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Many non-native weed pests of food, fiber, and nursery crops pose threats to U.S. 

environment and agriculture. Noxious weed regulations play an important role in 

preventing the introduction and spread of non-native plants, thereby protecting the 

local biodiversity, environment and economic activities. However, these regulations 

could also hamper agricultural trade.  The three essays of this dissertation address the 

causes and consequences of cross-state differences in noxious weed regulations. 

In the first essay, a political-economic model is developed to derive cross-state 

regulatory congruence as a function of ecological and agronomic characteristics, and 

interest-group lobbying through political contributions. Econometric estimation 

suggests ecological and agronomic dissimilarities are primary causes of cross-state 

differences in noxious weed regulation.  However, evidence of lobbying effects is 

statistically and economically significant.  In particular, agricultural seed producers 

favor more uniform weed regulations across states, while commodity producers and 

consumers prefer that their state maintain a distinct weed list to protect its ecosystem 

and agronomic conditions.   



  

  

The impact of noxious weed regulations on inter-state agricultural trade is 

measured in the second essay.  In particular, the extent of trade distortions arising 

from interest-groups’ lobbying is estimated.  For this purpose, each state’s net trade in 

three industries - agricultural seeds, nursery products and commodities - is derived as 

a function of weed regulatory congruence.  The resulting spatial-autoregressive tobit 

model of inter-state agricultural trade is estimated using a modified Expectation-

Maximization algorithm.  The empirical results show that the noxious weed regulatory 

congruence has a positive and significant effect on inter-state trade flows.  Moreover, 

the inter-state trade distortion from consumer and commodity-producers lobbies is 

estimated to be as much as $1.1 billion. 

In the third essay, a leader-follower framework is used to examine when a 

weed species on one state’s (leader) regulation is added to that of another (follower) 

state.  For this purpose, an ordered logit model of noxious weeds’ listing time is 

specified as a function of invader characteristics and ecosystem invasibility.  The 

empirical results suggest that the invader status and attributes are relatively more 

important than ecosystem characteristics in determining the weed listing time.   

Together, the three essays suggest greater emphasis on the use of science than 

interest-group lobbying for listing noxious weeds.  Moreover, a better documentation 

of potential invaders, their characteristics and impacts on non-native environments, is 

important in controlling the introduction and spread of noxious weeds, and the 

consequent economic and ecological damages. 
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1. INTRODUCTION 
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Invasions of non-indigenous or exotic plants, animals, and microbes pose threats to the 

U.S. environment, agricultural production, and exports. These invasive species destroy 

native plant and animal habitat, decrease biodiversity, reduce crop yield and quality, 

and poison humans and livestock. A report from the Office of Technology Assessment 

(OTA) estimates that monetary costs associated with biological invasions into the 

United States are more than $100 billion a year, about $23 billion of which is 

attributed to weed intrusions (Pimentel et al., 2004).  For example, Scotch Broom 

(Cytisus Scoparius), native to Europe and regarded as a noxious weed in Oregon, is 

responsible for about $47 million in lost timber production each year (Oregon 

Department of Agriculture, 2006).  Moreover, invasive weeds appear to be spreading 

at the rate of 3 million acres per year in the United States (National Invasive Species 

Council, 2001).  

Several provisions of the Federal Seed Act (FSA) and Plant Protection Act 

(PPA) control the introduction and spread of weed species, which cause significant 

economic loss and damage to ecosystems.  The FSA prohibits or restricts inter-state 

and international trade of agricultural products containing noxious weed seeds, while 

the PPA bars importation and inter-state movements of plants designated as noxious 

weeds.  More importantly, under the authority of the FSA and PPA, each state can 

designate certain weeds as noxious depending on local ecological conditions and 

prohibit their entry into the state.  A list of noxious weeds (NXW) and weed seeds 

(NXWS) is published by most states’ agriculture departments. 
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The weed regulations help protect local ecosystems and reduce agricultural 

production costs, but can also create significant barriers to international and inter-state 

trade. Several studies have investigated the role of international trade in the spread of 

invasive species (Jenkins,1996; Costello and McAusland, 2003; Forest Service, 1998; 

Campbell and Schlarbaum, 1994; APHIS, 2006; Niemela and Mattson,1996; 

Campbell, 2001; Myers and Bazely, 2003), the impact of environmental regulations on 

international trade (Antweiler, Copeland and Taylor, 2003; Leonard, 1988; Low and 

Yeats, 1992; Ederington and Minier, 2003) and the conflict of international trade 

agreements with phytosanitary regulations (Roberts,1999; Orden and 

Roberts,1997;WTO Agreement on the Application of Sanitary and Phytosanitary 

Measures, SPS, 1994). However, few studies focus on the state noxious weed 

regulations such as the criteria used to designate a noxious weed.  Moreover, the 

impact of cross-state differences in weed regulations on the exchange of agricultural 

products among U.S. states, valued about $182 billion, has received limited attention 

(Commodity Flow Survey, U.S. Department of Transportation, 2002). 

The three essays of this dissertation address the causes and consequences of 

cross-state differences in noxious weed and weed-seed regulations.  In the first essay 

“Rent-Seeking in Invasive Regulation: The Case of Noxious Weeds,” we investigate 

the sources of cross-state differences in noxious weed and noxious weed seed lists.  

The primary hypothesis of the first essay is that the differences in states’ noxious weed 

regulations are outcomes of ecological and agronomic diversity.  However, rent-

seeking by interest groups such as seed growers, commodity producers and 
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environmentalists can also affect cross-state differences in noxious weed regulations.  

For example, producers of a state competing with those from other states may have 

incentives to lobby the concerned state’s legislature for stringent weed or seed import 

prohibitions, which creates barriers to inter-state trade. 

We consider three principal interest groups in essay 1: seed and nursery 

producers, commodity producers, and consumers/environmentalists.  A political-

economic model of supply and demand for invasive species (IS) protection is used to 

derive cross-state differences in the size and composition of noxious weed regulations 

- NXWS and NXW lists. The resulting regulatory congruence across states is 

expressed as a function of ecological and agronomic (dis)similarities, and interest-

groups’ lobbying activities.  Our empirical results demonstrate the relative 

contribution of ecological and agronomic characteristics and interest-group lobbying 

to regulatory congruence.  We also identify the effects of each interest-group’s 

lobbying on cross-state regulatory congruence.   

Our second essay “Technical Barriers to Inter-State Trade: The Case of 

Noxious Weed Regulation” estimates the impact of noxious weed regulations on inter-

state trade flows, and the trade distortion caused by interest-group lobbying.  As noted 

earlier, the effect of free trade on environment remains a subject of debate, but that of 

environmental regulations on trade has received limited attention (Antweiler, 

Copeland and Taylor, 2003; Leonard, 1988; Low and Yeats, 1992; Ederington and 

Minier, 2003). We fill the latter gap in literature by investigating the effect of 



 

 

5

 

environmental barriers in the form of weed regulations on the agricultural trade among 

U.S. states, which otherwise freely exchange goods and services.   

The supply and demand of three agricultural products – seeds, nursery 

products and agricultural commodities, which are outcomes of profit and utility 

maximization of each interest group, are obtained from the political-economic 

approach of the first essay.  Then, we specify inter-state trade flow, i.e., the difference 

between a state’s supply and demand, as a function of noxious weed regulations and a 

number of control variables.  Empirical results on the effects of weed regulatory 

congruence on inter-state agricultural trade are obtained.  Furthermore, we ascertain 

whether or not the noxious weed regulations are barriers to the exchange of 

agricultural products among states.  Finally, we quantify the trade distortion arising 

from interest-group lobbying activities. 

The third essay “Noxious Weeds’ Listing Time: The Role of Invader 

Characteristics and Ecosystem Invasibility,” we focus on the listing time of noxious 

weeds in the 48 contiguous U.S. states.  More specifically, we explore when noxious 

weed seed regulations of a dominant (leader) state induce changes of similar 

regulations in the other 47 states (followers).  In this study, we treat California as a 

leader in enacting NXWS regulations and other states as followers, who respond to the 

former’s weed regulation.   

Under a leader-follower framework, we employ the random utility approach of 

Heckman (1981) to derive the weed listing time as the dependent variable of a discrete 

choice model.  We consider two major factors impacting the listing time: invader 
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characteristics and the invasibility of ecosystems.  The former refers to a species’ 

biological attributes, while the latter corresponds to a state’s ecological and 

environmental conditions conducive to the spread and establishment of invasive 

species.  Additionally, regulations in adjacent states may determine the listing time of 

a new species in the follower’s list.  Our empirical results exhibit how species 

attributes and status and ecosystem similarities affect the listing time of a species. We 

also show which of the above factors is relatively more important in determining the 

listing time.  

The dissertation is organized as follows.  Chapters 2, 3 and 4 respectively 

present the three essays introduced in the above discussion.  Each essay includes an 

introduction, research methods, discussion of results and conclusions.  Then, Chapter 

5 provides an overall summary and policy implications. 
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2. RENT-SEEKING IN INVASIVE SPECIES REGULATION: THE CASE OF 
NOXIOUS WEEDS  
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2.1 INTRODUCTION 

Many non-native insect, disease, and weed pests of food, fiber, and nursery crops pose 

threats to the U.S. environment, agricultural production, and exports.  Prominent 

examples are citrus canker and the Mediterranean fruit fly and, more recently, soybean 

rust (Roberts et al., 2006; National Research Council, 2002).  Among such threats, 

weed intrusions, commonly referred to as noxious weeds, have significant 

environmental and economic impacts (Perrings et al., 2002; Pimentel et al., 2000).  

Unwanted weeds can be transmitted, knowingly or unknowingly, from one country or 

state to another through natural and human channels.   

Noxious weeds are considered to be invasive species (IS), that is, “nonnative, 

alien, or exotic to the ecosystem under consideration, and when introduced, cause, or 

are likely to cause, economic or environmental harm or harm to human health,” (ERS, 

USDA, 2003).  The Plant Protection Act (PPA) prohibits or regulates the purposeful 

introduction or spread of such invasive species by authorizing the Secretary of 

Agriculture to publish a federal list of noxious weeds (NXW) and to prohibit or 

restrict their international and interstate commerce.  Simultaneously, provisions of the 

Federal Seed Act (FSA) prohibit or restrict noxious weed seed (NXWS) movements 

within and at the borders of the United States.   

More importantly, the PPA and FSA allow each state’s Department of 

Agriculture to maintain additional controls on noxious weeds deemed necessary to the 

state’s ecological, agricultural, and environmental interests.  Hence, the definition of 
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noxious weed varies by state, and most states maintain two sets of weed regulations.  

A state-level NXWS list, regulating the importation of seed into the given state, 

generally includes a prohibited (zero-tolerance) list and a restricted (defined-tolerance) 

list (U.S. Department of Transportation).  A state-level NXW list, regulating the 

importation of weed plant materials, similarly tends to consist of two sub-lists:  an A-

list (zero-tolerance) and a B-list for weeds posing a potential danger but whose 

importation is not necessarily prohibited.  The U.S. Department of Transportation’s 

Commodity Flow Survey shows that interstate seed trade was valued in 2002 at over 

$6 billion, while interstate nursery product trade was valued at about $1 billion. 

Substantial differences may be observed in the size and composition of state-

level noxious weed lists.  Figure 2.1 summarizes the numbers of weed species 

included in state-level NXW lists, excluding Alaska and Hawaii.  California has the 

greatest number of listed weeds.  Many eastern states have no list at all.  Figure 2.2 

identifies how many of the weed species in California’s NXW list are listed also in 

each of the 48 contiguous states.  Not surprisingly, the number of a state’s weeds 

listed in common with those in California decline as one moves from west to east.  

The reasons for these large cross-state differences have received little attention 

(Panetta et al., 2001).  While weed regulations respond to climatic and ecological 

variations, they also provide rent-seeking opportunities.  Producers from one state 

competing with those from other states may have an incentive to lobby their 

legislature for especially stringent weed or seed import prohibitions, creating barriers 

to interstate trade and lowering overall U.S. welfare.  



 

 

10

 

In this study, we investigate the sources of cross-state differences in noxious 

weed (NXW) and noxious weed-seed (NXWS) lists.  We first characterize the basis 

for state weed regulations by identifying the principal stakeholders and the nature of 

their costs and benefits.1  We then ask why weed-seed and weed lists differ from one 

state to another.  In our inter-disciplinary approach to this question, we develop a 

political and ecological economy model of IS regulation.  The model consists of the 

supply and demand for IS protection and the resulting equilibrium, which determines 

the size and composition of noxious weed-seed and weed lists.   

Three economic interest groups are considered in each state: consumers, seed 

producers and nursery growers, and commodity producers.  From consumers’ point of 

view, increasing IS protection reduces agricultural product supply, raising prices, and 

impairing welfare; but it may also protect the ecosystem and to that extent improve 

welfare.  Seed producers or nursery growers, on the other hand, gain both from the 

higher product prices and enhanced agronomic-protection embodied in the IS 

protection.  Like consumers, commodity producers face a tradeoff between increased 

input (e.g., seed) prices and the reduced weed intrusions into their state.  We derive the 

social planner’s problem as the weighted sum of these three interest-groups’ welfares, 

where the respective weights are functions of group lobbying efforts.  We then model 

the choice of IS protection as a strategic game between a base state and any other state, 

focusing on the pairwise regulatory congruence between states’ IS protections. 
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2.2 RESEARCH METHODS 

Political economy models have become mainstream tools in the analysis of public 

policies (e.g., Stigler 1971; Peltzman 1976; Becker 1983; Grossman and Helpman 

1994; Goldberg and Maggi 1999; Ando, 1999; Copeland and Taylor, 2004; Damania, 

Fredriksson and Osang, 2005).  In our application of such approaches, we model a 

prohibited weed species list as the consequence of the interplay of the supply and 

demand for IS protection.2  Demand arises from two sources.  First, scientifically 

based concerns exist about the integrity of the local ecosystem if foreign species are 

introduced.  Second, economic interest groups view IS regulations as a way to increase 

private rents.  The supply of IS regulation is provided by policy makers empowered to 

erect barriers against products containing invasive species.   

Consumers’ Interest in IS Regulation:  Given the political boundaries of IS 

regulation, we begin with a social planner’s objective function at the state level.  

Consider first a state government’s policy choices, developed in response to consumer, 

environmental, and producer interest groups (stakeholders) in a state.  Let the state’s 

representative consumer demand a combination of agricultural commodities (food 

products) and environmental amenities.  The consumer’s indirect utility function can 

be characterized as V [p(L),  Y,  L , I], where p is the unit price of the agricultural 

good(s) or seed(s) impacted by IS regulation; L is the size or stringency of the state 

noxious weed list; Y is the representative consumer’s income; and I is a vector 

describing the state’s ecosystem.  Our modeling of the consumer problem accounts for 

both a market and non-market effect, where the former arises from several sources.  



 

 

12

 

The first such source is the trade protection afforded by weed regulations.  The second 

source of a market effect is that, when a state lists a noxious weed, it requires 

producers conform to the new regulation.  For instance, local seed producers are 

expected to obtain certification that their products are free of newly listed noxious 

weeds.  The third source is that the new listing is likely to lower the risk of future 

weed outbreaks and reduce the need for large-scale chemical applications.  We believe 

that the first two effects increase the current price of agricultural goods purchased by 

consumers, but in the long run the third effect may offset some of the price increase.  

Therefore, consumer price p is positively related to the regulation’s stringency as 

represented by weed list size L.  

Regulatory stringency L also is a direct argument in the indirect utility function 

because consumers have ecosystem preferences in addition to their food consumption 

interests (non-market effect).  An example of a consumer ecosystem preference is an 

aversion toward weeds that are fire hazards (e.g., cheat grass) or cause allergies (e.g., 

ragweed).  The total effect on a state’s representative consumer of increasing L is 

found by differentiating V with respect to L: 

(2.1) .pdV V V
dL p L L

∂∂ ∂= +
∂ ∂ ∂

         

We refer to the first right-hand term in equation (2.1) as the market-price effect.  

Economic theory suggests /V p∂ ∂ is negative.  However, /p L∂ ∂  is positive because 

stringent weed regulations restrict commodity producers’ seed choices, raising 

agricultural production costs and hence consumer prices.  To the extent the increase in 
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L protects the environment, the second right-hand term in(2.1), the ecosystem-

preference effect, is positive.  The sign of equation (2.1) therefore is either positive or 

negative depending on the relative strengths of these two effects. 

Seed and Commodity Producers’ Interest in IS Regulation:  Given a set of 

agronomic conditions, A, producers’ decisions in the state planner’s model may be 

represented by two profit functions, one each for seed producers and commodity 

producers.3  Seed producers’ maximum-profit function is given by 

[ ( ) , , , ],s s sp L Lπ W A  where L  is defined as in the consumer problem, and ps and Ws 

are, respectively, seed price and the vector of input prices in seed production.  As in 

the standard profit function, profit opportunities are conditioned by output and input 

prices.  In addition, they are directly influenced by weed list L  insofar as the list 

provides seed producers with biological protection from invasive weeds.  Holding A 

and Ws constant, the profit impact of altering list L is: 

(2.2) s s s s

s

d p
dL p L L
π π π∂ ∂ ∂= +

∂ ∂ ∂
        

Note that /sp L∂ ∂  is positive because the more stringent the weed regulations, the 

greater is the market protection to local seed producers.  Since /s spπ∂ ∂  is also 

positive, the first right-hand term in equation (2.2), namely the price-enhancement 

effect, is positive.  The second right-hand term, or agronomic-protection effect, also is 

positive because the larger the weed list, the greater the agronomic protection (lower 

weed abatement costs) to local producers.  The expected sign of equation (2.2) is 

positive. 4 
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 Commodity producers’ profit function is given by [ , ( ), , , ]m m s mp p L Lπ W A , 

where L  and A are as defined in the seed producers’ problem,  pm is the aggregate 

price of final commodities, and Wm  is a vector of non-seed input prices.  Because 

seeds are inputs to commodity production, ( )sp L  enters mπ  as an extra input price.  

Since we have a competitive market setting, we did not include a direct commodity 

market effect of noxious weed regulations, i.e., pm is not a function of L.  With higher 

seed prices, the marginal-cost pricing rule already accounts for the increase in 

commodity prices.  In addition, to the extent it provides agronomic protection from 

invasive weeds, weed list L directly impacts commodity producer profits.  Given A 

and Wm , the profit impact on commodity producers of altering list L is 

(2.3) m m s m

s

d p
dL p L L
π π π∂ ∂ ∂= +

∂ ∂ ∂
        

As before, /sp L∂ ∂  is positive but /m spπ∂ ∂  is negative because, in commodity 

production, seeds are inputs rather than outputs.  The first right-hand term in equation 

(2.3), similar to the consumer’s market-price effect in equation (2.1), is negative.  The 

second right-hand term or agronomic-protection effect remains positive since weed 

protection applies to commodity as well as to seed producers.  The sign of equation 

(2.3) thus depends on the relative strengths of these two effects. 

