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Abstract

This paper reports on a historical analysis of Itemgn regional accessibility in the Netherlandsrove
the period 1850-2009. For the top 50 largest agglations the change in relative accessibility is
calculated for selected years using historical n@psads, railways and water infrastructure. A hew
developed GIS technique has been used to estimaiedmal scale of relative travel time between the
agglomerations that can be compared for historioaps of different quality and infrastructure
classifications. The results show that the majangitions from water to rail and subsequently tadro
transport have caused substantial shifts in tragivel accessibility across the country. This i® dtsie

for the post-war development to today's modern Wwigys.

1. Introduction

The relevance of transport infrastructure for regioeconomic development is one of the most
intensively studied subjects in regional scienambpbly because public investment in roads, rail,
bridges, tunnels etc. is a widely use regionalgyalstrument. During the first 15 years of itss&nce
the European Regional Development Fund devoted 80%s funding to infrastructure projects
(Vickerman, 1991) and over the period 2000-2006u&l38% of the Structural Funds and 50% of the
Cohesion Fund has been spent on infrastructureqso{Crescenzi & Rodriguez-Pose, 2608)large
part of the literature deals with the analysis & tegional economic effects of a specific policy o
project like the Great Belt or a high speed trainrection.

Despite the large interest in the subject, howeakrstudies that use a time perspective in
stead of a cross-section analysis are confrontéd avsurprising lack of information: there are tard
any digital historical networks available that d@nused directly to recalculate travel time magiden
intensive search among companies that produce rietwofor example for road navigation - not only
revealed that their history of road databasesilisvety short (2 to 5 years) but also that oldead
networks are no longer operational due to softvimmeovation. The Dutch national government has a
long history of databases but there we faced theegaroblem. On of the earliest national digitaldoa
networks worldwide was build by the Dutch Ministoy Transport in 1975 but it cannot be used
anymore for analysis, nore its later successorause they only run with outdated machines and

! One of the most well-known EU projects is the Tr&usopean Transport Network TEN-T programme ainted a
30 priority projects to be completed in 2020. See
http://ec.europa.eu/transport/infrastructure/neksoeu/networks _eu_en.htm

2 See for instance Van Geenhuizen et.al. (2007)



software which are no longer operational. Appaserttie main priority of the digital road network
builders in the past has been updating in steadabiving and that is still true today

The change over time of the network, howeversieatial to evaluate infrastructure policies
and their impact on regional development over tiihé the purpose of this study to reconstrucs thi
information for the Netherlands. Supported by asfp of the Gratamafonds of the University of
Groningen granted over 2007-2009, road, rail antemwmaps have been scanned and digitized for
1850, 1899, 1931, 1948, 1960, 1970, 1980, 19900 200 2009. Section 2 summarizes the sources
and methods used for the road networks. The rewmtigins of the rail networks is described in
section 3. Sections 4 presents some first resoitthé road and rail networks. The coding and aisly
of the water networks is still underway and willdepported in a later version of this paper.

2. Roads: sources and methods

The decision on which years to select for a hisrroad network analysis inevitably had to be a
compromise of theoretical and practical reasons.Willediscuss each subsequent year chosen in a
separate section below.

2.1 The Etappekaart 1848

For the Netherlands 1850 is a logical starting pdinth because it is the very beginning of theoad

era and because the first detailed road maps wérlisped around that time. THepografische en
Militaire Kaart van het Koninkrijk der NederlandgiiMK; 1:50.000) was constructed during 1845 -
1864 and is the first detailed cartographic refeeenf The Netherlands after the separation from
Belgium in 1930. As a spinn-off of this giganticopct theNieuwe Etappe-kaart van het Koningrijk
der Nederlanderf1:200.000) was constructed at the Department &f W1848 and published in 1865.
The topography of this map is much more simplifie@mpared with the TMK while the road
classicifation is very detailed because its mairppse was a reference to accessibility and trawel. t

It is this map that we have used. The full map teefind after recoding is given in Figure Al and A2
of Annex A. Figure 1 showes the map zoomed intacttyeof Groningen.

