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A B S T R A C T

Renewable natural resources that have biological constraints on reproduction and are open-access may be
subjected to intense harvest activity that limits regeneration, potentially leading to a backward-bending long-run
supply curve. Empirical evidence of such supply abnormalities has been found for some open-access fish species
but not yet for non-timber forest products (NTFPs). We describe the theory of the backward-bending long-run
supply and how such a supply relationship could produce multiple market equilibria, affecting regulatory
outcomes. An empirical example is provided to test the theory in the case of wild American ginseng (Panax
quinquefolius), which has been subjected to habitat loss and harvest pressure since the 18th Century and now has
its exports regulated. We find evidence that quantities supplied are negatively related to price in the long run,
indicating that harvest pressure is restricting wild ginseng harvestable stocks. Also, we find that a federal reg-
ulation banning exports of roots from plants under five years old, in effect since 1999, coincided with a reduction
of supply. This result could be due to the slow natural rate of population recovery.

1. Introduction

Renewable natural resources provide numerous products in the
economy, including food, fiber, energy, and medicine. In certain cases,
legal and customary rights as well as specific characteristics of the re-
source and its environment can create situations where access is diffi-
cult to limit and harvests are difficult to monitor and control – making
them “de facto open-access” resources (Bulte and Engel, 2006). Status as
an open-access resource has vast implications for production, markets,
trade, and regulation of these resources, which in turn can influence the
availability and sustainability of the resources themselves. A classic
example is marine fisheries (Gordon, 1954), which are difficult to
regulate and monitor because of their vast size and international
nature, and hunting and trapping of certain wildlife species can also fit
this paradigm.

Non-timber forest product (NTFP) markets and trade are often in-
formal and not fully understood (Alexander et al., 2002). Since the
1970s, the harvest of certain NTFPs has been regulated in the United
States, with wild American ginseng (Panax quinquefolius) being the
foremost example (US FWS, 2017). Design of regulatory policies de-
pends crucially on sociological and ecological research to understand
harvesters and harvest impacts. However, Gordon (1954) recognized
that the question of commercial exploitation (and over-exploitation) of

natural resources includes an economic component. Market price,
which is determined simultaneously with production and consump-
tion, undoubtedly influences and is influenced by harvests. The posi-
tion of the supply function in price-quantity space is itself determined
by economic and biological factors including stocks, reproductive
rates, cost of productive inputs, and policies that may constrain ac-
tivities or make them more costly, while the position of the demand
function is determined by numerous social, macroeconomic, and policy
factors.

The present study offers insights into how supply and demand
curves for NTFPs that are rivalrous, open-access, and under intense
harvest pressure, could be shaped and describes how external factors,
including regulations, may impact supply and demand. The objective
was to develop a theoretical framework for understanding certain as-
pects of NTFP markets, trade, and regulation under certain conditions.
We argue that, in cases where it is difficult to limit access of outsiders
to products, a backward-bending supply curve is theoretically plausible
at high levels of harvest intensity, particularly for NTFPs where the
entire plant is harvested. We discuss the implications of this curvature
on harvest and trade, well-being of harvesters, and regulation. Finally,
we use data on wild American ginseng harvest and sale for export to
look for evidence of the backward-bending supply and discuss im-
plications.

https://doi.org/10.1016/j.forpol.2018.09.011
Received 15 February 2018; Received in revised form 10 September 2018; Accepted 15 September 2018

⁎ Corresponding author.
E-mail addresses: gregoryefrey@fs.fed.us (G.E. Frey), jchamberlain@fs.fed.us (J.L. Chamberlain), jprestemon@fs.fed.us (J.P. Prestemon).

Forest Policy and Economics 97 (2018) 97–109

1389-9341/ Published by Elsevier B.V.

T

http://www.sciencedirect.com/science/journal/13899341
https://www.elsevier.com/locate/forpol
https://doi.org/10.1016/j.forpol.2018.09.011
https://doi.org/10.1016/j.forpol.2018.09.011
mailto:gregoryefrey@fs.fed.us
mailto:jchamberlain@fs.fed.us
mailto:jprestemon@fs.fed.us
https://doi.org/10.1016/j.forpol.2018.09.011
http://crossmark.crossref.org/dialog/?doi=10.1016/j.forpol.2018.09.011&domain=pdf


2. Theory of supply and regulation of wild-harvested non-timber
forest products

2.1. Demand and supply

The Laws of Demand and Supply state that for most products, ag-
gregate quantity demanded, the sum of individual consumption deci-
sions, is negatively related to price, and aggregate quantity supplied is
positively related to price. Supply of a wild-harvested product is af-
fected by a combination of social and biological factors, which vary for
different types of NTFPs. For many NTFPs, production inputs are
dominated by individual producers' labor, which is dedicated to the
search for and extraction of the product from the forest (Chamberlain
et al., 2017). Each laborer has a reservation price, below which no labor
is provided, which could be affected by factors such as employment
status of the individual. In the aggregate, holding factors like un-
employment rate constant, higher product prices would attract more
labor.

The “short run” in economic modeling is defined as a time period in
which some production inputs are fixed; in the “long run” none are
fixed. Given constant NTFP stocks, in the short run higher prices lead to
increased labor input and hence increased production. However, if
harvest increases lead to stock decreases, then a negatively sloped, or
“backward-bending” supply relationship with price could emerge in the
long run. While short-run supply is typically expressed as a function of
variable factor inputs and quasi-fixed stocks (inventories), long-run
supply relaxes the fixed stock assumption, potentially leading to inverse
price-quantity supply relationships.

2.2. Backward-bending long-run supply curves in natural resource literature

Forestry literature has presented models of backward-bending long-
run aggregate supply curves for timber in certain situations (Binkley,
1993). The situation can occur where there is neither intensification of
investment (such as planting trees, site preparation, etc.) nor conver-
sion of land to timber production from other uses (Yin and Newman,
1997).

Evidence from fisheries highlights the pivotal role that a fixed
production base, lack of clear ownership rights, and biology play in
making a backward-bending long-run aggregate supply relationship
possible. In the short-run, increasing fishing efforts will always increase
catch – there is no backward-bending short-run supply. However, in the
long run, intense fishing efforts at the aggregate level result in a de-
crease in catch (Bell, 1972; Clark, 2005; Copes, 1970; Nøstbakken and
Bjørndal, 2003; Thuy and Flaaten, 2013; Turvey, 1964). Above a cer-
tain effort level, fish populations are depleted such that they cannot
reproduce enough to meet the maximum sustainable yield (MSY)
(Clark, 2005, p. 13). This “biological over-fishing” would occur in cases
where the market price is relatively high, and the effort costs relatively
low (Flaaten, 2011, p. 36). Maximum profits (maximum economic
yield, MEY) are achieved at effort levels below that of MSY (Flaaten,
2011, p. 32; Gordon, 1954).