Social Planner’s Problem:  Let cω , sω , and mω  refer respectively to weights 

the state government places on consumer, seed producer, and commodity producer 

welfare.  Such weights sum to one and are assumed to be monotonic and linear in 

stakeholder or interest-group lobbying efforts (Goldberg and Maggi, 1999).  The state 
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government’s or social planner’s objective function can then be written as (Copeland 

and Taylor, 2004; Ando, 1999)  

(2.4) 
[ ( ) , , , ) [ ( ) , , , ]

( ) max
[ , ( ) , , , ]

c s s s s

L m m m s m

V p L Y L p L L
G L

p p L L
ω ω π

ω π
⎧ ⎫
⎨ ⎬
⎩ ⎭

+
=

+
I W A

W A
.  

An alternative representation of this problem is 

(2.5) { }, , ,( ) max ( ; , , , ) ( ; , , , )c s m c s mL
ZG L B L Z C Lω ω ω ω ω ω= −I A I A  

where { , , }s mZ Y W W= .  Benefit B represents the gross gains a state earns from IS 

regulation, including the eco-system preference effect on consumers, the price-

enhancement effect on seed producers, and the agronomic-protection effects on seed 

and commodity producers.  Cost C represents the price-enhancement effects on 

consumers and commodity producers.5  

  The representation in (2.5) underscores the strategic nature of a state’s policy 

problem.  State i’s choice of L generally depends on state j’s choice because the extent 

of any similarity between the two states’ lists, and thus in the legal constraints facing 

respective producers, affects the competitive framework in both states.  For instance, if 

the ith state’s choice, iL , is perfectly matched by the jth state, jL , it alters the benefits 

and costs of IS regulation to the ith state.  In such a strategic environment, the ith state’s 

problem can be recast as one of choosing the degree of congruence or overlap between 

its own and the jth state’s IS regulation.  Measuring as it does the observed similarities 

across states, congruence-based accounting has the additional virtue of reflecting 

regulations’ material composition.  Let 
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•  Lij  be the percentage overlap between ith and jth state’s noxious weed list  (number 

of species common to the two lists, divided by the number of species in the ith state); 

•   Iij  the vector representing ecosystem dissimilarities between the ith and jth state;  

•  Aij the vector representing agronomic dissimilarities between the ith and jth state; 

•  , , ,k
ij k c s mω = , the lobbying effort differences between the ith and jth state, 

distinguished by consumer (c), seed-producer (s), and commodity-producer (m) 

interest groups. 

Objective functions of the ith and jth states’ problems then become:6  

(2.6) 
{ }
{ }

* *

* *
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with corresponding reaction functions: 

(2.7) ( ) ( )i j
ij ji ji ijL R L L R L= = ,       

and a Nash-type solution 

(2.8) * * , ,( , , ), ,c s m
ij ij ij ij ijij ijL L i jω ω ω= ∀I A .     

Equation (2.8) suggests that the similarity between any two states’ weed import 

regulations should be a function of dissimilarities between (a) their ecosystem and 

agricultural characteristics, each of which demand biological protection, and (b) their 

relative lobbying or welfare-weight ratios ,k
ijω  which influence producers’ abilities to 

use weed regulations as rent-seeking import protection.  We expect the influence of Iij 

and Aij on overlap Lij to be negative because when ecosystems and cropping patterns 



 

 

17

 

differ, weeds regarded as biologically and economically damaging should differ also.  

That is, larger ecological or agronomic dissimilarities across states should lead to 

lower regulatory congruence. 

 Holding jL  constant, degree-of-overlap Lij is negatively related to the ith state’s 

regulatory stringency ( iL ).  Because equation (2.1)’s sign depends on the relative sizes 

of the market-price and ecosystem-preference effects, rising consumer-welfare weight 

c
ijω  might have either a positive or negative influence on one state’s weed or weed-

seed regulatory congruence with other states.  A negative coefficient of c
ijω  in 

equation (2.8) would indicate the consumer lobbying acts to reduce list overlap and to 

increase regulatory stringency, implying in turn that the positive ecosystem gains 

outweighs the negative market-price effect.  Similarly, commodity producer interests 

depend upon the strength of their preferences for lower seed prices versus lower weed-

abatement costs.  Because seed producers benefit from both price increases and 

agronomic protection, we anticipate their lobbying efforts will have a negative effect 

on list overlap.  But if they perceive regulations as export barriers, they will instead 

lobby for greater regulatory uniformity.  The impact of welfare weights ( , ,c s m
ij ij ijω ω ω ) 

on regulatory congruence in equation (2.8) cannot therefore be predicted a priori.  

2.3 DATA DESCRIPTION 

To estimate equation (2.8) we use publicly available data.  The following describes 

our database, including measures of relevant regulatory congruence and ecological, 

agronomic, and lobbying dissimilarities across states.   
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Weed Regulatory Congruence (Lij):  Recall that each state has two sets of 

noxious weed regulations: weed-seed (NXWS) and weed (NXW) lists, based 

respectively on the FSA and PPA.  We first compiled all 50 states’ NXWS lists in 

1997 and 2002, but Alaska and Hawaii were excluded because of their significant 

differences from other states in list size and ecosystem (temperate versus 

tropical/tundra).7  Each unique species from the 48 NXWS lists was then compiled 

into a global list, initially containing about 1300 weed species.  Duplications and other 

typographical errors in state NXWS lists were eliminated in this process.  While some 

states use more recent scientific names for weed species, many continue to use old 

names.  For example, Centaurea repens in Oregon’s list and Acroptilon repens in 

California’s list refer to the same weed (Russian knapweed).  In the presence of such 

inconsistencies, regulatory congruence is likely underestimated in the global list.  To 

overcome the problem, synonyms of each species were obtained from the National 

Plant Database (http://plants.usda.gov/) and the most recent scientific name used in 

every case. 

The global list was next coded with state and species indicators so that 

overlaps could be identified.  For instance, if a species appeared on two states’ lists, 

the overlap between those states was designated by a 1.  Such a comparison is 

hindered when a state indicates only a genus name, e.g. Allium spp., in weed lists.  

Fortunately, few weeds (e.g., 31 in 2002) are listed this way, but several of the 

affected genera contain over 50 species each.  Recording every species in such genera 

would significantly inflate the NXWS list.  For instance, the Alabama NXWS list 
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contains 23 weeds indicated by both genus and species name.  If the five weeds in that 

list indicated by only a genus name (Allium spp., Cuscuta spp., Crotalaria spp., 

Rumex spp., and Xanthium spp.) were fully enumerated, the Alabama NXWS list 

would contain 240 indicated species.  Arkansas’ NXWS list, which like Alabama’s 

contains 23 weeds with genus and species name, plus the five weeds (the same as in 

Alabama’s) with only a genus name, would have 240 indicated species as well.  

Among the weeds with listed genus and species names, Alabama and Arkansas have 

15 weeds in common.  If all species in the five listed genera are included in these two 

state lists, the between-state overlap jumps to 232, about a 1500% increase over that in 

which weeds free from the spp. issue are considered.  To resolve this inflationary 

problem, we compare only species to species and genus to genus.  In the Alabama-

Arkansas example, the overlap is then 15 + 5, where the 5 represents the overlap of 

indicated genera. 

A state’s weed-seed (NXWS) list has, as discussed above, two components:  a 

prohibited and a restricted list.  Most states impose zero tolerance on noxious weed 

species, while restricted species are subjected to defined tolerance (e.g., number per 

100 seeds).  We thus developed three 48x48 overlap matrices, one each for prohibited, 

restricted, and combined (NXWS) lists:  

48 48

AL AL AL AR AL WY

WY AL WY AR WY WY
×

∩ ∩ ∩

∩ ∩ ∩

⎛ ⎞
⎜ ⎟⎜ ⎟
⎝ ⎠
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where AL, AR, and WY denote Alabama, Arkansas, and Wyoming, respectively.  

Each row gives the number of overlap occurrences of the given state’s weed species 

with each of the 48 contiguous states, including itself.  For example, the first row 

gives Alabama’s list overlaps, first with itself, then with each of the remaining 47 

states.  The matrix is therefore symmetric, with diagonal elements consisting of the 

number of noxious weeds listed in the respective state.  Because states differ in the 

number of weeds they list, we created a corresponding percent-overlap matrix by 

dividing the weed overlap numbers in each row of the 48x48 matrix by the diagonal 

element in that row.  For instance, the first row of (1) is divided by the number of 

noxious weeds in Alabama’s list.  Resulting diagonal elements are unity; off-diagonal 

elements vary between 0 and 1 depending on the percentage of species overlap. 

The situation we face with NXW lists is different from the NXWS lists.  As of 

2004, some states (e.g. Mississippi and New Jersey) did not have any noxious weed 

list, while others (e.g. Louisiana and Massachusetts) had weed lists containing the 

same weeds as in their weed-seed list.  In certain cases (e.g., Georgia), a weed list was 

neither established under statutory authority nor enforced by the state’s agriculture 

department.  In the present study, only noxious weed lists established and enforced 

under the Plant Protection Act of 2000 are considered enforceable.  Following that 

rule, we identified 24 weed lists in 1997 and 36 such lists 2002.  Regulatory overlap in 

noxious weed lists is represented similarly to the way it is represented in noxious weed 

seed lists.  That is, a 48x48 matrix of weed-seed-regulation overlap is constructed such 
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that the rows and columns corresponding to states lacking a weed seed list are set at 

zero. 

Indexes of Ecosystem Dissimilarities (Iij):  In order to attribute cross-state 

differences in NXW or NXWS lists to cross-state ecosystem differences, we first must 

quantify ecosystem characteristics themselves (Rejmanek, 2001).  An ecoregion is “a 

relatively large unit of land or water containing a geographically distinct assemblage 

of species, natural communities, and environmental conditions” (World Wildlife Fund, 

1999).  Several methods for classifying ecoregions have been developed, each for a 

different objective.  Bailey’s (1995) ecoregions divide the continental United States 

into a hierarchical system with four levels:  domains, divisions, provinces, and 

sections (Bailey, 1983; 1995).  Leemans’ (1992) Holdridge Life Zone system uses 

biotemperature, mean annual precipitation, and potential evapotranspiration ratio to 

define provinces, while Omernicks’ (1987) ecoregions are based on land use, land 

surface form, potential natural vegetation, and soil type. 

Bailey’s (1995) classes are the most widely used (e.g., the US Forest Service) 

because they include many of the characteristics in the alternative classifications noted 

above.  We follow Bailey’s classification to derive measures of ecological 

dissimilarities across states.  Specifically, we use the data underlying the classification 

such as land surface form, climate (temperature and precipitation), soil, and surface 

water characteristics to measure ecosystem differences across US states.  Data are 

taken from the National Resources Inventory of the Natural Resource and 

Conservation Service, USDA.  All data at the county level are aggregated to obtain 
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state-level indices using counties’ shares of state land as weights.  Thus, the following 

seven variables are used to represent a state’s ecosystem:  

Average temperature (mean January temperature) 

Average precipitation (days of measurable precipitation per year) 

Variance of temperature and variance of precipitation measured using county-level 

data on temperature and precipitation in the given state.  

Land index computed with principal component analysis of data on acres of cropland, 

pasture, rangeland, forest, small and large urban area, and miscellaneous acres.  The 

Land index of the ith state is given by:  

  

 

where Xr ( 1,...,r R= ) denotes land acres in each of the categories defined above and 

∀r is the weight for the rth category.  

Soil and water indexes also are created using principal component analysis.  Soil 

categories include sandy, silty, clay, loamy, organic, and other.  Major water 

classifications are based on size of water body (less than 2, 2-40, and more than 40 

acres).  Each water body is then subdivided into lake, reservoir, bay/gulf and estuary, 

or perennial stream.  Land, soil, and water indexes also are created using share rather 

than size of acreage.  The share-based indexes are referred to as land-share, soil-share, 

and water-share indexes. 

For each ecosystem variable, we construct a 48x48 dissimilarity matrix as before: 
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Each row provides the percentage differences in the given ecosystem variable between 

the indicated state, itself, and the other 47 states.  For example, weighted average 

precipitation in AL, AR and AZ are, respectively, 138.27, 124.50 and 30.30 days of 

measurable precipitation.  The corresponding percentage precipitation differences 

between AL and AL, AL and AR, and AL are AZ are 0.00, -0.10, and -0.78.  These 

three numbers form the first three elements of the first row of the precipitation 

dissimilarity matrix.  They show that precipitation in Alabama is more like that in 

Arkansas than that in Arizona.  Diagonal elements of a dissimilarity matrix are zero, 

while off-diagonal elements take values between negative and positive infinity. 

Indexes of Agronomic Dissimilarities (Aij):  We employ two measures of a 

state’s agronomic characteristics:  irrigated share of total cropland, and field-crop 

share of total cropland.  Field crops include corn, wheat, barley, soybeans, other grains, 

and cotton.  These data are obtained from the 2002 and 1997 Census of Agriculture 

(US Department of Agriculture).  A 48x48 matrix of dissimilarity indexes was 

constructed for each of these two variables.  

Indexes of Lobbying Dissimilarities ( , ,c s m
ij ij ijω ω ω ):  To represent stakeholders’ 

interests in weed and weed-seed regulation, we obtained data on campaign 

contributions in state politics (Institute on Money in State Politics, 

www.followthemoney.org).  Specifically, we obtained the number and dollar amount 

of contributions made by each major interest group.  From these we identified 

agricultural producers’ political contributions, including, as a subset, seed producers’ 
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contributions.  Data on nursery industry contributions were marked by several missing 

values, which when replaced by zeros lead to an infinite dissimilarity index.  Because 

seed producer and nursery grower interests are similar to one another (equation 2.2), 

we combined seed producer and nursery contributions into a single variable.  A 

consumer-interest group was constructed by pooling contributions from advocacy 

groups that relate to food products and environmental amenities.8  We created two 

political-economy variables (dollar-contributions and number-of-contributions) for 

each of the three stakeholders:  the seed industry (including nursery growers), 

commodity producers (agriculture other than seed producers and nursery growers), 

and consumers.  Since welfare weights sum to one, we employ the share of each group 

in total dollar- and number-of-contributions in our empirical model.  We then 

constructed, for each of these industries, a 48x48 dissimilarity-index matrix showing 

state-by-state percentage differences in shares of dollar-contributions and numbers-of-

contributions.  We call these the “lobbying dissimilarity matrices.” A lobbying 

dissimilarity index, ( ) /c c c c
ij i j iω ω ω ω= − , is an increasing function of the base state’s 

lobbying contribution. 

 Descriptive statistics on cross-state regulatory overlap and on all three 

explanatory-variable categories are presented in table 2.1.  Average cross-state overlap 

in the 1997 (2002) noxious weed-seed lists is 41.1 (42.8) percent. In the case of 

noxious weed lists, average overlap in 1997 (2002) is 31 (30.2) percent.  However, in 

both the weed lists and two subsets of the weed-seed lists, overlap variance in 2002 

was higher than in 1997.  Lobbying indexes generally increased between 1997 and 
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2002.  Agronomic indexes changed little in that five-year period.  Ecological variables 

are observed for 1997 only. 

2.4 ECONOMETRIC PROCEDURE AND SPECIFICATION TESTS 

Given the panel nature (states i and j) of our data set, regulatory congruence in 

equation (2.8) is estimated using three econometric procedures: ordinary least squares 

(OLS), fixed-effects (FE), and random-effects (RE) estimators.  In the case of the OLS 

estimator, equation (2.8) is rewritten 

(2.9)  0ij ij ijL Xα β ε′= + +                                   

where , 1,..., 48,i j =  0α  is the intercept, Xij is a vector of explanatory variables and β 

the associated parameter vector of interest, and ijε  is the random disturbance term.  FE 

estimation replaces 0α  with state-specific intercepts , 1,..., 48i iα = , in the form of 

(2.10)  ij i ij ijL Xα β ε′= + + .        

Finally, the random effects specification is similar to equation (2.10) but such that the 

disturbance term includes an unobserved, random, state-specific effect iμ :  

(2.11)  0ij ij i ijL Xα β μ ε′= + + + .       

Dependent variable Lij is defined as the percentage overlap between the ith and 

jth states’ noxious weed-seed and weed (NXWS or NXW) regulations.  The overlap 

data vector has dimension 2304x1 (48x48 state-pair overlaps), constructed by 

transposing each row of the overlap matrix and stacking it into a column vector.  Since 

diagonal elements of the percentage overlap matrix each equal one, we delete the ith 
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state’s overlap with its own list and consider only observations when i ≠ j.  Thus, for 

the weed-seed (NXWS) lists, we have 2256 (48x47) observations on Lij.  Because 

weed lists apply to fewer states than do weed-seed lists, we respectively have only 870 

and 1190 observations of state-pair overlaps in the 1997 and 2002 NXW lists.  Lij is 

computed for four lists:  NXWS, NXWS prohibited, NXWS restricted, and NXW, 

each of which we refer to as List 1 through 4, respectively.    

Consistent with the previous section, our explanatory variables Xij fall into 

three groups: (i) ecosystem dissimilarities (Iij) between the ith and jth state, expressed in 

terms of average temperature and precipitation, variance of temperature and 

precipitation, soil and land types, and water sources (seven variables); (ii) agronomic 

dissimilarities (Aij) between the ith and jth state, captured by field-crop and irrigated-

area share of total cropland (two variables); and  

(iii) lobbying dissimilarities ( , ,c s m
ij ij ijω ω ω ) between the ith and jth state, represented by 

political contributions from seed producers, commodity producers, and consumer 

groups.  The 1x12 vector of explanatory variables is thus given by 

1 7 1 2[ ,..., , , , , , ]c s m
ij ij ij ij ij ij ij ijX I I A A ω ω ω′ = .  

As it is expressed as a percentage overlap, our dependent variable must take 

positive values.  Dissimilarity indexes, however, take values between negative and 

positive infinity.  A negative (positive) value of a dissimilarity index indicates the base 

state’s indicator is higher (lower) than the comparator state’s.  Among temperature 

differences, for example, a negative (positive) dissimilarity index implies the base 

state’s average temperature is higher (lower) than the comparator state’s.9  Positive 
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dissimilarities might well have effects on noxious weed list overlaps that are quite 

different from negative dissimilarities.  Scientific evidence supports the presence of 

such asymmetries among ecological variables.  For instance, Brown, Stevens, and 

Kaufman (1996) indicate that an introduced species’ relationship with other species 

may depend upon whether the new environment is warmer or colder than the native 

environment.  Consider also figure 2.3, where percentage list overlap is plotted on the 

Y-axis and ecological dissimilarity is represented by the positive and negative 

quadrants of the X-axis.  Larger dissimilarity in either quadrant leads to lower overlap.  

We therefore must specify slope and intercept dummies to allow the coefficient of any 

explanatory variable to change as realizations of the dissimilarity index switch from 

negative and positive.  We then test the restriction that the factor’s coefficient remains 

the same as the sign of the dissimilarity index realization changes.   

The general model is then 

(2.12)  0 0 ( ) ( )ij ij ij ijL D D D X D Xα δ β γ ε+ − + −′ ′= + + + +        

where 1 2 12[ , ,..., ]D D D D+ + + +=  is a set of dummy variables that are unity when 0ijX >  

(e.g.,  1
1 1 0ijD if X+ = > ), zero otherwise; and 1 2 12[ , ,..., ]D D D D− − − −=  are unity when 

0ijX ≤ , zero otherwise.  It follows that /ij ijL X β∂ ∂ =  when Xij  is positive,γ  

otherwise. 

