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TRANSPORT INFRASTRUCTURE INVESTMENT,
COMMUTING, AND WAGES
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Abstract

This study examines the contribution of road anill irvestment to the
increase in economic activity in Israel. We focusthe contribution to the
increase in commuting—daily travel from home torkvby people whose
workplace is not in the district where they liveeebuse the bottleneck of the
transport system occurs in the morning and afterrrash hours when people
travel to and from work. We estimate a model atléwel of natural districts
(of which Israel has fifty), and this shows thatatdnfrastructure investment
in 1993-2003 explains about two-thirds of the totarease of 240,00
commuters in that period, with men accounting faistof the increase. Using
data on the different districts we also examined itmpact of total road
investment in 1992-2004 on men's wage level, andddhat the investment
increased wages by 10-14 percent.

1. INTRODUCTION

Investment in overland transport infrastructurgrimmensely important for the development
of a modern economy and the narrowing of econorigpadities between periphery and
center. A strategic plan produced for the Goverrtneérisrael by a team of professors of
economics indicates how important it'i§he team attributed supreme significance to two
fields: education and transport infrastructure. Véitable revolution would take place in
Israel,” the report stated, “if workers had accesappropriate vocational-training centers
and most workplaces . . . The construction of adgad rapid transport infrastructure that
links peripheral localities to main urban centeesyrhe very helpful in mitigating alienation
and narrowing gaps [between periphery and cent&tjeé' team emphasized that in Israel
there are marked economic differences between hemdp areas and the center of the
country, and that transport infrastructure caggtatk is much lower in Israel that it should
be and lower than the norm in advanced economigseasing that capital stock would
transform the peripheral areas and the centerdngeconomic area, as the geographical
distances from the center of the country to thosms (apart from localities south of

" Bank of Israel, Research Department. Email: fash@boi.org.il; shay.tsur@boi.org.il
' “National Socioeconomic Priorities,” written for ifXe Minister Ehud Barak in 2000. The team was
headed by Professor Haim Ben-Shahar.
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Beersheba) are no greater than those between méaidesuburbs and centers of
employment in the US.

An efficient road infrastructure makes its conttibn by improving firms’ access to
potential customers (markets), suppliers, and wsrkeirms that have access to distant
markets can increase their sales and therebyzeutitonomies of scale. Rapid and regular
access to suppliers allows firms to adopt moreieffit and economical production methods
in terms of inventory. Access to workers in distlations allows the economy to use its
existing human capital more efficiently. This studguses on the contribution of transport
infrastructure to the improvement of access betwfdens and workers. In a modern
economy that is intensive in knowledge and expertise matching of expert workers with
firms that need specific knowledge may be immensaljuable (and decreases the
importance of cost-cutting in the haulage of intediates and outputs). An efficient
transport infrastructure facilitates the matchifigvorkers and firms that are geographically
far apart; hence its importance.

This study estimates the effect of road and ragtments on the extent of commuting
in Israel based on the basic gravitation model. basic gravitation model estimates the
extent of commuting between an origin region antkstination region by employing three
explanatory variables: population size (or extdré@nomic activity) in the origin region,
population size (or extent of economic activity) the destination region, and distance
between the two regions We deviate from the basigigition model and take a difference-
in-differences approach. We estimate the growth (d@nigin-destination) commuting
between 1993 and 2003 by using three basic explgnaariables: population growth in
the origin region, employment growth in the dedtora region, and overland transport
investments (between 1993 and 2003). Obviously,nmain interest is in testing the effect
of overland transport investments on the extentcommuting between origin and
destination regions. The use of a gravitation meal&stimate the contribution of transport
infrastructure investment to worker flows is adwey@ous in two important ways. First, it
allows us to estimate directly the main way in whioad investment affects product, i.e.,
by increasing labor mobility. The bottleneck in awad system, of course, is the morning
and afternoon rush hour, when most commuters aiéngaheir way to and from work.
According to surveys by lIsrael's Central BureauStdtistics, half of all trips are taken
during six hours only: 6:00-9:00 and 15:00-18:0Gufsplemental investment in road and
rail transport would have its main effect on ther@ase in product, by increasing the use of
transport infrastructure at peak hours (for comngpurposes), whereas at other hours the
roads are not an effective obstacle to an incréaseconomic activity. The second
advantage of the gravitation model is that it zé differences in road investment and
mobility patterns between different parts of theirioy. Consequently, we do not need to
use lengthy time series of macroeconomic factoes #ifect mobility patterns, such as
prices of motor vehicle upkeep and fuel, and bissirgycles, to name only two.

2 Road investment does help to cut the cost of t@misg goods and raw materials, but most of this
activity may also be undertaken outside peak hoReducing costs of freight haulage is of limited
significance because most of Israel’s product natgs in services and high-tech manufacturing; anly
small fraction stems from heavy and other industtiiat entail significant haulage costs.
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Over the years, capital stock and commuter flowesnantually self-adjusting. However,
the positive correlation that the standard modeixshbetween capital stock and commuter
flow does not necessarily indicate the directiorcatfisality: did capital stock adjust itself to
the commuting patterns, or did the commuting pastedjust themselves to capital stock?
To isolate the effect of capital stock on commutimg estimate the gravitation model
relative to a point of time in the past, i.e., welain the commuter flow in the present
(2003) by means of the commuter flow in the pa€®9@) and avail ourselves, as an
auxiliary factor, of thechange in capital stock (the change in road and rail strent
between 1993 and 2003). We chose the decade-laggachuter flow as a compromise
between two constraints. On the one hand, trangpojécts in Israel take a long time to
mature (roughly five years of investment until tt@mpletion of the project), making it
necessary to choose a relatively long lag so tmatdata will illustrate the completion of
projects and the adjustment of commuter flows mthOn the other hand, an excessively
lengthy lag should not be chosen because it woeldrtelevant in explaining current
commuter flows and would not help to solve the peob of variable omission. The
omission of relevant variables in explaining comenuiows (e.g., GDP of destination
region) may bias the results of the regression;ilsusion of commuting at a lag is a
surrogate for the omitted variables because the samables affected commuting patterns
in the past:®

The gravitation model estimates the extent of cotemilows but not their added value.
A similar problem occurs when a gravitation modsl used to estimate flows of
international trade: the model explains the ext#rntrade flows but does not explain how
much the increase in international trade contridbdtethe GDP. Conventional wisdom has
it that an increase in trade boosts product, btimating the extent of the effect has been
the subject of many studies. Also, there are exmepl cases in which restraints to foreign
trade, such as an arms embargo, will induce theetf country to establish a new industry
that has high learning potential, placing its ecogp®n a higher growth trajectory. By way
of parallel, inadequate investment in roads betweiies that have a bidirectional
commuter flow may prompt workers in both citiesrédocate to places near their work;
such a development might result in more labor hdatsthe expense of travel time),
product, and welfare. To confirm our hypothesist thahancing access contributes to
product, we test the proposition that road invesiniecreases labor wage.

3 For example, the high level of road capital stathrietropolitan areas is largely the outcome, artd no
the cause, of the commuter flow.

