 Harrison, 1994 pine South Carolina
77 1990 60-110 Harrison, 1994 pine South Carolina
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Table 4: Cultivated soil radiocarbon values.

%modern date depth reference native vegetation location

104 1985 0-7 Harrison, 1994 boreal forest Saskatchewan
104 1985 0-16 Harrison, 1994 boreal forest Saskatchewan
102 1985 0-17 Harrison, 1994 boreal forest Saskatchewan
99 1985 0-15 this report grassland Saskatchewan
97 1985 0-15 this report grassland Saskatchewan
104 1985 0-23 Harrison, 1994 grassland Lombardy
103 1991 0-2 Harrison, 1994 grassland Kansas
104 1985 0-15 Harrison, 1994 grassland Saskatchewan
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Table 5: Deep Soil Radiocarbon Values for Cultivated and Uncultivated Soil

%modern depth reference soil type location

49 65-105 Becker-Heidmann et al., 88 Mollisol China
76 40-50 O'Brien, 86 Mollisol New Zealand
60 60-140 Scharpseel. & Becker-Heidmann 89 Vertisol Israel
60 60-140 Becker-Hiedmann, 89 Udic India
62 85-110 Tsutsuki et al., 88 Mollisol Germany
71 80-100 Tsutsuki et al., 88 Mollisol Germany
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Table 6: Estimates of CO2fertilization for various carbon pools for an average year in
the 1980's.

x 13 Inventory(GtC)
350 500 650
imnu_l¢arbonstorage(Gt(7/yfar)

Active soil 15 60 0.7 1.0 1.4
carbon 35 0.4 0.6 0.8

15 O.2 O.3 0.3
25 60 0.7 0.9 1.2

35 0.4 0.5 0.7
15 0.2 0.2 0.3

40 60 0.5 0.7 0.9
35 0.3 0.4 0.5
15 0.2 0.2 0.3

lnventory(GtC)
500

annual,carbonstoragefGtC/vear)
Wood 25 60 0.9

35 0.5
15 0.2

Inventory(GtC)
30
annual,carbonstorage(OtC[year)

Non-woody 1.75 60 0.1
tree parts 35 0.1

15 <0.05

Inventory(GtC)
70
imnua!¢:_rbonstoragefGtC/vear)

Litter 2.0 60 0.2
35 0.1
15 0.1

Inventory (Gt C)
60
itnn_al,carbonstoragefGtC/vear)

Plants 4 60 0.2
35 0.1
15 0.05
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ASOC W NWTP L P SUM

High guess 1.4 0.9 0.1 0.2 0.2 = 2.8
(GtC/yr)

Best guess 0.5 0.5 0.1 0.1 0.1 = 1.3
(Gt C/yr)

Low guess 0.2 0.2 0.05 0.1 0.1 = 0.6-0.7
(GtC/yr)

Five components used to simulate carbon uptake on land due to CO2 fertilization

used in this study include active soil organic carbon (ASOC), wood (W), non-woody tree

parts (NWTP), and litter (L). Each of these pools has uncertainties associated with its

turnover time, carbon dioxide fertilization factor, and inventory. For active soil carbon

the turnover times ('i_)ranged from 15 to 40 years with 25 years being the most likely

value (Harrison et al., 1993a). The carbon dioxide fertiliztion factor ([_)ranged from

60% to 15% with 35% being the most likely value for all pools. The soil carbon

inventories ranged from 350 to 650 GtC, with 500 GtC being the most likely value.

Emanual et al. (1984) and Post et al. (1990) estimated the inventories and tunover times

for the remaining four pools. CO2 fertilization has the potential to account for the entire

missing sink.
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Table 7: Ecosystem division sensitivity test.

T Gt. C Gt,C/vearv

Case 1 tropical 12 120 0.16 (less tropical active carbon)
temperate 25 170 0.17
l_real 50 210 0.16

total 500 0.49

Case 2 tropical 12 170 0.23 (equal amounts of active carbon)
temperate 25 170 0.17
boreal 50 170 0.52

total 510 0.52

Case 3 tropical 12 210 0.28 (more tropical active carbon)
temperate 25 170 0.17
_real 50 120 0.09

total 500 0.54

This test shows the danger of using 25 years as representative of soil carbon turnover

times for all ecosystems. Tropical systems may have faster soil carbon turnover, but

boreal systems may turnover significantly slower. For this test, a 12 year turnover time is

used for tropical soils and a 50 year turnover time is used for boreal soils. If the 25 year

turnover time (found using primarily temperate soil radiocarbon data) falls near the mean

of soil carbon turnover times, then using it as a mean value will not lead to gross errors in

the approximation of carbon uptake in soil provided other key assumptions also prove

valid. These assumptions include that the CO2 fertilization factor of 0.35 can be applied

to the different ecosystems and that the inventories of active carbon are about equal for

the different ecosystems. These assumptions need validation with experimental work.
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Fig. 1: Soil radiocarbon values vs time.

Measured soil radiocarbon values for non-cultivated soils are plotted against time

from 1950 to 1991. The values tend to increase during the 1960's and then level off.

Model results for a theoretical carbon pool having an 850-year residence time are shown

by the line. If soil carbon consisted of components having this single residence time, one

would expect the observations to fall around this line. Data from table 2 and Harrison et

al., 1993a.
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Figure 2: Soil radiocarbon model predictions and soil radiocarbon observations vs time.

We combine 75% of the fast-cycling components with 25% of the slow-cycling

components to reproduce pre-bomb values. The pre-bomb values for the fast-cycling

pools converge because their turnover time is much less than the mean life of

radiocarbon. However, these curves diverge when bomb radiocarbon is released to the

atmosphere. Soil radiocarbon for non-cultivated soils is also plotted (open circles). We

have superimposed our soil carbon modeling results for 10-, 25- and 100-year residence

times over these data. The 10- and 100-year cycling times almost bracket the

experimental data, with the 25-year cycling time providing the best fit.



. 23

Figure 3: New Zealand test case.

O'Brien and Stout (1978) published radiocarbon data for a New Zealand

Grassland site comprised of a time series of surface soil, including one pre-bomb, and one

deep soil radiocarbon value. We used this information to attempt to validate the model

for a specific site. This site's surface soil had a slightly higher proportion of active to

passive soil carbon and a slightly faster turnover time than the 25 year global average.



, 24

•= 1.3
0
0

o 1.2

0
_1.1

I

0

Q
 .1.0
E

0
0.9 model with accumulation

Ifm

, !"1 measured soil radiocarbon
0

-- model without accumulation

0.8 , " ,
1950 1970 1990

Year

Figure 4: Radiocarbon measurements and model results for South Carolina.

The model results that best fit the surface soil radiocarbon measurements were

those from an accumulation model that took into account the increase in carbon

inventory. The carbon increased from 0.52 g/cm2 to 0.70 g/cm2. The best model fit

consisted of an initial mixture of 65% active carbon (having a turnover time of 12 years)

and 35% passive carbon (having a turnover time of 2300 years). The passive carbon

turnover time was estimated from radiocarbon measurements of soil carbon in the upper

50 cm of the B horizon. The active reservoir turnover time is about twice as fast as the

global average for native soils. Data from Richter et al. (in press) and table 3.
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