For the four noxious weed overlaps noted earlier, we estimated equation (2.12) 

using OLS, FE, and RE for each of the two years 1997 and 2002.  A number of 

specification tests and error-structure analyses were conducted to help identify which 
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specification best fitted the data.10  First was the Lagrange Multiplier test, which 

strongly rejected all four OLS specifications in favor of either FE or RE.  Second was 

(in most specifications) an F-test of the restriction that the coefficient of a 

dissimilarity index is the same regardless of sign (i.e., positive or negative 

dissimilarity).  This restriction was strongly rejected.  For consistency, we report only 

the results of specifications with asymmetric coefficients.  Hausman tests then were 

employed to choose between the FE and RE estimators.  In most cases, an FE 

specification was preferred to a random-effects one, where the latter assumes that the 

unobserved, random, and state-specific effect is independent of the explanatory 

variables.11  In two cases, the Hausman test did indicate the RE specification is the 

correct one.  Nevertheless, RE and FE coefficients were qualitatively similar to one 

another.  Again, for reporting consistency, we present only the FE results.  Error-

structure analysis with an LM test indicated groupwise (state-specific) 

heteroskedasticity.  We therefore employ the feasible generalized least squares 

estimator with fixed effects to estimate equation (12) for each of the four noxious 

weed lists.  

2.5 RESULTS 

Table 2.2 and 2.3 provide estimated slope parameters of each of the four prohibited or 

restricted list types in each year 1997 and 2002.  We focus on the impact on regulatory 

congruence of cross-state dissimilarities in ecosystem, agronomic, and lobbying-

strength.12  Coefficients therefore are interpreted as effects of dissimilarities – between 
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a base state and comparator state – on the regulatory congruence between the two 

states.  As noted in the data section, only 24 (36) states in 1997 (2002) had weed, that 

is NXW, lists, some of which were advisory rather than regulatory in nature.  Hence, 

the following discussion relies especially on results from the NXWS list. 

Ecological Dissimilarities and Regulatory Congruence:  In the top portion of 

table 2.2  we show the ecological variables’ 1997 impacts, each of which are 

represented by one coefficient for positive dissimilarities and another for negative 

dissimilarities between the base and comparator state.  Consistent with the figure 2.3 

hypothesis, we find significantly negative slope coefficients on most temperature and 

precipitation indexes when the dissimilarity index takes negative values.  In other 

words, the higher the average temperature or precipitation in the comparator relative to 

the base state, the lower is the similarity in the two states’ weed and weed-seed 

regulations.  Similarly, when the dissimilarity index takes positive values, most 

temperature and precipitation coefficients have the expected positive sign and are 

statistically significant.  Few exceptions to that rule, mostly in List 4, are encountered.  

Ecological-variable results in 2002 (table 2.3) were similar to those in 1997.  In each 

of these two years, of the 32 coefficients representing temperature and precipitation 

dissimilarities, only four have an unexpected sign and are statistically significant.  In 

general, these results suggest that the relationship between temperature-and-

precipitation difference and noxious-weed regulatory difference is best illustrated by 

figure 2.3.  That is, ecological differences – expressed through temperature and 
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precipitation differences – are important determinants of cross-state differences in 

both weed and weed-seed regulation.    

Other ecosystem differences – represented by land, soil, and water share 

dissimilarities – do not have the significant effect on regulatory congruence that figure 

2.3 would imply.  Of the 24 coefficients on land, soil, and water-share indexes in table 

2.2 (2.3), only four (1) have the expected sign and are statistically significant in the 

1997 (2002) data.  These results prompted additional tests on the relevance of land, 

water, and soil dissimilarities for regulatory congruence.  Restricting selected 

coefficients (e.g., on land and water share) to zero did not materially alter the 

coefficients of the remaining factors.  Because some such restrictions are statistically 

rejected and the efficiency losses from introducing irrelevant variables are minimal, 

we retain land, soil, and water dissimilarities in all four Lists.  Information embodied 

in land, soil, and water indexes may well be capturing that in temperature and 

precipitation indexes.  

Agronomic Dissimilarities and Regulatory Congruence:  Consider next our 

agronomic variables’1997 impacts, each again represented by a coefficient for positive 

dissimilarities and another for negative dissimilarities between base and comparator 

state.  Especially in Lists 1, 2, and 3, field-crop land shares have the expected sign and 

are statistically significant (table 2.2).  When dissimilarities are positive, field-crop 

and irrigated-land shares again have primarily a negative influence on regulatory 

congruence.  Overall, only one of the twenty agronomic dissimilarity effects – namely 

the negative effect of irrigated-land-share dissimilarity in List 2 - has an unexpected 
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sign when statistically significant.  Results for 2002 (table 2.3) are similar to those for 

1997.  As in the case of ecological dissimilarities, the relationship between agronomic 

characteristics and regulatory congruence generally is well characterized by figure 2.3. 

Table 2.4 provides a summary of the influences of ecological and agronomic 

dissimilarities on weed-seed (NXWS) and weed (NXW) regulatory congruence.  

Blank spaces in the table indicate absence of statistical significance.  Consistent with 

figure 2.3, we find that greater cross-state dissimilarities – whether positive or 

negative – in ecological and agronomic conditions are associated with smaller 

differences in prohibited weed and weed-seed lists.  Table 2.4 also shows that the 

negative relationship between regulatory overlap and ecological/agronomic 

dissimilarities, as in the positive quadrant of figure 2.3, is in all four List types the 

more common one.  The suggestion is that significant regulatory differences exist 

between warmer (wetter) states and their cooler (drier) counterparts. 

Interest Group Influences on Weed Regulation:  Recall that a lobbying 

dissimilarity index measures the political strength of the base state’s indicated interest 

group relative to the group’s counterpart in the comparator state.  Consumer lobbying 

effects are, in 1997 Lists 1 and 3 at least, similar to those of most agronomic and 

ecological dissimilarities.  That is, when the base state’s consumer lobby is stronger 

than the comparator state’s, any further lobbying strength in the base state reduces the 

two state’s regulatory similarity.  Consumer lobbying effects on the other two list 

types are for the most part nonsignificant.  Broadly speaking, table 2.2 and 2.3 suggest 

that states with especially strong consumer lobbies have less similar weed and weed-
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seed lists than do states with weaker consumer lobbies.  That in turn implies, 

following equation (2.1), that consumers’ ecosystem preferences dominate their 

market-consumption preferences.  As noted earlier, we include all advocacy groups in 

the consumer lobbying index.  To the extent that consumers ignore market-price 

(interstate trade) effects and only environmentally-interested consumers express a 

strong stake in these regulations, the net effect of the consumers’ lobby is that weed 

lists will differ by state. 

Seed industry lobbying activities have no significant effect on noxious weed 

regulations in our 1997 data (table 2.2).  They do, however, in 2002 List types 2 and 4 

(NXWS prohibited and NXW lists) when dissimilarities are positive (table 2.3).  In 

those cases, the stronger a state’s seed lobby, the more similar to a comparator state 

are its regulations.  Equation (2.2) shows seed producers benefit from both the price-

enhancement and agronomic-protection effects of regulatory dissimilarity.  But as we 

have noted, seed producers also may perceive weed regulations as export barriers and, 

to that extent, would lobby for the cross-state consistency that the table 2.3 parameters 

imply.  Evidence of such lobbying can be found in the Recommended Uniform State 

Seed Law of the Association of American Seed Control Officials, which outlines 

standardized procedures for labeling, complaint, and dispute settlement in seed 

certification and trade.  The American Seed Trade Association and American Nursery 

and Landscape Association also promote state cooperation in seed and nursery-

product market development and address differences in state seed regulations.  States 
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with substantial seed or nursery production (e.g., Oregon and California) appear to 

lobby in the direction of weed-list uniformity.  

 Although commodity producer lobbying efforts had in 1997 mostly 

nonsignificant effects on regulatory consistency (table 2.2), their 2002 impacts on List 

1 and 3 consistency were significant (table 2.3).  In particular, they accord with figure 

2.3:  the stronger a state’s commodity lobby, the less consistent with other states are 

its noxious weed lists.  In the 2002 List 1 and 3 data, commodity producers’ gains 

from a prohibited list’s agronomic protection more than offset their losses from the 

list’s price-enhancement effect [equation (2.3)]. 

Our statistical significance tests therefore indicate the importance of 

stakeholder lobbying for regulatory consistency.  However, they do not tell us about 

the importance of lobbying power relative to the other determinants of cross-state 

regulatory consistency.  R2s generally can do so, but those from FGLS models are 

imprecise (Greene, 1997).  We thus use a variance decomposition approach to identify 

the relative contributions of each explanatory variable to model-fitted regulatory 

congruence (Fields, 2003).  The variance of regulatory congruence is first decomposed 

into that explained by the explanatory variables and that explained by the residual.  As 

an average over all four lists and both the 1997 and 2002 sample year, explanatory 

variables – including fixed effects – explain about 60 percent of regulatory 

consistency.  Of this 60 percent, consumer, commodity producer, and seed producer 

lobbying together explain from 2 to 10 percent of regulatory consistency in 1997, and 

from -6 to 9 percent of consistency in 2002.13  The remainder of the variation is 
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accounted for by ecological and agronomic dissimilarities and fixed (state-specific) 

effects.  

Figures 2.4a and 2.4b characterize, in stylized form, these regulatory 

influences of interest-group lobbying.  The greater a state’s seed producer lobbying 

strength, the greater is the similarity of its prohibited species list with a comparator 

state (figure 2.4a).  In contrast, stronger commodity producer or consumer lobbies are 

associated with greater cross-state differences in weed and weed-seed regulation 

(figure 2.4b).  Consumer lobbying’s net negative effect on regulatory congruence 

suggests in particular that a prohibited list’s negative market-consumption effect is 

more than offset by the gains consumers perceive to the local ecosystem.  Commodity 

lobbying’s net negative effect implies instead that a prohibited list’s positive price-

enhancement effect is more than offset by the gains producers receive from agronomic 

protection.  Commodity and consumer lobbies favor less uniform, and seed lobbies 

more uniform, state-level regulation of noxious plants and seeds. 

2.6 SUMMARY AND CONCLUSIONS 

In at least two types of invasive species regulations, those regulating weed seed 

(NXWS), and those regulating weeds (NXW), substantial interstate differences are 

evident.  We have investigated the determinants of these differences, paying special 

attention to the lobbying activities of competing interest groups and to the ecological 

and agronomic factors influencing such groups.  Three types of state-level 

stakeholders are identified:  consumers, seed and nursery producers, and commodity 
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producers.  Using a social welfare function that aggregates stakeholders’ net benefits, 

we then specify policy makers’ regulatory choices as a strategic game between a base 

state and comparator state.  The extent of regulatory congruence between any 

randomly selected pair of states provides the basis for our empirical analysis. 

We use data on ecosystem and agronomic characteristics and on political 

groups’ rent-seeking expenditures to estimate the determinants of interstate 

congruence in prohibited weed-seed and weed lists.  Results suggest that cross-state 

ecological differences, embodied in temperature and precipitation patterns, give rise to 

substantial variation in prohibited-list regulations.  Cross-state agronomic differences, 

embodied in shares of arable land allocated to irrigated and field crops, likewise are 

significant determinants of prohibited-list composition.  Together, ecological and 

agronomic characteristics account for two-thirds of the explained interstate variation 

in the size and composition of weed-seed and weed prohibited lists. 

The intensity of a stakeholder’s interest in state regulation is reflected in its 

political contributions.  Nevertheless, some stakeholder groups pursue conflicting 

interests.  Consumer lobbies reveal a net preference for the ecosystem-protecting – 

over the market-price inflating – influences of prohibited weed and weed-seed lists.  

This result could arise if in general consumers ignore market-price effects, but only 

environmentally-conscious consumers express a strong stake in these regulations.  

Commodity producer lobbies reveal a net preference for the agronomically protective, 

over the market-price enhancing, influences of these same lists.  Consumer and 

commodity producer lobbies therefore act implicitly together to encourage state 
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governments to differentiate their prohibited weed lists from those of other states.  In 

contrast, seed producers lobby for greater interstate agreement over the species to be 

prohibited in interstate trade, a policy that, while it would reduce commodity prices, is 

opposed by commodity consumers as well as producers.  Seed-producer preferences 

for regulatory uniformity can be explained only by assuming these producers regard 

noxious weed regulations as export barriers, an assumption consistent with the 

Association of American Seed Control Officials’ and American Nursery and 

Landscape Association’s stated recommendations for state weed law conformity.     

In sum, state-level lobbying works partly for, partly against, the oft-expressed 

government intention of working toward more integrated seed and horticultural 

markets.  States with significant seed production, or headquartering national seed 

organizations, tend to have strong seed-producer lobbies and thus are likely promoters 

of interstate horticultural trade.  Commodity producer and consumers, as we have seen, 

object instead to the unwanted weed intrusion that such trade would stimulate.  The 

agronomic and ecosystem interests represented in such positions are legitimate; the 

price-enhancement interests, however, are inconsistent with Section 436 of the U.S. 

Plant Protection Act.  State and federal regulators can help minimize the restraint-of-

trade aspects of prohibited weed lists by working toward a more uniform definition of 

noxious weeds.  Economists can assist by extending our study to an examination of 

the prohibited lists’ interstate trade-flow, and consequent welfare, impacts. 
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2.8 ENDNOTES

                                                 
1 For a sample of studies on risk assessment and management of weeds, and broader 

invasive species, see Eiswerth and Van Kooten (2002), Settle and Shogren (2002), 
National research Council (2002), Lehtonen (2001), Panetta et al. (2001), 
Rejmanek (2001, 1999) and Stocker (2001). 

2 Many of these regulations are considered to be nontariff barriers in agriculture.  For 
measurement of non-tariff barriers and their effects, see Beghin and Bureau 
(2001), Orden and Roberts (1997), and Hillman (1978). 

3 In this section we replace the term “seed producers and nursery growers” by “seed 
producers” for convenience. 

4 However, seed producer profits can be a negative function of the size of lists in 
jurisdictions to which local producers would export.  That is, noxious weed 
regulation can be perceived as export barriers, if a state’s seed producers incur 
additional costs to obtain certification and/or labeling privileges. 

5 Note that the first-order condition for maximizing equation (4), 
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∂ ∂ ∂ ∂

, 

       which suggests that the solution to the maximization problem in (2.5) is the same 
as that in (2.4). 

6 We suppress income and factor price differences by assuming integrated factor 
markets among US states. 

7 Our choice on years coincides with availability of interstate trade data from the 
Commodity Flow Survey conducted once every five years by the U.S. 
Department of Transportation.  Moreover, they represent regulations before and 
after the implementation of the PPA of 2000. 
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8 Contributions indicated are the totals for each group.  We have no criteria suitable for 

allocating contributions between noxious weed and other regulations (e.g., 
air/water pollution limits). We do not further classify the consumer group because 
environmentalists are consumers as well, but the degree of environmentalism 
varies by individual.  Any division of the consumer group would have to depend 
on untested and artificial criteria. 

9 In the case of lobbying, a negative (positive) dissimilarity implies the base state’s 
interest-group strength is lower (higher) than the comparator state’s. 

10A J-test and Cox test indicated that the share-based indexes (soil, land, and water) 
better fit our model than do the size-based indexes (Greene, 1997).  Similarly, 
dollar shares of a state’s political contributions are preferred to the volume-based 
measures (number of contributions).  Results of specification tests are available 
from authors. 

11If the difference between the parameter variance-covariance matrix of the FE model 
and that of the RE model is not positive definite, the chi-squared statistic of the 
Hausman test can take negative values.  We obtained a few negative values, 
where Greene (1997) suggests setting the Hausman statistic to zero. 

12 The intercept dummies in equation (12), i.e., ( )0 0,α δ , are omitted due to space 
limitations in tables 2 and 3. 

13 The negative contribution found in List 1 of 2002 implies that the combined effect 
of all three classes of interest-group lobbying reduced cross-state regulatory 
consistency. 

 

 

 

 

 

 

 

 



 

 

42

 

Table 2.1.  Descriptive Statistics on Regulatory Differences and Explanatory Variables 
(2256 Observations) 

 
Dependent Variables Unit Mean Std.Dev. Minimum Maximum
NXWS list regulatory overlap       
 2002 NA 0.428 0.182 0.083 0.963
 1997 NA 0.411 0.186 0.057 1.000
NXWS-prohibited list regulatory overlap      
 2002 NA 0.401 0.269 0.000 1.000
 1997 NA 0.320 0.202 0.000 1.000
NXWS-restricted regulatory list overlap      
 2002 NA 0.411 0.269 0.000 1.000
 1997 NA 0.319 0.197 0.000 1.000
NXW list regulatory overlapa      
 2002 NA 0.302 0.295 0.000 1.000
 1997 NA 0.310 0.268 0.000 1.000
      
Independent Variables      
Lobby Variables       
Seed producersb      
 2002 $ 108618 189283 550 1040040
 1997 $ 92233 169980 250 1010680
Consumers      
 2002 $ 364199 551105 2500 2564890
 1997 $ 253955 624000 5000 4206990
Commodity producers      
 2002 $ 775331 1272660 15865 6476520
 1997 $ 556395 933924 4550 5179920
Agronomic Variables      
Irrigated land share      
 2002 Acre/Acre 0.177 0.221 0.002 0.794
 1997 Acre/Acre 0.178 0.238 0.002 0.901
Field land share      
 2002 Acre/Acre 0.686 0.171 0.296 1.030
 1997 Acre/Acre 0.685 0.172 0.310 1.089
Ecological Variablesc      
Average Temperature  January temperature 52.498 7.684 40.161 70.902
Average Precipitation Days of precipitation 88.450 33.930 21.713 142.551
Variance of Temperature NA 5.419 6.196 0.000 37.893
Variance of precipitation NA 266.549 895.464 0.000 4849.02
Land Share Indexd Index 0 1.00 -1.785 1.8340
Water Share Indexd Index 0 1.00 -1.210 3.981
Soil Share Indexd Index 0 1.00 -1.447 2.592
a Number of observations is 1190 and 870 respectively for 2002 and 1997; b Includes nursery growers. 
c NORSIS, US Forest Service data; d Based on principal component analysis. 
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Table 2. 2.  Estimates of Cross-State Weed Regulatory Congruence, 1997 
 

Slope Coefficients a Sign of 
Dissimilarity

List 1
NXWS

List 2
NXWS

Prohibited

List 3 
NXWS 

Restricted

List 4 
NXW

I1. Average  Temperature Negative  4.9813
(3.2738)

84.4727**
(4.4132)

 -21.3807**
(3.4548)

 6.1407
(7.1744)

 Positive -97.3581**
(4.7132)

-42.5648**
(7.0742)

-79.4742**
(5.0572)

-44.4595**
(9.1408)

I2. Average Precipitation Negative  10.5249**
(0.6986)

7.3781**
(0.8859)

 5.1682**
(0.7147)

 13.8153**
(1.3309)

 Positive  -22.7889**
(1.9501)

 -19.4822**
(2.7352)

 -32.4031**
(2.1169)

 6.8839
(3.9889)

I3. Variance of Temperature Negative  0.0018
(0.0037)

 -0.0054
(0.0038)

 0.0074
(0.0040)

 -2.6872**
(0.5272)

 Positive  -6.9931**
(1.5677)

 -4.6264*
(2.2303)

 -6.1663**
(1.6542)

 -11.0265**
(2.6504)

I4. Variance of Precipitation Negative  0.0001*
(0.0000)

 -0.0000
(0.0000)

 0.0001**
(0.0000)