Copes (1970) identified two necessary conditions for a backward-
bending supply curve: biological limitations on reproduction and in-
ability to restrict access of others to harvest. Even if a resource meets
these conditions, they alone are not sufficient to imply that the resource
is on the backward-bending portion of the curve. Since zero harvest
effort implies zero harvests, the long-run supply curve must be upward-
sloping at low harvest levels before it can then bend backward at higher
harvest intensities. Thus, high harvest intensity is necessary before
backward-bending supply becomes an empirical reality.

With a backward-bending long-run supply, supply and demand may
define multiple price-quantity equilibria. Fig. 1 shows hypothetical
demand and backward-bending long-run supply curves. There are two
equilibrium points in this hypothetical scenario: qa and qb. However, qb
is unstable. That is, if an initial price falls on the curve below qb, it will

be driven in equilibrium towards qa, if above qb, it would create a si-
tuation in which price and quantity are driven away from the unstable
equilibrium qb towards higher price and zero quantity produced in the
long-run—i.e., extinction (Clark, 2005, pp. 133–135). Such price-
quantity conditions can be initiated by a shift in the supply curve
caused by natural reproductive variability, natural disasters, or policy
changes (Holden and McDonald-Madden, 2017), or a shift in the de-
mand curve caused by macroeconomic, social, or other factors.

2.3. Common-pool resources

Copes' (1970) two conditions for a backward-bending long-run
supply, restated, are essentially the definition of a “common-pool re-
source”: limits to reproduction suggest the resource is rivalrous,1 i.e., an
individual's use of the resource reduces another's potential use; and
inability to restrict access suggests that the resource is open-access2

(Ostrom and Ostrom, 1977).
Many forest plants and fungi grow and mature slowly. Harvesting an

NTFP means that someone else cannot also harvest it, so it meets the
first condition of rivalry. In a legal sense, however, forest plants do not
technically meet the second condition of open access. The land in the
United States is owned by discrete landowners who legally own the
plants on their land and control access rights. However, forests are
large, and some wild NTFPs are remote and scattered over a large area,
with precise locations that are not well known or that shift over time,
and/or can be extracted over long periods during the year, so access is
extremely difficult to monitor and control (Bulte and Engel, 2006;
Everett, 2001; Love and Jones, 2001). Private lands have a large
number of absentee landowners (Petrzelka et al., 2013). Even for public
lands and for private lands with landowners residing nearby, land area
and number of access points may be too large to effectively monitor.
Furthermore, many of the NTFPs themselves are small, lightweight, and
easily concealed (Everett, 2001). These factors create a “de facto open-
access” condition for many NTFPs (Bulte and Engel, 2006). This con-
cept is further validated by the well-known fact that many NTFP har-
vesters are extremely secretive about harvest methods and locations
(Love and Jones, 2001; Vaughan et al., 2013); that is, there would seem
to be little need to be so secretive if the resource were well monitored
and controlled.

Ostrom and Ostrom (1977) recognized that there are degrees of
rivalry and open access, and some NTFPs fall more into the common-
pool category than others. For example, harvesting which kills the en-
tire plant, such as harvesting the roots of ginseng or goldenseal, is more
rivalrous than only removing fruits or fruiting bodies, such as with
mushrooms or berries; or simply collecting dead portions of a tree, such
as pine straw. Similarly, some NTFPs are more easily monitored and
controlled and therefore easier to exclude outsiders. For example, a
wild huckleberry patch may be geographically compact and have a
relatively short harvest season.

2.4. Regulation and conservation

Since common-pool resources may have supply and demand curves
that define multiple equilibria, and situations where populations are
driven to extinction or simply over-harvested are possible, regulation is
justified to reach a management regime closer to what is economically
optimal, defined by the maximum economic yield (MEY) (Turvey,
1964). The reversal of the usual slope of the supply curve produces
regulatory results that may seem counter-intuitive if the explicit eco-
nomic model is not fully considered. For this reason, it is useful to
consider qualitative theoretical descriptions of the potential impacts

1 Several synonymous terms may be used: “alternative use”, “subtractible”,
“consumptive”, etc.
2 The term “non-excludable” is a synonym.
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with a backward-bending supply curve. Most of the following results
have been described in the fisheries literature, including mathematical
formulations (Clark, 1980, 2005; Flaaten, 2011; Gordon, 1954; Turvey,
1964). Our approach here is to discuss those results in the context of
NTFP harvesting. We, therefore, discuss regulations that have been
implemented or proposed for NTFPs (see: Burkhart et al., 2012; Pierce
and Burgener, 2010) or those that have direct parallels in the regulation
of other resources. We do not take an explicitly mathematical approach;
instead, we discuss implications of regulation on equilibrium price and
quantity in a qualitative way.

An economic perspective on NTFP regulation is valuable, but un-
derstanding the influences of the underlying the ecological, legal, so-
cial, and tenure context is also important, and dialogue with resource
users is key to policy formulation. As a first example of the limits of
traditional economic models, farm-raised or artificial alternatives are
assumed to be substitute products for wild-harvested products, driving
down the price of the wild product, but in fact have been known to
legitimize illegal trade or unsustainable practices, confuse consumers,
or even make the wild product more desirable and of higher profile
(Fischer, 2004). As a second example, a tax on harvest may generate
socially desirable outcomes, but could still face political opposition,
which would not be anticipated by certain economic models. We pro-
ceed, therefore, with a clear view of the merits and limits of an eco-
nomic approach towards policy analysis.

Traditionally, literature has recognized two goals of regulation of
common-pool resources: optimizing the level of biological stock of the
resource and optimizing the level of harvest effort. Both factors must be
optimized to achieve the socially-desirable goal of MEY (Clark, 1980;
Turvey, 1964). Additionally, we briefly consider demand-side and other
governance policies.

2.4.1. Optimizing biological stock: age or size restriction, total quotas,
harvest seasons; stocking

Optimizing the biological stock of NTFPs has the economic goal of
maximizing the harvest at any given level of harvest effort. This is
achieved by ensuring sufficient plants are physically present in the

forest to reproduce. In practice, this can be achieved by several types of
regulations. First, age or size restrictions limit harvest to plants above a
certain age or size have been adopted in certain cases and are con-
ceptually similar to regulations of fishing nets with larger meshes.
Second, a total quota would prohibit harvest each year after a certain
amount has been harvested. Third, a harvest season could be imposed
and shortened or lengthened to allow the appropriate stock level.
Fourth, an alternative or complement strategy which is not typically
discussed in marine fisheries literature might be to “stock” forests with
NTFPs, similar to stocking streams with trout.

Normally, intuition suggests that any regulation restricting harvest
to only a certain quantity would reduce production at all price levels,
i.e., shifting the supply curve inwards. However, since the stock level
depends on reproduction, preventing harvest of some plants could in-
crease long-run supply (Clark, 1980; Turvey, 1964), that is, increase
harvest at each level of harvest effort. However, it could take years to
reach this long-run equilibrium and be accompanied by decreases in
catch levels at each price in the short run.

