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Abstract 

We examine how state governments adjusted spending in response to the large temporary 
increase in federal highway grants under the 2009 American Recovery and Reinvestment Act 
(ARRA).  The mechanism used to apportion ARRA highway grants to states allows us to isolate 
exogenous changes in these grants. We find that states increased highway spending over 2009 to 
2011 more than dollar-for-dollar with the ARRA grants they received. We examine whether rent-
seeking efforts could help explain this result.  We find states with more political contributions 
from the public-works sector tended to spend more out of their ARRA highway funds than other 
states. 
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I. Introduction 

Often overlooked in debates about the merits of federal stimulus spending or federal 

spending in general is the role of subnational governments as “middlemen,” propagating shocks in 

federal spending to the real economy. After all, a significant and growing portion of federal 

spending in many countries comes in the form of federal transfers to regional governments that 

actually administer the spending. This is particularly true for stimulus spending. For instance, 

nearly half of the estimated $550 billion in federal spending from the 2009 American Recovery 

and Reinvestment Act (ARRA or Recovery Act) consisted of grants to state governments.  

The composition and effects of fiscal expansions, both in general and as countercyclical 

tools, depend in large part on what states do with federal grants.1 On the one hand, grants targeted 

for a specific purpose such as for highways or education are presumably intended to induce states 

to increase spending for that purpose.2  Yet federal grants generally are partially or fully fungible, 

allowing states to simply use the grant revenue to substitute for the state’s tax revenue and other 

own funds that would have funded that spending, thus enabling states to reduce tax rates or 

decrease their net borrowing. This substitution often is referred to as “crowd-out.” While this 

paper is agnostic on which of these possible uses of federal grants – spending, tax cuts, or saving – 

has the highest economic multiplier, the choice made by state governments is of critical 

importance, both to policymakers aiming to achieve the type of fiscal stimulus they intend and to 

economists seeking to understand the likely effects of fiscal expansions.  

Because the Recovery Act eased the requirements that states must meet to obtain federal 

grants, many have argued that crowd-out might have been particularly high in this case and could 

have greatly reduced the effect of the legislation on overall government spending.  In particular, 

mechanisms such as matching requirements that require states to pay a fraction of the costs of a 

project otherwise financed with federal grants can reduce crowd-out.  But these requirements were 

waived for many types of grants under the ARRA. For instance, federal highway grants typically 

involve a 20 percent matching requirement, which was waived under the ARRA.   

Similarly, requirements that states maintain their own level of funding in order to receive 

                                                            
1 The issue is analogous to how households’ marginal propensity to consume determines the effects of federal 
transfers and income tax cuts to individuals. See, for instance, Johnson, Parker, and Souleles (2006) for an analysis 
of the income tax rebate of 2001.     
2 This oft-documented phenomenon of federal grant revenues stimulating higher expenditures by recipient 
subnational governments is known as the “flypaper effect” in the public finance literature. See Inman (2008) for a 
recent survey of the literature on the flypaper effect and Hines and Thaler (1995) for an earlier review. 
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federal funds (known as maintenance-of-effort requirements) are intended to mitigate crowd-out 

effects of federal grants. But these requirements can be difficult to enforce in normal times and 

likely are much more difficult to enforce in recessions. Over the 2008-2010 period, in particular, 

many state governments underestimated the pace at which their budgetary balances were 

deteriorating, leading to strong pressures to reduce expenditures more than previously planned.   

The potential crowd-out of states’ own funding by ARRA grants figures importantly in a 

number of recent studies of the ARRA. Cogan and Taylor (2011) and Inman (2010) argue, based 

on national time series data, that the Recovery Act’s grants failed to provide much economic 

stimulus partly because states appear to have responded to higher federal grants for infrastructure, 

education, and the like by reducing borrowing, leaving state governments’ spending on goods and 

services nearly unchanged.3 Conley and Dupor (forthcoming), in their cross-state analysis of the 

employment effects of ARRA spending, make a similar argument, emphasizing that crowd-out 

was likely high under ARRA, particularly in the case of highway spending. The Congressional 

Budget Office (CBO) also relied on an assumption of partial crowd-out of state spending in its 

analysis of the expected fiscal cost of the Recovery Act.4 

The concerns are especially relevant for federal highway grants, which Knight (2002) found 

led to nearly complete crowd-out over the period 1983 to 1997.  Moreover, highway spending was 

roughly flat nationally over the 2008-2011 period, despite the nearly 50 percent increase in 

announced grant funding in 2009 resulting from the Recovery Act.  While it is difficult to infer the 

effect of higher federal grants on state spending by looking at national time series data alone due 

to the inability to observe what state spending would have been absent the additional grants, to 

many the flatness of national spending over this period is prima facie evidence of high crowd out. 

 In this paper, we address the question of crowd-out of federal grants to states by focusing on 

ARRA highway grants. We focus on highway grants both because of the a priori reasons 

mentioned above to suspect crowd-out and because highway grants afford particularly strong 

identification of their causal effects due to the institutional mechanism determining their cross-

state allocation. We use cross-state data to examine how state governments adjusted their highway 

spending in response to the large temporary increase in federal grants under ARRA. 

                                                            
3 Likewise, Gramlich (1978), based on national time series patterns in state and local government spending and 
saving, concluded that state and local governments saved nearly all of federal transfers they received as part of the 
economic stimulus of 1976.   
4 See CBO (2009).  
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We follow an instrumental variables (IV) difference-in-differences methodology.  The first 

of the two differences is across time, comparing a given state’s highway spending in 2008, the 

year before the ARRA, to its spending in the years after. By time differencing, we remove any 

state fixed effects, such as those due to time-invariant state characteristics like density, climate, 

and political preferences, which could otherwise influence state-government highway spending. 

The second difference involves comparison across states that received different amounts of 

highway grants per capita.  

We focus primarily on the effect of ARRA highway grants on states highway spending in 

2010 both because the ARRA highway grants were not announced until March 2009 and because 

previous research has found substantial time lags between highway grant announcements and 

outlays (see Leduc and Wilson (2013)). The ARRA stipulated that states must commit ARRA 

grant funds to specific projects by September 2010, suggesting that much of the resulting outlays 

would occur in 2010. Nonetheless, we also estimate the effects of the ARRA grants on state 

highway spending in 2009 and 2011, as well as the cumulative effect over 2009-2011.  

Most of the ARRA highway funds were apportioned to states based on long-standing, pre-

existing formulas. These formulas are based on road factors, such as the number of lane miles in a 

state or a state’s contribution to the Highway Trust Fund, which are known with a three-year 

delay, thus making it quite unlikely that current (post-ARRA) economic activity in a given state 

could have affected the distribution of these formula-based funds. Yet, a small portion of the 

ARRA highway funds were distributed outside the formula mechanism, either by competitive 

grant programs (such as Transportation Investment Generating  Economic Recovery (TIGER) 

discretionary grants) or at the discretion of the Department of Transportation. Therefore, it is 

possible that these funds, and thus total ARRA highway funding, could be endogenous with 

respect to post-ARRA state economic activity.  

To insure against the endogeneity concern that apportionment of highway grants to states 

may be correlated with the before/after-ARRA change in state highway spending, we use 

instrumental variables that exploit the formula-based mechanism by which most highway grant 

funding was distributed under ARRA. Both to expedite the distribution of ARRA highway grants 

to states and to insulate (as much as possible) the White House and Congress from criticism that 

grants were distributed based on political considerations, Congress apportioned the majority of 

those funds using the pre-existing formulas mentioned above. We thus use road-related factors that 



4 
 

go into these formulas as instruments for the amount of ARRA highway funds received by states. 

We also construct an alternative instrument based on one of the first proposed maps for the 

national interstate highway system. Specifically, we obtained data on the number of proposed 

interregional highway miles in each state from the 1944 highway system recommendation put 

forth by President Franklin D. Roosevelt’s National Interregional Highway Committee (NIHC). 

This plan became the basis for subsequent highway system proposals and was eventually enacted 

in the 1956 Interstate Highway Act. Because the cross-state distribution of miles in this original 

1944 proposal is highly correlated with the distribution of highway miles (and other road factors) 

today, this instrument is a remarkably strong predictor of the cross-state distribution of ARRA 

highway grants some 60 years later.  

 Our results indicate that ARRA highway grants did in fact lead to higher state-

government highway spending than would have occurred in the ARRA’s absence. In particular, 

we estimate that each dollar of ARRA grants led to nearly one additional dollar of state highway 

spending in 2010, implying little if any crowd-out. This result is extremely robust and holds 

across a variety of specifications, including across our two alternative instruments and including 

a wide variety of conditioning variables. We also estimate the effect of the ARRA highway 

grants on spending in 2009 and 2011. We find a small but statistically significant effect of the 

ARRA grants in 2009 and a large and significant effect in 2011, which is consistent with 

substantial time lags between grant announcements and outlays. Using Jordà’s (2005) local 

projection method, we find that the cumulative effect of grants on highway spending over the 

2009-2011 period is roughly two dollars per dollar of grants, suggesting some crowding-in of 

states’ own funding for highways, perhaps due to complementarities between road projects 

eligible for federal reimbursement and those that are not.  

 In addition, we document that that the higher state highway spending resulted in 

employment increases in the sector most directly affected by highway expenditures, the road 

construction sector. In particular, our estimates for 2010 imply that each $1 million of ARRA 

highway grants received by a state resulted in approximately 2 additional road construction jobs. 

Given that ARRA highway grants totaled about $25 billion nationally, this implies a national 

effect of roughly 50,000 jobs, which is equivalent to a 16% increase in road construction 

employment from September 2008.  
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In our analysis, we pay particular attention to the timing of federal highway grants and 

show that our results are also robust to using different accounting measures with different time 

lags (for instance, apportionments versus obligations or outlays). This is particularly important 

since, depending on the timing, some of these measures can be anticipated, which can alter the 

estimated effects on state-government spending (see, Ramey (2011) and Leduc and Wilson 

(2013)).5 In particular, federal grant apportionments to states are known first and then obligated 

by the states to finance particular projects. However, states are not reimbursed by the federal 

government until the projects are completed, and then the federal payments show up as outlays. 

Importantly, our estimated effect of roughly dollar-for-dollar spending from grants in 2010 holds 

whether we measure ARRA highway grants using data on apportionments, obligations, or 

outlays.  

