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Does the Internet Reduce Corruption? Evidence
from U.S. States and across Countries

Thomas Barnebeck Andersen, Jeanet Bentzen, Carl-Joban Dalgaard,
and Pablo Selaya *

We test the hypothesis that the Internet is a useful technology for controlling
corruption. In order to do so, we develop a novel identification strategy for Internet
diffusion. Power disruptions damage digital equipment, which increases the user cost
of IT capital, and thus lowers the speed of Internet diffusion. A natural phenomenon
causing power disruptions is lightning activity, which makes lightning a viable instru-
ment for Internet diffusion. Using ground-based lightning detection censors as well as
global satellite data, we construct lightning density data for the contiguous U.S. states
and a large cross section of countries. Empirically, lightning density is a strong instru-
ment for Internet diffusion and our IV estimates suggest that the emergence of the
Internet has served to reduce the extent of corruption across U.S. states and across
the world. JEL Classification codes: K4, O1, HO

Corruption is commonly perceived to be a major stumbling block on the road
to prosperity. Aside from retarding growth (Mauro 1995), corruption entails
fiscal leakage, which reduces the ability of poor countries to supply essential
public services such as schooling and health care (Reinikka and Svensson 2004;
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World Development Report 2004). Corruption is unquestionably a governance
failure one would like to dispose of, yet combating it has not proven easy.

In the present paper we hypothesize that the Internet is a useful technology
for combating corruption around the world. We test this hypothesis using
data for the 48 contiguous U.S. states as well as for a cross section of countries.
Our estimates support the proposition that the Internet has worked to reduce
corruption since its inception.

There are several reasons why the Internet could serve as a corruption-
reducing technology. First, the Internet is among a select group of innovations
that are considered General Purpose Technologies (e.g., Jovanovic and
Rousseau 2005). General Purpose Technologies are fundamental and pervasive
innovations that (with time) hold a first order impact on economic growth.
Insofar as economic growth works to lower corruption, the Internet is likely to
act as a corruption suppressor due to its positive impact on growth.' Second,
rapid technological change usually encourages investment in human capital,
which may instigate lower levels of corruption.” Accordingly, human capital
accumulation is another potential transmission channel linking Internet diffu-
sion and reductions in corruption levels. Third, the World Wide Web is a
major source of information. Spreading information about official wrong-doing
inevitably increases the risk of detection for politicians and public servants,
thus making corrupt behavior less attractive.” Fourth, the Internet is the chief
vehicle for the provision of E-government worldwide (West 2005). By allowing
citizens access to government services online, E-government obviates bureau-
crats’ role as intermediaries between the government and the public, thus limit-
ing the interaction between potentially corrupt officials and the public.
Moreover, online systems require standardized rules and procedures. This
reduces bureaucratic discretion and increases transparency as compared to the

1. See Andersen et al. (2010) for evidence that the Internet has stimulated growth across U.S. states,
and e.g. Gundlach and Paldam (2009) for evidence of a causal impact of income on corruption.

2. See Schultz (1975) and Foster and Rosensweig (1996) for evidence of a positive impact of
technological change on the return to human capital investments, and Glaeser and Saks (2006) for
evidence on the impact of human capital on corruption.

3. A nice illustration of this mechanism at work is found in a 2001 scandal from India, which
nearly toppled the government. Reporters from the online news site <www.Tehelka.com> posed as
arms dealers and documented negotiations with top politicians and bureaucrats over the size of required
side payments to get a contract; in some instances the reporters even got the delivery of the bribe on
camera. Consequently, numerous politicians and top officials had to resign, chief among them the
defence minister George Fernandes. See The Sting That Has India Writhing by Celia W. Dugger, The
New York Times (March 16, 2001).
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arbitrariness available to civil servants when dealing with the public on a
case-by-case basis.*

The present paper examines the reduced form effect of the Internet on
corruption levels across the U.S. and across the World. Thus, our analysis
addresses the key issue of whether the Internet has had a causal impact on
corruption. At the same time, the analysis admittedly does not clarify the exact
mechanism(s) through which the Internet affects corruption; it may be either
one of the mechanisms mentioned above, or some combination of them.

The Internet is a new technology. Indeed, if we identify the Internet with the
World Wide Web, it only emerged in 1991.> To examine the impact of the
Internet we therefore estimate the impact of changes in Internet users on
changes in corruption levels from the early 1990s to 2006. Using data for the
48 contiguous U.S. states as well as cross-country data we establish a strong
partial correlation between the rate of changes in Internet users and the evol-
ution of corruption, consistent with the proposed hypothesis. However, since
the speed of Internet diffusion is likely endogenous, OLS estimates might be
misleading.

In an effort to establish causality we develop an identification strategy
designed to isolate exogenous variation in the speed of Internet diffusion. The
theory underlying our instrument of choice is the following. Computer equip-
ment is highly sensitive to power disruptions: power surges and sags lead to
equipment failure and damage. Consequently, a higher frequency of power
disruptions implies higher costs of IT equipment, either through elevated IT
capital depreciation or due to incurrence of additional costs in order to protect
equipment from power disruptions. Frequent power disturbances are also likely
to reduce the productivity of IT capital (or its marginal benefit), as power
disturbances produce downtime, generate data glitches, etc. A natural phenom-
enon which produces power disturbances is lightning activity. In fact, one third
of all power disruptions in the U.S. are related to lightning activity. We there-
fore hypothesize that higher lightning intensity is a viable candidate instrument
for Internet diffusion. Using state level measures of lightning density (ground
strikes per square km per year) and global satellite data on lightning activity,

4. The celebrated Bhoomi program (located in the state of Karnataka in India) constitutes a good
example of the effectiveness of E-government in limiting the interface between civil servants and the
public. Starting in 1998 the program aimed to computerize land records, and at the time of writing
more than 20 million landholdings belonging to the state’s 6.7 million landowners have been registered.
Before online registration was available citizens had to seek out village accountants to register, a process
which involved considerable delays and the need for bribes to be paid; a typical bribe could range from
Rs.100 to Rs. 2,000 (US $2 to $40) (Bhatnager 2003). With the online system there is no longer a need
for the official middlemen, implying that the online system probably has saved locals hundreds of
millions of Rs. in bribes. See also Andersen (2009).

5. TheWorld Wide Web was launched in 1991 by CERN (the European Organisation for Nuclear
Research). See Hobbes’ Internet Timeline v8.2 <http:/www.zakon.org/robert/internet/timeline/>. In
this paper, we define the Internet/WWW as the network of networks using the TCP/IP/HTTP protocols,
which was spawned by the launch of WWW.
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we establish its influence on Internet diffusion: areas (states and countries) with
a higher flash density have experienced a slower speed of Internet adoption.

A concern of first-order importance is whether, conditional on Internet
diffusion, lightning density acts as a stand-in for factors that are correlated
with corruption. To fix ideas, suppose areas with high lightning density
just happen to be characterized by an abundance of natural resources as
well, which influences corruption in its own right (i.e., conditional on
Internet penetration). If so, then lightning is not a valid instrument for the
Internet.

Notice, however, that the proposed instrument is most likely to be (spur-
iously) correlated with factors that are exerting a time persistent effect on cor-
ruption. To stay with the example from before: lightning prone areas that were
rich in natural resources in (say) 1970 most likely remain so, and if the pres-
ence of natural resources fueled corruption in the 1970s, it would probably
also spur corruption at the beginning of the 21st century. Accordingly, if light-
ning density is picking up this sort of influence we would expect to see a fairly
time invariant correlation between lightning and (changes in) corruption over
the last three or four decades. However, if lightning density is picking up the
influence from processes instigated by the emergence of the Internet (be that a
growth surge, an acceleration in human capital accumulation, improved diffu-
sion of information, or E-government), one would expect to see a time varying
correlation between lightning and (changes in) corruption. In fact, instrument
validity would require that there is no correlation between lightning density
and changes in corruption before 1991 (the founding year of the World Wide
Web). These considerations form the basis of a falsification test: If lightning is
correlated with (changes in) corruption prior to 1991, it is unlikely to satisfy
the exclusion restriction.