2.4.2. Optimizing harvest effort: taxes, licenses, and limits
Turvey (1964) demonstrated that optimal regulation could be

achieved with mechanisms which control the stock size and harvest
effort. Fig. 2a shows the effect of an excise tax on backward-bending
supply, with a hypothetical demand curve. The dotted curve represents
the supply without tax; a tax shifts the supply curve up to the dashed
curve. Without the tax, there are three possible equilibria – q1a and q1c
are stable equilibria, while q1b is unstable. The exact effect of a tax is
dependent on the shape of the demand curve with respect to supply. If
we suppose that the current equilibrium is a point such as q1c, a tax
could shift the equilibrium to a point such as q2. Licenses and limits for
individual harvesters theoretically have a similar impact to taxes
(Fig. 2a) – by raising the cost of participating in the market they force
the equilibrium towards lower harvest efforts (Flaaten, 2011, p. 41).

Economically speaking, a tax, license, or limit that caused the
equilibrium price from a place on the backwards-bending portion of the
curve to the MEY would cause aggregate resource rents to be higher
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Fig. 1. Hypothetical linear demand and backward-
bending supply for a common-pool non-timber forest
product with slow reproduction. The point pb, qb is
an unstable equilibrium. At initial levels of the price
below pb, market equilibrium price and quantity will
be driven to pa, qa. At initial levels above pb, the
market will drive price higher and quantity towards
zero, potentially towards extinction.
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because of higher resource yields concurrent with lower effort (costs)
(Flaaten, 2011, p. 32; Gordon, 1954).

2.4.3. Demand side programs and policies
Another set of possible programs and policies would attempt to alter

the demand for wild-harvested products. If demand were reduced
(shifted inward), there could be a large shift in equilibrium price and
harvest effort (from q1c to q2), leading to a long-run recuperation of the
species (Fig. 2b). As an (non-NTFP) example, countries have im-
plemented import bans on rhinoceros horn, introduced substitutes,

removed horn from the official list of medicines, initiated awareness
campaigns, and undertaken research to demonstrate the inefficacy of
horn as a remedy (Ellis, 2013).

2.4.4. Governance of common-pool resources
Common-pool resources were famously discussed by Hardin (1968),

in which the rivalrous and open-access nature of a common-pool re-
source creates a situation in which additional production effort leads to
overexploitation and lower overall production. However, community-
based natural resource management has been shown to be effective at
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a Figs. 2. a–b.Hypothetical linear demand and back-
ward-bending supply curves without and with po-
licies that would affect supply or demand, demon-
strating the impact of policies on equilibrium
quantities traded and price. (a) Effect of a hypothe-
tical $200/lb. excise tax, showing that the tax could
potentially shift an equilibrium quantity from q1c to a
much higher equilibrium quantity q2, with lower
corresponding equilibrium price. Note that the
supply without tax has multiple possible equilibria,
with q1a and q1c being stable equilibria and q1b un-
stable. (b) Effect of a hypothetical policy that reduces
demand, showing a potential change in equilibrium
quantity from q1c to q2.
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mitigating the problems in some instances (Agrawal, 2001; Ostrom,
1990). Agrawal (2001) identified critical enabling conditions within
four main areas: resource system characteristics, group characteristics,
institutional arrangements, and the external environment. Effective
governance requires (among other things) exclusion of those outside
the community, effective monitoring of the resource, and graduated
sanctions for violations of norms (Ostrom, 1990), all of which serve to
mitigate the open access problem. However, the ability to enact such a
governance system depends crucially on the ecological and social
context of the resource (Agrawal, 2001; Ostrom, 1990). To our
knowledge, there are few documented examples of formal collective
governance institutions specifically for NTFPs in the United States;
however, informal institutions and co-management with other forest
resources may occur on some tribal and public lands.

3. Case study: wild American ginseng

3.1. Background: wild American ginseng markets, trade, and regulation

We used available data on wild American ginseng harvest and ex-
ports to test for a backward-bending supply curve. American ginseng
root is valued in East Asian traditional medicine, spawning widespread
harvesting and vibrant international trade. American ginseng can be
cultivated in the field under shade-cloth, and that segment of the in-
dustry comprises approximately 90% of U.S. exports by weight (US
FWS, 2016). However, wild roots are strongly preferred by consumers
and thus command a price of 10 to 25 times the field-grown price
(Beyfuss, 1999; Davis and Persons, 2014, pp. 31–32). In 2013, prices for
dry wild American ginseng root at the first point of sale after harvest
were typically $700–800 per pound, and prices up to $1250 per pound
were reported (Chamberlain et al., 2013). Ginseng root is unique
among forest products in having such a wide differential between wild-
harvested and cultivated prices.

Nineteen states are certified to export wild American ginseng, which
together generated total estimated annual revenues for harvesters of
$22 to $43 million from 2000 to 2007 (Chamberlain et al., 2013). In-
diana, Kentucky, North Carolina, Tennessee, and West Virginia are the
top five producers of wild-harvested American ginseng, accounting for

about 70% of reported harvest (Table 1). Kentucky alone reported
about 25% of the total harvest. Pennsylvania, New York, Missouri, West
Virginia and Kentucky have the greatest amount of potential ginseng
habitat, broadly defined as forests in the oak-hickory and maple-beech-
birch groups3; however, New York and Missouri are on the edge of the
natural range of American ginseng. Much of the prime habitat for wild
American ginseng is on private lands (Table 1), yet a significant portion
of ginseng harvest is on public lands (Chamberlain et al., 2013). The
average annual harvest of wild American ginseng from 2003 to 2007
increased by 12% to 2008–2012 (Table 1). Over a longer time horizon,
however, post-2000 harvests are significantly lower on average than
1978–2000 (Fig. 3). These changes demonstrate the need for supply
modeling to control for coinciding exogenous factors such as regulation
and economic downturns.

Wild American ginseng harvest is a secretive affair (Burkhart,
2011), and various factors can make existing ginseng plants difficult to
detect (Bailey, 1999). Most of the habitat for ginseng is accessible in
rural forested areas. Access difficult to control, and poaching is known
to occur (Burkhart et al., 2012; McGraw et al., 2013). This makes de
facto open access plausible.

NTFPs can serve as economic resources for people during difficult
economic times (Pierce and Emery, 2005). Wild American ginseng has
been a source of income for rural people and export-oriented firms in
the United States since the 1700s (Nash, 1898). It is thought to provide
an economic safety net in Appalachia and other rural areas of eastern
North America. Bailey (1999, p. 24) found that coal mine layoffs and
drought accounted for 72% of the variation in ginseng harvest in West
Virginia. The research, however, did not account for the effect of price
on harvest levels, or the interaction of supply and demand.

Biologically, American ginseng is a long-lived forest perennial that
grows slowly and has low reproductive rates (Charron and Gagnon,
1991; McGraw et al., 2013; Mooney and McGraw, 2009), making it
sensitive to decreases in adult survival (Van der Voort and McGraw,
2006). The root and entire plant is extracted,4 likely decreasing long-

Table 1
Average annual harvest (dry pounds) of wild American ginseng by state for two recent five year periods, with associated potential habitat across ownership classes.
[source: data provided by the US Fish and Wildlife Service].