Our evidence of a strong effect of ARRA highway grants on highway spending is 

particularly striking given that states generally faced no requirement under ARRA to match any 

fraction of highway projects’ costs, making the funds fully fungible. Our results are also 

surprising given that Knight (2002) found nearly perfect crowd-out (i.e., no flypaper effect) for 

highway grants over the 1983-1997 period.6 Yet our findings are consistent with a number of 

previous studies that documented a strong flypaper effect for many other types of grants.7  

To shed additional light on the mechanism underlying our results, we investigate the role of 

rent-seeking efforts by special interest groups. Studying the 1998 settlement with the tobacco 

industry, Singhal (2008) argues that it played an important role in explaining state governments 

spending out of the windfall payments. We pursue this avenue further by using a novel dataset of 

political contributions to candidates for state offices from the National Institute on Money in 

State Politics. We first provide prima facie evidence about the likely importance of rent-seeking 

behavior by showing that political contributions to state-office candidates from the public works 

sector (as a share to total business sector contributions) jumped dramatically in the 2009-2010 

state electoral cycle, relative to levels seen over the prior decade. Second, we find that states with 

                                                            
5 Carlino and Inman (2013) develop narrative measures of federal grants-in-aid since the mid-1950s to deal with 
anticipation effects associated with this form of federal transfers.  
6 Leduc and Wilson (2014) investigate the differences between the results found in Knight (2002) and those found 
in this paper. Leduc and Wilson begin by replicating Knight’s complete crowd‐out result using his one‐way (state) 
fixed effects model and his 1983‐1997 sample period, and then show that extending the sample period yields a 
nearly dollar‐for‐dollar effect of grants on highway spending, on par with the results found in this paper. 
7 For recent evidence across different spending categories, see Baicker (2001), Gordon (2004), Evans and Owens 
(2005), Singhal (2008), Dahlberg et al. (2008), and Feiveson (2011).   
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higher shares of political contributions coming from the public works sector tended to spend 

more out of their ARRA highway funds than other states.   

Our paper also complements the recent empirical work on the effects of ARRA on 

economic activity. In general, this literature has documented important employment effects from 

ARRA spending using employment variation across time and states, with the estimates differing 

somewhat across studies (see, for instance, Wilson (2012), Feyrer and Sacerdote (2011), 

Chodorow-Reich et al. (2012), and Conley and Dupor (forthcoming)). The results of this paper 

suggest a possible transmission channel for this effect that would operate through increases in 

state spending.8 However, we acknowledge that these results may not generalize to other types of 

grants. In this case, the transmission channel may operate through other channels, for instance 

via lower state taxes than would be the case absent the additional federal grants. In addition, by 

documenting the degree of crowd-out during a deep recession when state governments are under 

acute budgetary pressures, our paper fills an important gap in the public finance literature on the 

flypaper effect. One exception is the work of Gramlich (1978, 1979), which examines the effects 

of different grants in the 1977 economic stimulus program using an estimated model of state and 

local governments.  

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

importance of grants in the 2009 Recovery Act and the particular requirements attached to the 

distribution of highway grants to states. Section III presents our methodology and identification 

strategy, while the data are described in Section IV. We then present our main results, followed 

by a battery of robustness exercises. Section VI extends our analysis to the period before the 

Recovery Act, while the last section concludes.  

 

II. Federal Grants and the American Recovery and Reinvestment Act 

The financial crisis in the fall of 2008 and the rapid decline in economic activity that 

followed led to the enactment of the American Recovery and Reinvestment Act (ARRA) in early 

2009. Initially estimated to cost $787 billion over ten years and subsequently revised upward to 

$840 billion, the Act involved a combination of tax cuts, representing roughly one-third of the 

                                                            
8 Recent preliminary work by Fisher and Wassmer (2013) looks at the closely related issues of how state and local 
expenditures on total public capital (of which roads are a subset) has varied over the 2000-2010 period and whether 
ARRA highway grants helped mitigate cuts in public capital expenditures during 2009 and 2010.  Consistent with 
the results in this paper, their OLS panel fixed effects regressions indicate a large positive effect of these grants on 
state and local public capital spending. 
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total cost of the bill, and increases in expenditures.9 Although the full cost of the legislation is 

expected to spread over ten years, an estimated 75 percent of the cost occurred in fiscal years 

2009 and 2010.   

Federal transfers to state and local governments are a central part of the ARRA. For 

instance, the Bureau of Economic Analysis (BEA) reports that between 2009 and 2012, $282 

billion was paid out in federal transfers to state and local governments to help support spending 

on health, education, infrastructure, and other programs, representing over half of ARRA outlays 

during this period. Capital grants for transportation infrastructure constituted nearly $50 billion 

of these transfers between 2009 and 2012, with $27 billion going to the financing of highway 

infrastructure projects.  

To speed up disbursement, the Recovery Act was designed to channel the majority of funds 

to states via existing transportation programs. For instance, the ARRA highway funds were 

partly distributed to states according to the apportionment mechanism corresponding to the long-

standing Surface Transportation Program under the umbrella of the Federal-Aid Highway 

Program through which federal highway grants have historically been apportioned to states.10 As 

a result, state transportation officials had a good understanding of project eligibility and other 

federal requirements, which facilitated the timely distribution of federal grants.  

The desire to expedite the disbursements of highway grants led legislators to include 

additional requirements in the ARRA that are absent from the procedures used to apportion 

typical (non-ARRA) federal highway funds.  In particular, the Recovery Act included much 

shorter deadlines to obligate the funds apportioned to the states. 11 Compared to the normal four 

years, the ARRA stipulated that states had a maximum of 18 months to obligate the funds from 

the date of apportionment. Thus, funds apportioned in early 2009 needed to be obligated by 

September 30, 2010. Apportioned funds not obligated within this time frame were to be 

rescinded. In addition, highway projects that could be completed (i.e., expenditures fully outlaid) 

within three years were to be given priority.  

These timing requirements had a clear impact on the types of projects that states financed 

                                                            
9 Recovery.gov provides updates on the breakdown of the ARRA’s cost 
(http://www.recovery.gov/Transparency/fundingoverview/Pages/fundingbreakdown.aspx) 
10 See Leduc and Wilson (2013) for a comprehensive view of the Federal-Aid Highway Program. 
11 As we describe later, federal funds are first apportioned to states using formulas. Once a project is approved by 
the relevant federal oversight agency for financing, states then obligate the federal funds, which legally binds the 
U.S. government to repay the states for the cost of the project. 
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with the stimulus funds. For instance, the Government Accounting Office (GAO) (2011) 

reported that, as of June 2011, 68 percent of obligated ARRA highway funds had been used to 

finance pavement-related highway projects: resurfacing, reconstruction or widening of existing 

highways.  In contrast, new highway construction projects represented only 7 percent of the 

obligated funds.  (An example of a new infrastructure project financed with ARRA grants is the 

expansion of the Caldecott Tunnel on Highway 24 near Berkeley, CA). 

The Recovery Act also included maintenance-of-effort (MOE) requirements. 12  This 

provision specified that the governor of each state needed to certify that the state would maintain 

its planned level of transportation spending from February 2009 through September 2010. The 

goal of the requirement was to ensure that federal funds would be used to add to, instead of 

substitute for, state funds and ultimately raise overall transportation spending.  

Observers have doubted the effectiveness of these MOE requirements for a few reasons. 

First, the governor certifications were due by March 19, 2009, several weeks after each state 

learned how much in highway grants had been apportioned to the state. Though governors were 

instructed to base their certification on expenditure plans as of February 17, 2009, when the 

Recovery Act passed, there was little if any enforcement mechanism to ensure that states would 

not adjust planned expenditures in response to these grant apportionments. 13  Second, it is 

difficult for states to precisely forecast their revenue and plan their level of spending in an 

unexpectedly deep downturn such as the Great Recession and its aftermath. As budget balances 

worsened more beyond expectations over the 2008–2010 period in particular, states faced severe 

pressures to reduce spending. Third, the penalty for failing to meet the MOE requirements was 

small. A state that failed to meet the MOE requirement for ARRA highway grants was still 

eligible to receive all of the originally apportioned funds. However, it would miss out on the 

FY2011 redistribution of unobligated funds (from other states that did not fully obligate funds 

within the required time frame), which is small compared to total annual state apportionments.14 

                                                            
12 For details on the MOE requirements for ARRA highway grants, see 
http://www.fhwa.dot.gov/economicrecovery/guidance.htm. 
13 Moreover, even expenditure plans as of February 17 likely would have anticipated a substantial increase in federal 
highway aid as some legislation like the Recovery Act was widely expected in the weeks leading up to its 
enactment. 
14 At the end of each fiscal year, the federal highway administration reassesses the ability of each state to obligate its 
apportioned funds and adjusts the limitation on obligations, decreasing it for some states and increasing it for others. 
For instance, for fiscal year 2010, the GAO (2011) reported that $1.3 billion in obligation limitations were available 
for redistribution.  That was less than 3% of total highway grant obligations in 2010. 
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Finally, the federal government may be hesitant to fully enforce MOE requirements in a 

recession because it means decreasing aid to the very states that may need it the most, those 

unable to maintain spending levels given unexpected declines in economic activity and tax 

revenues. 

Finally, the Recovery Act did not require states to share the cost burden of federally 

financed highway projects, in contrast to non-ARRA highway grants, which typically call for 

states to cover 20 percent of the costs. Although the absence of matching requirements lowered 

the cost to the states of using ARRA highway grants, it also made those grants more fully 

fungible, making it more likely that the ARRA funds would crowd out state spending. 

The importance of ARRA highway grants relative to non-ARRA grants is shown in Figures 

1 to 3. For instance, Figure 1 shows that states received between $50 and $100 (in constant 1997 

dollars) per capita in apportioned highway grants annually between 1983 and 2008. The 

Recovery Act added over $80 per capita in 2009 to apportioned highway grants, a near doubling 

in a single year. As mentioned above, states generally were required to obligate these 

apportioned funds to specific projects by September 30, 2010.  Consequently, the enormous 

surge in apportionments led to a sharp increase in highway grant obligations over 2009 and 2010 

before returning to pre-ARRA levels in 2011, as shown in Figure 2. At first glance, Figure 2 

thus suggests that states did not use ARRA highway grants as a substitute for non-ARRA.  The 

outlays eventually resulting from these highway grant obligations are shown in Figure 3. 

Although the majority of apportioned grants was obligated in 2009, ARRA outlays rose most in 

2010 and continued into 2011. This feature is consistent with the substantial time lags between 

apportionments and outlays that are discussed in FHWA (2007) and more precisely documented 

in Leduc and Wilson (2013).  

