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Abstract

It is well documented that patients with a long travel time to health care tend to utilize the services

less than patients close-by. To the extent that this variation is unwarranted, it involves over- or under-

utilization and thus excessive costs and possibly deteriorated health. Using individual-level data of the

entire Norwegian population for a decade, we calculate the exact travel time from each inhabitant's home

to the o�ce of its assigned general practitioner (GP). First, we con�rm that patients with a long travel

time visit the GP less than patients living close-by. Second, we estimate the causal e�ect of travel time on

utilization, relying solely on plausibly exogenous variation in the travel time from annual improvements

in roads from 2010 to 2017. For the general population, we estimate precise zero-e�ects of travel time

on utilization. For some sub-groups, like people receiving disability pensions or living far away from the

services, our estimates suggest modest e�ects of longer travel time on reductions in utilization. Overall,

though, our preliminary results suggest that further centralization of GP services would have limited

impacts on utilization.
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1 Introduction

Centralization of specialized health care services has shown to improve the outcome of patients over a

range of treatments in OECD countries, though e�ects are sometimes negligible or possibly detrimental for

acute conditions ([Fiva et al., 2014, Grytten et al., 2014] ). One likely important reason for the bene�ts of

centralization of specialist services, is the ability of the health personnel to obtain more experience in the

condition of the patient (REFS; Doyle et al. 2018). However, the possibilities and advantages for speci�c

experience is less clear in primary care, and the evidence on e�ects of centralizing primary care remains

scarce (REFS). One concern with centralizing primary care, is that patients seek the general practitioner

too little and too late. A number of previous studies have documented that patients living further away

from the health care services have lower rates of healthcare utilization [Kelly et al., 2016]. Undertreatment,

as well as over-treatment, induces costs both to the patient and society.

Using individual-level data on the entire Norwegian population over a decade, we estimate the e�ect of

travel time to the resident's assigned general practitioner (GP) on health care utilization. Well-identi�ed

estimates of e�ects of travel time on health care utilization is important for deciding how centralized the

services should be, balancing monetary costs of decentralization and health-related costs from patients uti-

lizing services too little. A number of studies suggest a distance decay association ([Kelly et al., 2016]), i.e.

that patients with long travel time utilize the services less than those with shorter travels, but there are

few studies trying to elicit the causal e�ect of travel time on utilization.1 With access to exact geographic

location of the residential home and the location of the GP's o�ce for every Norwegian resident and GP, we

can utilize temporal variation in travel time from road improvements to transparently estimate causal e�ects.

Our identi�cation strategy eliminates bias from health-related residential relocation, as well as health-related

change of GP.

We reproduce the commonly found distance decay association. Residents living farther away from their

GP see their GP less often. During a year, about 66 percent of the residents with a travel time up to 10

minutes visit their GP at least once, while 59 percent of the residents with more than 20 minutes to travel do

so. If the underlying health of these residents were the same, such a di�erence in utilization would suggest

excessive over- or under-utilization. Our results, however, suggest that the association is driven by health-

related selection in distance to GP: When we only rely on plausibly exogenous variation in travel time from

improvements in roads, we estimate a precise zero-e�ect of travel time on utilization for our main sample.

As expected, we also �nd that shorter travel time to the GP reduces electronic consultations with the GP,

and that shorter travel time to the GP also reduces slightly specialist consultations.

[Sub-sample analyses and speci�cation tests will be undertaken]

The costs of decentralized services come in the form of more consultations and possibly also of lower

1For some speci�c services, there are some studies that reliably estimate causal e�ects of distance on utilication. For
example, REF �nd that the likelihood of participating in mamography screening for women in Maine?, US, increases when the
mamography-bus stops close-by, especially in the winter. Other studies?
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treatment quality (REF?). A possible bene�t of short travel time is that patients seek the services su�ciently

frequent to avoid delayed diagnosing, with associated excess treatment costs and deteriorated health. Our

�ndings suggest that the concern for decay in utilization from increases in travel time is unwarranted in the

Norwegian context, and thus that services can be further centralized without a�ecting overall utilization.

2 Conceptual Framework and Previous Literature

2.1 Conceptual Framework

Theories of demand for health care services were pioneered by Grossmann (1972), building on theories of

human capital by e.g. Becker (1964). The expansion of health insurance and public insurance legislation in

the US, and universal and publicly funded health care services in welfare states like Norway, implies that

out-of-pocket payments for the patient in need of health care has a small or negligible e�ect on determin-

ing utilization. Acton (1975) proposes a model with small out-of-pocket costs and underlines the role of

opportunity costs of time in restricting demand, and especially travel time, travel costs and time costs of

undertaking medical treatment.

In the stylized model of Acton (1975), the consumer maximizes utility over two goods (health care

services and a composite good) subject to a time constraint that can be dividied between work, time- and

non-time-consuming utilization of health care services and of the composite good. The model provides several

predictions. The one most relevant for our analysis, is that as out-of-pocket prices decline, demand becomes

relatively more responsive to the costs of time � and that shorter travel time increases demand. He also

�nds that demand increases in wealth (lump-sum), while the e�ect of labor-income is ambiguous (income

e�ect vs. substitution e�ect). Thus, the impact of unemployment or disability is not clear, as the drop in

the alternative value of time raises demand (for disability, the deteriorated health condition may also raise

demand), but the drop in income reduces demand. In the model of Grossman (1972) (abstracting from the

costs of time) demand for health care services increases in age and declines in education.

In line with the incentives in such models, we may also expect travel time to a�ect demand di�erently

across patients with varying characteristics. Obviously, the utilization of non-marginal patients - like those

with critical needs (or no need) of services - are unlikely to be a�ected by empirically relevant changes

in travel time. For elective treatment, general health checks or presumably self-contained diseases, travel

time may substantially a�ect whether the GP is visited or not. In the model of Acton (1975) additional

assumptions are needed (cross-derivatives) to provide predictions across groups, like the e�ect of travel time

on demand across a high- and low-earner.