State Average Annual Harvest (dry pounds) Percent Change
2003–07 vs.
2008–12

Potential Ginseng
Habitata (acres)

Percent of Potential Ginseng Habitata by Ownership Class

2003–2007 2008–2012 National Forests Other Federal State and Local Private

Alabama 614.8 693.2 12.7% 7,082,722 2.9% 1.2% 2.9% 92.9%
Arkansas 1325.6 891.2 −32.8% 7,805,889 13.2% 2.4% 1.6% 79.4%
Georgia 289.7 265.7 −8.3% 6,454,236 5.4% 1.7% 3.9% 85.9%
Illinois 2501.1 2574.2 2.9% 3,472,063 5.5% 0.0% 0.2% 84.0%
Indiana 5123.1 4224.6 −17.5% 3,826,987 3.8% 3.3% 7.8% 84.7%
Iowa 621.4 758.7 22.1% 2,077,680 0.0% 3.3% 10.6% 86.0%
Kentucky 14,673.7 14,905.5 1.6% 10,588,720 6.8% 2.7% 2.0% 87.8%
Maryland 115.1 141.7 23.2% 1,640,783 0.0% 2.9% 25.5% 71.9%
Minnesota 1108.2 665.0 −40.0% 3,439,900 12.1% 1.2% 21.6% 71.6%
Missouri 1429.2 1325.0 −7.3% 12,531,879 9.5% 2.1% 5.8% 82.8%
New York 168.7 325.5 92.9% 13,643,992 0.1% 0.4% 25.0% 74.5%
North Carolina 6559.3 11,567.5 76.4% 7,278,582 8.9% 3.7% 3.8% 80.4%
Ohio 3320.2 3471.9 4.6% 6,743,017 3.4% 0.6% 9.7% 86.3%
Pennsylvania 1164.3 876.0 −24.8% 14,498,135 3.0% 0.9% 26.7% 69.4%
Tennessee 8070.2 10,619.9 31.6% 10,388,954 5.1% 4.7% 6.5% 83.3%
Vermont 93.7 148.9 58.8% 3,330,283 10.6% 1.2% 10.0% 77.5%
Virginia 3261.8 3885.0 19.1% 10,056,761 12.7% 3.2% 3.9% 78.8%
West Virginia 5279.8 5383.8 2.0% 11,111,982 8.4% 1.5% 3.1% 87.1%
Wisconsin 1895.9 1995.9 5.3% 8,211,963 7.7% 0.8% 15.4% 76.1%
TOTAL 57,615.8 64,719.2 12.3% 144,184,528 7.0% 1.9% 10.0% 80.9%

a Potential ginseng habitat is broadly defined as forests in the Oak-Hickory and Maple-Beech-Birch groups. (based on analysis of USFS Forest Inventory and
Analysis data).

3 In reality, ginseng grows only in small niches within each of these broad
forest types.
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term population endurance (Ticktin, 2004). Demographic studies of
American ginseng reveal that the plant can sustain very low levels of
harvest (Van der Voort and McGraw, 2006). While harvest rates up to
8% of the existing stock of plants each year may be sustainable
(Charron and Gagnon, 1991), typical harvesting practices are often not
ideal (McGraw et al., 2010; Van der Voort and McGraw, 2006), leading
to population declines (Souther and McGraw, 2014).

American ginseng is a species of conservation concern, mostly due
to harvest pressures, browsing by deer, the spread of invasive species,
and loss of habitat5 (McGraw et al., 2013; Mooney and McGraw, 2009;
Van der Voort and McGraw, 2006). In 1975, American ginseng was
listed in Appendix II of the Convention on International Trade in En-
dangered Species of Wild Fauna and Flora (CITES), meaning that a
country must ensure that the product is obtained legally and the export
is not detrimental to the survival of the species (CITES, 2015; US FWS,
2015). The US Fish and Wildlife Service (FWS) determines if the export
of wild-harvested ginseng root will be detrimental to the species sur-
vival, approves state regulation programs (see: 50 C.F.R. § 23.68,
2014), and issues permits for export. Each state that is approved to
export American ginseng reports annually the amount of root wild-
harvested, by county, based on reports by registered dealers who obtain
information from harvesters at the first point-of-sale.

Current ginseng harvest regulations by the states include limiting
the harvest season, limiting the sale of ginseng to registered dealers,
and the imposition of a minimum harvest age. In 1999, the FWS de-
termined that harvest of wild ginseng in all states should be restricted to
plants five years old or older (US FWS, 2013). In 2005, the FWS ad-
ditionally limited the harvest of ginseng roots for export to plants

10 years old or older. This second, more restrictive regulation was re-
versed, from 2006 to present, with harvest age limit reverting to five
years old (P. Ford, personal communication, 14 April 2015). Age of the
plant at harvest is determined first by the harvester, then verified by the
registered dealer, and finally certified upon inspection by the author-
ized state government personnel (P. Ford, personal communication, 3
April 2015). Pre-harvest, three leaves per plant is an indicator that
plants are at least five years old (McGraw et al., 2010). Post-harvest,
age can be determined by counting the number of stem scars on the root
neck (US FWS, 2013).

3.2. Data and methods

3.2.1. Data
We obtained ginseng harvest quantity data for 1978–2013 from

FWS. High and low prices in United States dollars ($) per dry pound
each year from 1982 to 2013 were obtained from Davis and Persons
(2014, p. 41). While data on quantity are available at the state and even
county level, price data are more limited, being only available as annual
national prices. This restricts our level of analysis to the national level.
We utilized the midpoint between the high and low prices. Prices were
converted to real 2005 $ using the Consumer Price Index (CPI) (US BLS,
2014). Fig. 3 shows the historical quantity harvested and the real (2005
$) midpoint price of wild American ginseng. Descriptions and sources of
data used for other exogenous supply and demand variables are in
Table 2.

3.2.2. Statistical estimation of long-run supply
Statistical estimation of supply and demand equations involves si-

multaneous equation estimation methods. A traditional linear for-
mulation of the demand equation is:

q p x( )d t d d p t
i

m

d i d i t d t, ,0 ,
1

, , , ,= + + +
= (1)

where qd,t and pt are the demand quantity and market price of the good
traded in time t, xd,i are exogenous variables affecting demand, β are
coefficients, and εd,t is a random error. If the Law of Demand holds, βd,p
will be negative. Similarly, the linear supply equation is:
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Fig. 3. Historical data for quantity of U.S. wild American ginseng harvest for export (dry pounds per year) and real midpoint price (midpoint between high and low
prices for the year) (2005 $ per dry pound) from 1978 to 2013.