  

III. Methodology 

We examine the effects of ARRA highway grants on state highway spending in the years 

following the adoption of the fiscal stimulus package. To do so, we consider a linear 

specification in which the change in state highway spending per capita ( ) is regressed on the 

change in highway grants per capita ( ),a set of conditioning variables ( ), and time fixed 

effects ( )  

  (1) 
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where  denotes the J-year difference operator and  is an error term.  Because our goal is to 

estimate the effect of the ARRA highway grants on post-ARRA highway spending for years 

, we take differences with respect to 2008 values. Specifically, when , we take 

a one-year difference; when , we take a two-year difference; and when , we 

take a three-year difference. Note that by time differencing, this specification removes the effects 

that time-invariant state characteristics may have on the level of state highway spending.15 

In some regressions below, we measure  using total (ARRA and non-ARRA) highway 

grants. However, because the primary focus of the paper is on estimating the flypaper effect of 

ARRA highway grants, generally we will use only ARRA highway grants, which we denote here 

as .  Notice that in this case, the estimating equation becomes 

  (2) 

The second line of the equation substitutes in the identity , which reflects 

the fact that  for all . That is, ARRA highway grants are, by definition, zero 

before the ARRA’s enactment in 2009. Thus, if the time-difference is t relative to 2008 or any 

other pre-ARRA year, then the difference in ARRA grants is simply the level of grants in year t. 

In specifications (1) and (2), the coefficient of interest is , which captures the effect of 

highway grants on state government highway spending. Hereafter, we adopt the terminology of 

the public finance literature and refer to this effect as the “flypaper effect.” Under the hypotheses 

that the grants are completely fungible and state governments are rational and benevolent, one 

should expect a flypaper effect far below one ( ). In particular, if roads are a normal good, 

then  should be equal to roads’ share of total state government expenditures, which averaged 

0.065 in 2010. A flypaper effect above this level would thus indicate less than perfect crowd-out 

of a state’s own highway funding in response to highway grants.  

In our baseline specification, we focus on the effect of the ARRA grants on annual state 

highway spending in 2010 relative to that in 2008.  2010 is the year for which one would expect 

the grants to have their maximal impact on highway spending given the fact that states were 

                                                            
15 While time-invariant state characteristics may influence the level of state highway spending (for instance, large 
states with spread-out populations may tend to spend more per capita on roads), there is little reason to think they 
should affect the change in state highway spending. In fact, as a robustness check below, we condition on the state’s 
trend (i.e., change) in highway spending per capita over the ten years before ARRA and find that it is economically 
and statistically insignificant and that its inclusion has very little effect on grants’ estimated effect on spending.  
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required to obligate the ARRA grants to specific projects by September 30, 2010. The initial 

focus on the 2010 annual flow of spending, as opposed to the cumulative effect over 2009, 2010 

and beyond is similar to the empirical specifications used in the literature on the flypaper effect, 

particularly Knight’s (2002) study of highway grants, and thus facilitates comparing our results 

to the literature. Nonetheless, we also examine the effects of the ARRA grants on annual 

highway spending in 2009 and 2011, as well as the cumulative effect over this period.  

 Our baseline results are based on estimating equations Error! Reference source not 

found. and Error! Reference source not found., using both OLS and IV/GMM. There are two 

primary endogeneity concerns. First, states with more lane-miles per capita and other road-

related formula factors may also coincidentally have been hit harder by the recession and/or 

recovered faster after the recession, leading to a spurious correlation between ARRA highway 

grants (and formula factors) and post-ARRA state highway spending. For instance, less dense 

states with more lane-miles per capita may have had steeper house price run-ups prior to the 

recession, larger housing crashes in the recession, and then sharper housing recoveries in 2009-

2011 at the same time that they received more ARRA highway grants. We address such concerns 

via selection-on-observables. That is, we condition on a number of variables likely to capture 

pre-ARRA trends in state highway spending, state house prices, and overall state economic 

conditions, as well as variables capturing the political environment of the state.  

A second endogeneity concern is that, while most ARRA highway grants were 

distributed according to the pre-existing formulas described earlier, some portion may have been 

distributed in an endogenous manner. For instance, the Department of Transportation may have 

been influenced by political pressure to direct funds disproportionately to politically powerful 

states (particularly if politically powerful states were also states that would have increased road 

spending relative to other states even in absence of ARRA) or may have wanted to direct funds 

disproportionately to states perceived to be more in need.  

We address this concern via instrumental variables. We use two alternative sets of 

instruments. The first set consists of the state’s number of interstate highway lane-miles and the 

state’s contributions to the Highway Trust Fund (HTF) attributable to commercial vehicles. 

These two variables are a subset of the road-related factors used in the statutory formulas for 

apportioning the bulk of federal highway grants to states. These formulas have been used for 

several decades in the multiyear federal highway authorization acts. In writing the legislation on 
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highway grants in the ARRA, Congress piggy-backed on these pre-existing formulas by 

apportioning half of the $27.5 billion in ARRA highway grants in proportion to each state’s 

share of overall Federal-Aid Highway Program (FAHP) grants in 2008 and the other half 

according to the pre-existing formula used by the Surface Transportation Program (STP), which 

is a subset of the FAHP. The STP formula is a weighted average of a state’s federal-aid highway 

lane-miles (0.25 weight), vehicle-miles traveled (0.40), and contributions to the HTF (0.35). The 

formulas for the other major programs in the FAHP, the Interstate Maintenance (IM) and the 

National Highway System (NHS), use very similar factors. For instance, the IM formula is an 

equal-weighted average of interstate vehicle-miles traveled, interstate lane-miles, and 

contributions to the HTF attributable to commercial vehicles.  

 For all FAHP programs, grants for a given year are apportioned based on data for these 

factors as of three years prior. The three-year lag is due to lengthy lags involved with collecting 

and processing the data. In particular, the 2009 ARRA grants were apportioned as functions of 

road factors from 2005 (for the half of funds using 2008 FAHP apportionment shares) and 2006 

(for the half based on STP’s formula). Because we are using these factors as instruments for a 

given year’s grants, the three-year lag fortunately further ensures the exogeneity of these factors 

with respect to a state’s current economic activity and its current highway spending decisions. In 

our baseline specifications, we use just the measures of interstate lane-miles and HTF 

contributions used in the IM formula as instruments rather than the full dozen or so road factors 

going into FAHP formulas, to avoid potential biases from using a large number of instruments 

(see, e.g., Hansen, Hausman, and Newey (2008)). Using the full set yields little additional first-

stage power given that the road factors tend to be highly correlated. We also exclude vehicle-

miles traveled as an instrument because it is possible that this variable (even with the three-year 

lag) is correlated with contemporaneous economic activity. That said, the results are quite robust 

to including additional road factors as instruments. 

 The second instrument set consists of the number of highway miles in each state 

according to the original 1944 proposal for the interstate highway system put forth by President 

Franklin D. Roosevelt’s National Interregional Highway Committee (NIHC). The 1944 NIHC 

report contained both a map and a table indicating the number of proposed highway miles by 
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state corresponding to the committee’s recommendation for a new national interregional 

highway network. The map is shown in Figure 4 below.16  

 

 

The 1944 plan became the basis for interstate highway system proposals, including the 

1947 map used to construct city-level instruments in the studies of Baum-Snow (2007) and 

Duranton and Turner (2011, 2012), as well as for the actual 1956 Interstate Highway Act, which 

initiated the construction of the U.S. interstate highway system as we know it today. Because 

modern spending on the interstate highways has consisted largely of widening, improving, and 

adding lanes to the original highways rather than building new routes, the initial 1944 plan is 

highly correlated with the geographic distribution of highway lane-miles today. Furthermore, 

because modern-day lane-miles, as well as other strongly correlated road factors were used to 

determine the apportionment of ARRA highway grants to states, there arises a rather remarkable 

positive correlation between the 1944 highway network and the cross-state distribution of ARRA 

highway funds some 65 years later.  Indeed, as the ARRA funds account for the bulk of the 

increase in total federal highway funds from 2008 to 2009, there also turns out to be a positive 

                                                            
16 This map also was used as an instrument for county-level rural highway construction in Michaels’s (2008) study 
of the labor market effects of reduced trade barriers. 

Figure 4. Map of Proposed National Highway System in 1944 NIHC Report 
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correlation between the distribution of highway miles in the 1944 plan and the 2008-2009 

change in total FHWA grants – a correlation not found in previous year’s changes in grants, 

which are functions of changes in road factors as opposed to levels.  

 We also report results where we replace these road-related instruments with instruments 

measuring each state’s political power in Congress, both in general and on the key committees in 

charge of transportation funding. Such instruments were used in Knight’s (2002) study of the 

flypaper effect of highway grants over 1983-1997 as well as by the Feyrer and Sacerdote (2012) 

study of the employment effects of the ARRA. Consistent with the first-stage results reported in 

these other studies, we find the Congressional power instruments are only weakly predictive of 

highway grants, both for ARRA years and earlier. Given that IV estimates based on weak 

instruments are prone to finite-sample bias (see, e.g., Stock, Wright and Yogo (2002)), we prefer 

the regressions using road-related formula factors or the 1944 highway network as instruments. 

Nonetheless, as shown below, we obtain very similar results using these Congressional power 

instruments. 

 

IV. Data 

This section describes the data on state government spending, regular federal-aid 

highway grants, ARRA highway grants, the instruments, and the conditioning variables used to 

estimate the regressions discussed earlier. Summary statistics for these variables are provided in 

Table 1. The statistics are given for the year 2010, except where otherwise indicated, because the 

effect of the ARRA highway grants on state highway spending in 2010 is the primary focus of 

this paper. All dollar variables are measured in constant 1997 dollars.17 Our primary sample 

includes 48 states. Alaska is excluded because, due to its extreme weather and population 

sparsity, it is a major outlier in terms of per capita highway grants and spending. Nonetheless, we 

show in a robustness check that the estimated flypaper effect of ARRA grants is even larger 

when Alaska is included. Nebraska is excluded because it does not have a bicameral legislature 

making two of the conditioning variables (Democrat share of state house and state senate) 

undefined. Including Nebraska and dropping those two conditioning variables has virtually no 

effect on the results. 