* However, a bias is still possible due to the omissdf variables that explain thehange in the
commuting patterns. The model may identify a caus#dtionship between road/rail investment and
commuting if the investment is determined in aceomk with present transport loads and future
expectations of load that come to pass (e.g., ¢apeas about population size in 2003). If the road
investment is determined by means of expectationglevelopments in traffic load, and if these
expectations are based on variables that are aoidied in the model, then the problem of coeffitieias
(and the endogeneity problem) will not be totathived.

® Another problem that occurs if too early a peridtime is chosen stems from migration between
regions, which may change the composition of theufadion in the various regions. However, we remove
the sting from this problem by controlling for pensl traits.

® The relationship between an increase in the conmgutite and economic growth cannot be examined
because both variables may be affected by an erogefextra-regional) shock. For example, a dedtine
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The impact of infrastructure investment on econogriowth was first examined by
Aschauer (1989), who used an augmented aggregatkigiion function including total
public infrastructure as an additional input. Loprand Frederiksen (1981) specified the
effect of transport infrastructure capital on regibgrowth. Prud'Homme (1996) and Fritsh
and Prud'Homme (1997) estimated the effect of inadstment on productivity in France
using a cross section of the 21 regions. We follévwers et al. (1987) who used a
gravitation model to estimate the effect of the fermdam—Hamburg railway line on
regional economic activity. In their opinion, thimd makes its main contribution by
improving firms’' access to distant customers. Tdillsws firms to exploit economies of
scale and thereby enhances productivity and prodlu¢che empirical section Evers et al.
used a gravitation model to estimate interregidrede in accordance with the levels of
activity in the origin and destination regions, dralvel costs between the former and the
latter in terms of time. They distinguished betwersdable and non-tradable industries
because economic activity can be diverted in triedabdustries only (and not in
agriculturey; therefore, one would expect an increase in priditycto occur in tradable
industries. One may draw a parallel between Everd.eand our study. In our study, the
advantage of transport infrastructure in improviitgns’ access to workers replaces the
enhancement of firms’ access to customers, anddhantage of more suitable matching of
workers and firms replaces scale economies. Thethod of estimation is quite similar to
ours. However, while Evers et al. estimate theceftd transport infrastructure on total
employment in a region, we estimate its effect omuter flow. Since commuter flow
corresponds more closely to transport infrastracttiris offers an advantage (originating in
the quality of the data in our possession). Furtitee, whereas Evers et al. estimate the
direct effect of reducing travel time, we estimaemore indirect effect, mediated by
investment value. This is due to a data constr@mnthat travel times are known in rail
transport but not in road transport).

This study examine how wages in a given region afected by road investment.
Studies in various countries have estimated théribomion of road investment in a given
region to increases in employment, product, andewag the region. This study focuses on
examining wages only, due to the lack of data alegional product (and because the
employment rates of potential commuters in Israel high and very stable). Road
investment in the region will affect wages in tlegion itself and in other regions that have
a commuting relationship with it. We examine thieetf of wages in the region itself and in
its main destination region only; the study canbetexpanded to additional destination
regions due to the data constraint. Notably, tifiecebn wages in the region itself may not
be positive because the road investment will atf®oeiase inbound commuting, causing a
downward effect on wages in the region.

security in Jerusalem would dampen economic agtiiere and reduce commuting to Jerusalem, but in
such a case there would be no causal relationgtipelen the decrease in commuting and the decrease i
economic activity.

" Rietveld (1989) discusses and expands on Evels et a
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Even though the use of a gravitation model involdificulties, we preferred it to the
estimation of a production function, which has baenore conventional way of estimating
the contribution of infrastructure investment toogmct since Aschauer (1989)A
production function estimates the business prodfiah economy via the proxies of capital
and labor quantity, capital and labor quality, aadditional variables including
infrastructure capital. Such an estimation is peofdtic in the case of Israel due to the
severe volatility of Israel’s business product &émel strong stability of its road capital stock.
Furthermore, we would be concerned about findirgparious correlation between road
investment and business product for several reagbpsconomic growth leads to a larger
budget surplus and allows the government to inereaad investment; (2) the increase in
road investment may be part of a comprehensivegmath policy that includes
components that are omitted from the productioretion; (3) both product and road capital
stock increase over time (i.e., they are non-gstatip variables). Another problem that
makes the estimation difficult is that it takes maears to complete transport projects and
only when they are finished can one expect theeas® in product to occur. (The problem
originates in the irregularity of timing of the mang of transport investments.)

There are many who consider commuting, and alsa riogestment, as harmful.
Certainly, commuting entails not insignificant osthe time lost while traveling, direct
expenditure on fuel/petrol/gas and depreciatior, itk of being injured in an accident,
physical and mental health implications of beingickt in long traffic jams, etc.
Nevertheless, despite its drawbacks, it seems thatmuting improves commuters'
situation; if not, they would not choose to comm(ttee revealed preference theory), as
they bear the brunt of its negative effet8ome of the costs of commuting, however—
mainly air pollution, noise, and increased trafficngestion— are borne by the general
public, but commuters compensate for this by payam@s on fuel and vehicles, and as a
group, they themselves suffer most from the comgesthich they cause. Another negative
feature associated with road investment is itscefb@ the urban structure: from a crowded
town with one main center in which most economiivity takes place, to the development
of distant residential areas close to which manyasste activity centers develop. The
switch from the first to the second, from the celited to the dispersed, in the final
analysis has an adverse impact on the public: pat@insport becomes less efficient, there
is greater dependence on private transport, angestion costs increase. The objective of
reducing congestion costs by additional road imaest results in another increase in
demand for suburban housing, which incurs over-aédand and leads to further
weakening of the town center and increased comggsé vicious circle. The long-term
effects of road investment on urban structure araptex and fall outside the scope of the

8 Many studies use a production function to estintaéecontribution of public capital stock to overall
product. Mera (1973) used a production functioegtimate the contribution of transport capital ktonly.
Fritsch and Prud’Homme (1997) estimated the coutidb of road investment in France by means of a
regional production function informed by cross-sewl data for twenty-one regions and regional road
capital stock. Gkritza et al. (2007) estimated dfifects of road investments on a regional economy b
examining the effect of freeway construction in Béa (U.S.) on employment, output, and disposable
income.

°Frey and Stutzer (2004) found that commuters' rigetf wellbeing is lower, ceteris paribus; this
constitutes a paradox for supporters of the ratiohaice theory.
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current study, partly because suburbanization iftbee of population from towns to the
rural-urban fringe, or urban sprawl) essentiallgutes from a town planning decision and
not from road building decisions. Road building Iwgrobably boost the demand for
suburban housing, but without building permits fridme planning authority there will not
be additional residential construction.

Our study found that road and rail investments983-2003 increased commuter flow
in Israel by about 160,000 persons (including 1@,8Qe to rail investments) and explain
two-thirds of the total numerical increase in tlencuter population. It also found that the
main contribution of government investments in ®asl reflected in more commuting
between contiguous natural regions; the contrilutioincreased commuting between more
widely separated regions is relatively small. THieat of rail investment, in contrast, is
evident mainly in connecting distant and non-camtigs regions. Another important
outcome is that the total road investment in 1989832boosted men’s wages by 10-14
percent. The increase traced to road investmenthénregion itself and in its main
destination region; it does not include the conttitn of secondary destination regions.

