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Asian gypsy and nun moth intreductions into the United States, possibly arriving on imported
Siberian coniferous logs, threaten domestic forests and product markets and could have global
market consequences. We simulate, using the Global Forest Products Model (a spatial equilib-
rium model of the world forest sector), the consequences under current policies of a wide-
spread, successful pest invasion, and of plausible trading partner responses to the successful
invasion. We find that trade liberalization would have a negligible effect on U.S. imports of
Siberian logs and, consequently, on the risk of a pest invasion. But, if it happened, possibly
through trade in other commaodities, a successful and widespread pest invasion would have
large effects on producers and consumers over the period 2002 to 2030.
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Because exotic pest invasions can have large
negative effects on forests, governments have
taken steps to limit the risks of introduction.
Losses of important timber species to exotic pests
have justified phytosanitary policies whose ef-
fects on invasion risks may be clear but whose
impacts on global markets are not well under-
stood. The risk of exotic pest introductions is
typically described as a positive function of trade
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flows (e.g., Margolis, Shogren, and Fischer
2005). Hence, trade measures focused on poten-
tially infested shipments are cited as cost-effec-
tive interventions that can limit introductions and
lower expected pest damages nationally (Costello
and McAusland 2003, McAusland and Costello
2004, and Margolis, Shogren, and Fischer 2005).

However, trade interventions naturally have
consequences for both domestic and international
markets. Many studies (e.g., Powell 1997, New
Zealand Forest Research Institute 1999, Roberts
1999, and Roberts, Josling, and Orden 1999)
have described how phytosanitary requirements
such as fumigation, inspection, prohibition of
certain packaging materials, tariffs, quotas, and
outright trade bans, each offered and applied as
effective control and risk mitigation measures,
can affect the structure of international produc-
tion and consumption. Effects include trade shifts
due to intervention costs and due to trade policy
responses, leading to alterations in prices, product
output mixes, and quantities produced and con-
sumed. Research that can quantify the market
effects of both a successful invasion and of poli-
cies designed to limit its probability of introduc-
tion and further spread can lead to better decisions
on how to allocate scarce resources and mitigate
negative impacts.
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The objective of this analysis is to predict some
of the economic consequences of forest-based
exotic pest invasions and of specific policies de-
signed to limit their probability and scope. To do
this, we describe and apply an empirical model of
international trade that incorporates risks of pest
invasion and related interventions." The model
extends previous work (Costello and McAusland
2003, Barbier and Shogren 2004, and McAusland
and Costello 2004) by first describing a theoreti-
cal risk-endogenous welfare model, written as a
function of all interventions and non-purchased
inputs. The objective function of this model is to
maximize market welfare (Samuelson 1952), sub-
ject to a set of policies and pest-related inventory
loss rates. The global trade model employed there-
fore accounts for the costs of a set of phytosani-
tary measures, responses of trading partners to
these measures and to a successful invasion of an
exotic pest in U.S. forests, and the resulting do-
mestic and international product market shifts.

A study that captures both the domestic and the
international timber market implications of a po-
tential exotic pest invasion and associated policies
would expand the scope of existing research.
Published assessments of the consequences of a
forest-based exotic pest have usually modeled
economic impacts at fine spatial and temporal
scales and have typically ignored timber products
(e.g., Jakus and Smith 1991, Miller and Lindsey
1993, and Sharov and Liebhold 1998). Only
Tkacz et al. (1991) have assessed the market-level
impacts of an invasive forest pest, yet that re-
search did not account for the global market in-
teractions between the United States and its trad-
ing partners in response to a successful and dam-
aging invasion of U.S. forests. This is unfortu-
nate, because the U.S. forest sector is the domi-
nant player in global markets; catastrophic timber
losses would affect, and be affected by, interna-
tional product markets, redistributing impacts glob-
ally. Likewise, domestic and international phyto-
sanitary policies in response to such timber losses
would have impacts that transcend U.S. borders.

' Examples of interventions include constructing and maintaining
detection devices (e.g.. traps), conducting periodic aerial surveys,
spraying, sanitation cutting in areas of active infestation, altering forest
management activities to reduce risks, and funding research to find
better ways to limit introductions, spread, establishment. and the eco-
logical and economic damages that such invasive species cause.
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A brief review of the importance of the U.S.
forest sector can illustrate how failure to prevent
introduction or to eradicate an introduced pest
could have major consequences for the United
States and its trading partners. In 2002, the U.S.
forest sector—forestry and logging, and wood and
paper manufacturing—added US$148 billion to
gross domestic product (1.6 percent of gross do-
mestic product), and had exports worth $18.7 bil-
lion, amounting to 2.7 percent of all commodity
exports, the second highest in the world, after
Canada (Howard 2003). To accomplish this, the
sector—excluding  furniture—employs over 0.8
percent of the non-farm workforce, or 1.1 million
people in 2005 (U.S. Department of Labor 2006).
The great extent of the domestic forest resource
[226.8 million ha or 5.9 percent of global forest
area and 32.2 billion m’ or 8.2 percent of global
forest stock (Food and Agriculture Organization
2001)] and the consequently high rate of indus-
trial roundwood production [405 million m® or 25
percent of world production (Food and Agricul-
ture Organization 2005)] explains why the United
States is the world’s largest producer of wood
products (Table 1). The size of the U.S. economy
also accounts for the country’s status as the
world’s largest consumer of forest products. In
fact, consumption of finished wood products out-
strips production (Table 1), making the United
States the world’s largest importer of wood prod-
ucts—US$32.3 billion in 2002 (Howard 2003)—
particularly sawnwood and wood-based panels
(Table 1).