                                                            
17 We use 1997 dollars to deflate variables to facilitate our replication of, and comparisons to, the Knight (2002) 
results, as in Table 9. 
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A.  State Government Spending 

 Data on highway-related expenditures and total general-fund expenditures by each state 

government come from the Census Bureau’s Survey of State Government Finances (SGF). These 

data are available from 1977 to 2011. We measure highway expenditures as the sum of regular 

and toll highway expenditures on (1) current operations, (2) construction outlays, (3) other 

capital outlays, and (4) transfers to local governments for roads.  The SGF defines highway 

expenditures as expenditures on “[m]aintenance, operation, repair, and construction of highways, 

streets, roads, alleys, sidewalks, bridges, tunnels, ferry boats, viaducts, and related non-toll [and 

toll] structures.” For each state, data in the SGF are reported for that state’s fiscal year.  All but 

four states have fiscal years ending June 30 of the named year (e.g., FY2012 begins July 1, 2011 

and ends June 30, 2012).  The other four states – Alabama, Michigan, New York, and Texas – 

have fiscal years ending September 30 of the named year. 

 

B.  Regular (Non-ARRA) Federal-Aid Highway Grants 

When referring to federal aid, the term “grants” typically denotes the amount of 

intergovernmental transfers from the federal government to other levels of government. Yet there 

are at least three distinct concepts, or measures, of grants that differ importantly in their timing:  

Apportionments, Obligations, and Outlays. These concepts are described briefly below; see 

FHWA (2007) for details. 

“Apportionments” are the amounts of Congressionally authorized federal funding that 

each state is eligible to receive for reimbursement of FHWA-approved highway costs. For 

federal highway grants, each program within the Federal Aid Highway Program apportions these 

authorized national totals to states based on a statutory apportionment formula, as discussed 

earlier. Each year, the annual apportionments for each program are announced at the start of the 

federal fiscal year (October 1). At that time, no actual funds are transferred from the federal 

government to states. Rather, these announcements inform states of the funding they are eligible 

to receive as reimbursement for expenditures on FHWA-approved projects. After states are 

informed of their apportionments, they then are able to obligate those prospective funds to 

specific FHWA-approved projects. For regular (non-ARRA) highway grants, states typically 

have up to four years to obligate apportioned funds. In contrast, an important feature of ARRA 



16 
 

highway grants was the requirement that states obligate funds within 18 months of 

apportionment – that is, by September 30, 2010, 18 months from March 2, 2009, the date on 

which ARRA highway grant apportionments were announced (see FHWA (2009)). As 

mentioned earlier, this provision was included in the ARRA to provide incentives to states to 

start highway projects quickly, while they could provide the greatest countercyclical stimulus, 

rather than over the usual several-year process. We provide evidence suggesting that indeed the 

lag between grant apportionments and obligations, and in turn outlays, was much shorter for 

ARRA grants than for regular, non-ARRA grants.  

 The sum of state government obligations within each state and year are the FHWA’s 

“obligations” for that state-year. These obligations are effectively promises by the federal 

government to reimburse the states for future costs. Still, no actual funds are transferred at this 

time. Once projects commence and costs are incurred, payments are made from the state 

government to the contractors or local government agencies engaged in the work and the federal 

government transfers funds to the state government’s general fund. These federal 

reimbursements are referred to as FHWA “outlays.”  

Data on apportionments, obligations, and outlays are available from the Office of 

Highway Policy Information’s annual Highway Statistic Series publications (Tables FA-4, FA-

4B, and FA-3, respectively). For 2009 onward, the reported totals for obligations in these 

statistics include FHWA obligations of ARRA funds, while the totals for apportionments and 

outlays do not. Data on ARRA FHWA apportionments, obligations, and outlays are available 

separately, allowing us to measure these three variables both gross and net of ARRA grants.   

 

C.  ARRA Highway Grants 

Data on ARRA highway grant apportionments come from the March 2, 2009 FHWA 

Notice, “Apportionment of Highway Infrastructure Investment Funds Pursuant to the American 

Recovery and Reinvestment Act of 2009, Public Law Number 111-5” (FHWA 2009). Data on 

ARRA obligations and outlays by state are available from recovery.gov, the website set up by 

the federal government to provide information to the public about how ARRA funds are being 

spent. For each government department, the website provides weekly Financial and Activity 

Reports containing the cumulative-to-date amounts of awards and outlays for each specific grant, 

loan, or contract by state and subagency (such as the FHWA). From the Department of 
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Transportation’s Financial and Activity Reports, we computed the sum of all FHWA-issued 

grants – measured by both obligations and outlays – by state over the course of each federal 

fiscal year (2009-2011). (FHWA grants are identified by the TAFS code 69-0504.) 

In our cross-sectional regressions, which focus on the effect of ARRA grants on state 

government highway spending in 2010, we consider three alternative measures of ARRA 

highway grants. The first is ARRA highway apportionments to the state (i.e., the announcements 

of ARRA highway grant apportionments on March 2, 2009).  The second is the ARRA highway 

obligations through the end of the federal fiscal year 2010 (September 30, 2010). This variable 

turns out to be nearly equivalent to ARRA highway apportionments because of the ARRA 

requirement that apportioned funds be obligated within 18 months of the apportionment date – 

that is, by September 2, 2010.  The third measure is ARRA highway outlays through the end of 

(federal) fiscal year 2010. In some regressions, we look at state government highway spending in 

2011; for those regressions, we use ARRA highway apportionments, obligations, and outlays 

through fiscal year 2011, though ARRA apportionments were zero after 2009 and obligations 

were very close to zero after 2010. 

It is worth noting that there is a one-quarter misalignment between our data on state 

government spending and federal grants.  Four states (Alabama, Michigan, New York, and 

Texas) have the same fiscal year as the federal government, which ends September 30 of the 

calendar year.  But the other 43 states in our sample have fiscal years that end one quarter earlier. 

This misalignment can be thought of as adding measurement error to the true dependent variable, 

state government spending within the federal fiscal year. As long as this measurement error is 

uncorrelated with highway grants (for ordinary least squares (OLS) regressions) or with the 

instruments (for IV regressions), it will not cause any bias and will be reflected in the size of the 

standard errors. In addition, this concern is alleviated by the fact that we are looking at the 

effects of the ARRA grants on state highway spending over multiple years. In particular, this 

misalignment will have minimal effect on the estimated cumulative effect through 2011. 

 

D.  Instruments 

 Data on FHWA apportionment formula factors comes from the Office of Highway Policy 

Information’s annual Highway Statistic Series publications, Table FA-4E. The number of miles 

in each state of the 1944 NIHC proposed national highway system can be found in Table 1 of the 
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1944 NIHC Report to Congress (NIHC 1944, pp. 8-9). The Congressional power instruments 

used in some specifications came from Stewart and Woon (2012). 

 

E.  Conditioning Variables 

 Our baseline specification includes several conditioning variables that could potentially 

affect or predict post-ARRA state highway spending while also being correlated with ARRA 

highway grants or the instruments. We include the 2008-2010 change in state income per capita 

(in 1997 dollars), using data from the Bureau of Economic Analysis. We also include the 2008-

2010 change in three variables meant to capture the state’s residents’ preferences regarding 

public spending. These variables were also included in Knight’s (2002) study of the flypaper 

effect of federal highway grants. The first is an indicator variable for whether the governor is a 

Democrat (1) or Republican (0).  The other two are the share of legislators in the state’s House of 

Representatives that are Democrats and share of legislators in the state’s Senate that are 

Democrats.  The data for these political variables come from the Council of State Governments. 

 In various robustness checks presented later in the paper, we also condition on a lagged 

dependent variable (2006 to 2008 change in highway spending), the ten-year trend in highway 

spending leading up to the Recovery Act, the pre-recession run-up in house prices, the 2008 level 

of the index of leading economic indicators (from the Federal Reserve Bank of Philadelphia), the 

2006 to 2008 change in the index of leading indicators, and the 2008 levels of the three political 

variables described above. 

 

V. Results 

A.  OLS 

 The results from estimating variations on equation Error! Reference source not found. 

via Ordinary Least Squares are shown in Table 2. Identification in the OLS case is based on the 

selection-on-observables assumption, which posits that, conditional on the observed covariates, 

the amount of ARRA highway grants received by a state is uncorrelated with the residual of state 

highway spending (  in equation Error! Reference source not found.). The dependent variable 

in each regression is the 2008-2010 change in state highway spending per capita. The regression 

in the first column includes only a constant along with the level of 2009 ARRA highway grant 
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apportionments.18 Column (2) adds changes in the political preferences variables, and column (3) 

adds the 2008-2010 change in income per capita. The coefficient on grant apportionments is very 

similar, about 0.7, across the three cases and is highly statistically significant – both relative to 

zero and relative to the share of highway spending in total spending, which as mentioned earlier 

averages about 0.07. The coefficients in columns (1) and (3) are not statistically significantly 

different from one, while the coefficient in column (2) is significantly different from one at the 

10% level. Columns (4) and (5) repeat the regression in Column (3) but with alternative 

measures of ARRA highway grants. Using cumulative ARRA FHWA obligations through the 

end of fiscal year 2010 (column (4)) yields nearly identical results. Using cumulative ARRA 

FHWA outlays (column (5)) yields a somewhat larger effect of about 0.9. The coefficient on 

obligations is statistically significantly different from one (at the 5% level) while the coefficient 

on outlays is not significantly different from one. 

Recall that a coefficient near zero (near highway’s typical share of total state spending) 

would indicate that federal grant funds are entirely fungible – treated by states no differently than 

any other general revenue. In contrast, a coefficient of one implies a perfect flypaper effect, 

whereby each additional dollar of federal highway grants leads to an additional dollar in highway 

spending by the state government. A coefficient above one would imply that federal highway 

grants not only cause a dollar-for-dollar increase in state highway spending but also crowd-in 

additional highway expenditures by the state. Thus, the OLS results strongly reject complete 

fungibility and instead indicate a very strong flypaper effect. 

 

B.  First Stage of IV/GMM – Exogenous Determinants of ARRA Highway Grants 

 As mentioned earlier, one possible concern about the OLS results is that the distribution 

among states of some portion of the ARRA highway grants could have been endogenous with 

respect to post-ARRA highway spending. We address this concern via instrumental variables. 

Before presenting the IV/GMM second-stage results, which give estimates of the flypaper effect 

of ARRA highway grants on state government highway spending, we evaluate the strength and 

validity of the instruments. We consider the two alternative sets of instruments described in 

                                                            
18 All three measures of ARRA highway grants in Table 2 and subsequent tables are cumulative amounts through 
the end of fiscal year t (where t is 2009, 2010, or 2011, matching the end‐year of the dependent variable). For 
ARRA highway apportionments, this cumulative measure is constant over t because the entirety of ARRA highway 
grants were apportioned in 2009.  
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Section III, the first consisting of road-related apportionment formula factors and the second 

consisting of the 1944 NIHC planned highway miles per capita.  