As documented below, lightning density exhibits a time-varying correlation
with corruption; the reduced form relationship between lightning density and
corruption does not exist prior to the inception of the World Wide Web. Using
U.S. state-level data, as well as cross country data, we are able to establish that
the lightning/corruption correlation only exists after 1991. This falsification
test makes probable that the lightning instrument is capturing processes insti-
gated by the emergence of the Internet, and it therefore supports the use of
lightning as an instrument for Internet diffusion.

Against this background we employ lightning density as an instrument for
Internet diffusion. Our 2SLS estimates corroborate the OLS results: Rising
Internet use over the 1990s reduced corruption in the U.S. and across
countries. Our results are admittedly stronger, statistically speaking, for the
U.S. Still, our cross-section analysis does suggest that the U.S. state-level results
generalize to an international setting.

The present research is related to the literature which studies the determi-
nants of the level of corruption. Notable contributions include Ades and di
Tella (1999), Treisman (2000), Brunetti and Weder (2003), Persson, Tabellini,
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and Trebbi (2003), Glaeser and Saks (2006), and Licht, Goldscmidt, and
Schwartz (2007).

Since the Internet is a central source of information, the paper is also related
to the political economy literature that studies the impact of information on
governance more generally. This literature suggests that a better informed
public serves to discipline the political establishment, thus affecting governance
(e.g. Besley and Burgess 2002; Stromberg, 2004; Reinikka and Svensson 2004;
Eisensee and Stromberg 2007; Ferraz and Finan 2008).

Finally, the paper is related to the literature which studies the determinants
of the spread of the personal computer (e.g. Caselli and Coleman 2001) and
the Internet (e.g. Chinn and Fairlie 2007) across countries. We add to this
literature by documenting a link between lightning density and the speed of
Internet diffusion.

The paper is structured as follows. In Section I we present our empirical
specifications of choice. Section II outlines the identification strategy in detail;
in particular, we explain how lightning activity impacts digital equipment.
Section III provides an analysis of how the Internet has affected corruption
across the U.S. states, whereas Section IV provides cross-country evidence.
Section V concludes.

I. SPECIFICATION

As argued above, we wish to understand the impact of the Internet (or World
Wide Web) on the evolution of corruption, from the emergence of the former
and onwards. Since the Internet is a General Purpose Technology it seems
infeasible to try and isolate any particular mechanism linking the Internet to
corruption (e.g., growth spurts, human capital, enhanced dissemination of
information, etc.), for which reason we focus on the reduced form.

Accordingly, in the analysis to follow we mainly rely on the following parsi-
monious specification:

AC; = ap + af AINTERNET; + a2 Cipjisiar,i + &, (1)

where AC; is the change in corruption levels between an initial and a final year,
C/inal.i — Cinitiali» and AINTERNET; is the change in Internet penetration,
INTERNET f1,; — INTERNET,-m-t,-gl_,,-.6 When AC; > 0 means increasing cor-
ruption, the key hypothesis under investigation is whether ay < 0 or not.

There are several reasons why we adopt this lagged dependent variables spe-
cification as our preferred specification. First, corruption is a naturally
bounded variable. In the U.S. setting we employ corruption convictions as our
measure of C, which is bounded from below at zero. Similarly in the

6. In the cross-state sample we also condition on state population size. State population enters as a
control because we use total corruption convictions as our measure of state corruption; by including
state size we thereby ensure that all scale effects are pruned from the data in a simple way.
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cross-country analysis we employ a corruption index (the ICRG index), which
is confined to a particular interval (zero to six) by construction. Obviously, for
all country observations near either of the two endpoints, and in states near the
zero boundary, one should expect the evolution of corruption to be subject to
mean reversion. Unless we thus control for C,,is i, our empirical model is
likely to be misspecified. To spell it out formally, assume that equation (1) is
the true population model, and suppose that Cov(e, AINTERNET) = 0. If we
mistakenly ignore the lagged dependent variable and instead focus on the first
difference equation, in an attempt to kill off an imagined fixed effect, we
would perform  OLS on AC; =g+ «iPAINTERNET; + v, where
v; = 2 Ciyitiar; + €i. The probability limit of «; obtained via the first
differenced estimator is

. Cov(Ciiiats AINTERNET)
l FD — nitial ) 2
pitm g™ = e o AINTERNET) 2)

Unless Cov(Ciyitia, AINTERNET) =0 we have that ofP # «;. Indeed,
a priori oiP ~ 0 would be a likely outcome. To see this, note that the mean
reversion process implies that ay < 0. Moreover, if places with high initial
corruption levels tend to see a slower diffusion of the internet then
Cov(Ciisias, AAINTERNET) < 0. Taken together this implies that
ay - Cov(C,isiai, AINTERNET) > 0, which implies that the expected negative
point estimate for a; is biased towards zero (see equation (2)).

Second, another virtue of including the initial level of corruption is that it
automatically controls for (a potentially large set of) variables which may
influence the evolution of corruption. To see the latter point more clearly
observe that equation (1) is equivalent to a levels regression with a lagged
dependent variable:

Clinali = a0 + @i AINTERNET; + (ay + 1) Ciigiar, i + &i. (3)

Accordingly, all time invariant structural characteristics affecting the level of
corruption will be picked up by Cj;s ;. This reduces the scope for omitted
variable bias in contaminating the estimate of a; (Wooldridge 2003, p. 300).”
Third, the core part of our analysis involves 2SLS estimation, where lightning
density is invoked as an instrument for AINTERNET;. Since lightning density
and the level of corruption are highly correlated, one may harbor legitimate
concerns about the exclusion restriction if the latter is omitted from the
empirical model; if the evolution of corruption is subject to mean reversion
(i.e., if ap < 0), trouble arises (see again equation (2)).

Naturally, one might also worry that the exclusion restriction is jeopardized
by the omission of fixed effects in equation (1). But in the analysis below we

7. See also Angrist and Pischke (2009, Ch. 5.3), for a discussion of the virtues of using the
specification in equation (1) vis-a-vis the first difference model.
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are able to gauge the likely severity of this problem by performing the falsifica-
tion test mentioned above: If the true empirical model involves fixed effects
(i.e., ap in equation (1) should be country specific), and if our instrument is
correlated with these unobservables, we would expect to see that lightning
density is correlated with AC; before as well as after 1991 (the founding year
of the World Wide Web). As shown below, however, we are unable to reject
the absence of a correlation between our instrument and changes in corruption
prior to 1991. This holds true across U.S. states as well as across countries. As
a result, we view the lagged dependent variables specification as the relatively
safe choice when trying to elicit information about the causal impact of the
Internet on corruption. Nevertheless, we will in the interest of completeness
report the results from the first difference specification as well; that is, we also
report the results from assuming a; = 0 in equation (1).

II. IDENTIFICATION STRATEGY

There is good reason to believe that the adoption of new technologies, such as
the Internet, is endogenous to governance. New technologies may create politi-
cal as well as economic losers, for which reason incumbent entrepreneurs and
politicians may try to block adoption (Mokyr 1990; Parente and Prescott
1999; Acemoglu and Robinson 2001). It seems plausible that places with wide-
spread corruption, for example, may have adopted the Internet later, due to
the influence of politicians, civil servants, or both. This mechanism rationalizes
a positive impact of governance on the number of Internet users. Consequently,
OLS estimation is unlikely to identify the impact of the Internet on corruption.
To address this concern we employ an IV approach, the logic of which we now
describe.