 -0.0250*
(0.0114)

 Positive  -6.64113**
(1.51491)

 -16.6602**
(2.17302)

 -5.91907**
(1.59267)

 -8.7547**
(2.89615)

I5. Land Share Index Negative  0.0377
(0.0245)

0.0294
(0.0358)

 0.0122
(0.0229)

 0.0368
(0.0189)

 Positive  -0.0057
(0.0293)

0.0581
(0.0430)

 -0.0163
(0.0274)

 -0.0665*
(0.0334)

I6. Water Share Index Negative  0.2186
(0.1413)

0.3907*
(0.1844)

 0.1230
(0.1629)

 0.3155
(0.4434)

 Positive  -0.2210
(0.1140)

 -0.6354**
(0.1531)

 -0.1177
(0.1319)

 -0.3793
(0.3691)

I7. Soil  Share Index Negative  0.0203
(0.1952)

 -0.2286
(0.2656)

 0.1888
(0.2135)

 -0.7390
(0.4173)

 Positive  -0.0570
(0.1679)

0.4465
(0.2289)

 -0.3991*
(0.1816)

 0.1713
(0.3871)

A1. Field Crop Land Share Negative  3.8381**
(1.4170)

7.9762**
(1.9874)

 4.8898**
(1.4321)

 2.9998
(1.9787)

 Positive  -13.3076**
(2.6138)

1.0805
(3.7531)

 -15.4310**
(2.8232)

 -18.7375**
(4.3266)

A2. Irrigated Land Share Negative  0.0151
(0.0122)

 -0.0455**
(0.0176)

 0.0631**
(0.0131)

 0.0287
(0.0183)

 Positive  -6.8743**
(1.4686)

 -3.6522
(2.0594)

 -3.6564*
(1.5625)

 -5.2978*
(2.5443)
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Table 2.2.  Estimates of Cross-State Weed Regulatory Congruence, 1997 
(Continued) 

 
wc: Lobby  of Consumer Negative  0.0230

(0.0697)
0.0107

(0.0913)
 0.3081**

(0.0834)
 -0.3546**

(0.1143)

 Positive  -5.6111**
(1.6113)

 -2.9029
(2.2071)

 -4.0133*
(1.6983)

 0.6874
(2.7670)

ws: Lobby of Seed Industry Negative  -0.0387
(0.0259)

0.0162
(0.0306)

 -0.0436
(0.0294)

 0.0465
(0.0588)

 Positive  -0.0484
(1.4357)

2.1991
(2.0100)

 1.5123
(1.5100)

 -3.69253
(2.4161)

wm: Lobby  of Commodity 
 Producer Negative  0.0708

(0.0764)
 -0.1074
(0.0902)

 0.2051*
(0.0828)

 -0.5762**
(0.1407)

 Positive  0.3841
(0.5914)

0.3476
(0.7400)

 -0.6256
(0.6747)

 1.9280*
(0.9482)

** and * denote significance at the 1% and 5% level, respectively; number in parenthesis is standard 
error. 
aI1 through I7 indicate ecological dissimilarity indexes, A1 and A2 are agronomic dissimilarity indexes, 
and wk, k=c,s,m, denote lobbying dissimilarity indexes. 
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Table 2. 3.  Estimates of Cross-State Weed Regulatory Congruence, 2002 
 
Slope Coefficients a 
 

Sign of 
Dissimilarity

List 1
NXWS

List 2
NXWS-

Prohibited

List 3 
NXWS-

Restricted

List 4
NXW

I1. Average  Temperature Negative  6.0192*
(3.0452)

 77.9172**
(4.3315)

-22.3952**
(3.3327)

 27.6193**
(5.5819)

 Positive  -97.3348**
(4.5406)

 -39.7359**
(7.2631)

 -86.9851**
(4.9156)

 -29.2558**
(8.3285)

I2. Average Precipitation Negative  10.7105**
(0.6691)

 6.9771**
(0.8961)

 5.4450**
(0.6867)

 12.7726**
(1.0705)

 Positive  -17.9395**
(1.8217)

 -18.6396**
(2.6990)

 -28.2771**
(2.0377)

 2.0383
(3.1967)

I3. Variance of Temperature Negative  0.0024
(0.0035)

 -0.0064*
(0.0037)

 0.0081*
(0.0041)

 -0.0162**
(0.0060)

 Positive  -6.5445**
(1.5217)

 -6.7927**
(2.2661)

 -6.3753**
(1.6075)

 -9.3485**
(2.4415)

I4. Variance of Precipitation Negative  0.0000
(0.0000)

-0.0000
(0.0000)

 0.0001*
(0.0000)

-0.0001
(0.0000)

 Positive  -5.6056**
(1.4838)

 -18.1827**
(2.2530)

 -4.0619*
(1.5871)

 -7.5137**
(2.5831)

I5. Land Share Index Negative  0.0280
(0.0234)

 0.0421
(0.0393)

 0.0071
(0.0218)

 -0.1023
(0.0682)

 Positive  0.0213
(0.0281)

 0.0377
(0.0473)

 0.0058
(0.0263)

 0.0230
(0.0946)

I6. Water Share Index Negative  0.2331
(0.1419)

 0.4933**
(0.1867)

 0.1009
(0.1687)

 0.0644
(0.4540)

 Positive  -0.1704
(0.1149)

 -0.6096*
(0.1544)

 -0.0178
(0.1375)

 0.0195
(0.3803)

I7. Soil  Share Index Negative  -0.0481
(0.1862)

 -0.2558
(0.2809)

 0.0787
(0.2197)

 -0.5541
(0.3862)

 Positive  -0.0186
(0.1613)

 0.4315
(0.24151)

 -0.3601
(0.1876)

 0.1504
(0.3390)

A1. Field Crop Land Share Negative  4.6134**
(1.3560)

 8.9766**
(1.9970)

 4.3584**
(1.3247)

 5.9742**
(1.7632)

 Positive  -11.9382**
(2.5060)

 1.2836
(3.7752)

 -15.6365**
(2.7747)

 1.6604
(3.9808)

A2. Irrigated Land Share Negative  0.0254**
(0.0098)

 -0.0297
(0.0163)

 0.0577**
(0.0117)

 0.0135
(0.0154)

 Positive  -5.2458**
(1.3962)

 -3.3891
(2.0586)

 -1.2897
(1.5069)

 -4.6188*
(2.3250)
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Table 2.3.  Estimates of Cross-State Weed Regulatory Congruence, 2002 
(Continued) 

 
wc: Lobby  of Consumer Negative  -0.0626

(0.0324)
 0.0272

(0.0499)
 -0.0468
(0.0362)

 0.2804
(0.1814)

 Positive  -3.1981*
(1.5602)

 0.4738
(2.2480)

 -0.4750
(1.7143)

 -7.5734**
(2.5308)

ws: Lobby of Seed Industry Negative  -0.0235
(0.0158)

 -0.0631**
(0.0218)

 0.0241
(0.0178)

 -0.0576**
(0.0190)

 Positive  -1.7488
(1.4492)

 -1.6051
(2.1602)

 1.8992
(1.5447)

 3.1139
(2.3757)

wm: Lobby  of Commodity  
Producer Negative  0.4684**

(0.1139)
 0.2360

(0.1649)
 0.6222**

(0.1260)
 -0.7174**

(0.2241)

 Positive  -3.7354*
(1.5426)

 7.8416**
(2.3017)

 -3.4817*
(1.6396)

 -2.8600
(2.5521)

** and * denote significance at the 1% and 5% level, respectively; number in parenthesis is standard 
error. 
aI1 through I7 indicate ecological dissimilarity indexes, A1 and A2 are agronomic dissimilarity indexes, 
and wk, k=c,s,m, denote lobbying dissimilarity indexes. 
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Table 2. 4.  Signs of Ecological- and Agronomic-Dissimilarity Effects on Weed Regulatory Congruence

 List 1 List 2 List 3 List 4 
 NXWS NXWS-Prohibited NXWS-Restricted NXW 

Dissimilarity Negative Positive Negative Positive Negative Positive Negative Positive
 1997 1997 1997 1997 1997 1997 1997 1997
 
Average Temperature  +   - +   -   -   -    -
Average Precipitation  +   - +   - +   - +
Variance of Temperature   -   -   -   -   -
Variance of precipitation +   -    - +   -   -   -
Land Share Index   -
Water Share Index   - +   -  -
Soil Share Index    +    -   
Irrigated Land Share     -   -  +   -   -
Filed Crop Land Share +   - +  +   - +   -
         
 2002 2002 2002 2002 2002 2002 2002 2002 
Average Temperature  +   - +   -   -   - +   -
Average  Precipitation +   - +   - +   - +
Variance of Temperature   -  -   - +   -   -   -
Variance of precipitation   -    - +   -   -
Land Share Index 
Water Share Index +   -
Soil Share Index      
Irrigated Land Share  +   - +    - 
Filed Crop Land Share +   - +  +   - +  
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Figure 2. 1.  Size Differences in State Noxious Weed Regulation, 2002 
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Figure 2. 2.  Compositional Differences in State Noxious Weed Regulation, 2002 
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Figure 2. 3.  Illustration of Dissimilarity Effects on Weed Regulatory Congruence 
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Figure 2.4 a. Lobbying Dissimilarities and Weed Regulatory Congruence 
 

 

 
 

 
Figure 2.4 b. Lobbying Dissimilarities and Weed Regulatory Congruence 
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CHAPTER 3 

 

 

3. TECHNICAL BARRIERS TO INTER-STATE TRADE: THE CASE OF 
NOXIOUS WEED REGULATIONS  
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3.1 INTRODUCTION 

Expanding human activities and improvements in transportation technologies have 

inadvertently introduced non-indigenous or invasive species (IS) into the United States 

(Margolis, Shogren, and Fischer, 2005).  Such invasive plants, weeds, insects and 

microbes have caused significant ecological and economic damage (Pimentel, Zuniga, 

and Morrison, 2004).  For example, Scotch Broom (Cytisus Scoparius), native to 

Europe and regarded as a noxious weed in Oregon, is responsible for about $47 

million in lost timber production each year in Oregon (Oregon Department of 

Agriculture, 2006).   

To prevent the introduction and dissemination of invasive species, especially 

exotic weeds and plants, the federal government has established two major regulations.  

The first is the creation of a noxious weed seed (NXWS) list under the Federal Seed 

Act (FSA) of 1939 and its amendments, which prohibits or restricts the inter-state and 

international trade of agricultural products (e.g., seeds) which contain noxious weed 

seeds.   The second regulation, based on the authority granted by the Plant Protection 

Act (PPA) of 2000, bars importation and interstate movement of plants recorded in a 

noxious weed (NXW) list.  The latter, in effect, requires that shipments of nursery and 

greenhouse products be free of noxious weeds.  Both federal lists establish either zero 

(prohibited) or defined (restricted) tolerance levels for each weed species.  In addition 

to the two federal lists, each state has been authorized by the FSA and the PPA to set 
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up a NXWS and NXW list, respectively, based on local ecological, environmental and 

agronomic conditions.  

In the first essay, we developed a simple game-theoretic framework to analyze 

the large cross-state differences in NXWS and NXW lists.  Our findings suggested 

that ecological and agronomic dissimilarities are primary causes of inter-state 

differences in the size and composition of both weed lists.  However, we also found 

that interest groups lobbying has a statistically and economically significant effect on 

differences in weed regulations across states.  In particular, we found that seed 

producers favored more uniform weed regulations across states, while commodity 

producers and consumers preferred that a state maintain a distinct list to protect its 

ecosystem and agronomic conditions.  Such rent-seeking activities of interest groups 

may drive more cross-state differences than necessary in weed regulations to counter 

ecological and environmental damage from invasive species.  The result will reduce 

trade among U.S. states in seeds, nursery products and selected agricultural 

commodities, valued about $5, $1 and $50 billion, respectively, in 2002 (Commodity 

Flow Survey, U.S. Department of Transportation, 2002).  Conventional trade models 

suggests that tariffs and technical barriers to the exchange of goods negatively affect 

the welfare of an economy by increasing product prices, and limiting specialization 

and the availability of quality inputs (Feenstra, 2004). 

The objective of this essay is to estimate the effect of weed regulations on the 

inter-state trade in seeds, nursery products and agricultural commodities.  The 

empirical framework derived from the theoretical model of the first essay will allow us 
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to identify that part of inter-state trade attributable to lobbying-induced changes in 

weed regulations.  A number of analysts have investigated the effect of environmental 

regulations on trade and vice versa (Copeland and Taylor, 2003).  While the effect of 

free trade on environment remains a subject of debate, that of environmental 

regulations on trade has received limited attention (Antweiler, Copeland and Taylor, 

2003; Leonard, 1988; Low and Yeats, 1992; Ederington and Minier, 2003).1  Our 

study addresses the latter gap in the literature by investigating the effect of 

environmental barriers in the form of weed regulations among U.S. states, which 

otherwise freely exchange goods and services under common laws.  For this purpose, 

we have assembled a database on inter-state trade of agricultural products from the 

1997 and 2002 Commodity Flow Surveys of the U.S. Department of Transportation.  

Together with the data from the first essay and additional information on state-level 

demand characteristics (e.g., income per capita) we estimate an inter-state trade 

equation for each of the three products: seeds, nursery products and agricultural 

commodities.  We estimate a spatial autoregressive Tobit model of inter-state trade by 

using a modified Expectation-Maximization algorithm (Maddala, 1983; Anselin, 

Florax and Rey, 2004).  Employing the fitted values of regulatory congruence from the 

first essay, we then evaluate the trade distortion attributable to the rent-seeking 

behaviors of alternative interest groups.  

The remainder of this paper is organized as follows. In the next section, we 

employ the theoretical model of the first essay to derive an estimable inter-state trade 

equation. Section 3.3 describes our database for estimation purposes. The econometric 
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methodology and specification tests are described in section 3.4. We present the 

results and discussion in section 3.5, followed by a summary and conclusions. 

3.2 THEORETICAL FRAMEWORK 

The empirical framework in this essay draws on the political-economic framework of 

the first essay.  The social planner’s problem cast in terms of a non-cooperative game 

between a base and comparator state is the starting point of this essay.  The resulting 

regulatory congruence determines welfare of seed and nursery growers, commodity 

producers and consumers.  We first utilize the envelope properties of the maximum 

profit and indirect utility functions of each of these producer groups in deriving 

demand, supply and net supply equations in the base and comparator states.  Then, we 

derive inter-state trade flows of agricultural seeds, commodities and nursery products 

to assess the welfare effects of noxious weed regulations. 

Inter-State Trade Flows of Agricultural Seeds 

Seeds are inputs into the production of agricultural products, whose trade is influenced 

by both NXWS and NXW lists.  The seed supply and demand in respective states 

determines its inter-state trade flow.  The maximum profit function of seed producers’ 

yields the supply function, while seed demand is agricultural producers’ derived 

demand, which can be obtained from the latter’s maximum profit function.   

As derived in the first essay, given a set of agronomic conditions A, i-th state’s 

seed producers’ maximum profits function is characterized as 

* *[ ( ) , , , ],i i i
s s ij s ijp L Lπ W A  where *

ijL  is the optimal choice of weed regulations by the 
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base state (i) given the optimal choice of the comparator (j), and ps, i
sW   are seed price 

and a vector of input prices for seed production in i-th state, respectively. By 

Hotelling’s Lemma:    

(3.1)     
* *

* * ( ( ), , , )
( ( ), , , )

i i i
s s ij s ijyi i i

s s ij s ij
s

p L L
x p L L

p
π∂

=
∂

W A
W A ,                           

where yi
sx  is the supply of seeds in the thi state.2  

The profit function of agricultural commodities is * *[ , ( ), , , ]i i i
m m s ij m ijp p L Lπ W A . Since 

seeds are inputs to agricultural commodities’ production, we can derive the seed 

demand function from the profit function of agricultural commodities as follows:  

 (3.2)     
* *

,* *
,

( ( ), , , )
( ( ), , , )

i i i
m m s ij m ijdi i i

s m s ij m ij
s

p p L L
x p p L L

p
π∂

= −
∂

W A
W A ,                

where di
sx is the demand of seeds in the thi  state. Then, net seed supply of the thi state 

is:  

(3.3)      * * * *( ( ), , , ) ( , ( ), , , )ij yi i i di i i
s s s ij s ij s m s ij m ijQ x p L L x p p L L= −W A W A ,                  

 where ij
sQ  is export to (import from) the comparator state if the difference between 

base state’s supply and demand is positive.   

Our interest is on how *
ijL  affects ij

sQ .  Given i
sW , i

mW , and Ai, the impact of *
ijL  on 

inter-state seed trade can be found by differentiating equation (3.3)  with respect to *
ijL : 

(3.4)  * * *

ij yi di
s s s

ij ij ij

Q x x
L L L

∂ ∂ ∂
= −

∂ ∂ ∂
,                                                       

The first term on the right hand side of equation (3.4) is:  
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(3.5)  * * *

yi yi yi
s s s s

ij s ij ij

x x p x
L p L L

∂ ∂ ∂ ∂
= +

∂ ∂ ∂ ∂
.                                                                

Since seeds are assumed to be normal goods, /yi
s sx p∂ ∂  is positive, meaning the supply 

of seeds increases with an increase in its price, and */s ijp L∂ ∂  is negative, suggesting 

that relaxed weed regulation leads to a decrease in market protection to local seed 

producers.3  As a result, the first right-hand-side term of equation (3.5) is negative. 

The second right-hand-side term in equation (3.5) is also negative because the supply 

of seeds declines directly due to lower agronomic protection when regulatory 

congruence increases.  Therefore, the aggregate impact of relaxing weed regulations 

on the supply of seeds, yi
sx , is negative.  

 The second term on the right-hand-side of equation (3.4)  is: 

(3.6)     * * *

di di di
s s s s

ij s ij ij

x x p x
L p L L
∂ ∂ ∂ ∂

= +
∂ ∂ ∂ ∂

.                                                       

Because seed demand decreases when the price of seed increases, /di
s sx p∂ ∂  is negative. 

and */s ijp L∂ ∂  is negative as in equation (3.5).  Thus, the first right-hand-side term in 

equation (3.6) is positive.  The second term in equation (3.6) is negative because a 

decrease in the agronomic protection will negatively affect profits of commodity 

producers and therefore, lower seed demand.  Therefore, the aggregate impact of 

relaxing weed regulations on seed demand, di
sx , is determined by the relative 

magnitude of the positive and negative impacts of . *
ijL . Therefore, the sign of equation 
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(3.4) is either positive or negative depending on the relative strengths of the seed 

demand and supply effects of regulatory congruence. 

A abbreviated form of equation (3.3), ij
sQ , is written as: 

(3.7)   *( , )ij ij i
s s ij sQ Q L= T                                                                                   

where i
sT  includes Ai and other control factors affecting the supply and demand of 

seeds in the thi state. The thi  state’s total seed exports to (imports from) all states 

is i ij
s s

j
Q Q=∑ . 