The prediction that demand declines in travel time is in line with most observational studies, and often

labeled the distance decay association in the medical literature [Haynes, 2003].
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2.2 Previous empirical literature and our contribution

Empirical �ndings largely support that patients living far away from health care services utilize the services

less than those living close-by. Indeed, it seems that such a negative association also exists between travel

time and health [Kelly et al., 2016]. This distance decay association in health and utilization is found in

many industrialized countries under di�erent health care systems, for various measures of distance, utiliza-

tion and health, and in developing countries [Ludwick et al., 2009, Brewer et al., 2012, Celaya et al., 2006,

Friedman et al., 2013, Buor, 2003]. There are also studies speci�cally looking at primary care that �nd

distance decay associations [Strauss et al., 2006, Monnet et al., 2008] , though some also �nd unclear or op-

posite associations [Lankila et al., 2016]. In Norway, [Raknes et al., 2013] look at variation in travel distance

at the municipal level, and �nd support for a distance decay association across ten municipalities in Southern

Norway.

Utilization of health care is known to vary considerably across patient characteristics [Haynes, 2003].

Women visit the GP more often than men up to their �fties, whereafter the relationship turns. Ethnic

background, income and education also matters for the utilization pattern, as well as health condition

[Buor, 2003, Haynes, 2003, Brewer et al., 2012, Grytten et al., 2011]. People on disability pension, sick leave

or unemployment bene�ts belong to groups where health care needs are likely to be higher than in the overall

population, and they also see the GP more frequently [Grytten et al., 2005].

How the distance decay varies across patient characteristics is not well-documented. Previous studies

have looked at many subgroups of patients, but none has described it systematically across groups. With

access to the overall population of Norway, we will estimate the e�ect of travel time for di�erent patient

groups.

Moreover, we are not aware of any previous study attempting to estimate the causal e�ect of travel

time on utilization in an overall population. Earlier studies have looked at correlations between travel time

and utilization, sometimes controlling for observable individual characteristics. Measures of travel time are

occasionally based on the exact address of the nearest health service, sometimes on the exact address of the

patient, but mostly on more aggregate measures like zip codes or weighted average centroids of e.g. munici-

pality [Kelly et al., 2016, Lake et al., 2011, Engelman et al., 2002, Judge et al., 2011, Goldberg et al., 2014,

Rodkey et al., 1997, Markin et al., 2011].

We use exact residential- and GP location, and calculate the travel time by car on the given roads and

speed-regulations for various measures of utilization, and estimate both the distance decay association and

the causal e�ect of travel time on utilization. Our e�ect estimates are based on arguably exogenous variation

in travel time stemming from the construction of new roads over time.
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3 Empirical Methods

3.1 The correlation

In line with the majority of previous observational studies on the distance decay association, we too expect

a negative correlation between travel time and utilization. The correlation between utilization (U) in a given

year t and travel time (T) at the beginning of the same year, is obtained by the following model:

Ui,t = α+ βOLSTi,t + λxi,t + εi,t, (1)

where U is a variable capturing utilization in year t for individual i. The term α is a constant and T is the

travel time from individual i 's home to individual i 's GP at the beginning of year t. x is a vector of individual

characteristics to control for observable di�erences measured at the beginning of year t. Interactions between

covariates such as age and gender are also included, since we expect the visits to ones GP to depend on the

combination of age and gender; and εi,t is an error term of unobserved factors. The coe�cient of interest,

βOLS , captures the (conditional) correlation between travel time and utilization in the year.

3.2 Unobserved individual characteristics

Even after controlling for observables, βOLS cannot be given a causal interpretation since T is likely en-

dogenous. One reason for the endogeneity is that choice of residential location, choice of GP, need factors

(others than controlled for) and time preferences are expected to be correlated with travel time and a�ect

utilization. To circumvent the most obvious endogeneity issues, we utilize the panel structure of our data

and look at how travel time a�ects the utilization over time. Consider the following �xed e�ects model,

Ui,t = βFETi,t + cxi,t + αt + γi + εi,t, (2)

where i indicates the individual, t refers to the year and U is a variable capturing utilization. The term αt

is a vector of calendar year �xed e�ects included to control for increased utilization over time, extraordinary

epidemic in�uenza in some years or unemployment shocks; γi is a vector of individual �xed e�ects included

to control for time-invariant individual characteristics including (self-selected) initial travel time, level of

need etc.; T is the travel time (in minutes) from individual i 's home to individual i 's GP in year t ; x is a

vector of (possibly time varying) individual characteristics included to control for compositional di�erences

(and changes); and the error term εi,t is assumed to have a conditional expectation of zero.

The coe�cient of interest, βFE , captures the e�ect of a reduction in travel time on the increase in

utilization, under the assumption that for the same individual, temporal variation in Ti,t does not correlate

with temporal variation in εi,t.
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3.3 Variation within individual- and GP locations

The estimate of βFE will, however, be biased if e.g. patients move closer to the GP or switch to a GP located

near-by as a result of a surge in needs of the services. For example, an elderly person starting to need more

help might move to a nursing home which is closer to the GP. Such selection on unobservables sorting people

to residential- and GP locations contributes to an upward bias in estimates of the e�ect of travel time on

GP utilization.

To disallow such endogenous variation, we add the interaction of individual- and residential location , ςij .

This means that we do not only have one �xed e�ect per individual, but one �xed e�ect for every residential

location of every individual. This speci�cation does not use the possibly endogenous variation in travel time

from the individual relocating closer (or farther) to the GP:

Uit = bi∗adrTit + cxit + at + ςij + eit, (3)

where the coe�cient of interest, biadr , captures the e�ect of a reduction in travel time on the increase in

utilization, Ui,t.

Travel time variation now cannot stem from the patient moving closer to the GP. The only remaining

variation in travel time is either road improvements, that the GP relocates or that the individuals switches

to a GP located closer to the individual's home. A change in GP location can be (plausibly) exogenous

to the individuals needs (from the GP retiring and the patient being transferred to a new GP or the GP

changing location), while if the individual changes to a GP closer to his or her home, it may very well be a

result of surging needs. The latter would suggest positive selection on unobservables, implying an upward

bias in our estimate of the e�ect of travel distance on utilization.