Computers are highly sensitive to even ultra brief power disruptions. Such
disruptions are likely to cause down-time, though sudden power surges may
also damage the equipment and randomly destroy or alter data. As observed in
The Economist:® “For the average computer or network, the only thing worse
than the electricity going out completely is power going out for a second.
Every year, millions of dollars are lost to seemingly insignificant power faults
that cause assembly lines to freeze, computers to crash and networks to
collapse.”

The reason why IT equipment is so sensitive to power disturbances is that
computers are constructed to work under a clean electrical current, featuring a
particular frequency and amplitude of voltage. The alternating power emanat-
ing from the commercial power plant is converted into direct current, after
which transistors turn this small voltage on and off at several gigahertz during
digital processing (Kressel 2007). However, if the input, in the form of the
alternating current, is disturbed or distorted the conversion process is

8. The power industry’s quest for the high nines, The Economist, March 22, 2001.
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corrupted, which may in turn result in equipment failure and damage. Indeed,
voltage disturbances measuring less than one cycle are sufficient to crash
servers, computers, and other microprocessor-based devices; that is, at a 60 Hz
frequency (the standard in the U.S.) this means that a power disturbance of a
duration less than 1/60 th of a second is enough to crash a computer (Yeager
and Stalhkopf 2000; Electricity Power Research Institute 2003). Importantly,
this issue is unlikely to diminish over time as the sensitivity to small power
distortions increases with the miniaturization of transistors, which is the key to
increasing speed in microprocessors (Kressel 2007).

Accordingly, in areas with more power disturbances, the user cost of IT
capital will be higher due to a higher rate of IT capital depreciation (Hall and
Jorgenson 1967). By implication, the desired IT capital stock will be lower,
reducing IT investments and the speed of Internet diffusion. Of course, steps
may be taken to protect the equipment from power disturbances. A high-
quality surge protector provides protection against voltage spikes, for example.
High-tech companies install generators to supplement their power needs,
thereby insuring themselves against power failure. They also add uninterrupti-
ble power sources relying on batteries to power computers until generators
kick in. However, these initiatives will in any case increase the costs of acquir-
ing digital equipment, and thereby the user cost of IT capital. The crux of the
matter is that if one lives in an environment with low power quality, this adds
to the costs of a computer.”

To this one may add that in areas with frequent power disruptions and
outages, the marginal benefit of owning a computer is probably lowered as
well. Obviously, in countries where firms and consumers face regular power
outages it will be difficult to employ IT efficiently. But even if power disrup-
tions are infrequent and of very short duration, power disruptions lead to
glitches and downtime which serves to lower the productivity of IT equipment.
Both mechanisms, higher marginal costs and lower marginal return/benefit,
imply that poorer power quality should lead to a slower speed of Internet
diffusion.

Naturally, power quality is not exogenous; it may well be determined by
governance.'® As a result, we employ a variable which generates exogenous
variation in power quality, and thus IT costs and benefits, as an instrument for
Internet diffusion. A natural phenomenon which interferes with digital equip-
ment, by producing power failures, is lightning activity (e.g., Shim et al. 2000,
Ch. 2; Chisholm 2000). By all accounts, the influence of lightning on power
quality is substantial. According to some estimates, lightning is the direct cause

9. Besides, the above mentioned protective devises are not necessarily enough to ensure against
damage. According to the National Oceanic and Atmospheric Administration (NOAA), a typical surge
protector will not protect equipment from a nearby lightning strike. Generators, in turn, do not react
fast enough and can deliver dirty power; batteries are expensive to maintain and may also not react fast
enough. See e.g., The power industry’s quest for the high nines, The Economist (March 22, 2001).

10. See Fredriksson et al. (2004) for evidence that corruption affects energy supply.
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of one third of all power quality disturbances in the United States (Chisholm
and Cummins 2006). Moreover, the probability of lightning-caused power
interruptions or equipment damage scales linearly with lightning density
(Chisholm 2000; Chisholm and Cummins 2006).'* As a result, in areas with
greater lightning density (strikes per square km per year) the (expected) rate of
IT capital depreciation will tend to be larger. This implies higher IT investment
costs, and possibly lower IT productivity as well.

The problems associated with lightning activity in the context of IT equip-
ment have not escaped the attention of the popular press. A recent article in
The Wall Street Journal highlights the practical relevance of lightning activity,
and stresses the difficulty in shielding IT equipment:'? “Even if electricity lines
are shielded, lightning can cause power surges through unprotected phone,
cable and Internet lines - or even through a building’s walls. Such surges often
show up as glitches. "Little things start not working; we see a lot of that down
here," says Andrew Cohen, president of Vertical IT Solutions, a Tampa
information-technology consulting firm. During the summer, Vertical gets as
many as 10 calls a week from clients with what look to Mr. Cohen like
lightning-related problems. Computer memory cards get corrupted, servers
shut down or firewalls cut out.”

Against this background we propose lightning density as an instrument for
the speed at which Internet use per capita changed over the period in question.
Schematically, we can express the theory underlying our identification strategy
in the following way:

LIGHTNING DENSITY — POWER DISTURBANCES
— INTERNET USE, (4)

where the second arrow implicitly subsumes the impact of power disturbances
on the costs and benefits of IT capital.

Lightning is certainly external in the sense of Deaton (2010). But this, of
course, does not imply that it fulfills the exclusion restriction required for
instrument validity. In particular, it could conceivably correlate with fixed
factors (natural resource endowment, say) which themselves exert a persistent
effect on the evolution of corruption. In order to examine whether this is likely
to be the case or not, we perform a falsification test below: Under the hypoth-
esis that lightning influences the evolution of corruption, via the Internet,
changes in corruption should only be correlated with lightning after the emer-
gence of the World Wide Web. We can in fact reject that lightning and changes
in corruption are correlated prior to the invention of the World Wide Web

11. This linear scaling can be expressed precisely. LetNg denote the number of strikes to a conducter
per 100kmof power line length,hthe average height (in meters) of the conducter above ground level,
andGFD the ground flash density, then Ng = 3.8 - GED - h%*° (see Chisholm 2000).

12. There Go the Servers: Lightning’s New Perils. The Wall Street Journal, August 25, 2009.
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(i.e., prior to 1991) using data for both the U.S. States and our world sample.
This suggests quite strongly that lightning is not — spuriously — correlated with
country specific factors that persistently affect the path of corruption, thus
supporting the exclusion restriction.

III. CrROSs-STATE EVIDENCE

The cross-state analysis proceeds as follows: We first provide details on the
data used for the analysis. Next we provide evidence on the partial correlation
between changes in Internet usage and changes in corruption levels. Finally,
before proceeding to our 2SLS estimates, we provide an independent check of
the validity of our identification strategy.

Data

In measuring corruption in the U.S. we follow Glaeser and Saks (2006) by
employing corruption convictions. The data derives from the Justice
Department’s Report to Congress on the Activities and Operations of the
Public Integrity Section, a publication which provides statistics on the nation-
wide federal effort against public corruption, including the number of federal,
state, and local public officials convicted of a corruption-related crime by state.
As argued by Glaeser and Saks (2006), federal conviction levels capture the
extent to which federal prosecutors have charged and convicted public officials
for misconduct. There are potential problems with using conviction rates to
measure corruption: in corrupt places, the judicial system is itself likely to be
corrupt, meaning that fewer people will be charged with corrupt practices.
This problem, however, is diminished when using federal convictions, the
reason being that the federal judicial system is somewhat isolated from local
corruption. Consequently, it should treat people similarly across states (Glaeser
and Saks, 2006).