4Most states provide guidelines that encourage harvesters to replant ripe
seeds from extracted plants near the site of harvest.
5 There is substantial suitable habitat that is not populated with ginseng

(Chamberlain et al., 2013; McGraw et al., 2013), so loss of habitat is currently a
problem that only affects localized areas, for example after a timber harvest
(Chandler and McGraw, 2015). However, much of eastern North America was
far more deforested in the past. Given that ginseng thrives in mature forests and
that it may take time for ginseng seeds to repopulate formerly deforested areas,
past deforestation might limit present populations.
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where the s subscript indicates variables and parameters of supply and
the j subscript represents the various different exogenous determinants
of supply, xs,j. If the Law of Supply holds, βs,p will be positive in the long
run. A negative coefficient (βs,p) on price in the long-run supply model
is indicative of backward-bending supply over the range of data. Since
part of the supply curve must be upward-sloping, a backward-bending
supply curve implies a non-linear supply specification. To avoid forcing
the data into a backwards-bending model, we first attempt to fit a
traditional linear supply model to the data. If a negative slope is esti-
mated, a nonlinear backward-bending model can be fit.

There are several exogenous explanatory variables xs and xd that
may influence (shift) supply and demand. To avoid overfitting the
model, it was necessary to select a limited number of exogenous ex-
planatory variables, which are given in Table 2. Each of these variables
has an expected sign, based on what are considered to be the usual
characteristics of most goods in the marketplace. Deviations from those
usual signs, however, do occur with goods that do not share those
“usual” characteristics. First, we expected cultivated American ginseng
to act as a substitute for wild American ginseng, that is, the coefficient
is positive in both the long and short run. Second, we expected that wild
American ginseng is a normal good, meaning demand increases with
the higher aggregate economic output (gross domestic product) in
China, where most ginseng is consumed. Third, because the prices that
consumers face for imported wild American ginseng depend on the
dollar-yuan exchange rate, demand in China for wild American ginseng
was hypothesized to be affected by the exchange rate. Fourth, the short-
run supply of wild American ginseng increases with higher unemploy-
ment, implying higher supply at any given ginseng price. Finally, long-
run and short-run supply decrease with increased regulation in the
United States. This normally would be understood to be the case if
supply were upward-sloping, but the opposite would be expected if the
supply is backward-bending.

Total stock of the resource and supply are implicitly linked (Binkley,
1993). In the short run, stocks are quasi-fixed, so a short-run model
would include stock levels as an exogenous variable to control for it. In
the long-run, stocks are not fixed, and stocks are affected by long-run
equilibrium levels of price and quantity supplied. Including stock and
price together in the statistical model would change the interpretation
of the effect of price on quantity supplied. That is, by explicitly con-
trolling for the stock in the price-quantity relationship, supply would be
understood as being for a fixed level of stock, rather than an implicitly
changing level of stock.

Past research has generally addressed the issue in one of two ways.
The first is to estimate a model of quantity harvested as a function of
stock, then make certain assumptions to impute a derived supply curve.
The second is to let stock be implicitly controlled by price (or harvest

effort) estimate a model of quantity harvested as a function of price (or
harvest effort), after which point it is possible to make certain as-
sumptions to impute an estimate of stock. The first approach is taken by
Nøstbakken and Bjørndal (2003), and the second by Thuy and Flaaten
(2013) and Bell (1972), for example. Thuy and Flaaten (2013) explicitly
address the issue of modeling supply without information about stock,
and develop four models to do so.

No national data exist on total stocks of ginseng in the woods, so we
take Thuy and Flaaten's (2013) approach. Of the functional forms they
used, we utilized Model 2 because of relative simplicity for use with
aggregate empirical data, including other exogenous supply shifters
(xj), following Bell (1972):
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The MSY of this curve is defined by the point where it turns from
upward-sloping to backward-bending, that is, where 0dq

dp = . This MSY
point can be shown to be (Thuy and Flaaten, 2013):
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This MSY quantity can be parameterized at any level of the exo-
genous variables, xj. Long-run equilibrium stock (X) can also be im-
puted by the following expression.

X
r p

p1=
(6)

where r is the natural rate of population growth (without harvest).
Evaluating the term at pMSY would yield the stock at MSY (XMSY).

3.2.3. Instrumental variables regression
Because Thuy and Flaaten (2013) and Bell (1972) modeled supply

of small groups of fishermen, the market price can be assumed to be
exogenous, that is, they are price-takers. In our model of the entire
export market, however, price and quantity are endogenous due to si-
multaneity. The standard way to control for endogeneity is instru-
mental variables (IV) regression, such as two-stage least squares (2SLS).

In our case, the IVs for the price can be the exogenous variables xd
from (1) and xs from (2). The first stage regression in the 2SLS approach
is estimated to generate predicted values of the price, p .t

p x x( ) ( )t
j
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1
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The predicted values of price from the first stage regression are used

Table 2
Summary statistics and sources of variables used in the regression for years 1982–2013.

Variable Description Source Mean Median Min Max

Wild_quantity Annual quantity (dry pounds) of ginseng root harvested for export. US FWS 92,722 80,558 40,796 160,035
Wild_price Mid-point between high and low prices for wild ginseng root recorded each year converted to real

2005 $
Davis and Persons
(2014)

433 397 248 775

Demand variables
Cultivated_price Mid-point between high and low prices for cultivated ginseng root each year, converted to real

2005 $
Davis and Persons
(2014)

37.6 25.8 9.1 88.0

ln(China_GDP) Logarithm of GDP of China, real 2005 $ World Bank (2015) 27.8 27.8 26.2 29.2
Exchange_rate Exchange rate of Chinese Yuan to US Dollar ($) World Bank (2015) 6.25 6.80 1.89 8.62

Supply variables
Unemployment Total October unemployment (thousands of unemployed) in seven states US BLS (2016) 1248 1105 694 2265
Regulation Ordinal variable, 0 if no age restriction on harvest (1982–1998), 1 if five-year age minimum for

harvest (1999–2013, except 2005), 2 of 10-year age minimum for harvest (2005)
US FWS 0.5 0 0 2
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as explanatory variables in the second stage regression:

q p x( )st s s p t
j

n

s j s j t s t,0 ,
1

, , , ,= + + +
= (8)

We used heteroscedastic-consistent (robust) standard errors to ac-
count for potential heteroscedasticity in the second-stage equation.