The results of the first-stage regression of ARRA highway grants, for each of the three 

grants measures, on each set of (excluded) instruments and conditioning variables (included 

instruments) are shown in Table 3. The regressions in columns 1, 3, and 5 use 2006 interstate 

lane-miles and 2006 payments to the Highway Trust Fund (HTF) attributable to commercial 

vehicles as the excluded instruments. The regressions underlying columns 2, 4, and 6 use the 

proposed highway miles in each state according to the 1944 NIHC recommendation. (We 

measure this variable on a logarithmic scale to reduce the influence of a few outliers, yielding a 

more even distribution and a stronger first-stage fit). Along with coefficients and 

heteroskedasticity-robust standard errors, the table also reports the first-stage F statistics and the 

p-values on the Hansen-J overidentifying restrictions test (for those regressions containing more 

than one excluded instrument). The overidentifying restrictions tests are based on the residuals 

from the differences specification (Columns 1-3 of Tables 4 and 5). 

 The 2006 road factors strongly predict each of the three measures of ARRA highway 

grants, as indicated by the very high first-stage F-statistics. Stock and Yogo (2005) provide 5 

percent critical values of the first-stage F statistic for the test of weak instrument bias in two-

stage least squares. They find that, for a single endogenous variable and two excluded 

instruments, F-statistics above approximately 9 correspond to a bias (of the IV estimator relative 

to OLS) of less than 10 percent.  The first-stage F statistics on the 2006 road factors are roughly 

58. The overidentifying restriction test yields p-values on the null hypothesis of exogeneity that 

are well above standard significance levels. 

 The proposed miles of highways from the 1944 NIHC plan also strongly predict ARRA 

highway grants, though not quite as strongly as the 2006 road factors. The first-stage F-statistics 

when using the 1944 plan miles range from 29 to 36. 

 

C. Second Stage – The Flypaper Effect 

The IV/GMM second-stage results from estimating equation Error! Reference source 

not found. are shown in Tables 4 and 5. The results in Table 4 are based on the 2006 road 

factors as instruments, while the results in Table 5 are based on the 1944 NIHC proposed miles. 
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The estimated highway spending effect of ARRA highway grants, for each of the three grants 

measures, are shown in columns 1 to 3 of each table.  

Starting with Table 4, we find a very strong flypaper effect irrespective of the grants 

measures used. The point estimates in columns 1 to 3 indicate a flypaper effect of ARRA 

highway grants on 2010 highway spending of approximately 0.76. In all three cases, the effect is 

statistically very far from zero and from highway’s typical share of highway spending (0.065 on 

average); it is significantly different from one at the 5% level. The flypaper coefficient is quite 

precisely estimated in large part because of the very strong first-stage fit. 

 One possible concern with these regressions is that ARRA highway grants could be 

correlated with non-ARRA highway grants, which are omitted from the regression and may 

independently affect state highway spending. That is, non-ARRA highway grants may have their 

own flypaper effect and may be correlated with ARRA grants, biasing the estimated flypaper 

effect on ARRA grants. Thus, in columns 4 to 6, we report the results from estimating the 

difference-in-differences specification (equation Error! Reference source not found.) where 

grants are measured using total (ARRA and non-ARRA) obligations or outlays. For 

apportionments and obligations, we use the difference from 2008 to 2009, given that there should 

be at least a one-year lag between either of these variables and outlays, as discussed earlier. For 

outlays, the difference is from 2008 to 2010.  

 The estimated IV/GMM coefficients on the difference in total highway grants are broadly 

similar to those found for ARRA highway grants in that they are economically and statistically 

far from zero. The coefficients range from about 0.6 when using obligations to about 1.1 when 

using outlays. Thus, there is no indication that the flypaper effect found for the ARRA highway 

grants was driven by not accounting for a flypaper effect for non-ARRA grants. This result 

should not be too surprising given that, as we showed in Figures 1-3, the change in total FHWA 

apportionments or obligations from 2008 to 2009 is accounted for primarily by their ARRA 

component; and similarly the change in total FHWA outlays from 2008 to 2010 is accounted for 

primarily by ARRA outlays.  

The results based on using the 1944 NIHC planned miles as instruments are shown in 

Table 5. The results are broadly similar to those of Table 4, though the estimated flypaper effect 

of ARRA grants is somewhat larger. Specifically, the coefficient on ARRA highway grants 

varies from 0.88 to 0.94, dependent on the measure of ARRA highway grants. The coefficient on 
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the change in total highway grants ranges from 0.71 to 1.32.  In all cases, the coefficients are 

statistically significantly different from zero but not from one.19 

Summarizing our baseline empirical results, we find strong evidence that ARRA highway 

grants induced states to increase highway spending over the course of 2009 and 2010. 

Specifically, we find that each dollar in ARRA highway grants to a given state led to between 76 

and 94 cents of additional highway spending in that state in 2010. Note that this result captures 

the effect of ARRA grants on 2010 highway spending alone; to assess the total cumulative 

flypaper effect of ARRA highway grants, one must add the effects of the grants on spending in 

2009 and 2011 (and, possibly, future years), as we do later in the paper.  

 

D. Robustness Checks and Placebo Regressions 

 We estimate a number of alternative specifications to assess the robustness of our results 

and to test alternative explanations. First, we assess the robustness of the results to alternative 

specifications such as excluding the conditional variables, including additional conditioning 

variables, or dropping outliers. The results of these robustness checks are shown in the first ten 

rows of Table 6. Each cell of the table represents a separate regression, showing the IV/GMM 

coefficient and standard error on the measure of ARRA highway grants indicated in the column 

heading. The regressions use the 2006 road factors as instruments; using the 1944 planned miles 

as instruments yields similarly robust results (i.e., coefficients and standard errors similar to 

those in columns 1-3 of Table 5).  

The regressions underlying the first row include, along with the baseline set of 

conditioning variables (as in columns 1-3 of Table 4), a lagged dependent variable – that is, the 

2006 to 2008 change in state highway spending per capita. This regression addresses the concern 

that there may be unobserved factors correlated with the 2006 road factors that also affected the 

2008 to 2010 change in highway spending. For example, more sparsely populated states with 

higher interstate lane-miles per capita coincidentally might have been more exposed to the 

                                                            
19 Another way to test whether ARRA highway grants do indeed “stick where they hit” is to look at the effect of the 
ARRA grants on highway spending’s share of total state government spending. If ARRA grant funds were treated by 
states as being completely fungible, they should have no effect of the share of state government spending going to 
highways. Regressing the 2008‐2010 change in highway spending’s share of total state government spending on 
log ARRA grants per capita yields positive and significant coefficients, around 0.007, in both OLS and IV and for all 
three grant measures. A coefficient of 0.007 implies that having 10 percent higher ARRA grants than another state 
is associated with an increase of about 0.7 percentage point in the state’s highway share of spending between 
2008 and 2010. 
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housing slump beginning in late 2006 and the subsequent financial crisis and recession, and more 

exposed states likely would have had a lower (or more negative) change in highway spending 

from 2006 to 2008 as well as potentially from 2008 to 2010. This could lead to a spurious 

correlation between lane-miles, one of our instruments, and the 2008 to 2010 change in highway 

spending. However, conditioning on the lagged dependent variable – the change in highway 

spending from 2006 to 2008 – should remove any such correlation. As shown in the first row of 

Table 6, the estimated flypaper effect is virtually unaffected by the inclusion of the lagged 

depending variable.   

In the second row of the table, we replace the lagged dependent variable with a longer-

run pre-ARRA change in highway spending. Specifically, we include the 1998-2008 trend in the 

state’s per capita highway spending to ensure our baseline results are not driven by a correlation 

between the instruments and longer-run growth in highway spending, which may be reflected in 

the 2008 to 2010 spending change. For instance, if the interstate highway system in a state in 

2006 or in 1944 had an effect on suburbanization and/or population growth (as suggested by 

Baum-Snow (2007)), and hence on recent highway spending growth, this correlation should be 

captured by this pre-trend. However, the estimated IV coefficients when including this pre-trend 

are very similar to the baseline results.  

The regressions underlying the third and fourth rows of Table 6 control for the state’s 

house price run-up prior to the 2007-2009 recession (using two alternative time intervals to 

capture the “run-up” period, 2002 to 2005 and 2003 to 2007). States with faster pre-recession 

house price appreciation tended to have deeper recessions and state fiscal crises. States with 

faster pre-recession house price appreciation also tended to be less dense states (“sand states”) 

which would have higher per capita road factors. This could cause a spurious correlation 

between the road-factor instruments and state government spending. Yet, as shown in the table, 

we find that controlling for pre-recession house price growth has little effect on the coefficient 

on ARRA highway grants. 

In the fifth and sixth rows, we add either the level or the change in the State Indexes of 

Leading Economic Indicators (produced by the Federal Reserve Bank of Philadelphia). As the 

name suggests, this index is constructed from multiple state-level time series that have been 

found to be leading indicators of state economic conditions. Thus, the value of this index in 2008 

for a given state should have predictive power for the state’s overall economic conditions in 
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2009 and 2010. Conditioning on it should help control for any spurious correlation between the 

ARRA grant instruments and post-ARRA highway spending to the extent the latter is determined 

partly by overall economic conditions. We find that baseline flypaper effect is virtually 

unchanged by the inclusion of either the level of, or the change in, this index. 

Another possible concern is that the level of political preferences (e.g., preferences 

regarding higher or lower state public spending), as opposed to their change, which already is 

included in our baseline conditioning variables, could have affected the change in state highway 

spending and might also be correlated with road factors. The seventh row of the table shows that 

the baseline results are robust to including the level of political preferences (in addition to their 

change) as proxied by the political party of the governor, the state house/assembly, and the state 

senate.      

 In the eighth row, we assess the importance of the conditioning variables by dropping 

them from the regressions. Again, the IV coefficient on each measure of ARRA highway grants 

is virtually unchanged. In the ninth and tenth rows, we consider the sensitivity of the results to 

outliers. In the ninth row, we include Alaska in the sample, which was dropped from the baseline 

sample because, given its extreme population sparsity and weather, it is a large outlier in terms of 

both ARRA highway grants and state highway spending. Including Alaska only increases the 

estimated flypaper effect. In the tenth column, in addition to Alaska, we drop two other (less 

extreme) outlier states: Wyoming and North Dakota. Again, dropping these outliers only 

strengthens the estimated flypaper effect. 