In concrete terms, we measure the change in corruption between 1991 and
2006 by the log difference in (one plus) the total number of corruption convic-
tions in the two years; positive values in the rate of change reflect increasing
corruption, and the choice of initial year follows from the fact that the Internet
(in the sense of the World Wide Web) was introduced in 1990 (first Web page
went online in 1991).13

The second key variable is Internet use, which we measure as the percentage
of households with Internet access. It is based on data collected in a sup-
plement to the October 2003 Current Population Survey (CPS), which includes

13. Note that an increased use of the Internet will both increase the risk of detection for a corrupt
official (the detection technology is improved) as well as lower the incentive to commit corrupt acts.
Hence, in theory, increased Internet use could increase the number of convictions if the former effect
dominates. It might thus seem as if the Internet increases corruption. However, empirically the net
effect is negative, implying that the incentive effect dominates, as documented below.
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questions about computer and Internet use.'* The CPS is a multi-stage prob-
ability sample with coverage in all states. The sample was selected from the
1990 Decennial Census files and is continually updated to account for new resi-
dential construction. To obtain the sample the United States is divided into
2,007 geographic areas, and about 60,000 households are eligible for inter-
views. Since U.S. corruption data goes back to 1991, the launch date of the
WWW, we define the change in Internet use by state population as
AINTERNET, = INTERNET,‘72003 - INTERNET,‘)]%] = INTERNET,‘)ZQ(B, since
INTERNET; 1991 = 0 for all 7 (i.e., for all states).

In some specifications we also control for initial state population, or the
growth of state population, which derives from the U.S. Bureau of Economic
Analysis (BEA). The natural log of initial state population is denoted
log(POP1991) and population growth is A log(POP) = log(POPpps /POP1991).
The purpose of including these controls is to make sure that all scale effects are
pruned from the corruption data. Obviously, the total number of corruption
convictions is likely greater in more populous states.

Finally, we measure lightning as the number of ground strikes per square
kilometer per year. Accurate cloud-to-ground data exist for the 48 contiguous
U.S. states, are measured by the U.S. National Lightning Detection Network
(NLDN), and are provided by Vaisala for the period 1996-2005. NLDN con-
sists of numerous remote, ground-based lightning sensors, which instantly
detect (at a very high level of accuracy) the electromagnetic signals given off
when lightning strikes Earth’s surface.'> Summary statistics are reported in
Appendix Table A.1.

Partial Correlations

Table 1 documents the partial correlation between changes in Internet use and
changes in corruption for the 48 contiguous U.S. states.

As a first step we report, in Columns 1 and 2, the results from the first differ-
ence specification where we thus omit initial corruption as a control; Column 1
is the basic specification, whereas population growth is included in Column 2
alongside Internet users. States that have seen larger increases in Internet use
have also experienced larger reductions in corruption convictions, consistent
with a corruption dampening effect of the Internet.

As explained in Section 2 we are concerned about the exclusion of the initial
corruption level in the first difference specification, as changes in corruption
convictions likely are subject to mean reversion. Specifically, in states with zero
initial convictions one would almost inevitably expect an increase in convic-
tions subsequently, regardless of Internet use.

In order to check whether this is an actual problem in the U.S. sample, we
experiment, in Columns 3 and 4, with omitting states with zero corruption

14. <http:/www.census.gov/population/socdemo/computer/2003/tab01B.xls>.
15. The data can be obtained, free of charge, here: <http:/www.vaisala.com/thunderstorm>
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TaBLE 1. OLS Regressions, U.S. Sample

Dependent variable: Change in corruption convictions 1991-2006

(1) 2) (3) (4) (5) (6)
AINTERNET —0.058** —0.057** —0.060** —0.057*  —0.058**  —0.051***
(0.027) (0.028) (0.029) (0.030) (0.024) (0.019)
Alog(POP) -0.243 -0.914
(1.068) (0.972)
log(POP1991) 0.849%**
(0.145)
log(1 4+ CCyo01) —0.386*** —0.873***
(0.096) (0.135)
Constant 3.667%* 3.655%* 3.577%* 3.543%* 4.392%%*  —7.790%**
(1.4438) (1.469) (1.584) (1.578) (1.312) (2.201)
Observations 48 48 40 40 48 48
R-squared 0.09 0.09 0.11 0.13 0.29 0.55
Notes: Robust standard errors in paranthesis. Asterisks ***, ** and * signify, respectively,

p-value < 0.01, p-value < 0.05 and p-value < 0.1. All variables are defined in the main text.
Source: Authors’ analysis based on data described in the text.

convictions in 1991. This should in theory reduce the extent of mean reversion
in the sample. Further, in Columns 5 and 6, we employ the lagged dependent
variable specification on the full sample: our preferred specification.

As seen from Columns 5 and 6, initial corruption is a significant correlate
with subsequent changes in corruption; it adds considerably to the explanatory
power of the regression model, as evidenced by the increase in R? when com-
paring Columns 1 and 2 with Columns S and 6.'® In Columns 3 and 4 we
truncate the sample by excluding states with zero initial corruption. If one
includes initial corruption in this setting, it is insignificant (not shown). This
shows that the significance of initial corruption in Columns 5 and 6 is due to
mean reversion in the U.S. sample. Nevertheless, despite the presence of mean
reversion in corruption we obtain nearly identical results for AINTERNET in
all  columns. The reason is simply that, statistically speaking,
Cov(Cipitias, AINTERNET) = 0 in the U.S. sample. As a result, by equation
(2), the first difference estimator is consistent; i.e., plim a” = a;.'” In any
event, the bottom line is that the partial correlation is robust to the exact
choice of specification.

The partial correlation is also robust to a long list of additional controls
beyond what is reported in Table 1. Maxwell and Winters (2005) propose four
sets of fundamental traits of U.S. states, which should have predictable effects

16. We have also experimented with including the growth rate of population, rather than its level,
in the lagged dependent variables specification (Column 5 and 6), but much like in Column 2 and 4 it
comes out insignificant.

17. By including the lagged corruption level, we can, however, reduce the error variance.
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on corruption: (i) number of corruptible government bodies, (ii) the size of the
state, (iii) socio-ethnic homogeneity, and (iv) civic-minded and well-informed
political cultures. The authors consider seven additional control variables
including income growth, general tax revenue and campaign expenditure
restrictions. We have experimented with the inclusion of all the proposed cor-
ruption determinants (alongside initial corruption), and we find that changes in
Internet use (1991-2006) remains significant. The results are available upon
request.

Despite these encouraging results concerns about causality may legitimately
be raised. We therefore further scrutinize the Internet/corruption nexus by way
of instrumental variables estimation.

Instrument Falsification Test

2SLS estimates are obviously no better than the invoked instrument. In the
present context we propose the use of lightning density as an instrument for
Internet use, based on the theoretical argument we presented in Section II.

According to the identification strategy lightning is only allowed to influence
changes in corruption via Internet use. If, by contrast, it is correlated with
unobserved determinants of the evolution of corruption, the exclusion
restriction fails, and the 2SLS estimates are no better than the OLS estimates
discussed above.

Under the null of instrument validity, however, lightning should exert a time
varying impact on the path of corruption. The reason is simply that the
Internet is a new technology which cannot possibly have affected corruption
prior to its inception and widespread use. By extension, determinants of
Internet use should not affect corruption prior to the emergence of the World
Wide Web.

