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Introduction

Quantitative estimates of carbon inventories are needed 
as part of nationwide attempts to reduce net release of 
greenhouse gases and the associated climate forcing. Nat-
urally, an appreciable amount of uncertainty is inherent in 
such large-scale assessments, especially since both science 
and policy issues are still evolving (Brown and Adger 
1994; Klabbers et al. 1996; IPCC/OECD/IEA 1997a). Deci-
sion makers need an idea of the uncertainty in carbon 
estimates in order to consider tradeoffs between known 
effects, possible outcomes, and preferred consequences. 
While an ultimate goal of assessments is to minimize 
uncertainty, a more immediate concern is to adequately 
quantify existing uncertainty. The goal of this chapter is 
to present some useful considerations for the interpreta-
tion and subsequent use of information from probabilistic 
assessments of uncertainty.

Forests store a large portion of the carbon in terrestrial 
ecosystems; therefore the extensive and largely managed 
timberlands of the United States represent a potential 
for producing offsets to carbon dioxide emissions (Bird-
sey 1992; Heath et al. 1996; Sohngren and Haynes 1997). 
Carbon content is a function of the state of forests: size, 
age, composition, productivity, and area, for example. 
These, in turn, are dependent on histories of management, 
utilization, weather, disturbance, and land use. Finally, 
all of these variables can be manipulated in many ways 
to fit differing scientific modeling approaches, as dem-
onstrated by other chapters in this volume and citations 
therein. Decision makers faced with such complexity are 
likely to want information about uncertainty.

Uncertainty is a natural element of scientific under-
standing and therefore also an element of simulation 
modeling. This is the case for many forest-system models 
where uncertainty is sometimes explicitly quantified, 
sometimes disregarded, but most often discussed in gen-
eral qualitative terms. Uncertainty in models is some-
times poorly characterized because the primary purposes 
of many models are to present best estimates or evaluate 
cause-and-effect relationships, not emphasize what is 
unknown. Additionally, “uncertainty” itself is sometimes 
a poorly defined, or elusive, quantity (Morgan and Hen-
rion 1990; Shackley and Wynne 1996). A complete quanti-
tative estimate of total uncertainty in forest carbon budget 
projections is beyond the scope of this chapter. Fortu-

nately, models of uncertainty are useful, even when they 
do not provide a “bottom line” (Morgan and Henrion 
1990; Cullen and Frey 1999).

Decisionmakers, or anyone using quantitative assess-
ments of uncertainty, will likely face the need for pooling, 
comparing, or otherwise synthesizing such assessments. 
Because such actions are essentially modeling, some 
understanding of the process may be beneficial. Here, we 
particularly emphasize the consequences of summariz-
ing uncertainty, as well as how such summaries can affect 
the perception of uncertainty in subsequent use of the 
information. Our discussion is oriented toward providing 
decision makers with an overview of some links between 
the form assigned to uncertainty and the perception of 
that uncertainty. Examples are presented from our current 
forest carbon budget modeling efforts where we employ 
probabilistic definitions of uncertainty in Monte Carlo 
simulations. The method of summarizing model results 
can affect perceived uncertainty, and summing uncer-
tainty without considering covariability among parts can 
create a false estimate of uncertainty. Details on methods 
of analysis are in Smith and Heath, (in press) and data are 
summarized from Heath and Smith (2000).

A Forest Carbon Budget Model: 
FORCARB

The model FORCARB was developed to estimate carbon 
budgets for U.S. forests (Heath and Birdsey 1993; Plant-
inga and Birdsey 1993; Birdsey and Heath 1995; Heath et 
al. 1996). Carbon budgets, as used here, are essentially esti-
mates of size for various pools of carbon inventory as well 
as net changes over time. Net change in carbon inventory 
is referred to as flux. FORCARB is linked to a system of 
models (Mills and Haynes 1995; Birdsey and Heath 1995) 
developed as part of the periodic Resources Planning Act 
timber assessments (Haynes et al. 1995). Inputs to FOR-
CARB from other models include landscape-scale projec-
tions of age-structure, volume, and area (Mills and Kincaid 
1992), and as such, they implicitly contain a wide array of 
uncertainties. The focus in these simulations was on uncer-
tainty within the FORCARB model, thus all inputs from 
other models were assumed known with certainty.