We can, however, handle the latter problem by not using variation from changes in GP locations, i.e.

by letting the �xed e�ects be GP-location and individual speci�c, ρik, where k is the location of the GP

o�ce and i refers to the individual. The speci�cation allows individuals to switch GP but the variation

from the switch is not used to identify the e�ects of travel time. Variation in travel time now stems from

individuals moving (without changing GP) or from road improvements. Again, the coe�cient of interest

bi∗GP captures the e�ect of a reduction in travel time on the increase in utilization, given that there is no

correlation between Tit and eit within a unit of individual and GP location. Standard errors are clustered

at individual level to allow for dependent observations within an individual over time (Cameron and Miller

2014). The model is formulated as follows:

Uit = bi∗GPTit + cxit + at + ρik + eit, (4)

Clearly, this model su�ers from endogenous residential relocation, and we thus combine this model with

the one (Eq. 3) above, to handle both possibly endogenous residential- and GP relocation.
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Our preferred model simultaneously deals with the previous two issues and interact an individual´s

residential address, j, with the assigned GP´s location, k, captured in the term θjk. The variation in travel

time hence stems solely from road improvements at the unique combination of individual- and GP locations.

The model can be formulated as follows:

Uit = biadr∗GPTit + cxit + at + θjk + eit, (5)

Now, the coe�cient of interest, biadr∗GP , is capturing the e�ect of travel time on utilization for people

experiencing road improvements.

Standard errors are clustered at home address and GP location level to allow for dependent observations

within an individuals home address and GP location over time (Cameron and Miller 2014).

4 Context and data

4.1 General practitioners in Norway

Norway has a universal and uniform health care system that aims to o�er equal access to high quality

health care. All inhabitants are covered by the public insurance scheme, and both private health insurance

and private providers without reimbursement from the public insurance scheme, remain rare. Except some

dental services, all important health services are covered by the public universal scheme. Most providers

are public, but there are also numerous for-pro�t and not-for-pro�t private providers operating under the

scheme2. The more specialized and advanced the service is, the more rare are private providers, while in

primary care - especially among general practitioners - private providers are in majority. By international

standards, Norway has a high coverage of general practitioners (GP) per capita, and the number of GPs has

increased steadily from approximately 3,600 in 2001, to 4,100 in 2010, and to approximately 4,760 in 2017.

Since June 2001 every Norwegian resident is assigned to one and only one GP. The main intention of the

GP reform was to improve availability and quality of the primary physicians services, and give the patient

right to choose GP. The GP is responsible for providing primary physician services to the residents assigned

to his or her list, and GPs typically have 1,000 to 1,500 patients on the list. There has been a decline in

average number of residents on a GP's list from 1,200 in 2005 toward 1,000 today. The municipality of

residence is responsible to make sure the inhabitants can be assigned a GP, and to ensure an appropriate

number of GPs within the municipality. Some municipalities collaborate with a neighboring municipality

regarding the GP services.

Patients are allowed to choose and change GP up to twice a year, given that there are GPs with vacancies

on their list. About 1/3 of municipalities has in 2017 less than two GPs with vacancies, remarkably reducing

2Private providers not operating under the scheme is extremely rare, though there are a few �rms, mostly providing (ad-
vanced) general practitioner services, in the 3-4 biggest cities.
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the real possibility of changing GP. About 3-400,000 patients (there are about 5 million residents in Norway)

change GP every year. A patient is intended to consult the GP to whom she is assigned and the GP prioritizes

patients on the list. Residents can have a GP in whatever place in Norway they want, and one keeps the GP

if moving unless one takes actions to change. In 2017, only about 0.3 percent of Norwegian residents were

not connected to a GP, a share that is almost constant over the years. Patients pay a a low out-of-pocket

price for each consultation, limited to a maximum co-payment of approximately 2,000 NOK (2017) per year.

4.2 Data sources

Our analysis utilizes data from several sources. The general practitioner registry provides information on

all GPs in Norway since 2001, and the link between the GP and the residents on the list of each GP (with

unique id for both resident and GP). The reimbursement register of the insurance scheme (KUHR) contains

information on date and detailed reimbursement codes, including a tari� explaining type of consultation

(from 2006-)3.

Data from several administrative registers are maintained by Statistics Norway (SSB). These registers

contain demographic information (gender, month and year of birth, country of origin, municipality of res-

idence, coordinates of home, etc.), socioeconomic data (education, annual earnings, sick leave bene�ts,

disability pension, unemployment bene�ts, etc.) and �rm-level information (coordinates of the location of

the GP-o�ce, etc.). We combine information on individual level across registries and over time using a

unique personal identi�er provided all residents at birth or upon immigration, and on �rm-level using unique

�rm identi�ers.

4.3 Sample

The linked data contain annual information of all Norwegian residents connected to a GP from 2010 to2017.

The assigned GP and the travel time to that GP by January each year, is used together with GP-visits from

the whole calendar year. We allow people to enter and exit the sample (e.g. move abroad and immigrate,

get born, etc.). Persons who pass away are excluded from the sample the following year.

Individuals are observed on average 6.9 out of 8 years yielding approximately 38,686,955 person-year

observations.

4.4 Variable de�nitions

Our main explanatory variable is travel time to the assigned GP, calculated as the shortest travel time in

minutes by car. For each calendar year 2010-2017, we calculate the distance between the resident's home

address and the location of the o�ce of the resident's GP in January. The road maps for the years available

3Kuhr of varying quality for earlier years REF
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to us are for 2010, 2013, 2014, 2015, 2016 and 2017, and the calculations account for both distance by

available roads and speed limits. Thus, changes in the travel time between two addresses come from road

improvements (i.e. tunnels, bridges, new roads, crossings etc.) and changes in speed limits.4 In most of our

analyses, we will winosorize the travel time at the 95th percentile in the year (we do not want the observations

in the long right tale to heavily a�ect the result, but results winsorizing at 99th percentile or not winsorizing

at all yield similar qualitative results). Travel time in minutes is our main explanatory variable, but we will

also provide some information using distance in kilometers by road (the road that takes the shortest time to

drive by car) .