Hence, in an effort to try to falsify our instrument we run the following
regression:

AC; = ag + aq lOg(LIGHTNING,‘) + aZC,»mﬁa;,i + &, (5)

on two different time periods. First, we examine the link between lightning and
changes in corruption during the Internet era: 1991 to 2006. In this period we
expect a significantly positive point estimate for lightning, suggesting that high
lightning states have experienced slower Internet diffusion and therefore
smaller reductions in corruption levels than states with less lightning. Second,
we examine the link between lightning and changes in corruption prior to the
emergence of the World Wide Web. For instrument validity, the partial corre-
lation between lightning and corruption should not be significantly different
from zero. In the event of a significant correlation between lightning and
changes in corruption we are forced to conclude that lightning is correlated
with factors beyond the Internet (and the initial level of corruption), which
influences changes in corruption. If so, the instrument is invalid.
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The falsification test is potentially helpful in another respect: If changes in
corruption are not correlated with lightning strikes in the pre-Internet age, the
scope for lightning operating on corruption via other electronic technologies is
limited. Indeed, it would appear unlikely that the impact date of such technol-
ogies coincides with the inception of the WWW. The introduction of the
microprocessor, for instance, goes back to the early 1970s. By that time com-
puters were widely used by the U.S. government. Therefore, if we think that
increased and more efficient information storage capacity, say, reduces the
scope for corruption, we should observe a correlation between lightning and
corruption in the pre-Internet era. To the extent that this relationship is absent,
the microprocessor per se is unlikely to influence the evolution of corruption.

Table 2 reports the results from this check. In Columns 1-4 we examine the
pre-Internet periods 1976-1990, where we have missing observations for cor-
ruption in three states, and 1978-1990, where we have a full sample. The take-
away is that lightning is not correlated with changes in corruption during these
sub-periods, in keeping with the requirement that lightning is uncorrelated
with other factors which exert a persistent impact on the evolution of corrup-
tion. Figure 1 provides a visual illustration of these findings.

In Columns 5 and 6 we shift attention to the period following the emergence
of the World Wide Web. During this period lightning emerges as a strong cor-
relate with changes in corruption levels: In states with more lightning we
observe a slower rate of reduction in corruption compared to states with less
lightning. This is consistent with the hypothesis that the Internet has worked to
lower corruption, and that lightning has worked to slow down Internet diffu-
sion. Figure 2 provides a visual illustration of the partial correlation between
lightning and changes in corruption 1991-2006.

It is important to observe that the insignificance of lightning during the
pre-Internet era is not simply a matter of imprecise estimates. As is evident
from inspection of the results across columns, the size of the estimate itself
rises many fold when moving from Columns 1-4 to Columns 5-6.

It may also be noted that the falsification test is consistent with lightning not
operating through other electronic technologies, which would arguably have
required that the correlation between lightning and corruption was in existence
before 1991.

Overall, we find that these results constitute compelling evidence in favor of
the exclusion restriction in the U.S. context. Hence, we now move to instru-
mental variables estimation where lightning is used as an instrument for
Internet diffusion.

2SLS Estimates

Table 3 reports our 2SLS results; Panel A reports first stage results, whereas
Panel B reports the second stage. In keeping with the approach taken in
Table 1, we experiment with both the first difference specification and the
lagged dependent variables specification. In the OLS setting (Table 1) we found



TaBLE 2. Falsification test, U.S. Sample

Change in corruption convictions

Change in corruption convictions

Change in corruption convictions

1976-1990 1978-1990 1991-2006
Dependent variable: (1) (2) (3) (4) (5) (6)
log(LIGHTNING) —0.068 —-0.027 0.019 0.016 0.344** 0.278%*
(0.183) (0.110) (0.198) (0.113) (0.145) (0.109)
log(1 + CC1976) —0.388*** —0.954%**
(0.143) (0.162)
log(POP;974) 0.908%**
(0.185)
log(1 + CC197g) —0.352%* —0.930%**
(0.170) (0.185)
log(POP1978) 0.908%**
(0.153)
log(1 + CC1991) —0.452%** —-0.916%**
(0.109) (0.142)
log(POP1991) 0.833%%*
(0.147)
Constant 1.654%%* —11.220%** 1.469%%* —11.304%** 0.787** —10.723%**
(0.313) (2.733) (0.358) (2.235) (0.347) (2.051)
Observations 45 45 48 48 48 48
R-squared 0.15 0.49 0.10 0.44 0.29 0.54

Notes: Robust standard errors in paranthesis. Asterisks ***, ** and * signify, respectively, p-value < 0.01, p-value < 0.05 and p-value < 0.1. All
variables are defined in the main text.

Source: Authors’ analysis based on data described in the text.
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FiGure 1. Reduced form in the pre-Internet era, U.S. sample
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Note: The figure shows the association between lightning and changes in corruption
convictions over the 1978-1990 period, with the influence of initial population partialled out.
Source: Figure is based on data described in the text.

F1GURE 2. Reduced form in the Internet era, U.S. sample
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Note: The figure shows the association between lightning and changes in corruption
convictions over the 1991-2006 period, with the influence of initial population partialled out.
Source: Figure is based on data described in the text.

virtually no difference in estimation results using either the first differenced or
the lagged dependent variables specification. This is not true in the 2SLS
setting.

In the first stage results are very similar across specifications. Lightning
proves to be a strong instrument in explaining changes in Internet use; the first



TABLE 3. 2SLS regressions, U.S. sample

Panel A: First stage

Dependent variable: Change in Internet users 1991-2006

(1) 2) (3) (4) (5) (6)
log(LIGHTNING) —3.583%** —3.505%** —3.821*** —3.764*** —3.801%** —3.805***
(0.604) (0.606) (0.756) (0.758) (0.651) (0.678)
Alog(POP) 3.443 3.947
(5.099) (5.935)
lOg(POP1991) 0.050
(0.794)
log(1 + CCi991) 0.721 0.693
(0.526) (0.703)
Constant 60.54%** 59.83% %% 61.41%%* 60.70%** 59.55%** 58.86% %%
(1.080) (1.336) (1.403) (1.547) (1.378) (10.870)
F-test (HO: log(lightning) = 0) 35.23 33.49 25.54 24.66 34.11 31.48
Panel B: Second stage
Dependent variable: Change in corruption convictions 1991-2006
AINTERNET —0.058 —0.056 —0.104%** —0.102%** —0.090%* —0.073**
(0.043) (0.046) (0.035) (0.037) (0.036) (0.030)
Alog(POP) —0.248 —0.606
(1.117) (1.026)
log(POP1991) 0.836*%*
(0.146)
log(1 + CCy991) —0.386%** —0.866***
(0.097) (0.137)
Constant 3.670 3.626 5.959*** 5.928*** 6.171%%* —6.416**
(2.343) (2.413) (1.924) (1.924) (1.949) (2.708)
Observations 48 48 40 40 48 48
R-squared 0.09 0.09 0.05 0.07 0.26 0.54

Notes: Robust standard errors in paranthesis. Asterisks ***,

ables are defined in the main text.

Source: Authors’ analysis based on data described in the text.

#% and *

signify, respectively, p-value < 0.01, p-value < 0.05 and p-value < 0.1. All vari-
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stage F-statistic exceeds 10 in all columns, documenting that the 2SLS analysis
in the U.S. sample is not plagued by weak identification (cf., Staiger and
Stock 1997).

In the second stage results differ markedly across specifications (Panel B). In
the first differenced specification Internet use is estimated imprecisely, with a
point estimate virtually identical in size and sign to what we found in the OLS
setting. In contrast, when we exclude either states with zero initial corruption
(Columns 3 and 4), or when we control for initial corruption levels directly
(Columns 5 and 6), changes in Internet use is estimated with high precision.

What should we make of the differences in size and significance of the
Internet across specifications? The most straightforward explanation runs as
follows: Recall from Section 1 that, under the maintained hypothesis that
equation equation (1) is the true specification, the first difference equation is
given by AC; = ap + «/PAINTERNET; + v;, where v; = a3 Ciiiar; + €i. When
we employ 2SLS with lightning as an instrument, the exclusion restriction is that
Cov(LIGHTNING, v) = 0; since Cov(LIGHTNING, ¢) =0 by assumption,
Cov(LIGHTNING, v) = 0 requires that Cov(LIGHTNING, C;,i;is;) = 0. This
latter condition is violated in the U.S. sample. The failure of the exclusion
restriction implies that the 2SLS estimates are biased towards OLS, which
explains the similarity of the results reported in Columns 1-2 in Tables 1 and 3.