Functional relationships are used to estimate carbon 
pool sizes for hardwood trees, softwood trees, understory, 

CHAPTER 7

USDA Forest Service Gen. Tech. Rep. RMRS–GTR–59. 2000. 103

Considerations for Interpreting Probabilistic Estimates of Uncertainty of Forest Carbon Smith and Heath

forest floor, and soil based principally on age and volume 
inputs. An example of such a relationship is shown as the 
solid line in figure 7.1. Here, forest floor carbon inventory is 
estimated from stand age. Subsequent reference to a “FOR-
CARB parameter” refers to this type of functional relation-
ship. Carbon pools are then expanded to total carbon for 
large areas of similar forest-type and productivity within a 
region. These large areas are termed “forest management 
units” (103 to 107 ha with a median of 180,000 ha for the 
1990 inventory). Regional subtotals are formed and, finally, 
summed to a national total. Private timberlands in the 
48 contiguous states are represented by results presented 
here, which include 216 forest management units. Carbon 
budget projections are presented in greater detail in Heath 
and Smith (2000). The basic sequence of a FORCARB simu-
lation is illustrated in figure 7.2.

Uncertainty

Some level of uncertainty is usually a part of any 
model, assessment, or decisionmaking whether or not it 
is an explicitly considered part of the process. A widely 
used and potentially general term such as “uncertainty” 
can be confusing or misleading unless it is adequately 
defined (Hattis and Burmaster 1994; Shackley and Wynne 
1996). At its simplest level, uncertainty can be the state of 
not knowing, or the inability to quantify something with 
a single discrete value. Sources of uncertainty can vary 
widely, and as a consequence, attempts to narrow the def-
inition can require reference to variability, ignorance, sys-
tematic error, unknowns, expert opinion, semantics, or 
misapplication of a model (Morgan and Henrion 1990; 
Hattis and Burmaster 1994; Rowe 1994; Ferson and Ginz-
burg 1996; Cullen and Frey 1999). In earlier literature 
(largely stemming from Knight 1921), scientists were care-
ful to define the risk of an event by a probability based 
on documented frequencies of occurrence. Risk was con-
trasted with uncertainty where such probabilities could 
not be assigned. However, current applications employ a 
range of definitions for uncertainty, including probability; 
furthermore, valid definitions of probabilities can include 
observed frequency or even subjective expectation (Hoff-
man and Hammonds 1994; Reckhow 1994; Dakins et al. 
1996; Schimmelpfennig 1996; Paoli and Bass 1997; Haynes 
and Cleaves 1999). We use a probabilistic definition of 
uncertainty.

An unknown, but unique, inventory of carbon exists 
within a given forest management unit for a particular 
year. Our inability to precisely specify that value is the 
general definition of uncertainty we employ here. This 
concept of uncertainty implies that we can specify a range 

Figure 7.1—An example of a typical functional relationship (or 
FORCARB model parameter) used to project forest floor carbon 
inventory based on stand age (solid line). Probability bands 
illustrate our meaning and use of uncertainty in “FORCARB 
parameters” for this analysis. The bands indicate the 5th, 25th, 
50th (expected value), 75th, and 95th percentiles (bottom to top 
respectively) of the probability distribution around the dependent 
variable. (Relationship is from a Douglas fir forest management 
unit.)

of possible values and an associated likelihood for values 
within that range. This describes a probability distribu-
tion, or more properly, a probability density function 
(PDF). Thus, we use PDFs as convenient quantitative 
and graphical representations of uncertainty (Vose 1996; 
Cullen and Frey 1999). 

The effect of this definition of uncertainty, applied to 
estimating carbon for a given subset of a forest manage-
ment unit, is illustrated in figure 7.1. The broken lines 
are probability bands indicating specific points on depen-
dent variable PDFs–or uncertainties–about exact values 
of carbon per unit area. These probabilities reflect uncer-
tainty in predicting carbon from stand age. Normally 
distributed PDFs were assumed to describe uncertainty 
about FORCARB parameters (details in Heath and Smith, 
2000). No assumption of normality was required for this 
model: its use was simply a convenience for describing 
assumed expected values with symmetrical distributions. 
Analyses would ideally address all sources of uncertainty 
relevant to policymakers’ questions about forest carbon 
inventory and flux. However, as mentioned above, a prag-
matic first step is to focus on uncertainty internal to FOR-
CARB. Therefore, uncertainties presented here are limited 
to this portion of the potentially much larger system of 
models that describe forests.
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