The study is structured as follows: Section 2 preséhe estimating strategy Section 3
presents the data and the descriptive statistexgjdh 4 examines the effect of road and rail
investments on commuting, Section 5 explores tfexebf the road investments on wages,
and Section 6 concludes.

2. REVIEW OF THE LITERATURE

Three studies have been carried out in Israeltimate the effect of infrastructure capital
stock, using a production function. Bergman and dviar(1993) estimated the effect of
infrastructure capital stock—roads, communicati@hsctricity, sewage, rail, and seaports
and airports—on Israel's business sector proding. study was based on panel data for
seven selected years between 1958 and 1988, which used to estimate the Cobb--
Douglas production function, which included physicapital, labor, human capital, indices
of the openness to international trade, and thekstd infrastructure capital. They found
very high rates on return on investment in the gaysnfrastructure, 54—70 percent, and on
investment in human capital, 14-33 percent. In @arse study, Bergman and Marom
(1998) estimated a production function for manufdog output only, using panel data for
1960-1996 on seventeen main manufacturing indsstiie that study the change in
manufacturing output is explained by business aegpiabor, infrastructure capital, R&D
capital, labor force features, and the effect efdpenness of the economy and inflation. In
this study the rate of return on infrastructureitzpvas found to be lower, 15 percent. The
average rate of growth in the period was 6.2 per@erd the contribution of infrastructure
capital to the annual growth rate was estimatednéit 0.1 percentage points. The main
contribution to growth was made by labor (1.9 petage points) capital (1.7 percentage
points), R&D capital (1.4 percentage points), ane dpenness to international trade (0.1
percentage points). The other variables, includinghan capital, were found to have no
significant effect on manufacturing output. The tstadies relate to different periods and to
different products/outputs, but the wide gap betwtbe contributions of human capital and
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infrastructure capital indicate the great diffiguilh estimating policy variables by means of
a production function. The difficulty would onlyaw if we were to try to isolate the effect
of the transport infrastructure from total infrastiures. (Roads constitute only about 20
percent of total infrastructure.) In a third stu@®hahrabani (2007) examined the effect of
infrastructure capital on productivity on the pifed industries in Israel in the years 1990—
2003. In addition to roads and other overland ars infrastructure capital included
seaports and airports, communications, electriaitgl waterworks. The study estimated the
cost of product separately for each of twenty-thnekistries as a function of wage costs,
capital costs, the extent of activity, and infrasture services (infrastructure capital stock
multiplied by the extent of its use). The rate eturn on infrastructure capital was found to
be 11-13.5 percent. It was also found that infuastire capital is a substitute for private
capital, and it does not lower the cost of labor.

Although the study by Presman and Arnon (2006)rditl deal specifically with road
investment, it is relevant nonetheless, as it asgvitational model to explain commuting
patterns in Israel in 1991-2004. The dependenekptained) variable is the number of
commuters from the district of departure (origin smurce district) to the destination
district. The variables found that act to increasmmmuting (the independent, or
explanatory, variables) were the size of the Idboze in the source district, the size of the
labor force in the destination district, the geqdnaal proximity of the two areas, the
difference in wages between them (the average wi#fgrential, by industry), and the
difference between the employment rates (sharenpl@yed persons in the labor force) in
the two areas. Other independent variables examimeed found not to be significant: the
share of young workers or of those with higher atioo in the two areas, the number of
children aged up to four years, the rate of unegmpknt, and housing congestion; the
composition of the average population was also donot to affect the average extent of
commuting in the area. These variables, however,hdve a considerable effect on the
individual: commuting was more common among thoih higher education, among men,
and among the young and less-than-middle-aged|éssdso among those with low levels
of education, women, and those aged 58+).

Many studies carried out around the world have wsedoduction function to estimate
the contribution of public capital stock to GDP. Mde(1973) used it to estimate the
contribution of the stock of transport capital aorFritsch and Prud'Homme (1997)
estimated the contribution of road investment iarfee by means of a regional production
function, using cross-sectional data of twenty-oegions and regional road capital stock.
Gkritza et al. (2007) estimated the contributiorradd investment on the economy of the
region. They examined the effect of the constructid highways in Nevada, USA on
employment, output, and disposable income.

Evers et al. (1987) used a gravitation model tarede the effect of the Amsterdam—
Hamburg railway line on regional economic activily.their opinion, the line makes its
main contribution by improving firms’ access totdist customers. This allows firms to
exploit economies of scale and thereby enhancetuptieity and product. In the empirical

1 The reason is the relatively small difference lzetwthe average composition of the populationen th
two areas.
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section Evers et al. used a gravitation model tonage interregional trade in accordance
with the levels of activity in the origin and dewttion regions, and travel costs between the
former and the latter in terms of time. They digtished between tradable and non-
tradable industries because economic activity cardikerted in tradable industries only
(and not in agriculturéj; therefore, one would expect an increase in priddtycto occur

in tradable industries. One may draw a parallelvbenh Evers et al. and our study. In our
study, the advantage of transport infrastructuranmiproving firms’ access to workers
replaces the enhancement of firms’ access to ces®rand the advantage of more suitable
matching of workers and firms replaces scale ecée®nTheir method of estimation is
quite similar to ours. However, while Evers et aktimate the effect of transport
infrastructure on total employment in a region, egimate its effect on commuter flow.
Since commuter flow corresponds more closely tagpart infrastructure, this offers an
advantage (originating in the quality of the dataour possession). Furthermore, whereas
Evers et al. estimate the direct effect of redudiagel time, we estimate a more indirect
effect, mediated by investment value. This is due@ data constraint (in that travel times
are known in rail transport but not in road tramrgpo

3. DATA AND DESCRIPTIVE STATISTICS

The sources of our data on road investments aréstheli Government budget books for
1992-2004, which provide an itemized list of alieiurban projects. Overall, 150 projects
were carried out during these years (not inclugirgiects in Judea-Samaria). Each project
is itemized by location (including origin and destiion), type (widening of road, building
of new road, building of interchange, etc.), yeajgct started, and annual investment and
cumulative investment performed. We used these tdatalculate road investment in each
natural region. Road investment in each naturabrewas calculated in accordance with
financial value as opposed to road length, becauseger investment usually attests to a
higher quality road that has many interchanges.tieroimportant metric is road capital
stock in each natural region. The amassing of roapital stock in Israel and its
apportionment among natural regions were measuyetthéd Central Bureau of Statistics
(CBS).

Our main source of data on commuter flow was th& Cibor force surveys for 1992—
94 and 2002-04. The surveys provides detailed mdtion about individuals’ schooling,
age and sex, as well as information about thetgdaf residence and their places of work.
On the basis of this information, we defined a cartenas a person who works outside his
natural region of residence. (The unemployed wardtted from the study.) A natural
region is a smaller geographical region than adistsict (and a district). Israel has fifty
natural regions; they are larger in sparsely pdpdlgplaces and smaller in densely
populated ones. (See map in the Appendix.)