We next assess whether the IV results are robust to using non-road-related variables as 

instruments. Row 11 of Table 6 shows the coefficient and standard error on ARRA highway 

grants (for each of the three measures) when we replace the road-related instruments with 

instruments measuring each state’s political power in Congress. The six instruments are: (1) the 

fraction of the state’s senators that are in the Senate majority, (2) the fraction of the state’s 

representatives that are in the House majority, (3) the average tenure of the state’s senators, (4) 

the average tenure of the state’s House representatives, (5) the fraction of the state’s senators that 

are on the Senate Environment and Public Works Committee (the key appropriations committee 

for transportation bills), and (6) the fraction of the state’s House representatives that are on the 

House Transportation Committee. These variables were used as instruments in Knight’s (2002) 

study of the flypaper effect of highway grants over 1983-1997 as well as by Feyrer and 
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Sacerdote’s (2012) study of the employment effects of the ARRA. Consistent with the first-stage 

results reported in these other studies, we find the Congressional power instruments are only 

weakly predictive of highway grants, both for ARRA years and earlier. In particular, we find 

first-stage F statistics of between 2 and 3, well below standard critical values to reject weak 

instrument bias. Nonetheless, the second-stage coefficients on ARRA highway grants obtained 

using these instruments are similar, though less precisely estimated, to those found using the 

road-related instruments. 

In row 12, we reconsider our first instrumental variable approach, which was based on 

the pre-existing statutory formulas that were used to apportion ARRA highway grants to states.  

As discussed in section III, half of the $27.5 billion in ARRA highway grants were apportioned 

to states in proportion to each state’s share of overall Federal-Aid Highway Program (FAHP) 

grants in 2008 and the other half according to the pre-existing formula used by the STP, which is 

a weighted average of a state’s federal-aid highway lane-miles (0.25 weight), vehicle-miles 

traveled (0.40), and contributions to the HTF (0.35). In our baseline specifications, we used both 

interstate lane-miles and HTF contributions as instruments. However, an alternative approach 

would be to construct a single instrument using the exact STP apportionment formula.  We do 

this in row 12, which indicates that our results are robust to this alternative approach.   

We also consider the sensitivity of our results to an alternative measure of state highway 

spending. Because our measure includes transfers to local government for roads, it implicitly 

assumes that local governments in fact use those transfers on roads. In other words, we implicitly 

assume that the flypaper effect from state transfers to local governments is one. In row 13, we 

rerun our regression stripping those transfers from the measure of state highway spending.  Our 

findings are robust to this modification.   Lastly, we consider a number of falsification or placebo 

tests to further assess whether the results found thus far do indeed reflect a causal effect of the 

ARRA highway grants on states’ highway spending decisions. First we test whether the results 

are unique to highway spending as compared to other types of state government spending. We do 

so by repeating the baseline regressions, but with the 2008-2010 change in education spending, 

instead of highway spending, as the dependent variable. The results of those regressions are 

shown in the bottom row of Table 6. As expected, the ARRA highway grants are found to have 

no effect on education spending.  
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In Table 7, we replace the 2008-2010 change in highway spending as the dependent 

variable with earlier, pre-ARRA changes in highway spending. If the positive and significant 

coefficient found on ARRA highway grants in the baseline regressions does indeed reflect a 

causal effect on post-ARRA highway spending, then the coefficient should be zero when the 

dependent variable is pre-ARRA highway spending. We consider three alternative pre-ARRA 

periods: the period immediately preceding ARRA (2006-2008) and the last two recession 

episodes (1990-1992 and 2001 to 2003). In each case, we use a two-year change to be as 

comparable as possible to the baseline 2008-2010 regressions. In all three cases, we find that the 

coefficient on ARRA grants is insignificantly different from zero, as one would expect.  

 

E.  Estimating the Cumulative Flypaper Effect 

 We next consider the effect of grants on highway spending in 2009 and 2011 and the 

cumulative effect over 2009-2011. The effect of a given amount of federal grants on a state’s 

spending may take more than one year. In particular, the ARRA grants announced in early to 

mid-2009 likely affected state spending in 2009, 2010, 2011, and possibly even later years. The 

total flypaper effect of the ARRA highway grants is thus the cumulative impulse response of 

state highway spending to the 2009 shock represented by ARRA highway grant announcements 

(i.e., apportionments). To estimate the impulse response function associated with the ARRA 

highway grant shock, we follow the Jordà (2005) direct projections approach. Specifically, we 

estimate the following model for each horizon, h, from 0 to 2: 

    (4) 

The estimated coefficients  form the impulse response function to an unanticipated increase in 

ARRA highway grants. In particular, the cumulative impulse response as of horizon h is the sum 

of the estimated coefficient up to and including horizon h. In theory, one could estimate this for 

horizons beyond two years, but the ARRA’s requirement that the apportionments be obligated in 

the first 18 months likely accelerates this spend-out process such that one would expect the vast 

majority to occur by the end of 2011. (Data on state highway spending for 2012 is not yet 

available at the time of this writing.) 

 The resulting impulse response function (IRF) is shown in Figure 5. The IRF coefficient 

for 2009 (horizon h=0) is estimated to be 0.46 with a standard error of 0.12. The coefficient for 

2010 (as shown in column (2) of Table 3) is 0.76 (with a standard error of 0.12), and the 
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coefficient for 2011 is 0.79 (with a standard error of 0.29).  The cumulative IRF is then about 

2.0. A cumulative flypaper effect above 1 suggests some crowd-in of states’ own funds for 

highway spending in addition to the federal funds.  

This crowd-in could be due to complementarity between federal-aid highway projects 

and road construction/improvement financed with state funds alone. In general, federal aid 

(including the FHWA’s ARRA grants) may be spent by a state on additions or improvements to 

major roads (e.g., highways and urban corridors), bridges, and tunnels, while minor roads (e.g., 

small rural roads and residential side-streets) must be built and maintained with state funds. 

Additions or improvements to federally-funded major roads, bridges, and tunnels may increase 

demand by local residents for new or expanded state-funded roads connecting to those major 

roads, bridges, and tunnels.  

 

F. Implications for National Highway Spending 

 In the introduction, we argued that one should not infer that ARRA highway grants 

crowded out state highway spending based only on the lack of a post-ARRA spike in such 

spending in the national time series data. Such an inference is problematic since the 

counterfactual level of highway spending that would have occurred without the ARRA grants is 

unknown. A simple way to illustrate this point is to use the estimated effects of the ARRA grants 

on highway spending found in Figure 5 to obtain such a counterfactual. Specifically, we 

estimate the national counterfactual for a given year by starting with the actual level of national 

highway spending in that year and then subtracting off the estimated effect of the grants on 

spending (i.e., the product of the estimated flypaper effect coefficient for that year and the level 

of ARRA highway grants): 

  

where  for h={0, 1, 2} are the coefficient estimates shown in Figure 5.20  

The results are shown in Figure 6.  The counterfactual path of national highway spending 

from 2009 to 2011 absent the ARRA grants is shown by the dashed line in Figure 6; the actual 

                                                            
20 To assess whether the national effect could be smaller due to diminishing returns, we also estimated 
specifications that included a squared term for ARRA highway grants.  The coefficient on the squared term turned 
out to be very close to zero and was not statistically significant, indicating no diminishing or increasing returns. 
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level of spending, going back to 1979, is shown by the solid line. Actual highway spending was 

close to flat over 2009 to 2011, despite the fact that state tax revenue, as well as spending in most 

other categories, fell precipitously.21 Notice that this flatness also is in stark contrast to the sharp 

drop in highway spending following the last major recession, in 1981-1982.  As shown in the 

figure, our cross-state IV results suggest that, without the ARRA highway grants, state spending 

on highways following the Great Recession similarly would have fallen dramatically. 

Specifically, these estimates imply that highway spending would have declined by about 20 

percent in the absence of the ARRA grants. 

 

G. Implications for Employment 

 The strong effect of federal highway grants on state highway spending found above 

naturally raises the question of whether the grants also impacted employment in related sectors. 

In this subsection, we address that question by estimating the same difference-in-difference 

specification (equation (3)) that we estimated for highway spending but do so now for 

employment.  We examine the effect of ARRA highway grants on employment in the sector 

most likely to be directly affected by grant-induced road spending:  Highway, Street, and Bridge 

Construction (NAICS sector 237310). We regress the change in the sector’s employment as a 

share of population from September 2008 to September 2009, 2010, or 2011 on ARRA highway 

grants (apportionments, obligations, or outlays) through September 2009, 2010, or 2011, 

respectively.  (We focus on September values because it is the end of the federal fiscal year.) The 

regressions include the same three political conditioning variables as in earlier regressions but 

omit the change in income per capita to avoid multicollinearity between that variable (a possible 

additional outcome of the grants) and the change in employment per capita.  

 Table 8 shows the results of these regressions. Each cell corresponds to a separate 

regression and gives the coefficient and standard error on ARRA highway grants. We find a 

positive but statistically insignificant effect of ARRA highway grants on road construction 

employment in 2009, a positive and significant effect in 2010, and a near-zero insignificant 

effect in 2011. The coefficient for 2010 implies that each $1 million of ARRA highway grants 

received by a state resulted in approximately 2 road construction jobs created or saved. Given 

that ARRA highway grants totaled about $25 billion nationally, this implies a national effect of 

                                                            
21 Specifically, state tax revenue nationally fell about 15 percent from its peak in 2007 to its trough in 2010. 
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roughly 50,000 jobs, which is equivalent to a 16% increase in road construction employment 

from September 2008. Thus we find that the ARRA highway grants not only led to higher state 

highway spending, but also resulted in large percentage increases in employment in the road 

construction sector.22 

 

VI. Examining the role of lobbying groups 

Our results provide strong evidence that ARRA highway grants had a powerful flypaper 

effect on state highway spending. In this section, we examine the role of rent-seeking behavior 

by lobbying groups in influencing how much state governments spent out of the ARRA highway 

grants.  

While different explanations have been proposed for the flypaper effect (see, for instance, the 

review in Hines and Thaler (1995) and Inman (2008)), a recent paper by Singhal (2008) 

emphasizes the importance of lobbying groups. Studying the 1998 settlement with the tobacco 

industry, she finds that state spending on tobacco prevention and control programs increased 

more than six-fold after receiving the windfall payment. To capture rent-seeking behavior in a 

state, she uses whether or not it filed independent lawsuits prior to the settlement, presumably 

because of pressure from anti-tobacco lobbying groups in the state. Using this proxy, she finds 

that states that filed lawsuits prior to the settlement spent significantly more on tobacco 

prevention and control programs than states that did not file lawsuits.  