Inter-State Trade of Agricultural Commodities 

Similar to seed supply, the application of Hotelling’s Lemma to commodity producers’ 

maximum profit function yields:    

(3.8)   
* *

* * ( , ( ), , , )
( , ( ), , , )

i i i
m m s ij m ijyi i i

m m s ij m ij
m

p p L L
x p p L L

p
π∂

=
∂

W A
W A            

where yi
mx is the supply of agricultural commodities.  In the first essay, the indirect 

utility function of the consumer is characterized by *[ , , , ]i i i
m ijV p Y L I , where pm is the 

unit price of  agricultural commodities, *
ijL  is the optimal choice of IS regulations for 

the thi state based on the IS regulations of the comparator state j, Yi is the 

representative consumer’s income, and Ii is a vector representing the thi  state’s 

ecosystem. By Roy’s identity, the demand of agricultural commodities, di
mx , is: 
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(3.9)   
*

*
*

[ , , , ] /
( , , , )

[ , , , ] /

i i i
m ij mdi i i

m m ij i i i
m ij

V p Y L p
x p Y L

V p Y L Y
∂ ∂

= −
∂ ∂

I
I

I
           

With equations (3.8) and (3.9), the net supply (net demand, if negative) of agricultural 

commodities in the thi state is:  

(3.10)  * * *( , ( ), , , ) ( , , , )ij yi i i di i i
m m m s ij m ij m m ijQ x p p L L x p Y L= −W A I                                    

where ij
mQ  is export to (import from) the comparator state if the difference between 

base state’s supply and demand is positive. 

Given i
mW , Yi and Ii, we can derive the total effect of changes in *

ijL on ij
mQ  by 

differentiating ij
mQ with respect to *

ijL : 

(3.11)  * * *

ij yi di
m m m

ij ij ij

Q x x
L L L

∂ ∂ ∂
= −

∂ ∂ ∂
  

The impacts of *
ijL  on the supply and demand of agricultural commodities are 

as follows: 

(3.12)  * * *

yi yi yi
m m s m

ij s ij ij

x x p x
L p L L

∂ ∂ ∂ ∂
= +

∂ ∂ ∂ ∂
  

(3.13)  * * *

di di di
m m s m

ij s ij ij

x x p x
L p L L
∂ ∂ ∂ ∂

= +
∂ ∂ ∂ ∂

 

The sign of equation (3.11) depends upon the trade off within equations (3.12) 

and (3.13).  On the supply side, commodity producers benefit from lower seed prices, 

but their agronomic protection effect is weakened.  Similarly, consumers’ price effect 

is positive since seed is an input into agricultural production, while regulatory 
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congruence weakens the eco-system protection.  Hence, the sign of equation (3.11) is 

either positive or negative depending on the relative strengths of the commodity 

demand and supply effects of regulatory congruence..  

Following equation (3.7) a abbreviated form for ij
mQ  is:  

(3.14)  *( , )ij ij i
m m ij mQ Q L= T .          

where i
mT includes Ai, Yi, Ii and other control factors affecting the supply and demand 

of  agricultural commodities.  The thi  state’s total export (import) of agricultural 

commodities is given by i ij
m m

j

Q Q=∑ . 

Inter-State Trade of Nursery Products 

The maximum profit function of nursery producers is * * *[ ( ), ( ), , , ]i i i
n n ij s ij n ij np L p L Lπ W A , 

where np is the price of nursery products, i
nw  is the price vector of other inputs of 

producing nursery products, sp is the price of seed, and iA  represents agronomic 

conditions.  As before (Hotelling’ Lemma): 

(3.15)  
* * *

* * * ( ( ), ( ), , , )
( ( ), ( ), , , )

i i i
n n ij s ij n ijyi i i

n n ij s ij n ij
n

p L p L L
x p L p L L

p
π∂

=
∂

W A
W A           

where yi
nx  is the supply of nursery products in the thi state.  

The demand for nursery products comes from two sources: consumers and 

commodity producers.  The demand from consumer, dc
nx , can be derived by applying 

Roy’s identities to *[ , , , ]i i i
m ijV p Y L I , the indirect utility function of consumers 
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(3.16)  
*

* *
*

[ , , , ] /
( ( ), , , )

[ , , , ] /

i i i
m ij ndc i i

n n ij ij i i i
m ij

V p Y L p
x p L Y L

V p Y L Y
∂ ∂

= −
∂ ∂

I
I

I
 

Likewise, the derived nursery demand from production of agricultural 

commodities, dm
nx , is:  

(3.17)  
* *

* *
,

[ , ( ), , , ]
( ( ), , , )

i i i
m m s ij m ijdm

n m n ij m ij
n

p p L L
x p p L L

p
π∂

= −
∂

W A
W A  

The difference between equation (3.15) and the sum of equations (3.16) and (3.17) 

defines ij
nQ , the net supply of nursery products in the thi state:  

(3.18)  
* * *

* * * *

( ( ), ( ), , , )

( ( ( ), , , ) ( ( ), , , , ))

ij yi i i
n n n ij s ij n ij

dci i i dmi i i
n n ij ij n n ij m m ij

Q x p L p L L

x p L Y L x p L p L

=

− +

W A

I W I
 

We can rewrite ij
nQ  in abbreviated form as: 

(3.19)  *( , )ij ij i
n n ij nQ Q L= T                                                    

where i
nT  is a vector of controls including variables such as i

nW , A i and Ii.  Again, the 

total export (import) of nursery products is given by i ij
n s

j

Q Q=∑ . 

Equations (3.7), (3.14), and(3.19)  show that export (import) of seeds, nursery 

products and agricultural commodities in the thi  state is determined by the optimal IS 

regulation and the supply and demand conditions for those goods in that state.  

However, we recast the export between the thi  and any other state j  as affected by the 

relative supply and demand conditions between the two states.  In this sense, we 

replace the control variables, i
sT , in the trade equation (3.7)  as follows: 
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(3.20)  *( , )ij ij ij
s s ij sQ Q L= T ,                                                   

where ij
sT is a vector of variables affecting the relative supply and demand of  seeds 

states i and j.  Similarly, equations (3.14) and (3.19) are specified using ij
mT  and ij

nT , 

respectively.  Since *
ijL  is endogenous, i.e., * * , ,( , , ), ,c s m

ij ij ij ij ijij ijL L i j= ∀ω ω ωI A , 

we now can evaluate the welfare impacts of alternative interest groups’ lobbying.  

Substituting the equation for *
ijL  into equation (3.20) yields:  

(3.21)  * ( , , ) ),( , , , ,c s m
ij ij ij ij ij ijij ijQ h L i jω ω ω= ∀I A T     

By examining the relationship between , ,c s m
ij ij ijω ω ω and ijQ in equation(3.21), we can 

identify how much trade distortion is caused by interest-groups’ lobbying. 

 

3.3 DATA DESCRIPTION 

The database used to estimate equation (3.21)  is described in this section.  

Specifically, we first need to quantify inter-state trade flows of seeds, nursery plants 

and agricultural commodities ( ijQ ) among 48 contiguous states.4  The inter-state trade 

flows are obtained from the U.S Department of Transportation’s Commodity Flow 

Survey for 1997 and 2002. These data contain origin and destination, and value and 

quantity of inter-state trade in the three categories of interest to this study: agricultural 

seeds, nursery plants, and agricultural commodities.  The agricultural-seeds category 

contains cereal grain seeds, leguminous vegetable seeds and miscellaneous seeds such 

as seeds of grass, tobacco, trees and ornamental flowers, while nursery plants broadly 
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include live trees and plants, bulbs, roots, flowers and similar products.  For 

agricultural commodities, we have data on inter-state flows of five-major field crops: 

corn, wheat, grain sorghum, oat and barley.  Trade flows by origin and destination can 

be represented by a 48x48 matrix yielding 2304 state pairs.  Not surprisingly, we 

encountered a large proportion of zero (export) observations.  The proportion of non-

zero observations ranged from 5 to10 percent for the three categories of inter-state 

trade flows during 1997 and 2002 (table 3.1). 

 Data on regulatory congruence, ecological and agronomic dissimilarities, and 

relative lobby strengths are taken from essay 1.  They match the dimensions of the 

trade data as well (2304 observations) except in the case of NW regulations, for which 

we only have data on 24 and 36 states in 1997 and 2002, respectively. 

The control variables ijT  are per capita personal income, land-labor ratio, 

distance between two states’ capital cities and a dummy variable that takes value one 

if the two states shared a common border.  They are commonly used in gravity-type 

trade flow models in international economics (Feenstra, 2004).5  We use per capita 

personal income and land-labor ratios in each state to approximate income and relative 

endowment differences, respectively.  These data are converted to relative share 

indexes as in the first essay.  The sources for state-level income and land-labor ratio 

are the Bureau of Economic Analysis of the U.S Department of Commerce and from 

the Economic Research Service of the U.S Department of Agriculture respectively.  

The distance between any two states’ capital cities is measured in miles from a GIS 
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map of the United States.  Descriptive statistics on data used in this essay are 

presented in table 3.1. 

 

3.4 ECONOMETRIC SPECIFICATION AND PROCEDURES 

In the estimation of equation (3.21) , we face three econometric issues: endogeneity of 

*
ijL , a censored dependent variable, and possible spatial dependency of errors.  Note 

first that the endogenous variable, *
ijL , appears on the right-hand side of equation 

(3.21).  The fitted value of *
ijL  instead of its original values, i.e., an instrumental-

variable estimator, is used to address the endogeneity issue (Greene, 2003). 

 The other two econometric issues require that we simultaneously consider a 

limited dependent variable model with the possibility of a spatially correlated error 

structure.  Our inter-state trade data have a large proportion of zeros, i.e., censoring at 

zero, for which the appropriate procedure is a Tobit model (Greene, 2003).  To 

illustrate, consider the following linear specification of equation (3.21) :  

(3.22)   ' * '
0 1 2

ˆ
ij ij ij ijQ L Tα β β μ= + + +  

with 

*

* *

0 0

0
ij ij

ij ij ij

Q if Q

Q Q if Q

= ≤

= >
 

where *
ijQ  is the unobserved latent variable, which equals observed trade flows only 

when the latter has positive values.  The use of ordinary least squares (OLS) 
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procedures will yield biased estimates since the left tail of the distribution of ijQ  is 

censored (Maddala, 1983). 6  

Now, consider the possibility of spatial dependency in the error term.  

Following the general approach of Anselin (1988), a number of analysts have 

employed spatial econometric methods to examine the adjacency effect among 

counties, states or provinces and regions (Anselin, 1992; Case, 1992; Irwin and 

Bocksteal, 2004).  In other words, the imports and exports of a state may depend on 

the imports and exports in proximate states.  Increasingly, the empirical trade literature, 

based on gravity-type models, has also considered the spatial dependency of error 

terms (Eaton, 1999; Porojan, 2000; Weinhold, 2002; Blonigen et al., 2005).  For 

instance, Porojan’s (2000) comparison of the standard and spatial econometric 

approaches to estimate gravity models shows that the latter method improves not only 

the accuracy but also the statistical significance (efficiency) of the estimated 

parameters.  In this essay, we specify a spatial error model (SEM), in which the errors 

of the tobit model follow a first-order spatial auto-regressive process.7 The general 

motivation for the SEM is that effects excluded in the model spill over across units of 

observation and hence, result in spatially correlated errors (Anselin, 2006).  In our 

study, the adjacent states usually have similar ecological and environmental conditions, 

and therefore, produce similar agricultural commodities, seeds and nursery plants. 

These neighborhood effects are hard to measure and often, excluded from or 

inaccurately measured in the independent variables of equation (3.22).  As a result, 

they become a part of the error term, which then exhibits spatial correlation.  For 
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illustration purposes, consider the following specification of the error term in equation 

(3.22)  for the thi panel, i.e., the 48x1 vector of error terms corresponding to the thi  

state: 

(3.23)   2

1

~ (0, )
n

i ij j i
j

Nμ λ ω μ ε ε σ
=

= +∑  

where ijω is i-jth  element in the standardized spatial weight matrix W, which is a n n×  

matrix of known constants to capture the spatial correlations across states.8  The 

parameterλ  is the spatial autoregressive error coefficient, which measures the strength 

of spatial dependency in the error term. A positive (negative) spatial correlation 

coefficient is characterized by similar (different) errors in neighboring states.  The 

specification of spatial correlation of errors for the thi  state in equation (3.23) can then 

be extended to all 48 states. 

While tobit or spatial error models have been individually applied in many 

studies, their combination - spatial autoregressive tobit model is less common in the 

empirical literature.  This is partly due to the complexity involved in approximating 

multiple integrals, which is tedious even for small samples (Anselin et al., 2004; 

Kelejian and Prucha, 1997).  In our survey of the literature, we find three commonly 

used methods to address spatial correlation of errors in limited and discrete dependent 

variable models: LeSage’s (1999) Bayesian approach or the Markov Chain Monte 

Carlo (MCMC) sampling;9  Marsh and Mittelhammer’s (2003) generalized maximum 

entropy estimator; and the expectation-maximization (EM) algorithm (Dempster et al., 

1977; McMillen, 1992; Case,1992; Pinkse and Slade 1998). All three methods have 
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some disadvantages, but the EM approach is straightforward, less computationally 

tedious than the other two and has been extensively applied in estimating spatial Tobit 

models (LeSage, 1999; Anselin, Florax and Rey, 2004; Huang and Sloan, 1987).  

 

 The EM Algorithm 

The chosen EM algorithm for the estimation of equation (3.22), with error structure as 

in equation (3.23), entails two steps.  The first is an E-step to calculate the conditional 

expected value of the latent variable given the observed variable.  When the 

conditional expected value substitutes for the latent variable, the dependent variable is 

no longer censored.  Then, the M-step involves the estimation of a standard spatial 

error model by maximum likelihood methods.  The parameters obtained in the first 

implementation of the M-step are then used to begin another E-step, and the process is 

repeated until the estimated parameters converges to the maximum likelihood 

estimators of the original multidimensional likelihood function. However, a drawback 

of EM algorithm for the spatial autoregressive tobit model is that when n is large, the 

estimation of the spatial error model (M-step) is computationally intensive (Kelejian 

and Prucha 1997;Fleming, 2004).  Hence, we break up the M-step of the EM 

algorithm into two stages to estimate equation (3.22) as illustrated in the following.  

The E-step: In the E-step, we generate the conditional expected value of the dependent 

variable, inter-state trade flows, to replace the unobserved latent variable.   For this 

purpose, equation (3.22) is rewritten using matrix notations: 
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(3.24)  β μ= +Q X  

2~ (0, )Nμ λ μ ε ε σ= +W . 

Where Q is the 2304x1 vector of inter-state trade flows, while X is the 2304xk matrix 

of independent variables and μ is 2304x1 vector of error terms.  Equation (3.24) can 

alternatively be written as:  

 (3.25)  1( )β λ ε−= + −Q X Ι W , 

for which the variance-covariance matrix of the errors is given by:  

2 1[( )( )`]σ λ λ −= − −Ω Ι W Ι W  

Following McMillen (1992) and Chib (1992), the expected value of the latent variable 

in equation (3.24) is: 

(3.26)             * ( / )
[ | 0]

1 ( / )
ij ii

ij ij ij ii
ij ii

x
E Q Q x

x
φ β σ

β σ
β σ

= = −
−Φ

 

where (.)φ  and (.)Φ  are the density and distribution functions, respectively, of a 

standard normal variable. The parameter iiσ  is the diagonal element of the upper left 

48x48 matrix of Ω .  The expected value from equation (3.26) are used to replace the 

corresponding zero observations of the dependent variable. 

 The M-step: The log likelihood function for the SEM model is: 

(3.27) 2 1( ) ( / 2)(ln ln(2 )) ln | | (1/ 2)(Q )` (Q )Ln L n σ π λ β β−= − + + − − − Ω −I W X X  

The primary problem in obtaining the coefficients that maximize the above log 

likelihood function, as noted earlier, is the sample size.  When n is large, estimating 

equation (3.27) is a computational burden (Kelejian and Prucha, 1997; Anselin, Florax 

and Rey, 2004).  In our case, n and k equal 2304 and 10, respectively.10  The additional 
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concern on equation (3.27) is that most software uses the Newton-Raphson method to 

solve this optimization problem. A drawback of Newton-Raphson method is that it 

sometimes only finds a local maximum. Therefore, we implement the M-step in two 

stages as in Kelejian and Prucha (1997) and LeSage (2004).  The first stage involves 

the estimation of the spatial autoregressive parameter λ by the maximum likelihood 

procedure and in the second stage, we use λ to transform the data in equation (3.25) to 

estimate it by OLS.  The resulting estimates are used to derive the new conditional 

expected value of the latent variable via equation (3.26), and then the M-step is 

repeated until the estimates converge.   

The added advantage of the EM approach is that we can test the presence of 

spatial autocorrelation in the errors using the Moron’s I test (Anselin, 1988, page102). 

Given the standardized spatial weight matrix, the Moron’s I statistic can be written as: 

' / 'I e e e e= W  

where e represent tobit residuals, W is as defined before, i.e., standardized spatial 

weight matrix.  Cliff and Ord (1981) define the standard normal variable:  

(3.28)  1/ 2( ) [ ( )] / ( )Z I I E I V I= −  

where ( ) ( ) /( )E I tr n k= −MW  and 
2( ') ( ) [ ( )]( )

( )( 2)
tr tr trV I

N K N K
+ +

=
− − +

MWMW MWMW MW   

are the mean and variance of the I-statistic, M is the projection matrix -1I - X(X'X) X'  

and tr is the trace operator.  The null hypothesis is that spatial dependence does not 

exist in tobit residuals.  We implement the EM algorithm to estimate of inter-state 

trade flows of seeds, nursery plants and agricultural commodities, which depend on 
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NXWS and NXW regulatory congruence and control variables noted in the data 

section. 

 

3.5 RESULTS AND DISCUSSION 

Table 3.2 and 3.3 report the SEM parameters of the inter-state trade equations for 

2002 and 1997, respectively.  Model I and Model II correspond to the regression of 

inter-state trade, represented by exports, of seeds on NXWS lists and on both NXWS 

and NXW lists.  In Model III and Model IV, we regress nursery exports on NXW list 

and on both NXWS and NXW lists.  For agricultural commodities, we only report one 

set of results, Model V, which includes both NXWS and NXW lists.  Over 90 percent 

of the estimated SEM parameters are statistically significant at least at the 5 percent 

level. 

We first discuss the results of the Moran’s I test for the presence of spatial 

autocorrelation in tobit residuals.  The Moran’s I test statistics indicate that there exists 

spatial correlation in the tobit residuals in all 5 models for both 1997 and 2002 (last 

row of tables 3.2 and 3.3).  The spatial auto-regressive coefficient, λ , which measures 

the level and direction of spatial correlation in errors, is also reported for each model 

in the last but one row of tables 3.2 and 3.3.  The estimated spatial auto-regressive 

coefficients are all statistically significant, which support the assumed SEM for 

investigating inters-state trade flows. 
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Regulatory Congruence and Inter-State Trade:  In each of the models presented in 

tables 3.2 and 3.3, we find that NXWS and NXW regulatory congruence has a positive 

and significant effect on inter-state trade flows.  In other words, the higher the noxious 

weed regulatory similarities between any two states, the larger is their (inter-state) 

trade in seeds, nursery plants and agricultural commodities. 