3.2.4. Non-stationarity and cointegration
OLS regression with non-stationary variables can lead to spurious,

biased results (Granger and Newbold, 1974), which may be tested with
an Augmented Dickey-Fuller test (ADF) (Dickey and Fuller, 1979; Said
and Dickey, 1984). If some or all of the variables are found to be po-
tentially non-stationary, then a few estimation options remain. If the
variables are all integrated of the first order (I(1)) but are not coin-
tegrated, then a regression involving the first-differences of each vari-
able can be used. On the other hand, if the variables are integrated of
the same order and share one or more cointegrating relations, a vector
error correction model (VECM) would allow consistent estimation of
both long- and short-run effects (Engle and Granger, 1987). If variables
are integrated of different orders, an option is to use an autoregressive
distributed lag (ARDL) model, also known as an unconstrained VECM
(Hassler and Wolters, 2006) (note we have dropped the “s” subscripts in
the following supply specification):
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where ∆ is the first-difference operator, π, ρ, and σ are lag orders, and
other variables are as previously defined. In this model, long-run
equilibrium effects can be derived from the θs. Combining the ARDL (9)
with the 2SLS second-step (8) yields:
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and in the case of the backward-bending model,
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In these models, the portion of the equation in square brackets is the
error-correction mechanism, and coefficients θ determine the coeffi-
cients of the long-run cointegrating equilibrium (“levels”) relation be-
tween the dependent and explanatory variables, such that (Hassler and
Wolters, 2006):
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Estimates of β, which are super-consistent but potentially biased in
small sample sizes, can be obtained from the direct regression of the
levels of q on p and x, but the coefficient estimate from the ARDL ap-
proach will be less biased, and the t-statistic will reject the null

hypothesis approximately correctly for alpha=0.05 (Banerjee et al.,
1986; Hassler and Wolters, 2006).

The remaining coefficients α represent short-run effects. The lag
orders (π, ρ, σ) of each first difference in Eqs. (10) and (11) are
atheoretic. In principle, one could use an information criterion to de-
termine the optimal lag order for each variable to obtain the best fit and
to eliminate autocorrelation. Given our small sample size and lack of
residual autocorrelation, we decided not to include any lags to avoid
overfitting the model. In this case, the short-term effects on quantity
harvested are limited to only the most recent change in explanatory
variables.

Diagnostic tests were done to test the validity of the ARDL structure
and for significances of hypothesized cointegrating relations. ARDL
structure validity was examined with a Breusch-Godfrey (Lagrange
multiplier) test, which tested for significant residual autocorrelation.
The existence of significant cointegrating relations was evaluated with a
Pesaran et al. (2001) bounds test.

3.3. Results and discussion

3.3.1. Summary statistics
Table 2 presents summary statistics for the variables used in the

regressions. Over the time period (1982–2013), total U.S. wild ginseng
harvest for export ranged from about 40,000 to about 160,000 dry
pounds per year, with a median of about 80,000 dry pounds per year.
The years with the greatest harvest for export (> 100,000 dry pounds
per year) were 1981 to 1986 and 1989 to 1997. From 1998 to 2013, the
harvest was consistently< 80,000 dry pounds per year. Similarly, the
wild American ginseng midpoint price (in real 2005 $) ranged from
$248 to $775 from 1982 to 2013. There was a less clear delineation
between high and low prices than there was with quantity, but the four
years with real 2005 midpoint prices above $600/dry pound were all
since 2007, and the four years with midpoint prices below $300/dry
pound were 1982 to 1986. Therefore, over time, the trend has been a
shift from higher quantities and lower prices to lower quantities and
higher prices.

Augmented Dickey-Fuller tests (available from the authors) in-
dicated that most of the variables were non-stationary I(1). The only
variable that was potentially I(2) was the gross domestic product (GDP)
of China (in billions of 2005 $). However, the natural log of the GDP of
China was I(1), which was the variable used in the modeling.

3.3.2. Linear demand and supply models
The endogenous variable, price, was regressed on the full set of

exogenous supply and demand variables in a first-stage regression.
Results of this first-stage regression are presented in Table 3.

While there are numerous factors involved in a traditional model
that follows the laws of supply and demand, a shift from higher
quantities and lower prices to lower quantities and higher prices, as
described by the summary statistics, is consistent with a decrease in
supply, that is, a shift in the short-run supply curve upwards and in-
wards. This could have been caused by a change in unemployment, a
change in regulation, or some other factor that shifted the supply curve
inwards. Using the ARDL & 2SLS model with the exogenous explanatory
variables can control for these factors. We generated linear demand and
supply models using real midpoint wild ginseng prices. The linear de-
mand and supply models are in Tables 4–5.

The results of the linear demand function estimation were largely
inconclusive (Table 4). The overall fit seemed relatively good, with an
F-statistic rejecting the null hypothesis of no relation between the ex-
planatory variables and the dependent variable at alpha=0.05, an R-
squared of 0.45, and a Breusch-Godfrey test indicating no auto-
correlation. However, the bounds tests fail to reject the lack of a co-
integrating relationship, so estimates of the long-run relationship may
be spurious. Also, very few of the explanatory variables were statisti-
cally significant at the alpha=0.1 level or stronger.
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Despite the lack of fit, values of the coefficients were estimated, and
the best estimate of the long-run equilibrium demand was (see Eqs.
(10), (12), (13) and variable definitions in Table 2):

Wild_Quantity= 1,009,889+206∗Wild_Price+ 140∗Cultivated_Price
−36,861∗ln(China_GDP)–928∗Exchange_Rate

Because the cointegrating relationship was not supported, and the
coefficients were not statistically significant, our tests of hypotheses
related to demand were inconclusive. Still, some of the signs of the
coefficients were unexpected, such as the long-run coefficients on price
(positive) and income (negative).

The linear supply model had more significant results than the de-
mand model (Table 5). The overall F-statistic rejected the null hy-
pothesis of no significance of the model at alpha= 0.05, and the R-
squared value was 0.54. The Breusch-Godfrey test indicated no auto-
correlation. The bounds tests rejected lack of cointegration, so the long-
run cointegration relationship is valid.

The long-run equilibrium supply equation was estimated to be (see
Eqs. (10), (12), (13) and variable definitions in Table 2):

Wild_Quantity= 121,422–38.5∗Wild_Price+ 11.2∗Unemployment
–41,316∗ Regulation

The negative sign on the price coefficient in the long-run supply
equilibrium was the opposite of the expected sign given the Law of
Supply, indicative of a backward-bending supply curve. The coefficient

was not statistically significant, so more evidence would be needed to
say this conclusively. Short-run effects also should follow the law of
supply, yet for the same-period, these effects were negative and sta-
tistically significant. Unemployment had no statistically significant ef-
fect on supply. Increased regulation (as measured by minimum age for
harvest) had a negative long-run effect and short-run effect
(alpha=0.05). Each five-year increase in minimum harvest age (from
zero to five or from five to ten) decreased ginseng harvest by about
41,000 pounds per year in the long-run. The short-run same-period
effect of regulation on supply was the same direction as the long-run
effect and equivalent to a decrease of about 52,000 pounds per year in
the short-run.

3.3.3. Backward-bending supply
The linear long-run supply model indicated the potential for a ne-

gative slope with respect to price. Therefore, testing a backward-
bending model was a logical next step. This nonlinear model of supply
(Table 6) appeared to be a slightly better fit than the linear model
(Table 5). The overall F-statistic for the model was significant and R-
squared 0.56. The bounds tests supported the long-run cointegration
relationship. Fig. 4 shows a plot of the actual versus predicted values of
the dependent variable, change in quantity supplied, from the back-
ward-bending supply model.

The long-run equilibrium backward-bending supply was estimated
to be (see Eqs. (11)–(13) and variable definitions in Table 2):

Wild_Quantity= 6.55×107∗(1/Wild_Price)–1.03× 1010∗(1/
Wild_Price)2+ 18.6∗Unemployment–40,204∗Regulation.