The role of rent-seeking appears particularly salient as a driver of  the strong flypaper effect 

of the ARRA highway grants, given widespread anecdotal reports of intense lobbying by public 

works construction companies, executives, and trade associations. In contrast to Singhal (2008), 

we directly investigate this role by compiling state-level campaign contributions to political 

candidates for statewide office (e.g., governor, lieutenant governor, and state legislators), using 

data from the National Institute on Money in State Politics (NIMSP).23 NIMSP staff collect 

public records on campaign contributions from all fifty states and, among other things, identify 

the sector of the donor for each contribution, typically based on the donor’s employer. The sector 

may be a specific industry, a specific type of labor union, or a specific cause (e.g., environmental 

                                                            
22 By comparison, Wilson (2012) found that total ARRA spending (excluding unemployment insurance extensions) 
led to employment increases through February 2010 of 1.0% in the total private nonfarm sector and 16.4% in the 
construction sector.  
23 Downloaded on 7/31/2013 from http://data.influenceexplorer.com/bulk/. 
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protection, animal rights, etc.). From these raw contribution-level data, we measure aggregate 

contributions from both the public works construction sector and the total business sector for 

each state and each two-year electoral cycle.24,25  

Figure 7 plots nationwide contributions from the public works construction sector, as a share 

of total business sector contributions, by electoral cycle from 1997/98 to 2009/10. We scale by 

total business contributions to remove any residual cyclicality of contributions (for any given 

business subsector) due to gubernatorial elections generally occurring every four years (for most 

states, in 1997/98, 2001/02, 2005/06, and 2009/10) or due to business cycle effects. The figure 

reports a clear and dramatic increase in public works’ contributions in the 2009/10 electoral 

cycle, both in absolute dollars (not shown but available upon request) and as a share of total 

business contributions. Specifically, while this share ranged from 0.4% to 0.6% between 1997/98 

and 2007/08, it more than doubled to 1.1% in the 2009/10 cycle. 

This surge in public works’ campaign contributions is a priori consistent with the notion that 

road construction companies lobbied heavily during the 2009/10 period for their state’s officials 

to fully spend the highway funds coming from the Recovery Act and not divert those funds to 

other uses. To test this hypothesis, we estimate our baseline specification, equation Error! 

Reference source not found., for highway spending in 2010, adding a term that interacts the 

state’s ARRA highway grants with the state’s public works contributions to state candidates in 

2009/10. The results are shown in Table 9. The variable  represents ARRA grants, as in 

equation Error! Reference source not found., while L represents the measure of public works 

contributions. In the first three regressions/columns, public works contributions is measured in 

per capita terms; in the last three columns, public works contributions is measured as a share of 

total business contributions in the state. A positive coefficient on the interaction term would 

suggest the flypaper effect from ARRA highway grants was greater in states with higher public 

works contributions.  
                                                            
24 Electoral cycles differ by office. For State House seats, an equal number of seats are up for election every two 
years in all but four states, where they are every four years. For State Senate seats, an equal number of seats are 
up for election every two years in all but 11 states, where they are every four years. Gubernatorial elections are 
held every four years (usually even years in between Presidential elections) in all states but two, where they are 
every two years. Thus, one would expect national contribution levels to be roughly constant (net of secular trends) 
over electoral cycles except perhaps for a tendency to be higher in gubernatorial election years. 
25 Examples of major public works contributors in the raw data are trade associations like “Florida Transportation 
Builders Association,” “California Alliance for Jobs, Rebuild California Committee,” and “Transportation 
Construction Industries” and top executives of road construction companies such as Anderson Columbia Co. or 
Williams Brothers Construction. 
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We find some support for the hypothesis. Public works contributions per capita is positively 

associated with the marginal effect of ARRA grants on highway spending (i.e., the flypaper 

effect) for all three measure of ARRA grants, yet the p-value on the interaction term is slightly 

above 10% when grants are measured by apportionments or obligations. When public works 

contributions are measured as a share of business contributions, it also is positively associated 

with the flypaper effect for all three measures of ARRA grants, but it is statistically significant 

(at below the 10% level) only for obligations. Lastly, it is worth noting that the addition of the 

contributions variable and its interaction do not materially change the implied flypaper effect 

relative to our baseline results. The implied flypaper effect in 2010 – the direct effect of grants 

plus the indirect effect via the influence of contributions on marginal effect of grants – remains 

around 0.7 to 0.9. 

 

  

VII. Conclusion 

Using cross-state data between 2009 and 2011, we assess the extent to which ARRA 

highway grants affected state highway spending. We find that ARRA highway grants increased 

state highway spending nearly dollar-for-dollar in 2010, indicating little to no crowd out. In 

addition, we estimate a cumulative effect of grants on highway spending over the period 2009 to 

2011 of roughly two dollars per dollar of grants, suggesting some crowding-in of states’ own 

funding for highways. Overall, our results suggest that highway spending between 2009 and 

2011 would have been 20 percent lower in the absence of the ARRA grants. We find some 

evidence that rent-seeking behavior by lobbing groups influenced how much state governments 

spent out of the ARRA highway grants.  
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Table 1: Summary Statistics
Year 2010 (unless otherwise indicated)

Mean Standard Deviation Minimum Maximum Count
Highway Spending (Per Capita) 316.605 115.312 167.171 647.571 48
2008 Highway Spending (Per Capita) 297.607 91.077 143.854 533.748 48
Highway’s Share of Total State Govt Spending 0.066 0.021 0.027 0.120 48
2009 FHWA Apportionments, ARRA (Per Capita) 82.328 35.287 45.064 193.340 48
2009-2010 FHWA Obligations, ARRA (Per Capita) 81.080 35.533 38.173 188.974 48
2009-2010 Cumulative FHWA Outlays, ARRA (Per Capita) 51.544 36.157 10.908 159.584 48
2008-2009 Change in FHWA Apportionments (Per Capita) 84.940 40.628 44.422 236.041 48
2008-2009 Change in FHWA Obligations (Per Capita) 79.623 47.203 31.580 269.889 48
2008-2010 Change in FHWA Outlays (Per Capita) 24.178 29.663 -35.658 153.151 48
Income Per Capita 32137 5073 24633 45497 48
Governor Democrat 0.458 0.504 0.000 1.000 48
Democrat Share of State House 0.557 0.150 0.257 0.920 48
Democrat Share of State Senate 0.536 0.172 0.200 0.920 48
Lane Miles – IM (Per Capita) 0.001 0.001 0.000 0.006 48
Pay – IM (Per Capita) 42.135 25.784 10.614 183.545 48

Notes: All monetary values are expressed in 1997 dollars.

Table 2: Baseline OLS Results
Dependent Variable: 2008-2010 Change in State Highway Spending (Per Capita)

(1) (2) (3) (4) (5)
2009 FHWA Apportionments, ARRA (Per Capita) 0.733∗∗∗ 0.683∗∗∗ 0.680∗∗∗

(0.173) (0.183) (0.189)

2009-2010 FHWA Obligations, ARRA (Per Capita) 0.684∗∗∗

(0.133)

2009-2010 FHWA Outlays, ARRA (Per Capita) 0.855∗∗∗

(0.138)

2008-2010 Change in Income Per Capita 0.593 0.572 0.094
(7.510) (6.396) (6.159)

2008-2010 Change in Governor Democrat -26.202 -26.052 -25.071 -19.682
(22.621) (22.966) (15.220) (12.830)

2008-2010 Change in Democrat Share of State House 88.717 88.993 93.222 60.224
(170.782) (172.826) (135.839) (117.680)

2008-2010 Change in Democrat Share of State Senate -14.430 -15.165 -15.160 36.688
(165.521) (167.725) (134.459) (119.241)

Constant -41.329∗∗ -37.174∗∗ -36.398∗ -35.957∗∗∗ -25.071∗∗

(15.492) (16.118) (19.041) (13.320) (10.966)
N 48 48 48 48 48
R2 0.280 0.314 0.314 0.320 0.452

Coefficient and Standard Error on Income Per Capita is multiplied by 1000 for presentation purposes

Heteroskedasticity-robust standard errors in parentheses.
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01



Table 3: First-Stage Results
Grants Regressed on Road Factors and Controls

2009 FHWA ARRA Apportionments 2009-2010 FHWA ARRA Obligations 2009-2010 FHWA ARRA Outlays
(1) (2) (3) (4) (5) (6)

2006 Lane Miles – IM (Per Capita) 26823.8∗∗∗ 26708.8∗∗∗ 26028.9∗∗∗

(7150.4) (7180.2) (8389.9)

2006 Pay – IM (Per Capita) -0.1 -0.0 -0.0
(0.2) (0.2) (0.3)

1944 Planned Miles Per Capita 29.4∗∗∗ 29.6∗∗∗ 31.2∗∗∗

(5.3) (5.3) (5.0)

2008-2010 Change in Income Per Capita 10.6∗∗∗ 8.6 10.7∗∗∗ 8.6 9.9∗∗∗ 8.1
(2.7) (5.4) (2.5) (5.2) (2.6) (5.1)

2008-2010 Change in Governor Democrat 3.1 13.4 1.8 12.2 -3.8 6.2
(3.9) (8.3) (4.7) (9.1) (6.8) (11.9)

2008-2010 Change in Democrat Share of State House 132.1∗ 262.8∗∗ 125.4∗ 256.0∗∗ 122.8∗ 246.2∗∗∗

(66.7) (100.3) (69.7) (107.5) (61.4) (86.5)

2008-2010 Change in Democrat Share of State Senate -36.8 -98.3 -35.2 -97.6 -61.2 -93.1
(54.1) (89.0) (55.0) (88.7) (52.8) (78.4)

Constant 63.5∗∗∗ -56.6∗∗ 61.9∗∗∗ -59.1∗∗ 31.1∗∗∗ -95.7∗∗∗

(6.9) (26.1) (7.2) (26.3) (7.6) (25.4)

R2 0.807 0.638 0.806 0.638 0.791 0.689

Hansen’s J χ2 (p-value) 0.506 – 0.482 – 0.403 –
Instrument F-test (statistic) 56.309 30.351 58.587 31.258 53.780 38.229
N Obs. 48 47 48 47 48 47

Coefficient and Standard Error on Income Per Capita and 1944 Planned Miles variables multiplied by 1000 for presentation purposes
Heteroskedasticity-robust standard errors in parentheses.
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