Our main outcome variable is GP utilization, measured as yearly face-to-face visits to a GP. For all

outcome variables we construct three margins The extensive margin is a dummy that is one if the individual

consulted (face-to-face) the GP at least once in the calendar year. The intensive unconditional margin is

measured as a count variable capturing the number of days (0-365) the individual visited its GP (we do not

count more than one visit per day, as this would be hard to identify in a meaning full way in the data).

The intensive conditional margin captures the number of consultations given that the person consulted the

GP at least one day (1-365). We do also undertake analyses on electronic consultations to the GP (de�ned

as a consultation electronically, by phone or letter) and specialist consultations (outpatient clinic, internal

medicine, specialist in gynecology, eye, ear, nose and throat- specialists) based on the same three margins.

[We plant to also undertake analyses on utilization of the emergency ward.]

Control variables cover gender, age, highest achieved education, earnings, (sick leave, unemployment and

disability pension), municipality. Age is divided into seven groups: 0-3; 4-18; 19-30; 31-50; 51-69; 70-89; 90+ . We

separate between six groups of education levels calculated over individuals above age 30, where one group

is for missing and unknown educations. Earnings are measured as total gross pension-quali�ed earnings

calculated for people aged 16-67 and we divide earnings into �ve equally sized groups of percentiles and

one group for missing. Municipality capture the municipality of residence at the entry into the calendar

year. Sick leave, unemployment and disability pension, are dummies set to one if the individual has received

bene�ts stemming from these activities within the previous year.

4.5 Summary statistics

Summary statistics for base year 2010 is presented in Appendix A. People have approximately 8 minutes in

average to the GP, with a standard deviation of 8.4 minutes and a median just below 5 minutes. The travel

time is constant over the years, see Figure 1 The share who visit the GP at least once in a year is 0.64, and

number of yearly GP visits about 2.37 in our main analytic sample.There is an increase in both the share

4To reduce calculation time and for con�dentiality reasons, we have calcuated travel time from the centroid of 100*100 meter
square of the home and o�ce address. For some o�ce addresses, and also some home addresses, in the early years of our data,
we were not able to unequivocally identify the coordinates, in which case we used the coordinates of the median residental home
within the zip code of the address.
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Figure 1: Travel time over years
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Figure 2: Consultations over years
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who consult the GP and the number of yearly visits over the sample period, see Figure 2

Average age is 39 years, and it is an even share of men and women. On average, the education of the

residents is just below lower tertiary level and the income about 293,000 NOK (≈¿35,000) in 2010, while 3.8

percent received any unemployment bene�ts in the year, 6.4 percent any disability bene�ts and 15.6 percent

any sick leave bene�ts.
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5 Empirical Findings

5.1 Graphical Evidence

From Figures 4 and 3 we see that there is quite some variation across Norwegian municipalities in the

percentage of the population that visited GP in 2017 and the travel time from home to the GP. The maps

suggest that residents in municipalities with long travel time tend to visit the GP less frequently.

From Figure 5 it is evident that a higher proportion of individuals with short, in contrast to long, travel

time visiteted the GP. From Figure 6 we also see that inhabitants wiht shorter travel time also visited the

GP more days.

For individuals who experience a change in travel time from 2010 to 2017, a reduction in travel time is

associated with increased utilization, see Figure 7. Changes in travel time over the years are positive for

some inhabitants and negative for other, and therefore the average and median travel time variation is fairly

stable around zero, see Figure ??

5.2 Regression results

5.2.1 Association and unobserved individual characteristics

Table 1 contain associations between travel time (in minutes) and utilization [now we use linear regression

models (OLS) throughout, but we will check for robustness to e.g. logistic models]. As expected, all columns

show a statistically signi�cant inverse association, both for the extensive, intensive and intensive conditional

margin. In the �rst column, we report the correlation with controls for age and sex, while in column 2

we have included their interaction as well as education level, total income and municipality. We see that

including more controls only reduces the estimates slightly, and the e�ect on the extensive margin is about

-0.002. Since about 65 percent of the population visits the GP in a year, this represent a relative change of

about 0.3 percent per minute higher probability of visiting the GP FTF for a one minute reduction in travel

time. The corresponding estimate for number of visits is about -0.01, suggesting that a 10 minute reduction

in travel time increases the GP visits by 0.1 per year. With 5 million residents visiting the GP on average

2.4 times a year in our data, an average decrease of 0.1 visits translates into about one million twohundred

thousand visits per year.

In column 3 we have added individual-, and calendar year �xed e�ects, and now there is a notewor-

thy drop in the estimate on the extensive margin, suggesting that accounting for time-invariant individual

characteristics is important.
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Figure 3: Percent of residents visiting GP across municipalities
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Percent of the residents of each Norwegian municipality that visited a GP at least once in 2017.
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Figure 4: Mean travel time to GP for residents across municipalities
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Mean travel time (minutes) in 2017

Average travel time (in minutes) from home to the o�ce of the GP for the residents of each Norwegian municipality in 2017.
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Figure 5: Share of the population visiting the GP declines by travel time
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Figure 6: Visits to the GP declines by travel time

1.
6

1.
8

2
2.

2
2.

4
2.

6
U

til
iz

at
io

n

0 10 20 30 40
Travel time

Number of visits to the GP per capita in a calendar year by travel time in percentiles. Data for all years (2010-2017, N=

38,686,955). Both travel time and GP-visits winsorized at the 95th percentile.

14



Figure 7: Visits to GP increases 2010-2017 when travel time drops 2010-2017
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5.2.2 Variation within individual- and GP locations

Table 2 report the estimated results restricting the (plausible) endogenous variation from health-related

residential relocation or change in GP.

Column 4 presents the estimate when we restrict variation in travel time to not stem from residential

moves, using only units of �xed individual and residential address.

The result on the extensive margin is now about 25 percent of the individual �xed e�ect estimate in

column 3 above.

Column 5 instead evaluates the within individual- and GP-location, restricting variation in travel time

to not stem from changes in GP location.

Column 6 presents the result of our preferred model, restricting variations in travel time to stem solely

from road improvements, and neither from residential moves nor changes in GP. The estimate suggests that

travel time has no e�ect on the extensive margin nor on the intensive unconditional margin, where the

estimate both drops signi�cantly to about 10 respectively 5 percent of the estimate in column 3, and is

statistically insigni�cant, see also �gure 8 (intensive conditional margin is to be updated). These estimates

are similar if we include controls for labor income and education level, or if we do not winsorise.