Recall from our theoretical setting that a state’s seed exports depend on its net 

supply, where weed regulations is considered to be an export barrier.  The estimated 

coefficient on overlap of NXWS lists in 1997 is slightly larger than that of 2002, but 

they both show that larger seed exports are associated with greater similarities in weed 

regulations (Model I, tables 3.2 and 3.3).  The above result is consistent with the 

empirical seed-lobby effects of the first essay, where seed producers lobbied for 

increasing congruence in weed regulations.  The implication here is that the NXWS 

lists appear to limit trade among U.S. states, which creates a dilemma for policy 

makers.  While NXWS lists can prevent the spread of noxious weeds, thereby 

protecting the local biodiversity and environment, they do hamper the inter-state trade 

of seeds. Some of the differences in the NXWS lists, as shown in the first essay, are 

inevitable consequences of differences in ecological conditions.  Not surprisingly, the 

federal and state authorities greatly emphasize the need for a scientific basis to list a 

plant in the NXWS or NXW lists (Tasker, 2001).  However, the lobby-strength 

component, in particular those that oppose regulatory congruence, can be avoided to 

facilitate inter-state commerce, a theme we return to in the latter part of this section.  

With regard to the NXW list, we find that its regulatory congruence also has a positive 
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and significant effect on inter-state seed trade. The latter result implies a direct impact 

on the trade of seeds from NXW regulatory congruence.  For instance, California’s 

NXWS list notes “in addition to the noxious-weed seeds listed above, the State of 

California Plant Quarantine laws also regulate the sale of crop seed containing 

propagules of noxious weeds…  Firms shipping seeds to California should obtain a 

copy of both the California Plant Quarantine and Seed laws for guidance.”11  

Alternatively, the effect of NXW regulatory congruence may simply reflect the input-

output linkages between these 2 segments of the agricultural sector (Model II, tables 

3.2 and 3.3).  That is, seeds are likely to be key inputs in the nursery sector and vice 

versa.   

The two models, III and IV, relating NXW and NXWS regulations to inter-

state nursery trade show results similar to the case of seed trade (tables 3.2 and 3.3).  

The higher the similarities of NXW and NXWS lists are between any two states, the 

larger is their inter-state nursery trade. The coefficient on NXWS lists’ overlap is 

larger than that on NXW regulatory overlap in 1997; however the later is larger in 

2002.  This result is consistent with USDA’s noxious weed program objective (Tasker, 

2004).  Moreover, the PPA replaced the Federal Noxious Weed Act in 2000, where the 

former increases the stringency of regulations guiding inter-state movement of green 

house products.  Hence, prior to 2000, the NXWS lists may have had a larger impact 

on nursery trade than the NXW lists.  However, after the PPA nursery trade is likely 

affected strongly by NXW than NXWS lists.  As noted earlier, this result could also 

arise from the seed and nursery industries’ significant input-output linkages.  Model V 



 

 

74

 

in tables 3.2 and 3.3 shows that weed and weed-seed regulations also affect inter-state 

commodity trade.  The NXWS list has a larger impact than the NXW list, and both 

effects appear stronger in 2002 relative to 1997.  Again, the role of interest-group 

lobbying that limits such regulatory similarities and their trade effects are discussed 

later in this section.  In general, we find that larger inter-state trade in seeds, nursery 

products and commodities is associated with greater similarities in noxious weed 

regulations among U.S. states. The results indicate that both NXWS list and NXW list 

are export barriers in the context of inter-state trade of seeds, nursery plants and 

agricultural commodities. 

To further quantify the effect of NXW and NXWS lists on inter-state trade, we 

also computed beta coefficients, which represent the change in the dependent variable 

that result from a change of one standard deviation in an independent variable. These 

beta coefficients are reported on the bottom of table 3.2 and table 3.3.  They show that 

both NXWS and NXW regulatory congruence significantly impact the inter-state trade 

of seeds, nursery plants and agricultural commodities.  As noted earlier, the NXWS 

list has a greater effect on inter-state trade than the NXW list. 

Distance, Income and Endowment Differences and Inter-State Trade: In the 

investigation of inter-state trade effects of noxious weed regulations, we controlled for 

some key factors common to gravity-type modeling in international economics 

(Feenstra, 2004).  The primary control is the dummy variable capturing common-

border effects.  In most models of tables 3.2 and 3.3, the coefficient on border dummy 

is positive and statistically significant except Model I and Model II in 1997, which is 
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consistent with the gravity-type trade studies (Feenstra, 2004; Mcpherson and 

Trumbull, 2003). That is, if two states share a common border their trade in 

agricultural products is larger.  The other variable to capture the gravity effects is the 

distance between states’ capital cities.  Surprisingly, the coefficient on distance takes a 

negative sign for nursery trade, but a positive sign for inter-state seed and commodity 

trade.  We believe this unexpected result on seed and agricultural commodity trade can 

arise from several sources.  First, seeds are not as bulky as nursery products or 

agricultural commodities, which imply a lower transportation cost for the former than 

the latter.  Moreover, the NXWS list overlap declines with distance and may pick up 

this effect, e.g., Model IV of tables 3.2 and 3.3.  Finally, a number of studies have 

pointed out that in the spatial model, the distance effect is likely captured by the W 

matrix in the error term (Brulhart and Kelly, 1999; Fotheringham and Webber, 1980; 

Porojan, 2000). 

 The GDP or income per capita is commonly used in gravity-type trade models.  

We use income dissimilarity indexes analogous to those on ecological and agronomic 

characteristics in Essay 1.  The expectation is that states with similar incomes may 

have a higher inter-state trade in agricultural products.  In the trade literature, this 

relates to a variety effect, i.e., intra-industry trade motivated by a desire for the 

varieties of other states.  We obtained significant negative (positive) slope coefficients 

when the strength of dissimilarity is biased toward the comparator (base) state.12  

Hence, larger the dissimilarity of income per capita between any two states in either 
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direction, the lower is the trade between them, which confirms our hypothesis on a 

variety effect.  

The relative land-labor ratios are included in the inter-state trade to capture 

endowment motivations for inter-state trade. We obtained mixed results on the trade 

effects of endowment differences.  Like income differences, we obtained a positive 

slope in inter-state trade of seeds and agricultural commodities in 1997, when land-

labor ratio of base state is higher than comparator states, LLR97+, in table 3.3.  In 

2002, LLR02+ does not affect seed trade, but impact commodity trade (table 3.2). The 

above results indicate that seeds and agricultural commodities are land-intensive 

goods, where a higher relative land endowment implies larger inter-state trade.  

However, the coefficients on LLR02- and LLR97- are also positive in inter-state seed 

and commodity trade equations, i.e., when the base state has a smaller land-labor ratio 

than the comparator state. This result requires a finer interpretation. When base state 

has a smaller relative land endowment, the slope coefficients point to the negative side 

of the X-axis. Combining this with the negative intercepts suggests that this line is 

fitted in the third quadrant, where exports are negative. That is, greater imports are 

associated with smaller relative land endowments.  The case of nursery trade, however, 

has a different pattern.  Most coefficients on land-labor dissimilarities are negative, 

which means a higher relative land endowment implies a smaller interstate trade of 

nursery plants.  In other words, a higher relative labor endowment will cause a larger 

interstate trade of nursery plants. This would be the case when nursery products’ 

technology is labor-intensive.  In general, the control variables’ effects on inter-state 
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trade are consistent with the empirical trade literatures, especially those on gravity 

models (Feenstra, 2004). 

Trade Effects of Interest-Group Lobbying:  As noted earlier, differences in noxious 

weed regulations have a scientific basis, which is driven by ecological and climatic 

variations.  However, lobby groups’ attempts to drive a wedge in inter-state weed 

regulations can be avoided, which would enhance trade flows and welfare in U.S. 

states.  Based on the decomposition of *
ijL  in the first essay, we derived each interest-

group’s lobbying effect on inter-state trade as follows:  

(3.29)  
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Table 3.4 presents lobby contributions based on equation (3.29) only in cases where 

the lobby group’s effect on regulatory congruence, *
ijL , is statistically significant.  For 

other cases, we report zero contribution in table 3.4.  The contribution can be 

interpreted as increases in inter-state trade that would result from setting lobby effects 

to zero.  Consistent with essay 1’s results, seed-industry lobby promotes inter-state 

trade in seeds, nursery plants and agricultural commodities. Although the results show 

some variation in the effects of seed lobby, i.e., stronger effects on nursery trade 

relative to that of seeds and agricultural commodities, the contribution of this interest 

group is to increase inter-state trade by less than 0.038 percent, i.e., about $2 million 

additional trade in nursery products. 
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 Recall that the consumer lobby showed a preference for eco-system 

preservation over market-price effects in the first essay.  Not surprisingly, the 

consumer lobby mostly has a negative impact, ranging from -0.3 to -2.3 percent, on 

inter-state trade in seeds, nursery plants and agricultural commodities. The consumers’ 

lobby effects translate into a decline of up to $115 million in inter-state trade of seeds 

and up to $ 13 million in nursery products’ trade.  Additionally, the consumer lobby 

effect lowers inter-state commodity trade up to $1.1 billion.   

The effects of the commodity producers’ lobbying are mixed.  They contribute 

to small increases in seed and nursery trade, but inter-state seed and commodity trade 

is lowered when commodity-producers lobbying increases.  The more prominent latter 

effect, in particular through NXWS list, may arise from commodity producers’ 

preferences for agronomic protection, e.g., use of locally-grown seeds.  Commodity 

lobbying lowered inter-state seed and commodity trade up to $44 and $705 million, 

respectively, in 2002. 

 

3.6 SUMMARY AND CONCLUSIONS 

In this essay, we investigate the impact of noxious weed regulations on the inter-state 

trade of seeds, nursery products and agricultural commodities.  We then explore the 

trade distortions arising from the lobby activities of interest groups influencing such 

regulations.  For this purpose, the supply and demand of seeds, nursery products and 

agricultural commodities are derived from maximum profit and indirect utility 
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functions of each interest group based on the political-economic approach of the first 

essay.  More specifically, the envelope properties of the profit and indirect utility 

functions yield the supply and demand functions of each interest group as a function 

of noxious-weed regulatory congruence.  Our estimable functions then become each 

state’s net supply (demand) for three categories: seeds, nursery products and 

agricultural commodities.  For estimation purposes, inter-state trade data by origin and 

destination for 1997 and 2002, from the Commodity Flow Surveys of the U.S. 

Department of Transportation, along with data from essay 1 and the U.S. Department 

of Commerce are assembled.  The latter is the source of data for control variables: 

distance and state income per capita, in the inter-state trade equation. 

Three major econometric issues are addressed in the estimation of inter-state 

trade equations: endogeneity of regulatory congruence, censored dependent variable, 

and the spatial dependency of errors.  To obtain consistent estimates of the inter-state 

trade equation’s parameters, we employ an instrumental-variable, spatial 

autoregressive tobit model.  For this purpose, a modified Expectation-Maximization, 

EM, algorithm is used.  Given the fitted values of regulatory congruence from the first 

essay, we derive the contribution of each interest group to inter-state trade flows in 

each of the three products. 

The empirical results show that the noxious weed regulatory congruence has a 

positive and significant effect on inter-state trade flows.  That is, the higher the 

noxious weed regulatory similarities between any two states, the larger is their (inter-

state) trade in seeds, nursery products and agricultural commodities. The implication 
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here is that the noxious weed regulations limit trade among U.S. states, which creates 

a dilemma for policy makers.  While official listing of noxious weeds can prevent the 

introduction and spread of noxious weeds, thereby protecting the local biodiversity 

and environment, they do hamper the inter-state trade of seeds, nursery products and 

agricultural commodities. Some of the differences in the weed regulations, as shown 

in the first essay, are inevitable consequences of variations in ecological conditions.  

The seed lobby has supported similar weed regulations across states, but the 

commodity and consumer-interest groups’ lobbying has distorted inter-state trade.  

Not surprisingly, the federal and state authorities greatly emphasize the need for a 

scientific basis to list a plant in the noxious weed-seed and weed lists.  However, the 

lobby-strength component, in particular those that oppose regulatory congruence, can 

be avoided to enhance inter-state commerce by up to $1.1 billion and improve national 

welfare.     

The challenge is how to eliminate the differences in noxious weed regulations 

caused by the consumers’ and commodity producers’ lobby behavior.  One way to 

address this challenge is to focus on the membership of county and state noxious weed 

boards, which are empowered with listing a plant species as noxious weed.  

Emphasizing and encouraging greater participation of weed scientists and biologists in 

such boards may help in minimizing trade distortions caused by interest groups. 
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3.8 ENDNOTES

                                                 
1 Most studies on the effects of non-tariff or technical barriers to manufacturing and 

agricultural trade have been cross-country in nature.  See for instance, Goldberg and 
Maggi (1999), Moenius (1999), and Orden and Roberts (1997). 

2 Superscripts y and d refer to supply and demand, while subscripts s, m, and n refer to 
seeds, commodities and nurseries, respectively.  

3 However, seed supply can be a positive function of *
ijL  in jurisdictions to which local 

producers would export. That is, the supply would increase due to the increased 
market size resulting from greater regulatory congruence between states i and j.  

4 The choice of states is similar to that in Essay 1, where Alaska and Hawaii are 
excluded due to large differences in climatic conditions (tropical or tundra versus 
temperate states). 

5 GPD, population and/or GDP per capita can be proxies for the size of the two 
economies in the gravity model.  Previous gravity-type studies have mostly used 
GDP or GDP per capita to measure the relative size of economies (Porojan,2001; 
Feenstra, 2004).  

  
6 We estimated equation (3.22) by OLS with *̂

ijL  and without *̂
ijL  for exports of seeds 

in 2002 to assess goodness of fit, but the R2 was under 1% for both regressions. Note 
however that the OLS estimators are not consistent when the dependant variable is 
censored. The R2 of equation (3.24) is 0.3801, which indicates that the spatial 
autoregressive tobit model dramatically increases the goodness of fit relative to the 
OLS regression. 

 
7 This is the most commonly used form of error dependence in the spatial 

econometrics literature. See Anselin (1999) and LeSage (2000). 

8
ijω =1 if state i and state j are adjacent for i≠ j and ijω =0 otherwise.   

9 Mizobuchi (2005) applied this method to analyze the sulfur-dioxide (pollutant) 
allowance market. 

10 Even when we used advanced personal computers, e.g., Quad-Xeon server, 
Core2Duo E6600, it took more than 100 hours to estimate one iteration of this 
equation.  Since the EM algorithm requires repetitions of the E-step and M-step until 
parameters converge, this approach was clearly intractable. 
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11 The Plant Quarantine laws refer to the NXW list. 

12 That is, GDP02/cap- and GDP97/cap- have positive coefficients, while GDP02/cap+ 
and GDP/cap- show negative coefficients in tables 2 and 3. 
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Table 3. 1.  Descriptive Statistics 
 
Dependent Variables Observations Censored Unit Mean Std. Dev Min Max 
Seed trade 2002 
(SEED02V) 2304 2089 $mil 1.807 14.785 0 374
Seed trade 1997 
(SEED97V) 2304 2032 $mil 1.697 13.715 0 353
Nursery trade 2002 
(TREE02V) 2304 2200 $mil 0.612 10.003 0 340
Nursery trade 1997 
(TREE97V) 2304 2065 $mil 0.908 5.983 0 154
Commodity trade 2002 
(COMM02V) 2304 2040 $mil 22.1 229.4 0 8180.1
Commodity trade 1997 
(COMM97V) 2304 1910 $mil 22.6 184.4 0 3697.2
        
Independent Variables        
Overlap of NXWS 2002 
(OL02NXWSP) 2304 index 0.440 0.161 0.025 1
Overlap of NXWS 1997 
(OL97NXWSP) 2304 index 0.424 0.162 0.033 1
Overlap of NXW 2002 
(OL02NXW) 2304 index 0.442 0.428 0 1
Overlap of NXW 1997 
(OL97NXW) 2304 index 0.505 0.443 0 1
 
Border dummy 2304 index 0.114 0.318 0 1
Capital cities 
Distance 2304 mile 1019.8 629.2 0 2670.7
GDP/capita 2002- 
(GDP02/cap-) 2304 index -0.090 0.140 -0.904 0
GDP/capita 2002+ 
(GDP02/cap+) 2304 index 0.070 0.099 0 0.475
Land-labor ratio 2002- 
(LLR02-) 2304 index -12.5 71.8 -1797.5 0
Land-labor ratio 2002+ 
(LLR02+) 2304 index 0.342 0.398 0 0.999
GDP/capita 1997- 
(GDP97/cap-) 2304 index -0.088 0.135 -0.853 0
GDP/capita 1997+ 
(GDP97/cap+) 2304 index 0.069 0.097 0 0.460
Land-labor ratio 1997- 
(LLR97-) 2304 index -10.9 58.9 -1414.6 0
Land-labor ratio 1997+ 
(LLR97+) 2304 index 0.339 0.395 0 0.999
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Table 3. 2.  Estimates of Inter-State Trade Equations, 2002 
 

 Model I Model II Model III Model IV Model V 
 Seed Trade Seed Trade Nursery Trade Nursery Trade Commodity Trade 

      
Constant -9.859* -11.074* -5.714* -11.454* -378.727*
OL02NXWSP 47.516* 41.464*  6.859* 939.661*
OL02NXW 9.145* 12.147* 11.293* 78.266*
Border dummy 12.138* 11.084* 23.279* 22.695* 27.121*
Distance 0.006* 0.006* -0.001* 0.001 0.065*
GDP02/Cap- 20.993* 23.015* 15.361* 17.233* 147.654*
GDP02/Cap+ -55.905* -47.468* -89.29* -88.283* -329.283*
LLR02- 0.005 0.002 -0.046* -0.045* 0.187*
LLR02+ -0.573 -0.711 -25.739* -26.236* 2.792 
Spatial Coefficient 0.592* 0.671 -0.768* -0.779* 0.687*
Moran’s I  0.672* 0.679* 0.675* 0.674* 0.444*

Beta Coefficient 
OL02NXWSP 

 
 
Beta Coefficient 

OL02NXW 

 
 
              0.456* 

 
 
          0.394* 
 
 
 
           0.253* 
 

 
 
                  
 
 
 
                 0.290* 

 
 
                 0.062* 
 
 
 
                 0.268* 

 
 
                     0.573* 
 
 
 
                     0.139* 

          
*Indicates statistical significance at least at the 5 percent level. 
Model I is includes NXWS list; Model II and IV include both NXWS and NXW lists. 
LLR is Land-labor ratio. 
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Table 3. 3.  Estimates of Inter-State Trade Equations, 1997 
 

 
 Model I Model II Model III Model IV Model V 
 Seed Trade Seed Trade Nursery Trade Nursery Trade Commodity Trade 

      
Constant -20.077* -17.902* 7.980* -2.164* -379.876*
OL97NXWSP 65.792* 53.987* 16.195* 835.255*
OL97NXW 11.228* 3.137* 0.884* 91.618*
Border dummy -0.611 -1.678 6.420* 5.013* 43.85*
Distance 0.007* 0.005* -0.001* 0.001 0.047*
GDP97/Cap- 41.881* 41.073* 14.116* 12.306* 154.929*
GDP97/Cap+ -13.553* -23.499* -14.002* -12.319*  -44.559 
LLR97- 0.022* 0.007 -0.003* 0.005* 0.244*
LLR97+ 1.620* 0.412 -2.913* -1.103* 43.141*
Spatial Coefficient 0.775* 0.778* 0.703* -0.965* 0.829*
Moran’s I 0.245* 0.246* 0.843* 0.831* 0.240*
 
Beta Coefficient 

OL97NXWSP 
 
 
Beta Coefficient 

OL97NXW 
 

 
 
              0.665* 

 
 
          0.538* 
 
 
 
           0.303* 
 

 
 
 
                  
 
 
              0.202* 

 
 
                 0.411* 
 
 
 
                 0.080* 

 
 
                     0.618* 
 
 
                     0.184* 

*Indicates statistical significance at least at the 5 percent level. 
Model I is includes NXWS list; Model II and IV include both NXWS and NXW lists. 
LLR is Land-labor ratio.
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Table 3. 4.   Interest Groups’ Lobbying Effects on Inter-State Trade 

 
 

Model I Model III  
Seed Trade 

2002 
Seed Trade 

1997 
Nursery Trade 

2002 
Nursery Trade 

1997 
Lobby of Seed 
Producers         0 0 0.038% 0 

Lobby of Consumers     -1.084% -2.302% -1.320% 0.013% 
Lobby of commodity 
producers  -0.870% 0 0.119% 0.096% 

 
 
 

Model II 
Seed Trade 2002 Seed Trade 1997 

 

NXWS02 NXW02 NXWS97 NXW97 
Lobby of seed producers        0 0.007% 0 0
Lobby of consumers              -0.946% -0.494% -1.889% 0.025%
Lobby of commodity producers -0.759% 0.028% 0 0.179%
 
 
 

Model IV 
Nursery Trade 2002 Nursery Trade 1997 

 

NXWS02 NXW02 NXWS97 NXW97 
Lobby of seed producers       0 0.036% 0 0
Lobby of consumers              -0.315% -1.227% -1.068% 0.004%
Lobby of commodity producers -0.396% 0.111% 0 0.027%
 
 
 

Model V 
Commodity Trade 2002 Commodity Trade 1997 

 

NXWS02 NXW02 NXWS97 NXW97 
Lobby of seed producers         0 0.005% 0 0
Lobby of consumers              -1.756% -0.346% -2.192% 0.015%
Lobby of commodity producers -1.410% 0.020% 0 0.110%
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CHAPTER 4 
 
 
 

4. NOXIOUS WEEDS’ LISTING TIME: THE ROLE OF INVADER 
CHARACTERISTICS AND ECOSYSTEM INVASIBILITY 
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4.1 INTRODUCTION 

Plant invasions have attracted recent research and policy attention due to their 

ecosystem damages, which often result in significant economic loss to many countries.  