Table 4: Baseline IV Results Using Formula Factors as Instruments
Dependent Variable: 2008-2010 Change in State Highway Spending (Per Capita)

(1) (2) (3) (4) (5) (6)
2009 FHWA Apportionments, ARRA (Per Capita) 0.759∗∗∗

(0.112)

2009-2010 FHWA Obligations, ARRA (Per Capita) 0.753∗∗∗

(0.114)

2009-2010 FHWA Outlays, ARRA (Per Capita) 0.759∗∗∗

(0.110)

2008-2009 Change in FHWA Apportionments (Per Capita) 0.639∗∗∗

(0.109)

2008-2009 Change in FHWA Obligations (Per Capita) 0.567∗∗∗

(0.110)

2008-2010 Change in FHWA Outlays (Per Capita) 1.098∗∗∗

(0.291)

2008-2010 Change in Income Per Capita 0.001 0.001 0.002 0.004 0.004 0.013
(0.006) (0.006) (0.005) (0.006) (0.006) (0.008)

2008-2010 Change in Governor Democrat -26.854∗ -25.879∗ -21.454∗ -25.867∗ -22.419∗∗ -17.241
(14.253) (13.843) (11.770) (13.998) (11.189) (15.154)

2008-2010 Change in Democrat Share of State House 55.116 61.961 62.133 72.847 134.574 82.174
(120.795) (123.587) (104.863) (119.965) (115.083) (132.519)

2008-2010 Change in Democrat Share of State Senate 31.517 31.109 52.971 19.929 -50.182 4.184
(111.604) (112.875) (101.756) (111.262) (104.503) (143.356)

Constant -41.943∗∗∗ -40.462∗∗∗ -18.424∗∗ -30.693∗∗ -22.081 4.234
(12.279) (12.062) (9.289) (12.615) (13.589) (10.207)

R2 0.310 0.317 0.446 0.307 0.355 0.205

Hansen’s J χ2 (p-value) 0.506 0.482 0.403 0.324 0.151 0.170
Instrument F-test (statistic) 56.309 58.587 53.780 119.186 66.958 38.112
N Obs. 48 48 48 48 48 48

Heteroskedasticity-robust standard errors in parentheses.
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01



Table 5: Baseline IV Results Using 1944 Proposed Highway Plan Miles as Instrument
Dependent Variable: 2008-2010 Change in State Highway Spending (Per Capita)

(1) (2) (3) (4) (5) (6)
2009 FHWA Apportionments, ARRA (Per Capita) 0.925∗∗∗

(0.216)

2009-2010 FHWA Obligations, ARRA (Per Capita) 0.916∗∗∗

(0.212)

2009-2010 FHWA Outlays, ARRA (Per Capita) 0.872∗∗∗

(0.178)

2008-2009 Change in FHWA Apportionments (Per Capita) 0.796∗∗∗

(0.198)

2008-2009 Change in FHWA Obligations (Per Capita) 0.708∗∗∗

(0.186)

2008-2010 Change in FHWA Outlays (Per Capita) 1.366∗∗∗

(0.435)

2008-2010 Change in Income Per Capita -0.001 -0.001 -0.001 0.002 0.001 0.013
(0.007) (0.007) (0.006) (0.007) (0.008) (0.009)

2008-2010 Change in Governor Democrat -25.354∗ -24.077∗ -18.313 -23.571 -18.861 -10.582
(14.851) (14.415) (12.294) (14.495) (11.643) (15.942)

2008-2010 Change in Democrat Share of State House 36.718 45.310 65.300 59.268 134.500 85.740
(131.555) (132.522) (110.374) (127.571) (115.029) (134.693)

2008-2010 Change in Democrat Share of State Senate 11.200 9.696 1.410 -16.099 -130.966 -107.330
(143.603) (143.470) (122.171) (142.480) (125.182) (147.574)

Constant -58.342∗∗∗ -56.530∗∗∗ -27.275∗∗ -46.654∗∗ -37.132∗ -4.127
(20.982) (20.439) (13.124) (20.122) (20.241) (13.065)

R2 0.289 0.297 0.462 0.283 0.338 0.164

Hansen’s J χ2 (p-value) – – – – – –
Instrument F-test (statistic) 30.351 31.258 38.229 23.200 15.332 13.296
N Obs. 47 47 47 47 47 47

Heteroskedasticity-robust standard errors in parentheses.
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

Table 6: IV Coefficient on 2009 – 2010 FHWA ARRA Grants

(1) (2) (3)
Apportionments Obligations Outlays

1. Lagged Dependent Variable 0.773∗∗∗ 0.770∗∗∗ 0.768∗∗∗

(0.120) (0.123) (0.115)

2. 1998-2008 Highway Spending Trend 0.745∗∗∗ 0.742∗∗∗ 0.746∗∗∗

(0.111) (0.113) (0.110)

3. 2003-07 House Price Appreciation 0.762∗∗∗ 0.753∗∗∗ 0.750∗∗∗

(0.118) (0.120) (0.114)

4. 2002-05 House Price Appreciation 0.749∗∗∗ 0.743∗∗∗ 0.753∗∗∗

(0.105) (0.106) (0.104)

5. 2008 Leading Indicators 0.783∗∗∗ 0.779∗∗∗ 0.774∗∗∗

(0.143) (0.143) (0.129)

6. 2006-08 Leading Indicator Change 0.766∗∗∗ 0.763∗∗∗ 0.763∗∗∗

(0.117) (0.118) (0.113)

7. Political Party Controls Level 0.713∗∗∗ 0.709∗∗∗ 0.712∗∗∗

(0.158) (0.158) (0.142)

8. Drop Conditional Variables 0.784∗∗∗ 0.777∗∗∗ 0.779∗∗∗

(0.110) (0.112) (0.109)

9. Include AK 0.883∗∗∗ 0.884∗∗∗ 0.902∗∗∗

(0.158) (0.164) (0.166)

10. Exclude Outliers (WY & ND) 0.793∗∗∗ 0.781∗∗∗ 0.805∗∗∗

(0.183) (0.179) (0.165)

11. Congressional Power Instruments 0.773∗∗∗ 0.763∗∗∗ 1.002∗∗∗

(0.279) (0.279) (0.295)

12. STP Formula Simulated Instrument 0.693∗∗∗ 0.688∗∗∗ 0.695∗∗∗

(0.150) (0.152) (0.144)

13. Exclude State-to-Local Transfers 0.806∗∗∗ 0.797∗∗∗ 0.808∗∗∗

(0.138) (0.140) (0.143)

14. Dep Var = non-ARRA FHWA Outlays 0.049 0.052 0.055
(0.138) (0.138) (0.138)

Heteroskedasticity-robust standard errors in parentheses.
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01



Table 7: Placebo Tests
Dependent Variable: Change in State Highway Spending Per Capita Over 2-Year Period Indicated

(1) (2) (3)
2006-2008 1990-1992 2001-2003

2009 FHWA Apportionments, ARRA (Per Capita) -0.246 0.401 0.238
(0.161) (0.249) (0.280)

2008-2010 Change in Income Per Capita -0.006 0.002 -0.009
(0.007) (0.011) (0.009)

2008-2010 Change in Governor Democrat 3.633 -71.921 2.460
(9.111) (44.634) (11.664)

2008-2010 Change in Democrat Share of State House -281.001∗∗ -156.863 -9.834
(109.990) (136.669) (153.703)

2008-2010 Change in Democrat Share of State Senate -46.429 518.507∗∗ -263.944
(158.619) (213.193) (197.377)

Constant 9.221 -17.739 -26.280
(16.932) (26.179) (26.560)

R2 0.190 0.258 0.119
Hansen’s J χ2 (p-value) 0.497 0.046 0.560
Instrument F-test (statistic) 54.515 54.515 54.515
N Obs. 48 48 48

Heteroskedasticity-robust standard errors in parentheses.
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

Table 8: Employment Regressions

(1) (2) (3)
Apportionments Obligations Outlays

2008-09 Road Employment Change 0.0008 0.0008 0.0009
(0.0013) (0.0013) (0.0012)

2008-10 Road Employment Change 0.0021∗∗∗ 0.0021∗∗∗ 0.0020∗∗∗

(0.0008) (0.0008) (0.0007)

2008-11 Road Employment Change -0.0003 -0.0003 -0.0005
(0.0020) (0.0020) (0.0019)

Heteroskedasticity-robust standard errors in parentheses.
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01



Table 9: Effect of Lobbying on the Flypaper Effect

L=Public Works Contributions Per Capita L=Pub. Works % of Business Contributions

(1) (2) (3) (4) (5) (6)
G=Apportionments G=Obligations G=Outlays G=Apportionments G=Obligations G=Outlays

∆ G 0.366 0.378 0.520∗∗∗ 0.365 0.375∗ 0.589∗∗∗

(0.283) (0.230) (0.169) (0.336) (0.204) (0.180)

∆ G x L 0.163 0.154 0.167∗ 0.263 0.254 0.230
(0.114) (0.100) (0.091) (0.236) (0.155) (0.160)

L -13.413 -12.451 -8.564∗∗ -25.169 -24.099∗ -17.590∗

(8.852) (8.012) (4.179) (19.130) (13.648) (9.567)

Implied Flypaper Effect 0.760∗∗∗ 0.750∗∗∗ 0.922∗∗∗ 0.684∗∗∗ 0.683∗∗∗ 0.868∗∗∗

(0.200) (0.174) (0.171) (0.189) (0.142) (0.135)

Heteroskedasticity-robust standard errors in parentheses.
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

Implied flypaper effect is ∂∆Sit/∂∆Git = β̂ + φ̂L̄, where β̂ is the coefficient on ∆G, φ̂ is the coefficient on ∆ G x L, and L̄ is the sample mean of L.



Figure 1: Federal Highway Grant Apportionments Per Capita
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Figure 2: Federal Highway Grant Obligations Per Capita
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Figure 3: Federal Highway Grant Outlays Per Capita
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Figure 5: Impulse Response to 2009 ARRA Apportionments
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Figure 6: State Highway Spending Per Capita

0
10

0
20

0
30

0
N

at
io

na
l H

ig
hw

ay
 S

pe
nd

in
g 

($
 p

er
 c

ap
ita

)

1980 1990 2000 2010
year

Dashed line shows counterfactual state highway spending absent ARRA grants

1979-2011



Figure 7: Public Works’ Share of Business Sector Contributions to Candidates for State Office
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Figure S1: State Highway Spending Per Capita
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