Our examination of nationwide commuting patterneveh that one-third of employed
Israelis work outside their natural region of reside and that the share of commuters

M Rietveld (1989) discusses and expands on Evets et a
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among employed persons rose by 2.8 percentagespdiming the decad8.As a rule,
travel distances between home and work are noe langlsrael: the large majority of
employed persons (86 percent in 2003) are employétkeir natural region of residence or
in an adjacent one. Only 12 percent of employedgres commute more than 20 kilometers
(bee line distance) and only one-fifth commute mitia@n 50 kilometers. Examination of
commuter flows in the Tel Aviv natural region, thmain destination of commuters in Israel,
reveals a very appreciable decline in commutinthi® destination: from 38 percent of all
commuters in 1993 to 31 percent a decade latert diiothe upturn occurred in natural
regions that belong to the Central District—whishihe near periphery of Tel Aviv.

Table 1
Commuting Rates (Working outside Natural Region), 293 and 2003, percent

1992-1994 2002-2004

Share of commuters among employed persons courakeywi 304 33.2
Average commuter travel distance (km.) 19.3 21.9
Share of commuters to non-contiguous national regio 10.8 14.0
(among employed persons countrywide)

Share of commuters who travel 20+ km. 9.0 12.1
(among employed persons countrywide)

Share of commuters to Tel Aviv natural region (amtotal 382 30.9
commuters)

Share of commuters among employed persons livilpithern and 245 28.0
Southern districts (periphery)

Average distance traveled by commuters who livedriphery (km.) 30.9 33.0
Share of men who commute 35.6 38.8
Share of women who commute 23.5 27.2
Average travel distance of men commuters (km.) 21.3 24.4
Average travel distance of women commuters (km) 15.1 18.0
Share of persons aged 20-40 who commute 32.3 35.7
Share of persons aged 41-65 who commute 29.6 314
Share of persons with 13+ years of schooling whuoronate 322 359
Share of persons with up to 12 years of schoolihg eommute 29.5 30.3

As for commuters who live in the Northern and Seuthdistricts (hereinafter: the
periphery), a large proportion work 20 kilometerswre from their homes (surpassing the
national average). Although the share of workeosnfroutside the natural region among
inhabitants of the periphery is below the natioamatrage, this is because the peripheral
natural regions (especially in the south) are nedht large.

As expected, commuting is more prevalent among mienyoung (the highest rate was
found in the 20-40-year age cohort; it declinesdgadly as age rises), and the well
schooled. The increase in commuting during the diec@as stronger among groups that
had high rates of commuting to begin with—the yoang those with higher education—
than among their complements. In contrast, the cotimg rate of women, which was low
at the outset, increased considerably.

2 Between 1993 and 2003 the number of commuters dsetk by 41 percent while the number of
persons employed advanced by 29 percent.
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The change in commuting patterns varies widely betwnatural regions: in thirteen
natural regions, the number of commuters out of rdggon increased by more than 90
percent between 1993 and 2003, and in seven naggans their numbers increased by
less than 10 percent. (In twenty-seven other regitheir numbers grew by 10-90 percent.)
There was also much variance in road investmeght&iatural regions had no investment
during the research period and ten natural regemjsyed more than $ 66 million in
investment (at 1995 prices). This variance helpgdouexamine the extent to which the
inter-regional difference in road investment expdadifferences among regions in the
development of commuting patterns. The use of drggional variance allows us to
neutralize the effect of road investment on comnwuttountry wide, without having to
account for changes in fuel and motor vehicle gribeisiness cycles, etc.

4. THE GRAVITATION MODEL—THE EFFECT OF ROAD INVESTMENT ON
INTER-REGIONAL COMMUTER FLOW

The gravitation model relates to commuter flow besw origin and destination regions.
The common gravitation model can be described atithated as follows:

(1) Gi;j=c+ aPop +aWork; + asD;; + a,Border;j + am:1Roadinv; + am,,Roadiny

The number of commuters between origin regiand destination regign G ;, depends
on the size of the population in the origin reg{Bop), the number of persons employed in
the destination region (Wagjkthe distance between the regiong)(lhe contiguity of the
regions (Bordg)), road investment in the two regions (Roagawd Roadiny and anther
explanatory variable (and X). Regression 1 (Table 2) estimates such a model.

The explained variable in Regression 1 (and irttedl other regressions in Table 2) is
the average number of commuters between origindastination in 2002—04 (hereinafter:
2003). The explanatory variables in the model behawv the expected way (with the
exception of the rail variable). Thus, populatiéresin the region of origin (in 1993) and
the number of employed in the destination regionl@93) had a significant positive effect
on the number of commuters between origin and rk#din (population size in destination
region had no effect). The closer the regions (&tra bee line) and insofar as they were
contiguous, the more the commuter flow betweenimriggion and destination region
increased. As for the transport variables, the catamflow increased in response to an
upturn in road investment in the origin region gtateal road investment in the region in
1992-2004) and in the destination region. In catfraonnecting two regions to the
national railroad system did not affect commuting.

The results of the estimation of Regression 1 neynisleading, because over a period
of years capital stock adjusts itself to commutpegterns and vice versa. Large road
investments are performed in regions where stramgneuting relations have already been
established. For example, the largest road invedtwas made in the Tel Aviv natural
region (which is also Israel's main commuting dedton region). To solve this problem,
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we included an additional explanatory variable linsabsequent models: the number of
commuters between origin and destination in thet fias 1993). This allowed us to
determine whether thacrease in transport capital stodkcreased the commuter flow. The
inclusion of the past extent of commuting probalpyatly amplified the explanatory power
of the explained variable, the current extent ohowiting.

Regression 2 includes the following explanatoryiakdes: annual average number of
commuters between origin and destination regionsl982-1994 (hereinafter: 1993),
population increase in origin and destination ragjoand distance by air between origin
and destination regiortd.The investment variables are total real road itmaest in 1992—
2004 in the origin region, total real road investini@ 1992—2004 in the destination region,
and total real road investment in 1992-2004 in$sea regions,” i.e., those between origin
and destination. A dummy variable for rail infrastture development was also included; it
was assigned a value of 1 if one (or both) of thgians was connected to the national
railroad system during the decade. Finally, weudel road capital stock in the natural
region, calculated for us by the CBS, as an exjpamaariable.

The results of Regression 2 show that the coefficid past number of commuters is
strongly significant and close to 1; it follows theommuting patterns tend to be self-
sustaining. The increase in number of commuteggéater when demographic growth in
the origin region is greater and when the geograplistance between origin and
destination is smaller. As for investment, roadestment in origin region and destination
region increases the commuter flow significantlydaes the existence of a rail connection
in 1993. Road capital stock in the origin and degion regions had no effect (neither did
the size of the two regions). The effect of capgtdck may be reflected in the other
variables, such as past commuting patterns andgtigrusize in the origin and destination
regions. Another insignificant variable was roadeistment in crossed regions. This
outcome should be treated with caution becauseewvety region defined as crossed is
necessarily so, due to limitations in defining traiable’* In fact, we were unable to
identify the exact regions that commuters crostheir way from origin to destination (due
to the range of options available to them); thexefeve were unable to fully estimate the
contribution of road investment to commuting betweaen-contiguous regions.