5.2.3 Associations for E-consultations

Table 3 report the associasions between travel time in minutes and electronic consultaitons. Associations in

column 1 adjusts for age and gender, column 2 adds interaction between them and controls for total income,

education and municipality and column 3 adds �xed e�ects for individual and calendar year. All columns

show a statistically signi�cant association, positive on the extensive- and intensive unconditional margin and,
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contrary to our expectations, negative association the extensive margin. The correlation on the extensive

margin is negative and suggests a marginal e�ect of -.0006. Since about 30 percent of the population consults

the GP electronically in a year, this represent a relative change of about 0.2 percent higher probability of

utilizing electronic consultations per minute less travel time. The estimate changes slightly when including

more controls and �xed e�ect at individual and calendar year, se column .2 and 3.

The corresponding estimate for number of visits is about .0000894, suggesting that a 10 minute increase

in travel time increases the electronic consultations by 0.000894 per year. The corresponding estimate on

the intensive conditional margin is .0045778 and suggests that a 10 minute reduction in travel time increase

the number of yearly electronic consultations by 0.05 given that one utilize electronic consultaitons. About

1.4 million residents electronically consult the GP on average 2.2 times a year in our data, hence an average

increase of 0.05 visits translates into about onehundred and �ftythousand electronic consultations per year.

5.2.4 E�ect estimates for E-consultations

Table 4 contain the estimated results for di�erent sources of varation in travel time. Again column 4 presents

the estimate when we restrict variation in travel time to not stem from residential moves, using only units

of �xed individual and residential address. Column 5 evaluates the within individual- and the GP-location,

restricting variation in travel time to not stem from changes in GP location. Column 6 presents the result

of our preferred model, restricting variations in travel time to stem solely from road improvements, and

neither from residential moves nor changes in GP. The estimates in column 6 are tatistically signi�cant and

as expected positive on all margins. For the extensive margin the estimate suggests a marginal e�ect of

.0017385 suggesting a relative change of about 0.5 percent higher probability of electronically consulting the

GP per one more minut of travel time.

5.2.5 Associations for specialist consultations

Table 5 report the associations between travel time to the GP and consultations to a specialist. All the

estimates suggests an inverse statistically signi�cant association. Column 1 reports the association adjusting

for age and gender and suggests the marginal extensive association to be -.0006976 implicating a relative

change of about 0.1 percent higher probability of visiting a specialist for a one minute reduction in travel

time to the GP. The association is about 1/3 of the corresponding association for GP consultaitons

5.2.6 E�ect estimates for specialist consultations

Table 6 report the estimated results of travel time on specialist consultations. Column 4 presents the

estimate when we restrict variation in travel time to not stem from residential moves, using only units of

�xed individual and residential address. Column 5 evaluates the within individual- and the GP-location,

restricting variation in travel time to not stem from changes in GP location. The estimated results all
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suggest a statistically signi�cant inverse e�ect on all margins when restricting variation in travel time to

steem from either GP- relocation or residential moves. Column 6 presents the result of our preferred model,

restricting variations in travel time to stem solely from road improvements, and neither from residential

moves nor changes in GP. The estimate changes sign to positive on all margins. For the extensive margin

the estimate is signi�cant and a marginal e�ect of .0003646 suggest a relative change of about 0.06 percent

lower probability of consulting a specialist per one minut less travel time to the assigned GP. .

5.2.7 Soubgroups

Tables 8 - 13 report the association and estimated e�ect of travel time on GP visits on the extensive margin

for di�erent subgroups. For all subgroups, the estimates for the e�ect are from our preferred model where

we restrict variation in travel time to stem from road improvements and controling for (at most) age and

gender. The estimates for the association is (generally) controlling for several control variables (see also the

speci�c table).

Disabled

Table 8 refers to persons on disability bene�t. Column 1 reports the association adjusting for age, gender and

year, and interaction age and gender. Column 2 controls also for total income, education and municipality.

The last two columns reports the estimates of our preferred model restricting variations in travel time to

stem solely from road improvements. Column 3 adjusts for age, gender and interaction between them and

year. Column 4 adds controls for total income, education and municipality. As expected, all columns show a

statistically signi�cant inverse association and estimated e�ect. The association is approximately the same as

on population level (-.0023529 vs. main sample: -.0024888 see table 1). For people on disability bene�t there

is a statistically signi�cant marginal e�ect of about the same size as the association, -.0022959, suggesting a

relative change of about 0.3 percent higher probability of consulting the GP per one minut less travel time.

Long travel time

Similarly, table 9 report the association and estimated e�ect of travel time on GP utilization for persons living

at least 15 minutes (in travel time by car) away from the GP. All the results show an inverse statistically

signi�cant relationship. The relative size of the association is above twice as big for people living farther

away versus for the whole population. The inverse e�ect on the extensive margin for people living far away is

-.0049948. About 60 percent of the subpopulation who live farther away visit the GP in a year, this represent

a relative change of about 0.8 percent per minute.

21



T
a
b
le
5
:
A
ss
o
ci
a
ti
o
n
s
sp
ec
ia
li
st

co
n
su
lt
a
ti
o
n
s

(1
)

(2
)

(3
)

O
L
S

O
L
S

F
E

D
ep
en
d
en
t
va
ri
a
b
le

P
r[
U
ti
li
zi
n
g
S
p
ec
ia
li
st
]

P
r[
U
ti
li
zi
n
g
S
p
ec
ia
li
st
]

P
r[
U
ti
li
zi
n
g
S
p
ec
ia
li
st
]

T
ra
v
el
ti
m
e

-.
0
0
0
2
7
5
4

-.
0
0
0
5
7
0
3

-.
0
0
0
6
9
7
6

(9
.1
8
e-
0
6
)

(9
.1
9
e-
0
6
)

(.
0
0
0
0
1
6
2
)

t
-3
0
.0
1
/
*
*
*

-6
2
.0
4
/
*
*
*

-4
3
.1
0
/
*
*
*

D
ep
en
d
en
t
va
ri
a
b
le

N
r.