In the case of the United States, the estimated cost of introduced plants, especially 

weeds, is about $23.4 billion (Pimentel et al., 2004).  Moreover, invasive weeds 

appear to be spreading at the rate of 3 million acres per year in the United States 

(National Invasive Species Council, 2001).  While some exotic plants are intentionally 

introduced into the United States for ornamental purposes, e.g., Kudzu (Pueraria 

lobata), many others are accidentally introduced through domestic and international 

shipments of agricultural products, movement of people and other human-made 

channels.  When plants entering via the latter channels become well established in the 

United States they harm local plant species, ecosystems and agricultural production.  

The U.S. Department of Agriculture has formally defined a category of plant 

invasions as noxious weeds via the Federal Seed Act (FSA) of 1939 and its subsequent 

amendments.  A key provision of the FSA prohibits or restricts the inter-state and 

international trade of agricultural seeds containing seeds of such noxious weeds.  In 

addition, the FSA authorizes each state’s Department of Agriculture to publish a State 

Noxious Weed Seed List (NXWS list) depending on local ecological and agricultural 

conditions.   

As shown in the first essay, significant differences exist in the size and 

composition of state noxious weed regulations.  In particular, the west-coast states – 
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California, Oregon, and Washington - often have the most number of listed noxious 

weeds and greater regulatory powers than eastern states in identifying, controlling and 

eradicating noxious weeds.  For instance, California has listed the most number of 

noxious weeds in its noxious weed regulations in response to its geographic position 

and relatively high level of inter-state and international commerce.  In 2006, about 134 

weed species and seeds have been designated as noxious by California (Noxious Weed 

Information Project, 2006).  The California Invasive Plant Council (Cal-IPC) and 

California Interagency Noxious and Invasive Plant Committee (INIPC) have compiled 

comprehensive databases to predict, manage, and control the spread of noxious weeds. 

In this essay, we seek to identify when noxious weed seed regulations of a dominant 

state (leader) induces changes of similar regulations in the other 47 contiguous states 

(follower).1  Specifically, we treat California as a leader in enacting NXWS 

regulations and other states as followers, who respond to the former’s weed 

regulations.  We also considered other states with stringent weed regulations, e.g.  

Oregon, Washington and Colorado, as the leader.  However, the latter states have 

often listed weed species that already exist in California’s list.  Changes in California 

list appear to be unrelated to listing in other US states. 

Under a leader-follower framework, we examine what factors affect when a 

weed species on California’s list is added to another state’s NXWS list. For any given 

weed species, the listing time in a follower-state’s NXWS list depends on two key 

factors: invader characteristics and ecosystem invasibility.  The first of these two 

include a species’ biological attributes, which are keys to survival in non-native 
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environments.  The other is the follower state’s ecological and environmental 

conditions conducive to the introduction, spread and establishment of exotic species.  

It is also likely that regulations in adjacent states may determine the listing time of a 

new species in weed regulations (NXWS list).  As an example of the latter, Oregon 

has the second highest number of listed noxious weed species. 

 

4.2 RESEARCH METHODS 

In this study, California is considered to be the leader in enacting NXWS list in a base 

year (1994). Other states react correspondingly to California’s list and decide when to 

add a species listed on California’s list to their lists. Under this framework, we 

investigate what factors would cause an early- or late-addition of a species to a 

follower-state’s list.  

A number of studies have addressed the twin issues of invader characteristics 

and ecosystem invasibility in the context of noxious weeds’ introduction and spread 

(Myers and Bazely, 2003; Heger, 2001).  One would anticipate an early response from 

a follower state if either the invader is highly adaptable or the ecosystem is highly 

invasible.  For instance, Myers and Bazely (2003) suggest that invasions depend on 

the biological attributes of weed species, characteristics of the ecosystem being 

invaded, and transportation modes of noxious weed seeds (Brundu et al., 2001).  Some 

studies have shown that species characteristics, for example, size and number of seeds, 

seed bank, growth rate and reproduction mode, strongly influence the invasion process 
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(Baker, 1965; Noble, 1989; Pysek et al., 1995). These invader characteristics 

determine whether or not a noxious weed can successfully establish in a new area, and 

compete with native plants (Myers and Bazely, 2003).  Properties of ecosystem being 

invaded also affect noxious-weed invasions (Swincer, 1986; Brundu et al., 2001).  For 

instance, climatic matching is often used to predict a species’ ability to invade a non-

native ecosystem (Williamson, 2001; Mack, 1996).  Matching in the form of 

temperature, soil, and precipitation similarities between native and non-native 

environments determine the introduction and spread of a non-native species.  Lonsdale 

(1999) investigated the hypothesis that temperate rather than tropical ecosystems are 

prone to invasions because the former is not rich in species diversity. Myers and 

Bazely (2003) show that soil characteristics determine the average density of a plant in 

a particular area and its geographic distribution.  Finally, the possibility that a plant 

species can be transported to a new area also plays a critical role in the invasion 

process (Pysek and Mandak, 1997; Brundu et al., 2001).    

 We build on the above literature by investigating the role of invader 

characteristics and ecosystem invasibility in determining when a non-native species is 

listed as a noxious weed by follower states.  Our focus is at the state level since they 

are political boundaries establishing weed regulations for the benefit of respective 

citizens.  A simple way of modeling this problem is to follow the random utility 

approach of Heckman (1981), which yields discrete choice models of listing time.  Let 

the lifetime indirect utility of the citizens of a state from listing a species as noxious at 

time t be:  
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(4.1)  ( , , , , , ) 1, 2...,t t w ws sV p m T t T=A D E , 

where p and m are the traditional arguments of the indirect utility function: prices and 

income, T represents the length of time period under consideration, Aw is a vector of  

attributes of the w-th species, Es denotes the characteristics of the s-th ecosystem to be 

invaded, and Dws corresponds to transport modes for the spread of a weed species.  A 

state decides to list the w-th species as noxious when the change in the value of 

equation (4.1) is positive for the first time within T periods.  For instance, if the 

concerned state listed the w-th species as a noxious weed in period 1, an indicator 

variable dws takes value 1.  If the state instead listed the w-th species in period 3, then 

dws takes value 3 and so on until period T.2  Note that the indicator variable is obtained 

for two dimensions: species and states.  Depending on the size of T, we can specify a 

multinomial discrete choice model of listing time as follows:3 

(4.2)  ( ) 1,2,..., , 1, 2,...,wsd d w W s S= = =w s wsA ,E , D . 

By estimating equation (4.2) as a discrete choice model, we can explore how invader 

and ecosystem characteristics affect the listing time of a California’s noxious weed in 

a follower’s NXWS list.  

 

4.3 DATA DESCRIPTION 

The database used to estimate equation (4.2) is described in this section.  We first 

detail the construction of the dependent variable.  Based on data availability, we use 

California’s 1994 NXWS list as the base, and examine when species on California’s 
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1994 list were first added to other states’ lists during 1994-2006.  If a species from the 

base list is added to any other state in 1994, we set the indicator variable, dws, to zero.  

For any other year between 1995 and 2006, its difference from the base year (1994) is 

set as the value of the indicator variable.  However, if a species is never listed in a 

state’s NXWS list between 1994 and 2006, then the indicator variable takes value 13.  

Thus, for any species on California’s list, the time that it is added to another state’s list 

is a number between 0 and 13, where the larger the number, the later is the addition to 

a follower-state’s list.  Then, for each species in 1994 California’s list, the indicator 

variable is represented as a 47x1 column vector.  Consider, for example, the case of 

Alhagi maurorum from the base list, which immediately appeared on Arizona’s 

NXWS list and on Colorado’s NXWS list in 1999, but never listed on Alabama, 

Arkansas, and Wyoming’s NXWS list prior to 2006. Hence, for this species, the 

indicator variable, the 47×1 vector, is given by: 

(4.3)        

47 1 47 1

13
13
0
5

13

AL
AR
AZ
CO

WY
× ×

⎛ ⎞ ⎛ ⎞
⎜ ⎟ ⎜ ⎟
⎜ ⎟ ⎜ ⎟
⎜ ⎟ ⎜ ⎟
⎜ ⎟ ⎜ ⎟
⎜ ⎟ ⎜ ⎟
⎜ ⎟ ⎜ ⎟
⎜ ⎟ ⎜ ⎟⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

M M

 

  In 1994, California’s NXWS list had 42 species, which remained on the base 

list until 2006, the last year included in this study.  We eliminate two species from the 

base list because one of them, Cuscuta spp., is listed on all other states’ list from1994 

to 2006.  The other species is an example of redundancy in NXWS lists: Cardaria 

draba and its synonym Cardaria chalepensis are both listed on 1994 California’s 
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NXWS list.  Hence, we delete the latter from our base list.  The final sample had 40 

species, each of which is then tracked in the other 47 states’ list and the timing is 

recorded as shown in equation (4.3).  The resulting panel database (47x40) has 1880 

observations on the indicator or dependent variable.  We report the frequency of each 

time category (0 to 13) in table 4.1.  The source of NXWS lists during 1994-2006 for 

all 48 states is the Agricultural Marketing Service of USDA.  

Independent variables consist of characteristics of ecosystem, attributes of 

noxious weed species, and transportation opportunities of a weed species.  

Ecosystem Characteristics: We use the absolute value of dissimilarity indexes of 

temperature, precipitation and soil type to measure ecosystem differences between 

California and the other 47 states.  Each dissimilarity index is a 47×1 vector, for 

which the underlying data are taken from the first essay.  Note that these ecosystem 

indexes are invariant across species.   

Species Attributes: Following Myers and Bazely (2003), we focus on genetic and 

biological characteristics of the 40 species identified for our analysis.  Four variables -

innate reproductive potential, ecosystem impact, species’ growth rate and species’ 

duration (e.g. annual, biennial, and perennial) are used to measure attributes of a 

species. 

Data on innate reproductive potential and ecosystem impacts are taken from 

the 2003 California Invasive Plant Council (Cal-IPC, http://portal.cal-ipc.org/weedlist).  

The Cal-IPC uses 9 questions to score the innate reproductive potential of weed 

species.4  Table 4.2 lists these 9 questions and weights given to each question. The 
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higher the number of points for a species, the stronger is its reproductive abilities. 

Since there are 40 species, we have a 40 1× vector in which each row represents the 

innate reproductive potential of a species.  In contrast to ecosystem differences, the 

innate reproductive potential is invariant across states. 

The Cal-IPC assesses a species’ ecosystem impacts using a four-way 

classification: abiotic ecosystem, plant community, higher trophic levels, and genetic 

integrity.  These four sub impacts are combined together to decide a species’ final 

ecosystem impact level with the help of a scoring matrix.  Then, Cal-IPC provides 

final ecosystem impacts in four levels: A, B, C, and D, with A indicating the highest 

and D the lowest or unknown impact on ecosystem.  For our purposes, we created a 

binary variable, referred to as ImpactA, which takes value one when a species is listed 

under highest impact (A) and zero when impact level is either B or C or D. 

Species growth rate and duration data are obtained from the USDA National 

Plant Database 2006 ((http://plants.usda.gov/).5  Growth rate is categorized into four 

types: rapid, moderate, slow and unknown.  Again, to avoid creating multiple 

categorical variables, we create a binary variable GrowthRateA to distinguish species 

with rapid growth rate from those with moderate or slow or unknown growth rates.  

GrowthRateA takes value 1 if a species has a rapid growth rate, but zero otherwise.  

 Plants are classified into annuals, biennials and perennials depending on time 

to first flowering, which is an important determinant of the rate of increase in 

population (Myers and Bazely, 2003).  Botanically, an annual plant usually germinates, 

flowers and dies within a year.  A biennial plant takes two years to complete its 
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lifecycle. A perennial plant lives for more than two years. We use a binary variable 

Duration, where the value 1 refers to annual plant species, and zero otherwise 

(biennial or perennial plant species).   

We also include a species’ noxious status and distribution status in our 

determinants of listing time. If a weed species has a noxious status in a state, it 

represents potential harm to its agriculture, public health and environment (Plant 

Protect Act, 2000).  The binary variable Distribution indicates that if a species already 

exists or not in a state. Data on species’ noxious status and distribution status are from 

USDA National Plant Database, 2006. The above two indicators are represented by 

binary variables as well. If a species is designated as noxious, then the variable 

Noxious takes value 1 and zero otherwise.  Likewise, if a species is already recorded in 

a state, then the Distribution dummy is set to 1 and zero otherwise. 

Transportation Modes: Distance between California and each of the 47 contiguous 

states is employed to measure the possibility that a species is transmitted to a new area 

from the leader.  It is expected that the shorter the distance to California, the larger is 

the probability of early addition of a species to a follower’s list.  ARCGIS 9.0 is 

employed to measure distance between Sacramento, CA and the capital of each of the 

other 47 states.  Descriptive statistics on this essay’s data are presented in table 4.3. 
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4.4 ECONOMETRIC PROCEDURES 

The discrete dependent variable in equation (4.2) represents the time that a state added 

a weed species to its NXWS list, and it takes a value between 0 and 13. A larger value 

of the dependent variable indicates that a species is a late addition to a state’s NXWS 

list.  Conventional linear regression methods are inappropriate for estimating discrete 

choice models (Greene, 2003; Maddala, 1983). Thus, an ordered logit model is used to 

estimate equation (4.2).6 

 Following Greene (2003), we discuss the relevance of an ordered logit model 

for our purposes.7  Equation (4.2)  is first rewritten as a linear specification of a latent 

variable: 

 (4.4)          * 'T Xβ ε= + , 

where the correspondence between observed and latent listing time is given by:  

(4.5)         

*
1

*
1 2

*
13

0

1

13

T if T

T if T

T if T

α

α α

α

= ≤

= < ≤

= ≤

M
 

In other words, T* in equation (4.4) is an unobserved latent variable, which falls under 

14 categories defined by cut-off parameters,α , in equation (4.4), X is a vector of 

explanatory variables defined in the data section, andε  is an error term which follows 

the logistic distribution.  Therefore, the probability of the listing time, P, in each 

category can be expressed as:  
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 (4.6)

1 1 1

2 1 2 2 1
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P T X L X
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P T L X

ε α β α β

α β ε α β α β α β

α β
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= = = − < ≤ − = − − −
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where L denotes the c.d.f. of the logistic distribution. Based on equation (4.6), we can 

derive its cumulative probability function as follows: 

(4.7)  

1
1 1
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That is,  

(4.8) Pr ( )og (Pr ( )) log , 0, ,13.
1 Pr ( ) j

ob T jL it ob T j X j
ob T j

α β
⎛ ⎞≤

≤ = = − =⎜ ⎟− ≤⎝ ⎠
L  

In the context of the ordered logit model, the odds are defined as the ratio of the 

cumulative probability to its complement:8 

(4.9)  Pr ( )Odds
1 Pr ( )

ob T j
ob T j

≤
=

− ≤
 

Note that only the intercept is different for each level of the cumulative logit, while 

slopeβ  is assumed to be the same across all 13 sub-equations of (4.6) and (4.7).  The 

latter implies that the odds ratio is independent of the category j or constant for all 
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categories.  Therefore, the ordered logit model described above is also referred to as 

the proportional odds model (McCullagh,1980). 

In equation (4.7), the 13 sub-equations are simultaneously estimated by 

maximum likelihood procedures.  The estimated coefficient β  shows how a one-unit 

increase in an independent variable increases the logit (log-odds) of the dependent 

variable being in a higher category.  In our case, a positive coefficient means a one-

unit increase in the independent variable increases the likelihood of a species being 

listed on a state’s NXWS list later, assuming other variables are held constant.  

Similarly, a negative coefficient indicates that a weed species is likely to be listed on a 

state’s NXWS list earlier with an increase in the independent variable, holding all 

other variables constant.  Since the logit scale is unfamiliar, the coefficients are often 

translated into odds ratio for ease in interpretation.  Odds ratio can be directly derived 

from coefficients by exponentiating the slope coefficient, exp( )β , which gives the 

quantitative change in the odds of the dependent variable being in a higher category 

with a unit change in an independent variable. Moreover, the odds ratio can measure 

the association of dependent variable with independent variables (Agresti, 1996). 

Values of odds ratio farther from 1.0 in a given direction represent stronger levels of 

association. For example, in the binary logit model, when X and Y are independent, 

the 1 2P P= , so that Odds1 = Odds2  and the Odds ratio = 1, which is the baseline for our 

comparison. Thus, an odds ratio of 4 is farther from independence than an odds ratio 

of 2.  However, an odds ratio of 0.25 (1/0.25=4) works in the opposite direction.    
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Since over 70 percent of the observations on the dependent variable take value 

13, we considered an alternative binary logit model in place of the ordered logit model.  

In the binary logit model, the dependent variable is set to 1 if 13T = , i.e., when a 

species in 1994 California’s NXWS list never appeared in other states’ list in any year.  

The binary dependent variable takes value zero if 0,1,2,...,12T = , meaning that a 

species in 1994 California’s list appeared in other states’ list in any year between 1994 

and 2006.   The logit function for the binary dependent variable is: 

(4.10)  1
1 1

1

( ) ln( ) '
1

PLogit P
P

α β= = −
−

X , 

where 1P  is the probability that the dependent variable is equal to 1.  A positive slope 

coefficient means that a one-unit increase in an independent variable increases the 

likelihood that a weed is not added to other states’ NXWS list during 1994-2006.  