In contrast, if we either eliminate the influence from initial corruption on
changes in corruption by way of sample truncation (i.e., omission of states
with zero initial corruption), or by including the initial level of corruption
directly, the exclusion restriction is much more likely to be satisfied. The results
reported in Columns 3-6 are therefore much more likely to identify the causal
influence of Internet diffusion on changes in corruption. In all four columns
where the exclusion restriction is plausible we find evidence that the Internet
has worked to lower corruption in states where its diffusion was rapid, com-
pared to states where Internet diffusion occurred at a slower rate.

What is the economic significance of the Internet? To answer this question
we begin with the levels specification associated with equation (3):

log(l + Cz()()g) = ag + ey AINTERNET + (a2 + 1) log(l + C1991>. (6)

If we linearize, treating Ci99; as a constant, the following simple approxi-
mation emerges:

AC2006 ~ aq(l + C2006) INTERNETZQ(B, (7)

where we have used that AINTERNET = INTERNET;(3. Next, to gauge
economic significance, consider moving from the median to the third quartile
in the distribution of Internet users in 2003; this is equivalent to an increase of
3.1 Internet users per 100 people. Using the 2SLS results reported in Column 6
of Table 3 (the most conservative estimate) in equation (7) we find that

ACy006 ~ (—0.073) - (1 +16) - (3.1) = —3.85 yearly convictions. This would
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correspond to moving from the median to the 33rd percentile in the U.S. state
corruption convictions ranking in 2006. Accordingly, our results suggest that
the introduction of the Internet has reduced U.S. corruption levels below what
would otherwise have been observed absent this technology.

IV. Cross-CouNTRY EVIDENCE

In this Section we examine whether the results obtained above generalize to a
cross-country sample. After providing details on the data used in the cross-
country setting, we discuss the partial correlation between changes in corrup-
tion and changes in Internet users, present an instrument falsification test, and
discuss our 2SLS estimates.

Data

As our main measure of corruption we employ the well-known ICRG index.
This index has the useful property that it is available from 1984, which enables
us to perform the type of instrument falsification test employed in the context
of the U.S. state-level analysis. The coverage for the pre-Internet era is shorter
(six years, 1984-1990) than in the U.S. state-level analysis but hopefully long
enough for us to clarify whether lightning is correlated with changes in corrup-
tion prior to the emergence of the World Wide Web. Changes in the ICRG
index are calculated as the absolute change in the index between relevant years
(1991-2006 and 1984-1990, respectively). The indicator is bounded between
zero and six, with larger values of the index meaning less corruption.

As a matter of robustness we have also checked our main results (OLS and
2SLS) using the control of corruption index compiled by Kaufmann et al.
(2007). This indicator is often used in cross-national studies (Treisman 2007).
But it is unfortunately only available for the period 1996 onwards.
Accordingly, the falsification test of our instrument cannot be performed with
this indicator, for which reason we have chosen to stick with the ICRG index.
But it should be noted that our OLS and 2SLS results for the Internet era are
robust to the use of the control of corruption indicator; these results are avail-
able upon request.

Our key explanatory variable is the number of Internet users per 100
people. Increasingly, the number of Internet users is based on regular surveys.
In situations where surveys are not available, an estimate can be derived based
on the number of subscribers. Data is compiled by the International
Telecommunication Union (ITU) and made available in the World
Development Indicators (WDI) 2007. Changes in Internet users are calculated
as in the context of our U.S. state-level analysis. When we examine the period
1991-2006, using the ICRG indicator, we use the approximation that
INTERNET; 1991 = 0, as in the analysis of the U.S. states.

In the U.S. context data on lightning density derived from ground detectors.
Naturally, such data is not available across the world. Instead we employ
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satellite data on lightning intensity. The raw data (strikes per km?* per year) is
provided by the National Aeronautics and Space Administration (NASA).
Specifically, we rely on the data from the so-called Optical Transient Detector
(OTD), a space based sensor launched on April 3, 1995. For a period of
roughly 5 years the satellite orbited Earth once every 100 minutes at an altitude
of 740 km. At any given instant it viewed a 1300 km x 1300 km region of
Earth. Lightning is determined by comparing the luminance of adjoining
frames of OTD optical data. When the difference was larger than a specified
threshold value, an event was recorded.'® These satellite-based data are
archived and cataloged by the The Global Hydrology and Climate Center,
where they are also made publicly available.!” We apply the data from a high-
resolution (0.5 degree latitude x 0.5 degree longitude) grid of total lightning
bulk production across the planet, expressed as a flash density, from the com-
pleted 5 year OTD mission.”® Figure 3 provides a world map of the average
flash density over the 5 years period.

We construct average flash densities for each country by first mapping the
corresponding geographic areas into the lightning data grid and then taking the
average of flash densities within each of these areas. The coordinates describing
the areas are taken from the GEOnet Names Server (GNS) at the U.S. National
Geospatial-Intelligence Agency’s (NGA),?! and the U.S. Board on Geographic
Names’ (U.S. BGN) database of foreign geographic names and features.**> We
used the GNS database released on October 7, 2008.2% The GNS data covers
the entire planet with the exception of the U.S. and the Antarctica. The area
for the U.S. was estimated using geographic features for the 48 contiguous U.S.
states, contained in the database released on August 15, 2008 by the
Geographic Names Information System at the U.S. BGN.**

A potential problem with the OTD data is that it only provides observations
on total lightning events; i.e., intra-cloud, cloud-to-cloud, cloud-to-sky, and
cloud-to-ground lightning. In other words, OTD data does not separate out
cloud-to-ground lightning incidences. The pertinent characteristic of lightning
in the evaluation of risk to electronic equipment and electric power systems is
the cloud-to-ground flash density.

In an effort to examine whether the satellite data is likely to be a good
proxy for ground strikes we compared our data on ground strikes for

18. Basically, these optical sensors use high-speed cameras designed to look for changes in the tops
of clouds. By analyzing a narrow wavelength band (near-infrared region of the spectrum) they can spot
brief lightning flashes even under daytime conditions.

19. <http:/thunder.msfc.nasa.gov/data/#OTD_DATA >

20. <ftp:/microwave.nsstc.nasa.gov/pub/data/lightning-satellite/lis-otd-climatology/HRFC/
LISOTD_HRFC_V2.2.hdf>

21. <http:/earth-info.nga.mil/gns/html/namefiles.htm>

22. <http:/geonames.usgs.gov/domestic/download_data.htm>

23. <ftp:/ftp.nga.mil/pub2/gns_data/geonames_dd_dms_date_20081007.zip>

24. <http:/geonames.usgs.gov/docs/stategaz/NationalFile_20080815.zip>
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Ficure 3. Global lightning map
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Note: Average flash density (flashes per year per km?). The figure is constructed using the
OTD Global Lightning Distributions for the period April 12, 1995 to December 31, 1999.
Source: Figure is based on data described in the text.

individual U.S. states with corresponding satellite-based lightning data.
Figure 4 provides a scatter plot of total lightning against cloud-to-ground light-
ning for the U.S. sample. Note that by definition total lightning should be at
least as large as cloud-to-ground lightning, which is confirmed by the figure; all
observations are below the 45 degree line.>

Figure 4 shows that there is agreement between the two measures of light-
ning. With a correlation above 0.95, total lightning appears to be a reasonable
proxy for cloud-to-ground lightning in the contiguous U.S. states sample. This
is also expected to be the case in the cross-country data (Chisholm and
Cummins, 2006).

Partial Correlations

Table 4 reports the results from OLS estimation using cross-country data. As in
Table 1 we experiment with various specifications: In Column 1 we use the
first difference specification; in Column 2 we truncate the sample to limit the
extent of mean reversion by excluding observations within one standard
deviation from either endpoint of the 0-6 “ICRG interval”; in Column 3 we
estimate the lagged dependent variables model; and finally in Column 4 we
report the results from estimating our preferred model by way of an outlier
robust estimator (Least Absolute Deviations, LAD).