S
p
ec
ia
li
st

co
n
su
lt
a
ti
o
n
s

N
r.

S
p
ec
ia
li
st

co
n
su
lt
a
ti
o
n
s

N
r.

S
p
ec
ia
li
st

co
n
su
lt
a
ti
o
n
s

T
ra
v
el
ti
m
e

-.
0
0
4
2
7
0
8

-.
0
0
6
5
8
4

-.
0
0
7
0
1
1
9

(.
0
0
0
1
0
9
9
)

(.
0
0
0
1
1
0
5
)

(.
0
0
0
2
0
3
9
)

t
-3
8
.8
6
/
*
*
*

-5
9
.6
0
/
*
*
*

-3
4
.3
8
/
*
*
*

D
ep
en
d
en
t
va
ri
a
b
le

C
o
n
d
it
io
n
a
l
n
r.

S
p
ec
.
co
n
s

C
o
n
d
it
io
n
a
l
n
r.

S
p
ec
.
co
n
s

C
o
n
d
it
io
n
a
l
n
r.

S
p
ec
.
co
n
s

-.
0
0
5
1
9
1
7

-.
0
0
6
7
2
2
4

-.
0
0
7
2
1
9
2

(.
0
0
0
1
7
0
7
)

(.
0
0
0
1
7
1
6
)

(.
0
0
0
3
4
7
5
)

t
-3
0
.4
2
/
*
*
*

-3
9
.1
7
/
*
*
*

-2
0
.7
8
/
*
*
*

A
d
d
it
io
n
a
l
co
va
ri
a
te
s:

x
x

F
ix
ed

e�
ec
t
in
d
iv
id
u
a
l
a
n
d
ca
le
n
d
a
r
y
ea
r

x
N
o
te
:
T
h
e
ta
b
le
p
re
se
n
ts

a
ss
o
ci
a
ti
o
n
s
b
et
w
ee
n
tr
av
el
ti
m
e
(i
n
m
in
u
te
s)

a
n
d
u
ti
li
za
ti
o
n
o
f
sp
ec
ia
li
st

co
n
su
lt
a
ti
o
n
s
in

2
0
1
0
-2
0
1
7
,
u
si
n
g
se
p
a
ra
te

m
o
d
el
s
fo
r
th
e
ex
te
n
si
v
e,
in
te
n
si
v
e
m
a
rg
in

a
n
d
in
te
n
si
v
e
co
n
d
it
io
n
a
l
m
a
rg
in

(c
u
rr
en
tl
y
es
ti
m
a
te
d
u
si
n
g
li
n
ea
r
re
g
re
ss
io
n
,
O
L
S
).
N
=

3
8
,8
0
9
,3
3
9

(m
a
in

a
n
a
ly
ti
c
sa
m
p
le
,
cf
.
S
ec
ti
o
n
4
).

F
o
r
in
te
n
si
v
e
co
n
d
it
io
n
a
l
m
a
rg
in
:
N
=

.
E
st
im
a
te
s
a
re

a
d
ju
st
ed

fo
r
a
g
e
g
ro
u
p
a
n
d
g
en
d
er
.
A
d
d
it
io
n
a
l

co
va
ri
a
te
s
in
cl
u
d
e
ed
u
ca
ti
o
n
a
l
le
v
el
,
m
u
n
ic
ip
a
li
ty
,
to
ta
l
in
co
m
e
a
n
d
in
te
ra
ct
io
n
b
et
w
ee
n
g
en
d
er

a
n
d
a
g
e
g
ro
u
p
.
In

co
lu
m
n
3
st
a
n
d
a
rd

er
ro
rs
a
ll
ow

fo
r
d
ep
en
d
en
t
o
b
se
rv
a
ti
o
n
s
w
it
h
in

in
d
iv
id
u
a
l
ov
er

ti
m
e.

M
ea
n
o
f
tr
av
el
ti
m
e,
n
u
m
b
er

o
f
sp
ec
ia
li
st
co
n
su
lt
a
ti
o
n
s
a
n
d
sh
a
re

co
n
su
lt
in
g
a
sp
ec
ia
li
st

in
y
ea
r
is

x
x
m
in
,
3
.1
3
co
n
su
lt
a
ti
o
n
s
a
n
d
6
0
.7

p
er
ce
n
t,
re
sp
ec
ti
v
el
y.

M
ea
n
n
r.

o
f
sp
ec
ia
li
st

co
n
su
lt
a
ti
o
n
s
co
n
d
it
io
n
a
l
o
n
co
n
su
lt
in
g
a
sp
ec
ia
ls
it
is

5
.1
5
.
S
ig
n
i�
ca
n
ce

(t
w
o
-s
id
ed

te
st
)
a
t
th
e
1
,
5
a
n
d
1
0
p
er
ce
n
t
le
v
el
s
a
re

in
d
ic
a
te
d
b
y
*
*
*
,
*
*
a
n
d
*
,
re
sp
ec
ti
v
el
y.

22



T
a
b
le
6
:
E
st
im

a
te
d
e�
ec
t
o
f
tr
av
el
ti
m
e
o
n
sp
ec
ia
li
st

u
ti
li
za
ti
o
n

(4
)

(5
)

(6
)

E
st
im

a
ti
o
n
m
et
h
o
d

F
E
i*
a
d
d
re
ss

F
E
i*
G
P
a
d
d
re
ss

F
E
i-
a
d
d
r*
g
p
-a
d
d
r

D
ep
en
d
en
t
va
ri
a
b
le

P
r[
U
ti
li
zi
n
g
S
p
ec
ia
li
st
]

P
r[
U
ti
li
zi
n
g
S
p
ec
ia
li
st
]

P
r[
U
ti
li
zi
n
g
S
p
ec
ia
li
st
]

T
ra
v
el
ti
m
e

-.
0
0
0
2
8
4
2

-.
0
0
0
6
8
6
3

.0
0
0
3
6
4
6

(.
0
0
0
0
2
5
9
)

(.
0
0
0
0
2
2
7
)

(.
0
0
0
1
3
1
8
)

t
-1
0
.9
6
/
*
*
*

-3
0
.2
1
/
*
*
*

2
.7
7
/
*
*
*

D
ep
en
d
en
t
va
ri
a
b
le

N
r.