The specific application of our model is to the
potential introduction of two tree-defoliating Asian
insects, the Asian gypsy moth (Lymantria dispar)
and the nun moth (Lymantria monacha). The
timber market impacts of a successful invasion by
such defoliators were simulated as part of an
assessment conducted by Tkacz et al. (1991). The
risk assessment was inspired by interest among
wood product companies in the late 1980s and
early 1990s in importing unprocessed larch (Larix
spp.) logs from Siberia and the Soviet Far East.
The study evaluated the potential consequences
of several Asian pests that could enter the United
States attached to these softwood logs and ship
hulls arriving at American ports. The result of the
assessment was a policy effectively banning the
import of those logs into the United States,
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Table 1. U.S. Production and Consumption of Wood Products, 2002

Consumption Production
1000 m’ or Percent of 1000 m° or Percent of
Product metric tons World metric tons World
Industrial roundwood (m’) 396,153 24.8 404,735 25.4
Sawnwood (m’) 122,047 315 89,151 22.8
Wood-based panels (mh) 56,089 284 40,517 20.7
Fiber furnish (metric tons) 82,720 25.6 91,588 28.6
Paper and paperboard (metric tons) 89,509 27.6 81,792 25.1
Source: Food and Agriculture Organization (2005).
especially due to the risk of an uncontrolled Methods

invasion by one of the pests, the Asian gypsy
moth,” a known aggressive defoliator of many
American tree species, including species
important to the U.S. timber industry (Roughgar-
den 1986).°

The modeling is accomplished with a modified
version of the Global Forest Products Model
(Buongiorno et al. 2003). The model predicts
country-by-country production, consumption, and
trade effects of direct trade measures. The model
is adapted to quantify the market and trade im-
pacts of an invasive species that would reduce
forest inventories in the United States. For this
research, the effects of the invasion and related
intervention and trade policies are measured by
the differences in market outcomes under varying
scenarios of invasion and types of interventions,
compared to a base case of no invasion. Thus, as
suggested by Barbier (2001), the economic im-
pact of an invasion or a policy is assessed by
comparing ex ante and ex post market equilibria.
These impacts can then be compared with the
costs of the envisaged policy to help in decision
making.

? Modeling using the Timber Assessment Market Model (Adams and
Haynes 1980) showed catastrophic losses to the sector, totaling (in
producer price index inflated dollars to 2004) $45 billion (Tkacz et al.
1991, pp. 5-7) of producer plus consumer surplus.

* The spread rates of Asian gypsy moth are rapid—more rapid than the
European variety that has been spreading from the northeastern United
States since 1869—and the detection is difficult and relatively
expensive, according to Tkacz et al. (1991). Keena (2003) also docu-
ments research showing that important timber species in the United
States would be highly vulnerable to these Asian defoliators.

Theory and Empirical Model

Evaluation of the domestic and international im-
pacts of potential moth introductions via infested
shipments of Siberian softwood logs imported
into the United States is done with the Global
Forest Products Model (GFPM) (Buongiorno et
al. 2003). The GFPM is a spatial equilibrium
model (Samuelson 1952) of the world forest
sector. The model is able to quantify the country-
by-country effects of shifts in trade barriers,
timber demand, and timber inventories (forest
stocks)—including the effects of changes in
inventory brought about by a damaging exotic
invasive. It provides annual projections of pro-
duction, consumption, and trade for 180 countries
and 14 forest product categories. A mathematical
description of the GFPM is in Appendix A.

The principal decision maker in the case of a
potential invasion is the government, which can
impose trade measures, require pre-import treat-
ments, and devote resources to detection and eradi-
cation. An invasive pest affects domestic timber-
land owners by causing a loss in their timber in-
ventories. The inventory loss can take many years.
The government planner’s decision is to maxi-
mize public welfare," narrowly in the timber mar-

* Maximizing the welfare of the forestry sector alone assumes sepa-
rability of the sector from the rest of the economy. Another model,
perhaps a global computable general equilibrium model, could evalu-
ate the effects of imposing this assumption, capturing the effects of
forest sector shifts on economy-wide variables. Yet, we contend that
the general equilibrium effects on economy-wide variables such as
wages, the cost of capital, and exchange rates for the United States
would be relatively small, given the size of the U.S. forestry sector
relative to that of the whole economy.














