Compared to the state-level analysis we find more variation in results when
we move from the first difference specification to the lagged dependent vari-
ables specification. In Column 1 changes in Internet penetration is

25. NASA’s flash densities of total lightning are calculated for the 1995-1999 period, while
Vaisala’s cloud-to-ground measures are calculated for the 1996-2005 period. In addition, Vaisala uses
mile” as the area unit; these where converted into km? by dividing by the mile* numbers by 1.609%.
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FiGUrE 4. Total lightning versus cloud-to-ground lightning, U.S. sample
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Note: The figure shows a scatter plot of total lightning flash rate density (flashes per km? per
year) based on the Optical Transient Detector high resolution data (horizontal axis) versus
cloud-to-ground flash rate density (flashes per km?® per year) based on the U.S. National
Lightning Detection Network (vertical axis). The full line is the 45-degree line. Number of
observations is 48.

Source: Figure is based on data described in the text.

insignificantly correlated with changes in the ICRG index during the Internet
era, whereas a positive correlation emerges when we employ the lagged depen-
dent variables approach, thus suggesting a corruption suppressing influence of
the Internet. It is worth observing that the initial ICRG level is highly signifi-
cant and contributes considerably to the overall fit, as is evident from the
increase in R? going from Column 1 to 3. The results from Column 2, where
we truncate the sample, are somewhere in between. But even when we truncate
the sample markedly to suppress mean reversion, the initial corruption level,
ICRG in 1991, remains significant if included (not shown but results are avail-
able upon request); the partial correlation is weaker, as it should be in theory,
but it is not rendered insignificant.

These results demonstrate that the evolution of corruption is subject to
mean reversion in the world sample; perhaps even to a greater extent than in
the U.S. sample, since even sample truncation is not sufficient to fully eliminate
the correlation between initial corruption and subsequent changes in corrup-
tion. Now using both mean reversion (a; < 0) and the fact that a high ICRG
score in 1991 ( low initial corruption) is associated with faster Internet diffu-
sion (i.e., Cov(C;isiary, AINTERNET) > 0) in equation (2) immediately tells us
that the first difference model is misspecified in the world sample; that is, since
plim ofP? < @ the first difference model underestimates «;. This is of course
exactly what we observe in Table 4: the parameter estimate for AINTERNET
rises monotonically when we go from Column 1 to 3.
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TaBLE 4. OLS and LAD regressions, world sample

Change in ICRG 1991-2005

Dependent variable: (1) (2) (3) (4)
AINTERNET 0.004 0.0138* 0.0361%** 0.0352%%*
(—0.003) (—0.007) (—0.006) (—0.006)
ICRG 901 —0.747%%* —0.772% %%
(—0.089) (—0.097)
Constant —0.923%** —1.044%** 0.981%** 1.072%%*
(—0.140) (—0.145) (—0.235) (—0.281)
Observations 102 67 102 102
R-squared 0.01 0.04 0.57
Estimator OLS OLS OLS LAD
Notes: Robust standard errors in paranthesis. Asterisks ***, ** and * signify, respectively,

p-value < 0.01, p-value < 0.05 and p-value < 0.1. In column 2 the sample is truncated; only
countries with ICRG scores one standard deviation away from the ICRG index minimum (0) and
maximum (6) value are included. Larger values for the ICRG index means less corruption. In
column 4 the standard errors are bootstrapped with 1000 repetitions.

Source: Authors’ analysis based on data described in the text.

There is a straightforward explanation of why the strong correlation
between initial corruption and Internet diffusion, which we observe in the
world sample, has no parallel in the U.S. sample. In the world sample, factors
influencing the level of corruption, or the level of corruption per se, probably
also influence the process of Internet diffusion; perhaps the over-all insti-
tutional quality of a nation influences not only corruption and its evolution,
but also the speed of technology adoption. This seems plausible, and it can
account for the positive correlation between the ICRG index and Internet dif-
fusion in the world sample. It appears reasonable to expect that similar forces
are not at play in the U.S. sample of relatively more homogenous states, for
which reason a similar correlation between state-level corruption and state-level
Internet use is absent. Therefore, in the world sample, but not in the U.S.
sample, the end result of (erroneously) omitting the level of initial corruption is
that the OLS estimate for AINTERNET is biased towards zero. The omitted
variables bias is dampened when we truncate the sample (Column 2), as the
correlation between the level of corruption and changes in corruption is
reduced; the parameter estimate for AINTERNET therefore rises in absolute
value. In sum, the lagged dependent variables specification should be con-
sidered the appropriate empirical model.

In an effort to check the robustness of the correlation we also report, in
Table 4, the results from estimating our preferred model by way of an outlier
robust estimator. As can be seen, comparing Column 3 and 4, the results are
virtually the same whether we use OLS or LAD, implying that outliers are not
carrying the correlation. This conclusion is further reinforced by invoking
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the Hadi (1992) outlier detection procedure; no observations are found to
represent (multivariate) outliers.

As another check we have examined the robustness of the
AINTERNET /AICRG correlation to the inclusion of the corruption determi-
nants discussed in Treisman’s (2007) survey. Treisman includes variables that
constitute historical and controls; political controls; and finally a set of rents
and competition controls. The correlation between AINTERNET and AICRG
remains when these variables are included in the lagged dependent variables
model (one-by-one). Finally, the above results carry over if we employ the
control of corruption indicator (Kaufmann et al., 2007), instead of the ICRG
index. These results are available upon request.

Instrument Falsification Test

Following the approach taken in the U.S. state-level analysis our 2SLS analysis
on the World sample is preceded by an instrument falsification test.

Accordingly, Table 5 reports the results from estimating the reduced form
on different time periods: pre-Internet (1984-1990) and post-Internet
(1991-2005). As explained above, the pre-Internet period is limited to six
years, due to lack of availability of the ICRG index beyond this. We report
three sets of results on the two sub-periods: full sample OLS; OLS on a sample
pruned for outliers detected by the Hadi (1992) method; full sample and
outlier robust estimator (LAD).

Turning to the results, we find a statistically significant correlation between
changes in ICRG and lightning during the Internet era (i.e., 1991 onwards).
The partial correlation between lightning and changes in corruption reported
in Column 1 can be inspected visually in Figure 5.

It is immediately obvious from the figure that Iceland (ISL) have consider-
able influence on the significance of lightning; i.e., Iceland may represent an
outlier. Using the Hadi (1992) procedure, we confirm that Iceland is indeed an
outlier; and the only one.

When we re-estimate the model, omitting Iceland (Column 2), we find essen-
tially the same partial correlation as in the full sample. This remains true if we,
rather than omitting Iceland from the sample, estimate the model by way of an
outlier robust estimator (Column 3). The LAD point estimate is close to the
OLS estimates. Hence, as in the U.S. sample, we find evidence that lightning
prone regions have experienced lower reductions in corruption during the
Internet era, consistent with the theory underlying the instrument.