When considering the long-run equilibrium coefficients on 1/pt and
1/pt2, the model showed a supply curve that has a positive slope at
lower harvest levels, which bends back to a negative slope at higher
harvest levels. The short-run same period effects were in the same di-
rection. In this model, unemployment was found to have a positive
effect on supply in the long-run equilibrium. Increased regulation had a
negative effect on the long-run supply, with each additional five-year
increment in regulation decreasing supply by about 40,000 pounds per
year. The magnitude of the estimated long-run effect was very similar to
that measured in the linear supply model.

Fig. 4 compares the linear and backward-bending supply models,
with and without the five-year harvest restriction. All models in Fig. 5
use the mean unemployment and are graphed with (1999–2005 and

Table 4
Estimates of a linear demand function with real mid-point prices, using the
autoregressive distributed lag and two-stage least squares approaches. The
dependent variable is the change in quantity (dry pounds) of ginseng root
harvested for export (Δ Wild_Quantity). The model has unrestricted intercept,
and no trend.

Coefficient Robust std. error t-stat p-value

Constant 562838 778052 0.72 0.477
Adjustment term
Wild_Quantity t-1 −0.557 0.188 −2.96 0.007

Long-run equilibrium
Wild_Price t-1

a 115 173 0.66 0.515
Cultivated_Price t-1 77.8 624.6 0.12 0.902
ln(China_GDP) t-1 −20543 30078 −0.68 0.502
Exchange_Rate t-1 517 3896 0.13 0.896

Short-run effects
Δ Wild_Pricea 6.20 177.61 0.04 0.972
Δ Cultivated_Price −548 622 −0.88 0.388
Δ ln(China_GDP) −9960 208,572 −0.05 0.962
Δ Exchange_Rate 9448 5923 1.60 0.126
R-squared 0.447
F (9,21) 7.83 0.000
Bounds test F (k=4) 3.05 b

Bounds test t (k= 4) −2.96 b

Breusch-Godfrey chi-sq 0.005 0.945

a Price was instrumented using predicted values from the first stage regres-
sion (Table 3).
b Fails to reject lack of cointegration.

Table 5
Estimates of a linear supply function with real mid-point prices, using the au-
toregressive distributed lag and two-stage least squares approaches. The de-
pendent variable is the change in quantity (dry pounds) of ginseng root har-
vested for export (Δ Wild_Quantity). The model has unrestricted intercept, and
no trend.

Coefficient Robust std. error t-stat p-value

Constant 95126 37027 2.57 0.017
Adjustment term
Wild_quantity t-1 −0.783 0.207 −3.78 0.001

Long-run equilibrium
Wild_price t-1

a −30.1 63.5 −0.47 0.639
Unemployment t-1 8.75 10.46 0.84 0.412
Regulation t-1 −32368 12328 −2.63 0.015

Short-run effects
Δ Wild_price a −314 119 −2.65 0.014
Δ Unemployment 3.94 12.08 0.33 0.748
Δ Regulation −52340 7117 −7.35 0.000
R-squared 0.540
F (7,23) 21.68 0.000
Bounds test F (k= 3) 4.92 <0.025
Bounds test t (k=3) −3.78 0.050
Breusch-Godfrey chi-sq 0.077 0.782

a Price was instrumented using predicted values from the first stage regres-
sion (Table 3)

Table 3
First stage regression of the two-stage least squares procedure. The real mid-
point price is regressed on exogenous factors to obtain predicted values. The
predicted values of price are then used in the second stage.

Coefficient Std. error t-stat p-value

Constant −6203 1168 −5.31 0.000
Unemployment −0.098 0.057 −1.71 0.099
Regulation −71.2 44.3 −1.61 0.120
Cultivated_Price 2.68 1.43 1.88 0.072
ln(China_GDP) 245 45 5.51 0.000
Exchange_Rate −18.4 16.8 −1.09 0.285
R-squared 0.675
F (7,23) 10.78 0.000
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2007–2013) and without (1982–1998) the regulation restricting har-
vest to plants five-years or older. The graphs show the models only over
the range of prices represented in the data. Over that area, the slopes of
the curves are similar.

The overall results support a model that does not follow the Law of
Supply; rather, the supply curve appears to slope backwards., Using the
mean unemployment level and regulation of ginseng harvest age set to
a five-year minimum, we estimated (Eqs. 4 and 5) the long-run max-
imum sustainable yield (MSY) of ginseng to be 88,929 pounds per year

at a midpoint price of (2005 $) $315 per pound. Every year since 1999
has had lower quantities harvested and higher prices, which implies
that ginseng supply is on the backward-bending part of the curve. This
is indicative of over-exploited resource from biological and economic
standpoints (Flaaten, 2011).

Based on our statistical model, it is possible to impute an estimate of
the total stock of ginseng (Eq. 6) in terms of total dry pounds of root
available for harvest. If we assume an average natural population
growth rate of 4% (Charron and Gagnon, 1991; Van der Voort and
McGraw, 2006) and recent midpoint prices of $700 per pound, the total
stock of ginseng root would be approximately 1.9 million pounds,
compared to an MSY stock of about 4.3 million pounds. It is important
to note, however, that there is a high degree of uncertainty in these
estimates.

Our findings do not provide evidence that ginseng populations are
necessarily endangered, but support some of the underlying economic
conditions that could make it possible (Clark, 2005, pp. 16–18;
Courchamp et al., 2006). Populations could cross a critical threshold if
the supply curve is backward-bending and the demand curve crosses in
such a way that demand has a more vertical slope (less elastic) at that
point and does not re-cross the supply curve at some higher price. This
threshold would be an unstable equilibrium, whereby a shock into that
region potentially could drive the species to extinction (Holden and
McDonald-Madden, 2017). However, our research was unable to de-
termine the existence or exact price and quantity of that threshold.

We found evidence that greater unemployment increases harvest in
the long-run equilibrium, as suggested by Bailey (1999, p. 26). How-
ever, we expected this result to manifest itself in the short-run re-
lationship, which was not the case. One counter-intuitive result of the
backward-bending supply is that if harvesters were to exert less total
effort, then, in aggregate, more could be produced. If such a decrease in
harvest efforts from the open-access equilibrium to MSY were achieved,
it would indicate lower costs of production (mostly labor), such that
economic rents (profits) would increase until harvest efforts were
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Fig. 4. Plot of the actual versus predicted values of the dependent variable, change in quantity supplied, from the backward-bending supply model.

Table 6
Estimates of a backward-bending supply function with real mid-point prices,
using the autoregressive distributed lag and two-stage least squares approaches.
The dependent variable is the change in quantity (dry pounds) of ginseng root
harvested for export (Δ Wild_Quantity). This model has no intercept, and no
trend.