Regression 3 includes another explanatory variti@eRegression 2 omits: the number
of persons employed in the destination region i8319vhich was found to be strongly
significant. By the same token, the regression techittwo variables that were not
significant and that did not affect other variablesad capital stock in the origin and
destination regions. The inclusion of persons epgaoin the destination region lowered

3 The dummy variable for contiguity of origin and tieation regions was not found significant and was
therefore omitted; its effect is implicit in pastromuting patterns.

4 The variable of “road investment in crossed natuegions” was devised as follows: first we defirzed
single reference point in each natural region. (Bjculating the average of the latitude and lorfgtu
coordinates for all persons in a natural regionpWined a single point that represents the nlategeon).
Thus, for each pair of origin and destination regive had a pair of points connected by an imagitiee
that constitutes the diagonal of an imaginary mgiea Each natural region within this imaginaryteegle
was defined as a “crossed natural region,” i.egdgon situated between origin and destinationaregi
Obviously, not every region defined as a crossedistruly relevant for the flow of traffic betweenigin
and destination; this evidently explains why thasiable is not significant.
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the estimator of road investment in the destinatagion but had hardly any effect on the
estimators of road investment in the origin recaow rail transport.

Table 2
Effect of Road and Rail Investment on Commuting beteen Origin and Destination
Region Explained Variable: Average Commuters (N) i2002—2004

1 2 3 4 5 6 7
Positive
All All All All Commuter Contiguous Periphery
Regions Regions Regions Regions Flow Regions  Regions

Road investment in 1.163 0.387 0.444 0.350 0.571 1.835 0.128
origin region (0.326)  (0.089) (0.087) (0.093) (0.111) (0.376) (0.050)
Road investment in 1.160 0.592 0.259 0.211 0.323 1.167 0.013
destination region (0.351)  (0.086) (0.102) (0.103) (0.134) (0.490) (0.056)
Road investment in — 0.006 — — — —
crossed regions (0.105)
Dummy: connection 14.2 151.1 141.7 117.2 127.7 -154.3 19.7
to rail system (180.1) (57.0) (56.1) (56.3) (73.9) (206.7) (32.4)
Origin—destination — 0.971 0.959 0.957 0.949 0.842 1.112
commuters in 1993 (0.008) (0.008) (0.008) (0.009) (0.021) (0.019)
Origin—destination -54.5 -15.5 -16.9 -17.6 -21.7 -71.1 -5.9
distance (km.) (6.04) (1.40) (1.40) (1.40) (1.99) (29.3) (0.81)
Distancé 0.25 0.069 0.077 0.079 0.100 1.117 0.025

(0.03) (0.008) (0.008) (0.008) (0.011) (0.669) (0.004)
Population increase — 3.763 4234 4.000 5.256 6.06 1.875
in origin region (0.718) (0.688) (0.722) (0.919) (2.966) (0.385)
Population increase — 0.923 1.546 1.536 1.760 4.269 1.269
in destination region (0.703) (0.664) (0.701) (0.876) (3.133) (0.365)
Employment in 0.0142 — 0.0019  0.0019 0.0023 0.0063 0.0008
destination region (0.002) (0.000)  (0.0003) (0.000) (0.002) (0.0002)
in 1993
Road capital stock — 52.2 — — — — —
in origin region (30.9)
Road capital stock in  — 422 — — — — —
destination region (30.5)
Population of -1.147 — — — — — —
destination region (0.92)
in 1993
Dummy: contiguous  883.6 — — — — _ _
regions (221.0)
Population of origin 3.23 — — — — — —
region in 1993 (0.54)
Additional explenery +
Variable
Constant 894.0 290.1 365.2 1122.9 400.4 516.4 158.3

(248.5) (58.2) (51.2) (705.6) (68.1) (299.1) (28.3)
Observations 1,117 1,117 1,117 1,117 797 186 1,030

R squared 0.320 0.949 0.951 0.951 0.952 0.971 0.839
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Regression 3 allows us to test the quantitativecefbf road and rail investment on
commuting: The total government investment in roddsng the decade ($ 2.5 billion at
1995 prices) increased the number of commuters48y0D0 personS. Concurrently, 127
new origin—destination connections were creatednlegns of railway lines; these boosted
the number of commuters by another 18,000. Thus,tdtal improvement in transport
infrastructure explains 65 percent of the totatéase in commuting during that period.

Regression 3 includes, in addition to the explamyatariables, several control variables
that may affect the change in commuting patterng,, @verage years of schooling of
workers in origin region, average years of schaplof workers in destination region,
average age in origin and destination regions, thedproportion of Jews in the origin
region. Although these variables were not founddosignificant, they had a downward
effect on the estimators of infrastructure invesitae(the total effect of infrastructure
investments estimated in this regression was 101c6thmuters).

Regressions 5 and 6 allow us to analyze the seihgitif the relationship between road
investment and commuting according to distanceaffkel to Regression 3). Regression 5
relates only to origin—destination pairs that hadoasitive commuter flow in 1993;
Regression 6 relates solely to origin—destinatiaimspthat are contiguous. The coefficient
of road investment for commuting in contiguous oegi was very large, indicating that
road investments boost commuting between contigueg®ns but not between regions
that are far apaff (Bear in mind that most commuter flow—60 percerg—bietween
contiguous natural regions.) In contrast to roateatiments, which have an effect that is
perceptible mainly in short distances, rail servaaggments commuting between non-
contiguous regions. As one can see the effect ibfdiminishes in Regression 5 and
disappears totally in contiguous regions (Regres&p Regression 7 performs another
sensitivity test, probing the effect of infrastue investments on commuting between
periphery and center and within the periphery. Hetee sample excluded origin—
destination pairs that were part of the Tel Avivtloe Central district. It was found that the
effect of road investment in origin region on thamnber of commuters declined severely
but remained significant, whereas the effect okstinent in destination regions and in ralil
transport was not significant.

Other sensitivity tests are shown in Appendix 3eylwere performed according to
Regression 3 in Table 2, which is presented ald®egression 1 in the Appendix Table 3.
In Regression 2 in the Appendix Table 3 the contaslables for the population increase in
the origin and destination districts are replacgdhe size of their populations in 1993. The
estimate of the contribution of the infrastructutesthe increase in commuting rose to
184,000 commuters (compared with 157,000 in Regmes8 in Table 2). Omitting
population size in 2003 answers concern that ttesraf population growth in both areas

15 An investment of NIS 1 million in a given naturabion increases the outbound commuter flow from
the region by six persons and the inbound commiild@r by ten persons (an increase of 0.44 inbound
commuters from each of the twenty-three other mhtagions). The total investment was NIS 7.5 duilli
(at 1995 prices)

8 By running another regression that includes onlp-oontiguous regions (not presented here), we
found that road investments have no significaréafbn commuting between non-contiguous regions and
that only a rail connection has a significant gesitipward effect on this activity.
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are affected by infrastructure investment in théme @ndogeneity problem), but we are of
the opinion that this is a secondary problem, amirmore important to neutralize the effect
of demographic growth on commuting. Regression FAppendix Table 3 includes, in
addition the explanatory variables in the originegression (Regression 3 in Table 2),
several control variables that are likely to affdwt change in commuting patterns, such as
the average number of years of education of workeb®th areas (origin and destination),
the average age in both areas, and the proporfialews in the area of origin. These
variables did not turn out to be significant, biey act to reduce the estimate of
infrastructure investment (without affecting thegrificance level): the total effect of
infrastructure investment estimated in this regogssas 111,000 commuters.