 

4.5 EMPIRICAL RESULTS AND DISCUSSION 

Table 4.4 reports the estimated coefficients of the ordered logit model in equation 

(4.7), while the binary model’s coefficients are presented in the appendix.  Most key 

variables are statistically significant at the 1 percent level. The generalized 2R  is 

reported at the bottom of Table 4.4, which is given by:  

(4.11)  2 1 U

R

LogLR
LogL

= −  , 

where ULogL  and RLogL  are unrestricted and restricted log likelihood functions, 

respectively.  Table 4.4 also reports three rank correlation indexes (Somer’s, Gamma, 
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and C), which measure the predictive ability of our discrete choice model.  With a 

maximum of 1, the higher the value of each of the correlation indexes, the better is the 

predictive ability of the ordered logit model.  Our estimated values of these indexes, 

0.696, 0.698, and 0.848 suggest that the ordered logit model in equation (4.7) is a 

reasonable predictor of observed data.  Column 2 of table 4.4 shows the estimated 

slope coefficients, which point to the direction of change in the logit (log odds) of the 

dependent variable corresponding to a one-unit change in an independent variable. As 

pointed out in the econometric section, the estimated coefficients are translated into 

odds ratios for interpretation purposes (Rodriguez, 2006).  Thus, odds ratio are 

calculated and reported in column 3 of table 4.4.  Note that the results of the binary 

logit model, reported in Appendix A, are very similar to those in table 4.4.  Hence, we 

discuss the results of the estimated ordered logit model in the following. 

Species Attributes: We first focus on species attributes’ effects on the weed listing 

time by a follower.  The estimated coefficient of innate reproductive potential is 

negative and statistically significant at the 1% level (table 4.4, column 2).  This result 

shows that a stronger innate reproductive potential increases the likelihood of early 

addition of a weed species to a follower’s list.  We can also interpret this result using 

the odds ratio. That is, the odds of being added earlier to a follower-state’s list are 

1/0.882 or 1.135 times more likely for the species with a strong reproductive ability 

compared to those species with weak reproductive abilities.  The result is consistent 

with our expectation that a species’ strong reproductive abilities increase its ability to 
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invade a non-native environment and hence, it is more likely to be added sooner than 

later to a follower’s list.  

The coefficient of ImpactA is negative and significant at the 1% level. This 

result implies that a species with a large ecological impact on a state tends to be an 

early addition to a follower’s NXWS list.  Alternatively, the odds that a species with 

high ecological impacts will be added early to the follower-state’s list are 1/0.508 or 

1.96 times the odds for those without high ecological impacts. Our finding is 

consistent with the objectives of a NXWS list, which is to prevent invasions of 

noxious weeds with high ecological impacts.  The coefficient of GrowthRateA is 

negative, suggesting that a species that grows more rapidly tends to be added more 

quickly to the follower’s noxious weed seed lists.  However, the latter result is not 

statistically significant.    

The duration of species is used to measure the population-increase rate of 

species. Annual plants usually increase their population more rapidly than biennial or 

perennial plants. Surprisingly, the coefficient on duration is positive and statistically 

significant at the 1% level.  This result shows that annual weed species tend to be 

added to a state’s list later than the biennial and perennial species.  A biological reason 

for this result is that the biennial and perennial species have some advantages in 

establishing and spreading in new areas relative to annual species. For example, when 

the seeds of noxious weeds are transported to a new area, if the number of seeds is not 

large enough or the season is not suitable, the annual weeds may not germinate and 

hence, likely not to be introduced in the new area. However, the biennials can become 
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nonflowering rosettes rather than remain as dormant seeds in the soil until conditions 

become more suitable for flowering and synchronizing reproduction to colonize the 

gaps. Moreover when perennials do colonize a new gap they will form a dense ground 

cover of rosettes in the second year which would prevent new seedlings from 

successful establishment in that season (Silvertown,1983).   

The noxious status of a weed also significantly impacts the weed listing time in 

a follower’s NXWS list.  Being a noxious species increases its chances of early 

addition to a follower’s list.   The odds of showing up early in a state’s list for a 

noxious species are 1/0.294 or 3.401 times the odds of non-noxious species.  Similarly, 

if a species is already present in a state, then the odds of being listed early in that 

state’s list are 7.518 (1/0.133) times the odds for those species absent from that state. 

These results reflect that policy makers maybe more concerned about species which 

already exist in the state than those species that are absent in that state.9      

Ecosystem Similarities: We use three relative indexes to capture the effect of 

ecosystem differences on the listing time of a species in a follower’s NXWS list.  The 

hypothesis is that if it is easy for an invasive species to spread in California, then it 

should also be easy for it to invade a similar ecosystem. Therefore, to prevent weed 

invasions, a state with an ecosystem similar to California would tend to add a 

California weed species sooner rather than later to its list. 

The coefficient on soil-type index is positive and statistically significant at the 

10% level.  Alternatively, an increase in soil-type dissimilarities between California 

and a follower state delays the latter’s listing time of a species in the former’s list.  
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The coefficient on average temperature is positive, but not statistically significant.  

However, the estimated parameter of average precipitation is negative and significant 

at the 10% level. These results show that the ecosystem similarity may not accurately 

predict the listing time of noxious weeds. The reason for this unexpected result may be 

that the climate variables only partly determine the average density of plant in a 

particular area and its geographic distribution.  Many other factors also affect the 

average density such as the number of herbivores, sun exposure, and interspecific and 

intraspecific competition. Moreover, some case studies show that climatic match 

sometimes does not necessarily predict the invasive ability of a species (Mack,1996; 

Williamson, 1996, 2001).   

 We use a measure of distance to capture the transportation possibility of a 

species to a new area (Trepl and Sukopp, 1993 p3). The coefficient on distance is 

positive and statistically significant at the 1% level.  When the distance between a 

follower state and California increases, a species in the latter tends to be a late addition 

to the former’s list. 

 As noted in the econometrics section, the odds ratio can be used to measure the 

relative importance of each independent variable to changes in the dependent variable. 

Our results shows that the distribution status -established or not- has the largest odds 

ratio 1/0.133=7.518, which suggests that a species already present in a state has the 

most influence on the listing time.  In general, the combined characteristics of a 

species or ecosystem are more important relative to a specific feature of a species or 

ecosystem. Thus, we compute the combined effects on listing time by each of the 
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following: species attributes, ecosystem characteristics, and species status.10 Silber et 

al.(1995) present a method to estimate the relative importance of two groups of 

independent variables in the case of a logistic model: 

(4.12)  
^

^ ^

' '

' '

β βω
γ γ

=

^
X X

H H
  

where X and H are data matrixes of first and second group of independent variables,  

respectively. The corresponding estimates β̂  and γ̂  of group one and two are then 

used to derive ω , which represents the relative contribution of the two groups to 

placing the dependent variable in a higher category.  

 We split the independent variables into three groups. The first group describes 

species attributes - impact, innate reproduction potential, growth rate and duration; the 

state ecosystem characteristics are measured by three variables - average temperature, 

average precipitation and soil-type index; and noxious and existence status are 

included in group 3. The iω  for state characteristics, species attributes and species 

status are 87.82, 1970.45 and 5685.78, respectively. The above result indicates that a 

species status contributes the most to the weed listing time of a follower.  Species 

attributes make a moderate contribution to listing time, which is less affected by 

ecosystem characteristics.  

4.6 SUMMARY AND CONCLUSIONS 

In this essay, we employ a leader-follower framework to investigate the listing time of 

a noxious weed.  Due to prominence in controlling and managing noxious weed 
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invasions, we model California as a leader in enacting the NXWS list and other 47 

contiguous states as followers.  In particular, we treat California’s 1994 NXWS list as 

the base regulation from which other states decide when to list a weed in their 

regulations.  For the 40 species listed in the base list in 1994, we document their 

listing time in the NXWS lists of each of the latter states.  We hypothesize that the 

listing time is a function of invader status and attributes, and characteristics of the 

invaded ecosystem, and the probability of a species being transported to a new area 

from California.  Data from USDA Plant Database, California-IPC Invasive Species 

Inventory, California Weed Information Project and Invaders Database System are 

compiled for our empirical study.  We employ discrete choices models, ordered and 

binary logit models, to estimate our empirical model of listing time. The estimates 

identify how changes in independent variables would increase or decrease the 

likelihood of early or late addition of a species to a follower’s NXWS list.  

 Results show that species attributes have a significant effect on the listing time 

of a weed species.  In particular, it appears that policymakers appear responsive to a 

species’ innate reproductive potential and ecological impacts.  The similarity of soil 

type and average temperature between California and a follower-state also increases 

the likelihood of early addition of a species to the follower’s NXWS list earlier. We 

also find that species which are already present in a state are more likely to be added 

earlier to a follower’s list than those absent in the concerned state.  Similarly, if a 

species is identified as noxious or as having large ecological impacts, it is more likely 

to be added sooner than later to a state’s NXWS list. We also compare the relative 
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importance of species attributes, ecosystem characteristics and species status to 

changes in the listing time. The result indicates that a species’ status has the largest 

impact on noxious weeds’ listing time followed by species attributes and ecosystem 

characteristics.  

Our results suggest that a better documentation of potential invaders - their 

attributes and impacts on non-native environments, is important in controlling the 

introduction and spread of noxious weeds and the consequent economic damages. The 

current focus on species already present in a state appears to be a convenient strategy.  

However, the increasing number of pathways for weed transmission, via goods and 

people, requires a national or international focus for the identification of potential 

invaders. 
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4.8 ENDNOTES

                                                 
1 Our research question requires a fairly long time series of weed regulations and their 

changes.  As a result, we do not model the noxious weed regulations, federal and 
state, which arise from the Plant Protection Act of 2000. 

2 Alternatively, equation (4.1) can be considered as representing the difference in 
utilities between listing and not listing a species as noxious at time t.  When the 
difference turns positive at time t, the indicator variable will take the same value as 
the time period.   

3 Income and price differences across U.S. states are suppressed to focus on invader 
characteristics and invasibility of ecosystems.   

4 These criteria are set up by California Exotic Pest Plant Council and the Southwest 
Vegetation Management Association. 

5 For some missing values, we used the data from the California Invasive Plant 
Council, Noxious Weed Information Project (NWIP), California Integrated Pest 
Control (IPC) (http://www.cdfa.ca.gov/phpps/ipc/weedinfo/winfo_photogal-
fameset.htm) and  Invader Database System (http://invader.dbs.umt.edu). 

6 The results and interpretation of ordered logit and ordered probit are very similar, but 
the formers is more common due to the ease in the interpretation of its exponatiated 
coefficients (Greene, 2003; Ender, 2004). 

7 Another method to derivative the Ordered Logit Model is by assuming that the 
transformed cumulative probabilities are a linear function of the predictors 
(McCullagh,1980; Maddala, 1983 ), i.e., (Pr ( )) ' 1, ,jg ob T j X for j kα β≤ = + = L  

8 Odds are a monotonic function of probability.  In the literature on discrete choice 
models, odds are more commonly used relative to measuring probabilities.  Odds can 
easily be translated into the probabilities, but the former can take any positive value 
(Rodriguez,2006). 

9 Not surprisingly, many invasive species are first found by farmers, who report them 
to government agents for potential inclusion in weed lists. 

10 where we draw out two species status variables from species characteristics to make 
the comparison clear.  
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Table 4. 1.  Dependent Variable’s Frequency 
 

 

Timing Frequency Percent
Cumulative 

Frequency 

Cumulative 

Percent

0 488 25.96 488 25.96

1 2 0.11 490 26.06

2 7 0.37 497 26.44

3 3 0.16 500 26.6

4 3 0.16 503 26.76

5 7 0.37 510 27.13

6 2 0.11 512 27.23

7 4 0.21 516 27.45

8 3 0.16 519 27.61

9 2 0.11 521 27.71

10 3 0.16 524 27.87

11 2 0.11 526 27.98

12 2 0.11 528 28.09

13 1352 71.91 1880 100
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Table 4. 2.  Questions on Species’ Innate Reproductive Potential 
 

 

9 Criteria Yes No

Reaches reproductive maturity in 2 years or less 1 0 

Dense infestations produce >1,000 viable seed per square meter 2 0 

Populations of this species produce seeds every year. 2 0 

Seed production sustained over 3 or more months within a population annually 1 0 

Seeds remain viable in soil for three or more years 2 0 

Viable seed produced with both self-pollination and cross-pollination 1 0 

Has quickly spreading vegetative structures (rhizomes, roots, etc.) that  

may root at nodes 1 0 

Fragments easily and fragments can become established elsewhere 2 0 

Resprouts readily when cut, grazed, or burned 1 0 
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Table  4. 3.  Descriptive Statistics 
 

 

Variables Observations Unit Mean Std.Dev Min Max

Timing 1880 Index 9.471 5.724 0 13

Binary Listed 1880 Index 0.719 0.450 0 1

Noxious 1880 Index 0.131 0.338 0 1

Distribution 1880 Index 0.543 0.498 0 1

Innate reproduction potential 1880 Points 6.550 2.145 3 11

Duration 1880 Index 0.300 0.458 0 1

Average Temperature 1880 Index 0.147 0.085 0.008 0.317

Average Precipitation 1880 Index 0.773 0.424 0.049 1.609

Soil Share Index 1880 Index 1.068 0.716 0.009 2.403

Distance 1880 Mile 1706.650 703.516 101.276 2670.700

Impact A 1880 Index 0.200 0.400 0 1

Growth Rate A 1880 Index 0.250 0.433 0 1
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Table 4. 4.  Estimates of the Ordered Logit Model of Listing Time 
 
Parameters Estimate Odds Ratio β Coefficient

Intercept13 2.650***  

Intercept12 2.658***  

Intercept11 2.666***  

Intercept10 2.678***  

Intercept9 2.686***  

Intercept8 2.699***  

Intercept7 2.715***  

Intercept6 2.723***  

Intercept5 2.751***  

Intercept4 2.764***  

Intercept3 2.776***  

Intercept2 2.805***  

Intercept1 2.813***  

Noxious Status -1.225*** 0.294 -0.228

Distribution -2.020*** 0.133 -0.555

ImpactA -0.677*** 0.508 -0.149

Innate Reproduction Potential -0.125*** 0.882 -0.148

GrowthRateA -0.00511 0.995 -0.001

Duration 1.421*** 4.141 0.359

Average Temperature 0.0221 1.022 0.001

Average Precipitation -0.357* 0.700 -0.083

Soil Share Index 0.1421* 1.153 0.056

Distance 0.000421*** 1.043 0.163

Somers ‘D: 0.696; Gamma: 0.698; C: 0.848. 

R2= 0.2998 

*** and * indicate significance at the 1 and 10 percent levels, respectively. 
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CHAPTER 5 
 
 
 
 

5. CONCLUSIONS 
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This study focuses on the source of cross-state differences in noxious weed (NXW) 

and noxious weed seed (NXWS) regulations and their impact on inter-state 

agricultural trade. We first investigate the determinants of regulatory differences, 

paying special attention to lobbying by competing interest groups and to the 

underlying ecological and agronomic conditions. Then, we explore the impact of state 

noxious weed regulations on inter-state trade flows of seeds, nursery plants and 

agricultural commodities.  In particular, we estimate the trade distortions arising from 

the political contributions of interest groups.  Finally, we employ a leader-follower 

framework to investigate when a weed species on one state’s (leader) list is added to 

another state’s (follower) list. 

 Empirical results from our political-economic approach show that differences 

in ecosystem and agronomic characteristics cause substantial cross-state variation in 

noxious weed regulations.  Ecological and agronomic characteristics account for two-

thirds of the explained variation in the size and composition of NXW and NXWS lists 

across U.S. states.  Nevertheless, interest groups’ lobbying has a statistically and 

economically significant effect on the cross-state differences in weed regulations.  

Seed producers favor more uniform weed regulations across states, while commodity 

producers and consumers prefer that their state maintain a distinct list to protect its 

ecosystem and agronomic conditions.  The implication here is that seed producers 

consider the noxious weed regulations as export barriers and thus, lobby for greater 

inter-state regulatory congruence. In contrast, consumers and commodity producer 

lobby encourage respective state governments to differentiate their weed regulation 
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from those of other states.  Such rent-seeking activities of interest groups may drive 

more cross-state differences than necessary in weed regulations to counter ecological 

and environmental damage from invasive species.  

Our empirical results also demonstrate that noxious weed regulatory 

congruence has a positive and significant effect on inter-state agricultural trade. That 

is, the higher the regulatory similarities between any two states, the larger is their trade 

in seeds, nursery products and agricultural commodities.  Again, this result indicates 

that noxious weed regulations are inter-state trade barriers, impeding the exchange of 

agricultural products among U.S. states.  Consumers and commodity producers lobby 

create cross-state differences in weed regulations and thus, trade distortions which are 

estimated to be about $1.1 billion. 

Finally, California is considered to be the leader in enacting and maintaining 

noxious weed regulations.  In the investigation of factors affecting followers’ listing 

time of noxious weed species, our results show the important role of a species’ status 

and its characteristics relative to those of the invaded ecosystem.  In particular, we 

find that whether or not a species is already in a state is the most important factor 

influencing the weed listing time in a follower’s NXWS list. 

Together, the three essays suggest the need for policies with a critical 

balancing act: how to prevent the introduction and spread of invasive weeds without 

limiting inter-state agricultural trade.  Interest-groups’ lobbying, especially that of 

consumers and commodity producers, appears to cause cross-state regulatory 

divergence, which can be avoided by placing greater emphasis on science for listing 



124 

  

noxious weeds.  One way to address this challenge is to focus on the membership of 

county and state noxious weed boards, which are empowered with listing noxious 

weeds.  Emphasizing and encouraging greater participation of weed scientists and 

biologists in such boards may help in minimizing trade distortions caused by interest 

groups. The result can be a significant increase in inter-state agricultural trade flows 

and overall U.S. welfare.  Moreover, a better documentation of potential invaders - 

their attributes and impacts on non-native environments, is important in controlling the 

introduction and spread of noxious weeds, and the consequent economic damages. The 

current focus on species already present in a state appears to be a convenient strategy.  

However, the increasing number of pathways for weed transmission, via goods and 

people, requires a national or international focus for the identification of potential 

invaders. 
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APPENDIX A: ESTIMATES OF THE BINARY LOGIT MODEL (LISTED OR 

NOT) 

 
Parameters Estimate Odds Ratio β Coefficient

Intercept1 2.529***  

Noxious Status -1.409*** 0.245 -0.262

Distribution -2.031*** 0.131 -0.558

Impact A -0.685*** 0.504 -0.151

Innate Reproduction Potential -0.105*** 0.900 -0.125

Growth Rate A -0.106 0.899 -0.025

Duration 1.458*** 4.297 0.369

Average Temperature -0.313 0.731 -0.015

Average Precipitation -0.404* 0.668 -0.094

Soil Share Index 0.179** 1.196 0.071

Distance 0.00047*** 1.048 0.182

Somers ‘D: 0.713; Gamma: 0.715; C: 0.857. 

R2=0.3031 

***, **and * indicate significance at the 1, 5 and 10 percent levels, respectively. 
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