Coefficient Robust std. error t-stat p-value

Adjustment term
Wild_Quantity t-1 −0.819 0.207 −3.96 0.001

Long-run equilibrium
1/Wild_Price t-1

a 5.37e+ 07 1.69e+ 07 3.18 0.004
1/(Wild_Price t-1)2a −8.47e+ 09 3.47e+ 09 −2.44 0.023
Unemployment t-1 15.270 7.368 2.07 0.050
Regulation t-1 −32946.64 13217.62 −2.49 0.020

Short-run effects
Δ Wild_Price a −311.624 126.113 −2.47 0.021
Δ Unemployment 7.523 12.167 0.62 0.542
Δ Regulation −51004.53 7401.95 −6.89 0.000
R-squared 0.555
F (8,23) 33.79 0.000
Bounds test F (k=4) 5.92 <0.01
Bounds test t (k= 4) −3.96 < 0.025
Breusch-Godfrey chi-sq 0.008 0.931

a Price was instrumented using predicted values from the first stage regres-
sion (Table 3).
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lowered to MEY, which is below MSY (Flaaten, 2011, p. 32; Gordon,
1954). Although harvesters' net profits would increase, a decrease in
harvest effort to MSY or MEY would result in lower prices and could
reduce total revenues, which could be seen as negative by some har-
vesters. Depending on the position of the demand curve, the net effect
on the total revenue generated (summed across all harvesters) is am-
biguous. For instance, the data point for the year 2010 (63,889 pounds,
$649/pound midpoint price) lies very close to the supply curve, as-
suming the five-year restriction. This data point would equate to gross
revenues of about $41 million. A drop in price and increase in quantity
to the MSY would bring about $28 million - although this would be
shared among fewer harvesters and/or harvesters who invest less effort.

In both the linear and backward-bending supply equations, we find
that supply decreased when the harvest was restricted to plants five-
years-old or older. The single year that harvest was restricted to 10-
years-old or older also coincided with a sharp inward shift in the supply
curve. These effects were found in the long run and the short run in our
models. There are several possible reasons why the regulation may have
had the opposite of the expected outcome in a backward-bending
supply model. First, it is possible that the implementation of the reg-
ulation in 1999 coincided with some other factor, of which we are not
aware, that shifted supply inwards. Possibilities might be increased deer
browse or climate change, but either of these would probably pre-
cipitate a slow decline rather than a shift in the supply curve based on
the entire range specifically in 1999. Second, perhaps juvenile roots are
still being harvested. If this occurred, the beneficial effect of the reg-
ulation – allowing more plants to reach reproductive maturity and in-
crease the population – might not have happened. McGraw et al. (2010)
did find that harvesters frequently harvested at least some plants with
one or two leaves, contravening the regulation in those states, although
they were unable to determine if those plants were actually five years
old (presumably the harvesters would not have known either). Harvest
of juvenile ginseng could occur if (a) the regulation is not enforced
consistently and juvenile roots are still being exported, (b) juvenile
roots are being traded in domestic markets (not subject to CITES), or (c)
harvesters are unaware of the regulation and harvest roots that they
subsequently cannot sell and must discard. If (a) were true, we would
not expect to see a large impact of the regulation on supply in either
direction; and domestic markets are not believed to be large, so (b)
seems unlikely.

Third, the supply may not have reached a long-run equilibrium with
the regulation. Ginseng populations may not have reached equilibrium
with the policy because it is a long-lived, slow-growing forest herb that
takes five or more years to produce seed (Mooney and McGraw, 2009),
and seed dispersal is limited, so population recovery is slow (Van der
Voort et al., 2003). By contrast, the majority of marine fish species
reach reproductive maturity in less than two years (O'Brien et al.,
1993), and can produce more eggs than ginseng can produce seed.

Fourth, it is possible that there is a dynamic effect due to multiple
equilibria. For example, in the first years after the regulation, short-run
supply would be restricted because the plants have not yet had a chance
to increase reproduction as a result. In response to this short-run supply
restriction, prices increase. The increased prices then drive stronger
harvest efforts, putting greater pressure on the resource. Instead of
reaching a higher long-run quantity equilibrium, the greater harvest
pressure creates a lower long-run equilibrium.

Which explanation of these four we identified or other alternate
explanation is true cannot be determined by our model. At most, we can
say that the regulation has not had the desired effect, but this trend may
be reversed in the future.

4. Conclusions

Our statistical modeling suggests that one NTFP, wild American
ginseng, has a backward-bending long-run supply curve, a finding that
is consistent with other common-pool resources. While ginseng is re-
latively unique in having a large price differential between its wild and
cultivated forms, other NTFPs with similar biological characteristics,
difficulty of exclusion, and high harvest pressures may react similarly.
Statistical modeling of the markets of those NTFPs could advance our
understanding of the long-run consequences of their common-pool
vulnerabilities. However, not all NTFPs are alike, and some are less
rivalrous, less open-access, or have lower harvest pressure, making
them less likely to have a backward-bending long-run supply curve or
less likely for equilibrium to fall on the backward-bending portion of
such a curve.

Our study revealed some of the effects of regulations on a common-
pool NTFP. In the 14 years that ginseng harvest has been restricted to
plants five-years-old or older, the long-run supply of wild ginseng has
decreased, which is the opposite of what is expected based on bio-
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economic models. It is possible that ginseng will take>14 years to
equilibrate to a new, higher long-run equilibrium. As more data be-
comes available, it will be important to monitor price and quantity
traded.

The strength of our findings was constrained by a lack of data,
which limited the statistical power of our models. While ginseng har-
vest quantity data are available at smaller spatial scales (county level),
we were unable to obtain price data at a finer spatial scale, or for either
quantity or price at a finer temporal scale. Price information at first
point of sale is not collected by any agency, and many dealers may be
reluctant to share this information. Additionally, we could not obtain
historical data on quantity or price of wild and cultivated Asian gin-
seng, to see whether wild American ginseng demand responds to Asian
ginseng as a complement or substitute. Also, data on the quantity of
American ginseng cultivated in Asia would help to understand the in-
terlinkages.

Relatively recent trends in wild American ginseng markets not ex-
plicitly modeled, may also affect ginseng supply and would be inter-
esting subjects for future research. First, from 2014 (our data ended in
2013) through the date of this writing, two cable television series re-
lated to ginseng harvest have been airing in the U.S. Did this publicity
increase awareness of ginseng and brought additional harvesters into
the forest? Second, with longer and more granular data, it may be of
interest to see how other social trends, such as the opioid crisis cur-
rently affecting parts of Appalachia, might affect wild-harvesting.
Third, the over-population of deer may affect ginseng reproduction
(McGraw and Furedi, 2005).

Conservation of and investment in American ginseng face barriers
due to difficulty in limiting access, which makes it similar to an open-
access resource. Enforcement of property rights, community action, and
investment in forest farming may be long term ways to resolve this
situation, but these strategies are difficult to implement, given the
characteristics of ginseng and its habitat. Therefore, alternative reg-
ulations may be considered. When contemplating these regulations, the
ecological and economic characteristics will impact efficacy.
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