Additional sensitivity analysis (available from tlaithors) examines commuting by
gender. Road investments in the destination regiwhrail investments were found to have
a significant effect on men’s commuting only; roadlestments in the origin region
increased commuting by women and men. The fact tatcoefficient of the lagged
variable was much higher among women than among andnthat the effect on them of
investments in the origin region and in rail trangas not significant suggests that the
strong increase in the share of women who comnsupait of the broader phenomenon of
narrowing gender gaps (in schooling, wages, andath@ market) and does not trace to an
improvement in transport infrastructure.

We can see from the estimation of different speaifons of the gravitational model
that investment in Highway 6 (the Cross-Israel kigh) and in the railway in the area of
origin and destination area since the year 200€e#&sed commuting by about 157,000
commuters, which constitutes the greatest parheftdtal increase of 240,000 commuters
in that period. Road investment in crossed regaamtainly made a positive contribution to
the increase in commuting, although it was not seesignificant because of lack of data.
Most of the contribution of road investment wadrtorease commuting between adjacent
natural districts. In contrast, the effect of invesnt in the railway was felt mainly in
connecting non-adjacent districts. Another findimgs that the effect of investment in the
transport infrastructure in increasing incoming ocoming resulted mainly from
investments in the main metropolitan areas, TelvAuderusalem and Haifa, and its
contribution to the increase of commuting by womexs relatively minor. Finally, we note
that some of the change in the number of commutexrs the result of non-regional
macroeconomic factors, such as the cost of dailyetr(tax relief on cars and fuel). These
factors affect all areas, so that they are refteétethe constant (intercept) and in the
coefficient of commuting with a lag, and cannotdlisthe effect of transport infrastructure
on commuting.

5. THE EFFECT OF INFRASTRUCTURE INVESTMENT ON WAGES

The main result of the gravitation model relatesthte positive effect of road and rail

investments on the level of commuting. The nextstjoa to ask is whether an increase in
road investment in the origin region that inducedircrease in commuter flows affected
economic activity in the region. To answer this, faeeus on the average wage in the region



TRANSPORTINFRASTRUCTUREINVESTMENT, COMMUTING, AND WAGES 69

because we have no data on regional product. We edamine the effect of road
investment on employment rates, although in gertbesde are very stable (particularly in
the age and educational-level groups with high catmyg rates).

We found no point in testing the relationship betwa regional increase in commuting
and the economic development of the region (oréiggonal wage) because we suspected
that both variables were affected by an exogenbosks For example, if terrorist attacks
increase in a tourism-intensive region, fewer tatsriwill visit the region and, in turn, the
regional wage will decline, workers will be firednd the inbound commuter flow will
diminish.

The effect of infrastructure investment on a relforaverage wage is not
straightforward. Road investment in a region insesaboth outbound flow and inbound
flow; while an outflow of workers from a region has upward effect on the wages of its
inhabitants, an inflow of workers to the region lmslownward effect on wages. Thus,
regional road investment may have a negative eftattthe wages of the region’s
inhabitants, and in any case the wage effect doeeeflect the total return to the economy
on the road investment because this return aldodas an increase in the wages of workers
who live in other regions. Unlike infrastructureséstment in the region itself (hereinafter:
researched region), investment in a main destinatimion of the researched region is
expected to increase wages in the researched rbgidacilitating outbound flow from it
without facilitating inbound flow.

To examine the average regional wage, we used iacmveys for 1992-93 and 2002—
04, which provide information about personal waged other important characteristics
(schooling, age, days worked, etc.). We limited ihquiry to men, because road
investments were found to have a meaningful effectnen’s commuting patterns (but no
such effect on women’s). The sample excluded inddizis who worked for less than a full
month and Arab residents of East Jerusalem. The nesults appear in Table 3; detailed
results appear in the Appendix. The explained Bégian Regression 1 is daily wage in
2002-04 (monthly wage divided by number of daysked). The wage is explained by
personal traits, region of residence traftand road investment in region of residence in
1992-2004. To control for personal traits, we ideld the following variables: years of
schooling, age, number of days worked, and ethruom(three separate dummy variables:
for Jews of Asian-African origin, for Arabs, and fonmigrants). In Regression 1 we also
controlled for regional population, regional geqdri@al area, and regional road capital
stock. The results of Regression 1 show that roadstment had a significant positive
effect on wage levéf Thus, the quantitative effect of mean road investnper natural
region (about NIS 66 million at 1995 prices) raists® mean daily wage of regional
inhabitants by NIS 3.3 (at 2003 prices), i.e., by52 percent. However, this is an
underestimate because road investment in the cheshiregion also raised the wages of
workers in regions for which the researched reggandestination.

" To control for region of residence traits, we pamsonal wages in 1992-94 against personal tidies.
unexplained residues of this regression were sdryeplersonal region of residence and the meanmagio
residue was included as an explanatory variabRegression 1 (in order to neutralize the fixed cffef
region on wage).

8 The effect is even greater when we exclude theluesifrom the 1990s regression.
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Regression 2 examines how the wage in the resehndgion is affected by road
investments in the main destination region of cotarsufrom the researched region. This
investigation is important both for the estimatmfthe total effect of road investment and
to corroborate the existence of a causal relatipnbketween improvement in transport
infrastructures and an increase in wage. It is $&a1g to corroborate the existence of this
connection due to the concern that an oppositéigrkhip may exist—road investment in a
region may be a result of regional economic devalam (and an increase in regional
wages)—because the correlatipar se gives no indication about the direction of the
causality. Since there is no concern about investsni one region being affected by the
economic situation in another region, Regressiomag point to a causal relationship.

Table 3
Personal Wage in 2002—2004 as a Function of Personal TrailRegion of Residence
Traits, and Region of Residence Road Investment

1 2
Regional road investment 0.054 0.111
(0.011) (0.011)
Road investment in main destination — 0.227
(0.007)

Additional explanatory variables* + +
Observations (N) 21,502 21,502
R squared 0.2354 0.2724

* see Table A4 in the Appendix.

Regression 2 (in Table 3) resembles Regressiaon thol, estimates men’s wages on the
basis of personal traits and natural region. Tlifergince between it and Regression 1 is
that four variables are added in Regression 2: iiosdstment in the main destination
region (for this purpose, we identified the mairstdeation region of each origin region),
road capital stock in the main destination regiarea of the destination region, and
population size of the destination region in 199 found that road investment in the
main destination region contributed notably to itherease in wage in the origin region.
The average road investment in the main destinaggion induced a 10 percent increase
in wages in the researched region. Regression [@syi@ higher contribution of road
investment in a region to wages in that region ttha@s? Regression 1. On the basis of the
different specifications, we may estimate that sty in roads at a level equal to the
average investment per natural region in 1992—-28086 million at 1995 prices) in the
researched region and in its main destination regansted wages in the researched region
by 10-14 percent. By estimation, then, total raackestment in 199294 raised the total
national wage at a similar rate—not including tlatcdbution of investment in secondary
destination regions, as stated.