S
p
ec
ia
li
st

co
n
su
lt
a
ti
o
n
s

N
r.

S
p
ec
ia
li
st

co
n
su
lt
a
ti
o
n
s

N
r.

S
p
ec
ia
li
st

co
n
su
lt
a
ti
o
n
s

T
ra
v
el
ti
m
e

-.
0
0
2
1
7
7
5

-.
0
0
6
0
7
1
3

.0
0
2
7
0
0
9

(.
0
0
0
3
1
1
)

(.
0
0
0
2
6
8
1
)

(.
0
0
1
3
6
9
5
)

t
-7
.0
0
/
*
*
*

-2
2
.6
4
/
*
*
*

1
.5
9

D
ep
en
d
en
t
va
ri
a
b
le

C
o
n
d
it
io
n
a
l
n
r.

S
p
ec
.
co
n
s

C
o
n
d
it
io
n
a
l
n
r.

S
p
ec
.
co
n
s

C
o
n
d
it
io
n
a
l
n
r.

S
p
ec
.
co
n
s

-.
0
0
1
5
5
2
1

-.
0
0
5
5
3
4
4

.0
0
1
2
3
4
1

(.
0
0
0
5
2
2
1
)

(.
0
0
0
4
9
8
8
)

(.
0
0
2
5
9
9
6
)

-2
.9
7
/
*
*
*

-1
1
.1
0
/
*
*
*

.4
7

A
d
d
it
io
n
a
l
co
va
ri
a
te
s:

x
x

S
h
a
re

w
it
h
va
ri
a
ti
o
n

N
o
te
:
T
h
e
ta
b
le
p
re
se
n
ts

es
ti
m
a
te
s
o
f
th
e
e�
ec
t
o
f
tr
av
el
ti
m
e
(i
n
m
in
u
te
s)

o
n
el
ec
tr
o
n
ic
u
ti
li
za
ti
o
n
o
f
G
P
in

2
0
1
0
-2
0
1
7
,
u
si
n
g
se
p
a
ra
te

m
o
d
el
s

fo
r
th
e
ex
te
n
si
v
e,
in
te
n
si
v
e
m
a
rg
in

a
n
d
in
te
n
si
v
e
m
a
rg
in

co
n
d
it
io
n
a
l
o
n
u
ti
li
za
it
o
n
(c
u
rr
en
tl
y
es
ti
m
a
te
d
u
si
n
g
li
n
ea
r
re
g
re
ss
io
n
,
O
L
S
).
C
o
lu
m
n
4

p
ro
v
id
es

re
su
lt
s
fr
o
m

a
m
o
d
el
w
it
h
o
n
e
�
x
ed

e�
ec
t
p
er

in
d
iv
id
u
a
l
a
n
d
h
o
m
e
a
d
d
re
ss
(c
f
E
q
.
3
);
co
lu
m
n
5
w
it
h
o
n
e
�
x
ed

e�
ec
t
p
er

in
d
iv
id
u
a
l
a
n
d

G
P
a
d
d
re
ss
(c
f
E
q
.
4
);
a
n
d
co
lu
m
n
6
w
it
h
o
n
e
�
x
ed

e�
ec
t
p
er

in
d
iv
id
u
a
l
h
o
m
e
a
d
d
re
ss
a
n
d
G
P
a
d
d
re
ss
(c
f
E
q
.
5
).
N
=
3
8
,8
0
9
,3
3
9
(m

a
in

a
n
a
ly
ti
c

sa
m
p
le
,
cf
.
S
ec
ti
o
n
4
).
F
o
r
in
te
n
si
v
e
co
n
d
it
io
n
a
l
m
a
rg
in
:
N
=
2
3
,
5
6
9
,
0
8
7
.
A
ll
m
o
d
el
s
a
d
ju
st
fo
r
a
g
e
g
ro
u
p
,
g
en
d
er
,
a
n
d
ca
le
n
d
a
r
y
ea
r.
A
d
d
it
io
n
a
l

co
va
ri
a
te
s
in
cl
u
d
e
ed
u
ca
ti
o
n
a
l
le
v
el
,
m
u
n
ic
ip
a
li
ty
,
to
ta
l
in
co
m
e
a
n
d
in
te
ra
ct
io
n
b
et
w
ee
n
g
en
d
er

a
n
d
a
g
e
g
ro
u
p
.
In

co
lu
m
n
4
a
n
d
5
,
st
a
n
d
a
rd

er
ro
rs

a
ll
ow

fo
r
d
ep
en
d
en
t
o
b
se
rv
a
ti
o
n
s
w
it
h
in
in
d
iv
id
u
a
l
ov
er

ti
m
e.

In
co
lu
m
n
6
,
st
a
n
d
a
rd

er
ro
rs
a
ll
ow

fo
r
d
ep
en
d
en
t
o
b
se
rv
a
ti
o
n
s
w
it
h
in
a
n
in
d
iv
id
u
a
ls

h
o
m
e
a
d
d
re
ss

a
n
d
G
P
lo
ca
ti
o
n
ov
er

ti
m
e.

M
ea
n
tr
av
el
ti
m
e,
n
u
m
b
er

o
f
v
is
it
s
a
n
d
sh
a
re

v
is
it
in
g
th
e
G
P
is

8
m
in
,
0
.8

e-
co
n
su
lt
a
ti
o
n
s
a
n
d
3
4
.2

p
er
ce
n
t,
re
sp
ec
ti
v
el
y.

M
ea
n
n
r.
o
f
el
ec
tr
o
n
ic
co
n
su
lt
a
ti
o
n
s
co
n
d
it
io
n
a
l
o
n
co
n
su
lt
in
g
th
e
G
P
el
ec
tr
o
n
ic
a
ll
y
is
2
.3
4
.
S
ig
n
i�
ca
n
ce

(t
w
o
-s
id
ed

te
st
)
a
t

th
e
1
,
5
a
n
d
1
0
p
er
ce
n
t
le
v
el
s
a
re

in
d
ic
a
te
d
b
y
*
*
*
,
*
*
a
n
d
*
,
re
sp
ec
ti
v
el
y.