In Columns 4-6 we turn to the pre-Internet era. At first sight the test seems
to falsify the instrument as we detect a significant correlation between lightning
and changes in ICRG during the pre-Internet era in Column 4. Taken at face
value this means lightning is picking up forces that exert a time persistent influ-
ence on the evolution of corruption, which is inconsistent with the theory that
lightning captures (solely) Internet diffusion. The OLS based partial correlation



TABLE 5. Falsification test of instrument, world sample

Change in ICRG 1991-2005 Change in ICRG 1984-90

Dependent variable: (1) (2) (3) (4) (5) (6)
log(LIGHTNING) —0.230%** —-0.216*** —0.295%** —0.0931* —0.0938 —0.0164

(—0.070) (—0.0785) (—0.0777) (—0.0527) (—0.0619) (—0.0588)
ICRG, 1991 —0.531%** —0.530%** —0.565%**

(—0.0825) (—0.0825) (—0.0952)
ICRG,1984 —0.232%** —0.232%** —0.0267

(—0.0492) (—0.0494) (—0.101)

Constant 1.362%** 1.331%** 1.517%** 1.040%** 1.042%** 0.132

(—0.377) (—0.385) (—0.387) (—0.244) (—0.256) (—0.469)
Observations 124 123 124 99 98 99
R-squared 0.36 0.36 0.16 0.16
Estimator OLS OLS LAD OLS OLS LAD

no outlier no outlier

Notes: Robust standard errors in paranthesis. Asterisks ***, ** and * signify, respectively, p-value < 0.01, p-value < 0.05 and p-value < 0.1. Column
2 and 4 omit an outlier (Iceland) detected using the Hadi (1992) procedure. Larger values for the ICRG index means less corruption. In columns 3 and 6

the standard errors are bootstrapped with 1000 repetitions.
Source: Authors’ analysis based on data described in the text.
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FiGUure 5. Reduced form in the Internet era, world sample
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FiGURE 6. Reduced form in the pre-Internet era, world sample
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Source: Figure is based on data described in the text.

between lightning and changes in the ICRG index from Column 4 is illustrated
in Figure 6.

Visual inspection of the figure reveals that Iceland once again appears to rep-
resent an outlier, possibly even explaining the significance of lightning during
the pre-Internet period. Employing the Hadi (1992) procedure one can confirm
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that Iceland indeed is a multivariate outlier; it is the sole observation (as in the
post-Internet setting) that the Hadi (1992) test singles out.

When we subsequently re-estimate the model, omitting Iceland, the signifi-
cance of lightning evaporates (Column 5). The fragility of the lightning
/AICRG correlation for the 1984-90 period is further illustrated by the LAD
regression on the full sample (Column 6): In this setting, the size of the esti-
mate is reduced considerably compared to the OLS result, and is far from
being statistically significant at conventional levels.

Overall, these falsification tests are reassuring. When the outlier is omitted,
or an estimation method that is robust to extreme observations is invoked,
there is no statistically significant correlation between lightning and changes in
corruption prior to the emergence of the World Wide Web. Moreover, moving
beyond statistical significance, it is clear that lightning exhibits a much stronger
correlation with changes in corruption during the post-Internet era, compared
to the pre-Internet era. As can be seen from Table 5, the OLS estimate in
Column 1 exceed that of Column 4 by no less than a factor of 2.5.

In sum, we find the evidence reported in Table 5 sufficiently supportive of
the identification strategy (albeit perhaps less strong than in the U.S. case) so as
to allow us to proceed to 2SLS estimation using lightning intensity as an instru-
ment for Internet diffusion.

2SLS Estimates

Table 6 reports the 2SLS estimates of the impact from the Internet on the evol-
ution of corruption around the World. Panel A reports the first stage, whereas
Panel B displays second stage results. In keeping with the approach taken so
far, we report results from three separate exercises: full sample, first difference
specification (Column 1); truncated sample, first difference specification
(Column 2); and our preferred lagged dependent variables specification on the
full sample (Column 3).

Broadly speaking, the results mirror those attained using U.S. state-level
data. First, the lightning instrument is statistically strong in the full sample of
countries (Columns 1 and 3); the first stage features F-statistics well above ten.
Second, the first difference specification produces insignificant estimates for
AINTERNET in the second stage, whereas the lagged dependent variables spe-
cification leads to a statistically significant point estimate for AINTERNET.

Our interpretation of this variation in results across specifications is the
same as in the case of the U.S. state-level analysis. Changes in corruption
display mean reversion, for which reason the initial level of corruption needs to
be controlled for in the regression. When it is erroneously omitted, it jeopar-
dizes identification since lightning and the level of corruption are correlated. A
glance on the lightning map (Figure 3) above is enough to realize that high
lightning intensity is more prevalent in the poorer regions of the World, near
the equator, where countries also tend to be characterized by relatively poor
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TABLE 6. 2SLS regressions, world sample

Panel A: First stage

Dependent variable: AINTERNET

(1) (2) (3)
log(LIGHTNING) —10.619%*** —4.4499%* —6.9537%**
(1.2479) (1.5087) (1.2863)
ICRG1991 6.5275% %%
(1.1915)
Constant 38.985%%* 20.899%** 10.252%*
(2.7145) (3.4299) (5.7635)
F-test (HO: log(LIGHTNING) = 0) 71.62 7.76 25.08

Panel B: Second stage
Dependent variable: Change in ICRG 1991-2005

AINTERNET 0.00011 0.0216 0.0435%**
(—0.006) (—0.0285) (—0.010)
ICRG 199y —0.820%%*
(—0.114)
Constant —0.841%** —1.137%** 1.079%**
(—0.176) (—0.329) (—0.244)
Observations 102 67 102
Notes: Robust standard errors in paranthesis. Asterisks ***, ** and * signify, respectively,

p-value < 0.01, p-value < 0.05 and p-value < 0.1. In column 2 the sample is truncated; only
countries with ICRG scores one standard deviation away from the ICRG index minimum (0) and
maximum (6) value are included. Larger values for the ICRG index means less corruption.

Source: Authors’ analysis based on data described in the text.

governance. Accordingly, identification is only plausible in the case of the
lagged dependent variables specification.

The results from Column 3 of Table 6 corroborate our OLS findings
(Table 4): From the early 1990s onward the Internet has worked to suppress
corruption. Hence, it would appear that our main results, which pertain to the
U.S., carry over to a cross-country setting. In closing, it should be noted that
results are similar when we use the Kaufmann et al. (2007) corruption
indicator instead of the ICRG data; these results are available upon request.

V. CONCLUDING REMARKS

In the present paper we have examined the hypothesis that technological
change may cause improvements in governance. Specifically, we have studied
the influence from the Internet on the evolution of corruption across U.S. states
and across the World. The results are, statistically speaking, perhaps somewhat
stronger in the U.S. setting but in both samples we find evidence that the
Internet has worked to suppress corruption since its emergence.
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Our results should be interpreted with some care: they are reduced form esti-
mates of the total impact from the Internet on corruption. The analysis there-
fore does not speak to the mechanisms linking the Internet to corruption. As
observed in the Introduction, the Internet is a General Purpose Technology, for
which reason it probably influences the economy in a great many ways;
growth, human capital accumulation, the dissemination of information, and
E-government are the most obvious intervening factors that are both associated
with the Internet and impinge on the level of corruption in a state or country.
The task of disentangling these separate pathways of influence from the
Internet technology to corruption is left open for future research.

The identification strategy developed in the present paper may be useful in
other contexts. With a plausibly exogenous instrument for the Internet,
researchers may potentially make new progress in the study of the impact from
the Internet on other outcomes, such as the return to skills or productivity
growth more broadly.

APPENDIX

TaBLE A.1. Summary statistics

Panel A: Cross-country sample

Obs. Mean Median Std. Dev. Min Max
ICRG 2005 102 2.60 2.14 1.30 0 6
ICRG 1991 102 3.44 3 1.46 0 6
INTERNET 2005 113 22.56 15.24 21.66 0.21 86.94
Average lightning density 113 9.00 6.59 8.62 0.02 44.38
Panel B: U.S. sample
CC 2006 48 20.15 9.50 21.48 0 83
CC 1991 48 13.44 6.00 21.14 0 108
INTERNET 2003 48 54.39 55.00 5.88 39.50 65.50
POP 1991 48 52.22 36.46 56.16 4.59  305.00
Average lightning density 48 10.54 8.58 7.31 0.89 27.34

Source: Authors’ calculations based on data described in the text.
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