In addition to examining the effect on the wage, al® examined the effect of road
investment on the rate of employment in the distriwe found that increased road
investment in the district of origin had a negativat non-significant effect on the
employment rate. Such investment in the main dastin district, on the other hand, had a
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statistically significant positive, but minimal, fet on employment. In our view, the
change in demand for labor impacts mainly on thegewaand hardly, if at all, on
employment. The variation in employment rates derimnainly from other causes, such as
long-term demographic changes, welfare policy, tledminimum wage.

6. CONCLUSION

This study examined the effect of land transpdiastructure investments on commuting
patterns in Israel by using the gravitation mod€he gravitation model estimated
commuter flows between origin—destination regioirgpas a function of the size of the
economies of the origin and destination regions, geographical distance between the
regions, the past commuter flows and infrastructiowestments in the two regions.

The results of the gravitation model show thatdbemuter flow between origin region
and destination region increased in response top&urn in road investment in the origin
region and in the destination regions, and it asweased in response to investment in
railroad system. The model did not reveal the ¢ftac commuter flow of investment in
crossed regions, those situated between origimmegnd destination region. According to
the model, total infrastructure investment in 19894 explains about two-thirds of the
total increase of 240,000 commuters. The sensitasitalyses indicate that rail investment
(which boosted the number of commuters by 18,008jlenmost of its contribution in
regions that were relatively far from each otheon@eontiguous). Road investment, in
contrast, enhances commuting mainly between comtigunational regions but makes no
real upward contribution to commuting between ragithat are farther apart. Infrastructure
investment exerted more of an upward effect on me@mmuting than on women’s
commuting.

Another important outcome of the study concernsdffect of road investments on
men’s wages. We found that the mean road investineatgiven natural region and its
main destination region raised wages in the regtossue by 10-14 percent. Accordingly,
one may estimate that the total road investmef®®82—-2004 raised the average wage by a
similar magnitude, if not by more because the stedgluded the contribution of
investments in secondary destination regions.
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Appendix Table 1
Commuting and Road Investment in Natural Districts,Main Data
(NIS million, at 1995 prices)

Outgoing Incoming Region Region Road
commuting commuting | Population area road capital investme

2003 1993 | 2003 1993| 1993 (sg. km.) stock004  nt04-92
Judean Mountains 7.9 5.2 19.9 8.2 432.9 316 1.67 173.1
Judean Foothills 9.1 3.6 2.9 15 314 337 1.01 52.2
Hula Basin 16 0.9 35 2.8 30.9 232 0.65 132.8
Eastern Upper Galilee 2.1 1.3 3.2 25 34.2 336 1.18 179.6
Hazor Region 16 11 16 11 16.3 102 0.33 95.4
Kinnerot 1.9 11 5.7 4.9 51 191 0.89 16
Eastern Lower Galilee 3.7 2.6 16 17 30 338 0.97 57.7
Bet She'an Basin 13 0.8 2.9 1.2 245 217 0.56 0
Harod Valley 15 0.7 15 1.2 13.6 106 0.36 0
Kokhav Plateau 12 0.6 0.5 0.2 8.0 154 0.30 0
Yizre'el Basin 4.9 25 9.2 7.2 49.9 297 1.06 2914
Yogne'am Region 5.3 3.1 6.0 2.3 16.8 61 0.32 201
Menashe Plateau 0.1 0.3 0.8 0.5 4.3 102 0.19 32.3
Nazareth-Tir'an
Mountains 227 197 | 86 41 208.3 256 0.89 246.1
Shefar'am Region 181 16.7 | 2.6 11 118.7 249 0.58 53.8
Karmi'el Region 9.0 7.6 6.2 35 71.8 107 0.38 62
Yehi'am Region 7.2 4.6 4.1 25 56.8 240 0.61 149.5
Elon Region 22 11 0.7 0.5 12.6 136 0.59 19.1
Nahariyya Region 9.7 5.4 7.9 54 65.5 99 0.54 103
Akko Region 8.0 6.3 7.4 7.3 63.6 97 0.47 145.1
Northern Golan 12 0.9 0.3 0.1 10 479 0.89 0
Southern Golan 0.2 0.5 0.2 0.2 4.6 281 0.49 0
Haifa Region 227 139 | 433 368 478.7 294 1.76 145.2
Hof HaKarmel 2.7 34 21 1.0 16.3 74 1.01 0
Zikhron Ya'aqov
Region 2.6 0.6 21 15 11.4 138 0.29 135.2
Alexander Mountain 10.0 6.4 0.6 0.3 64.8 125 0.35 95.1
Hadera Region 185 96 13.2 7.9 134 235 1.55 105.4
Western Sharon 29.8 192 | 21.3 104 202.5 261 151 391.2
Eastern Sharon 9.3 6.9 1.2 0.4 57.5 87 0.48 100.5
Southern Sharon 444 333 | 255 121 168.8 124 1.10 729.8
Petah Tigwa Region 518 36.7 | 491 259 234.1 159 1.39 652.6
Lod Region 38.7 186 | 358 324 149 339 2.18 564.5
Rehovot Region 31.2 189 | 245 113 146.9 207 1.33 262
Rishon LeZiyyon
Region 56.1 349 | 30.1 164 179.3 117 1.24 122.7
Tel Aviv Region 548 37.6 | 2146 188.9| 469.3 94 117 965.1
Ramat Gan Region 66.7 61.7 | 619 453 359.1 40 0.52 125.3
Holon Region 731 75.0 | 255 17.6 311.7 38 0.39 234.7
Mal'akhi Region 6.7 35 7.1 2.6 40.6 323 0.85 35.4
Lakhish Region 55 24 45 1.9 47.1 483 1.01 60.9
Ashdod Region 221 83 10.5 7.7 110.3 52 0.07 548.6
Ashgelon Region 100 51 7.5 2.6 100.5 408 1.24 129
Gerar Region 18 1.3 18 11 245 317 0.86 106.8
Besor Region 25 16 1.7 11 33.2 1081 1.26 3344
Be'er Sheva Region 101 65 7.0 4.2 255.6 2,006 2.69 309.4
Northern Negev
Mountains 15 1.1 4.5 35 44.9 4,820 3.21 125.2
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Appendix 2
Highway 6 (Cross-Israel Highway)

Highway 6 is a toll road built and operated by &ate entity; the cost of construction did
not constitute part of the State budget. The cengetion of the highway, between Soreq
and Iron, was opened in 2004. To examine its effactcommuting, we used 2004
commuting data relative to the average extent ofroating from 1999 to 2001 (henceforth
"2000"). We used the gravitational model and speatibns similar to those in Table 2. We
deleted the variables of road and rail investmeshfthe specifications in Appendix Table
2, and added a dummy variable for Highway 6, whiels given a value of 1 if the highway
was in both the district of origin and the destimatdistrict, and the value O otherwise. In
regressions 1-3 there was a significant increasenmmuting by men aged 20-55 years in
the districts connected by the highway. In regmesst the highway was not found to
increase commuting among all workers aged 20-66déleting the non-significant road
capital stock variables (Regression 6) enabledbugject the null hypothesis at the 10%
significance level. The coefficient of the Highw&ydummy variable in Regressions 4 and
5 was not bigger than that in Regressions in 2 &niéading to the conclusion that the
highway increased commuting among men aged 20-65ditamong the complementary
group. With regard to the total quantitative effetthe highway, it created forty-two links
between districts of origin and destination dissiideading to the assessment that it added
4,200 to the number of commuters. The highwayal teffect on commuting is expected
greater than that, as it was measured here stadtdly it opened, and commuting patterns
change gradually.
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Appendix Table 2
The Effect of the Cross-Israel Highway (Highway 6pn Commuting
Explained Variable—the Number of Commuters from Oigin to Destination in 2004