In
co
lu
m
n
(4
)
th
e
sh
a
re

re
fe
rs

(l
a
st

li
n
e)

to
th
e
in
d
iv
id
u
a
ls
o
b
se
rv
ed

w
it
h
in

a
ce
rt
a
in

a
d
d
re
ss
w
h
o
ex
p
er
ie
n
ce

va
ri
a
ti
o
n
w
it
h
in

th
is
ce
ll
(o
b
se
rv
ed

a
t
le
a
st
tw
ic
e)

23



Income

Table 10 report the association and estimated e�ect for di�erent income quantiles. There is a statistically

signi�cant inverse association between travel time and whether one visit the GP for all income quantiles, of

about the same size, varying from 0.0024-0.003. The e�ect estimates are (inverse and) insigni�cant for the

�ve income quantiles and for the group with no income it suggests a positive signi�cant (at 5 percent) e�ect

0.0242366 (longer travel time higher probability of utilizing the GP).

Gender

Table 11 report the association and estimated e�ect for men and women. The estimates suggests a statis-

tically signi�cant inverse association similar for both genders varying between 0.002-0.003 and likewise for

the e�ect estimates.

Age

Table 12report the association and estimated e�ect for di�erent age groups. The estimates suggests a

statistically signi�cant inverse association varying from 0.002 for age groups in the span 19-69 years to 0.004

for persons over 80 years. Similarly the e�ect estimates are statistically signi�cant and suggests an inverse

e�ect of about 0.002-0.003, being slightly higher for the very oldest and youngest.

Education

Table 13 report the association and estimated e�ect for di�erent educational levels. In line with our main

result, we �nd a statistically signi�cant inverse association for all levels of educaiton. The e�ect estimates

are inverse for all levels of education, and statistically signi�cant for secondary and higher tertiary education.

6 Conclusions

[To be included]
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Appendix

A

Table 7: Summary statistics
Base year 2010 Mean p50 SD N
Explanatory variable:
Travel time (minutes)∗ 7.94 4.90 8.38 4,644,280
Background variables:
Men 49.9 % 0 0.50 4,644,280
Age 39.64 39 23.13 4,644,280
Education (level)a 1.9 2 0.86 2,759,881
Earnings (NOK)b 292,800 272,088 573,320 2,992,990
Share on disability bene�tsc 6.38 % 24.42 % 4,644,280
Share on sick leave bene�tsd 15.55 % 4,644,280
Share on unemploym. bene�tse 3.80 % 4,644,280
Outcome variables:
gp ftf:

Extensive GP utilization (share) f ,∗ 63.94 % 1 48.0 % 4,644,280
Intensive Nr. of GP visitsf ,∗ 2.3715 1 3.512.59 4,644,280
Intensive conditional nr. of GP visitsf ,∗ 3.71 2 3.78 2,969,587
Electronic consultations:

Extensive e-consultaitons (share) g 30.37 % 0 45.98 % 4,644,280
Intensive nr. of e-consultationsg 0.671 0 1.60 4,644,280
Intensive conditional nr. of e-consultaitonsg 2.21 1 2.25 1,410,302
Specialist consultaitons:

Extensive specialist consultaitons (share) 60.99 % 1 48.79 % 4,644,280
Intensive nr. of specialist consultations 3.03 1 5.73 4,644,280
Intensive conditional nr. of specialist consutlaitons 4.97 3 6.65 2,832,374
Note: Summary statistics for base year 2010, winsorized at p95 in travel time and nr of GP visits*. Background variables are measured
the year prior to utilization. The sample includes Norwegian residents assigned to a GP in 2010 in total 4,644,280 di�erent individuals
See Section 4.2- 4.4 for details.
a
Calculated over individuals above the age of 30, with known non-missing data on education, summarized excluding unknown ed-

ucational levels. Educational levels refers to: 0 �No education�, 1 �Primary education�, 2 �Secondary education�, 3 �Lower tertiary
Education�, 4 �Higher Tertiary education�.
bCalculated in NOK over individuals aged 16-67.
c Calculated over individuals who recieve positive amount of disability bene�t
d Calculated over individuals who recieve positive amount of sick leave bene�ts
e Calculated over individuals who recieve positive amount of unemployment bene�ts
fCalculated over visits to the GP in 2010 that requires a �face-to-face� meeting
g
Calculated over electronic consultations to a GP in 2010

hCalculated over specialist consultations in 2010
∗Non-winsorized sample: travel time: mean;18.498, median; 4.900, SD: 90.498. Utilization (dummy visited GP): mean; 63.94 %, SD;
48.1 %. Utilization (nr. of GP visits): Mean; 2.371, SD; 3.508

B
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Figure 8: No statistically signi�cant e�ect of travel time on GP FTF

trimmed 5 % top

-.002 -.001 0 .001 .002 .003

r_dummy_visit_GP_FTF r_visits_GP_FTF_cond_notrim
r_visits_GP_FTF

Coe�cient plot of the e�ect road improvemetns on GP FTF consultations for the extensive margin (dummy-blue), intensive margin conditioning on utiliza-

tion(red) and intensive unconditional margin (green) Data for all years (2010-2017), N= 38, 809, 339. Conditional margon N= 25,173,336.CI at 5 percent

D
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Figure 9: Robustness: (shorter) Travel time has a positive statistially signi�cant e�ect on electronic consul-
tations (less electronic utilization)
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road improvemetns on electronic consultations for the extensive (dummy-green), intensive margin conditioning on utilization(blue) and intensive unconditional

margin (red) Data for all years (2010-2017), N= .CI at 5 percent

Figure 10: Substitution: E�ect of road improvements on specialist consultations
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-.004 -.002 0 .002 .004 .006

r_spesialist_dummy r_spesialist_cond
r_spesialist_uncond

road improvemetns on electronic consultations for the extensive (dummy-red), intensive margin conditioning on utilization(green) and intensive unconditional

margin (blue) Data for all years (2010-2017), N= . Travel time winsorized at the 95th percentile.CI at 5 percent
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