Men aged 20-55 Men and women aged 20-55
Regression 1 2 3 4 5
Dummy variable for district 84.1 92.3 109.4 98.6 102.8
pairs with Highway 6 (25.0) (39.8) (39.5) (62.6) (62.5)
Commuters in 2000 0.88 0.89 0.89 0.93 0.93
(0.006) (0.006) (0.006) (0.005) (0.005)
Workers in destination district 0.0009 0.0009 0.0010 0.007 0.0008
in 2000 (0.0002) (0.0002) (0.0002) (0.0002) (0.0002)
Population increase in 0.018 0.018 0.019 0.019 0.019
destination district 2000-2004 (0.004) (0.004) (0.004) (0.003) (0.002)
Population increase in origin -0.002 0.004 0.006
district 2000-2004 (0.004) (0.003) (0.003)
Distance (km) -3.48 -3.39 -3.23 -7.37 -7.35
(0.63) (0.63) (0.62) (0.90) (0.90)
Distance squared 0.015 0.014 0.014 0.032 0.032
(0.004) (0.004) (0.004) (0.005) (0.005)
Destination road capital stock 39.1 322 30.8
(17.9) (12.5) (21.0)
Road capital stock in origin 35.7 20.2 -2.5
district (16.2) (12.1) (20.2)
Size of destination natural -0.02
district (0.02)
Size of origin natural district -0.007
(0.017)
Constant 78.4 87.9 126.9 209.3 228.2
(25.0) (24) (20.4) (36.4) (31.0)
No. of observations 921 921 921 1,082 1,082
R 0.970 0.970 0.970 0.982 0.982

Figures in parentheses are standard deviations.
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Appendix Table 3
The Effect of Road and Rail Investment on Commutingetween Origin and Destination
Explained Variable—the Average Number of Commuter2002—-2004

1 2 3 4 5 6
Total Total Total Men Women Excl.
sample sample sample  commuters commuters  Modiin?
Dummy for connection 141.7 179.2 117.2 104.3 423 145.2
to railway (56.1) (56.7) (56.3) (38.3) (36.2) (56.0)
Road investment in 0.444 0.540 0.350 0.262 0.284 0.431
origin (0.087) (0.090) (0.093) (0.058) (0.057) (0.085)
Road investment in 0.259 0.592 0.211 0.223 0.061 0.241
destination (0.102) (0.086) (0.103) (0.067) (0.070) (0.100)
Origin—destination 0.959 0.958 0.957 0.825 1.124 0.958
commuters, 1993 (0.008) (0.008) (0.008) (0.009) (0.011) (0.008)
Origin—destination -16.9 -16.7 -17.6 -11.1 -9.8 -15.9
distance (km) (1.40) (1.41) (1.40) (0.98) (1.00) (1.39)
Distance squared 0.077 0.075 0.079 0.051 0.045 0.072
(0.008) (0.008) (0.008) (0.006) (0.006) (0.008)
Origin population 4.234 - 4.000 3.055 1.984 3.980
growth (0.688) (0.722) (0.464) (0.470) (0.715)
Destination population 1.546 - 1.536 1.000 0.817 1.499
growth (0.664) (0.701) (0.437) (0.478) (0.658)
No. of employed in 0.0019 0.0001 0.0019 0.0021 0.0028 0.0017
destination in 1993 (0.000) (0.0006) (0.0003) (0.0003) (0.0005) (0.0003)
Destination population - 0.970 - - -- -
in 1993 (0.252)
Origin population in - 0.410 - - -- -
1993 (0.148)
Average age in - - -5.74 - -- -
destination (12.99)
Average years of - -- 33.6 - - -
education in destination (94.55)
Proportion of Jews in - - 230.5 - -- -
destination (121.0)
Average age in origin - - -25.08 - -- -
(13.9)
Average years of - - -0.14 - -- -
education in origin (92.6)
Proportion of Jews - - 342.6 - -- -
in origin (119.4)
Constant 365.2 290.1 1122.9 230.3 191.8 353.8
(51.2) (58.2) (705.6) (34.6) (34.5) (50.7)
No. of observations 1,117 1,117 1,117 999 711 1,087
R? 0.951 0.950 0.951 0.936 0.954 0.953

2Excluding origins and destinations both of which B the Tel Aviv or central conurbation.
Figures in parentheses are standard deviations.
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Appendix Table 4
Personal Wage in 2002-2004 as Function of Persoriblaits, Region of Residence
Traits, and Region of Residence Road Investment

1 2 3
Road investment in region 0.054 0.111 0.081
(0.011) (0.011) (0.011)
Road investment in main destination — 0.227 0.190
(0.007) (0.006)
Region of residence: mean region residue from 1.38 0.92 1.21
1992-1994 wage regression (0.16) (0.16) (0.16)
Region population in 1993 —0.0003 0.0005 -0.00003
(0.0001) (0.0001) (0.0001)
Region area (sg. km.) -0.020 -0.039 -0.005
(0.005) (0.007) (0.006)
Region road capital stock 15.7 3.5 -8.73
(5.03) (5.1 (5.03)
Dummy for rail connection 1.9 27.3 9.5
(7.4) (7.6) (7.5)
Main destination population in 1993 — -0.00035 -0.0016
(0.00017) (0.0001)
Main destination area — —0.084 0.0001
(0.007) (0.003)
Main destination road capital stock — 155.9 --
(11.9)
11-12 years of schooling 82.1 64.6 66.2
(6.3) (6.1) (6.1)
13-15 years of schooling 177.4 158.8 161.0
(6.8) (6.6) (6.6)
16 years of schooling 340.1 316.9 319.9
(6.7) (6.6) (6.6)
Age 25-34 -119.0 -114.3 -114.6
(6.7) (6.6) (6.6)
Age 35-44 -35.6 —28.3 -28.6
(6.7) (6.6) (6.6)
Age 45-54 11.3 12.6 13.6
(6.8) 6.7) (6.7)
Dummy for Jewish 82.8 74.4 57.3
(7.8) (7.8) (7.7)
Dummy for Asian-African origin -29.4 -33.0 -33.0
4.9) (4.8) (4.8)
Dummy for immigrant —-146.8 -174.4 -169.5
(6.3) (6.3) (6.3)
Dummy for 2002 survey 133.9 71.1 80.4
(5.0) (5.3) (5.2)
Dummy for 2003 survey 117.5 56.2 66.5
(5.1) (5.3) (5.2)
Constant 142.5 1153 221.8
9.9) (14.6) (12.2)
Observations (N) 21,502 21,502 21,502

R squared 0.2354 0.2724 0.2658
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Appendix 5
Map of Natural Districts and Population Density inlsrael
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