Figure 1. Etappekaart 1848 zoomed into the city dsroningen W|th Ie end
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3 Googlemaps confirmed to us in september 2009 tiegtdo not keep archives of older networks. So éeea
year as recent as 2008 we do not know the trawel ietween Paris and Berlin anymore, unless ibbas
archived somewhere as an incidental output of @08 Zietwork when it was still active.



The original 12 road categories (see Figure 1samgplified to 6 as given in Figure A2. The diffeoen
between some of them is not average speed but ahttby are open all year or only at wintertime.
Because the importance of transport of goods bg ioahose days is very limited relative to water
transport, a detailed road coding of all 12 categowas not considered to be relevant.

2.2. The ANWB Wielrijdersatlas 1899

The era 1850-1900 is characterized by the “trangeeolution” from water to rail (Filarski & Mom,
2008). Public interest in detailed road maps wibkdicg by quality, accessibility or speed was still
limited because automobiles were still very rareughly the year 1930 can be considered as the point
at which the railroad system was completed natiaievas well as the starting point of the auomobile
era. Indeed, for 1931 the first modern automobdadr map of the ANWB was published (see next
section). We wanted, however, some intermediataetgai between 1850 and 1930 to moniter the
buildup of the roads. A full set of 20 Kadaster map 1:200.000 was aquired for 1899 but, as fiQure
shows, the road quality coding is in three categgooinly and difficult to distinguish from on anatha
better road coding was found in tA&\WB Wielerijdersatlasof 1899 (see Figure 3 and map A3 and
A4) which is basically a recoding of the Kadasteps by the ANWB itself.

Figure 2. A Kadaster map of South Holland 1899
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Figure 3. Wielrijdersatlas 1899 zoomed into the cjt of Groningen with legend

Apart from some separate codes for ferries etcrtdhd classification in th@/ielrijdersatlashas been
done in 6 categories that closely resemble thegoats of theEtappekaartl848. Note that these
categories were at the time meant to be relevariyfcicle riders. (“Wielrijder” means bycicle rider

2.3. The ANWB road map 1931

As mentioned, the first real automobile map for Hetherlands was published by the ANWB in 1931
in three section North, Middel and South at sca#0.000 (see figure 4 and map A5 and A6. The
coding is in three categories only that were carsid relevant for the automobiles.



Figure 4. ANWB road map 1931 zoomed into the cityfdGroningen with legend

2.4 Post-war road maps

During the Second World War road development viguzame to a standstill. We can therefore safely
assume that the first Postwar road map of the ANWRB948 (map A7 and A8) more or less depicts
the situation as it was in 1940. Later roads mageviound and scanned for every ten years later fro
FALK (1960, 1981, 2001, 2009) and the ANWB (197991). As the maps A7-A18 show, road
classifications differ over these years between 8 tategories. How to deal with this is discusised
the next section.

2.5. Relative coding

From the historical archives it quickly became cldmt reliable absolute travel times could not be
derived from the scanned maps. In accessibilitprihehowever, absolute distances or travel times ar
not always needed. Whatever the distance or ttavel is for a road segment, what matters is to what
extent a differently classified road is faster/stowhan another one. For all maps of all years sweeh
therefore given the fastest road an abstract “irape@’ of 10 per travelled kilometer along that road
All other slower classified roads are then givehigher value relative to the fastest one. So if the
fastest 4-lane highway has an impedance of 10inaapy 2-lane road can have an impedance of 15, a
secondary road 20 and so on.



The next issue is how to compare regional accéisgibetween two years with different map scalings
and classifications. In general absolute accedtsilfdr each location is defined by the inverse of the
sum of all distances to all other locatiots= 1/ ;Dj with D; being shortest path/lowest cost distance
along the current network (road,rail,water,air). drder to make the different maps comparable a
rescaling procedure is used to calculate relatogessibilityx; = X; / X* with X* = ; Djy. Historical
change of relative accessibility can then be magppedll locations for each period &qt)/ % (t-1).

2. Network and rasters

As for all maps the construction of a fully opesatl network requires much more work than a simple
layerset of line-shape files containing one roatt@ary per layer. We have chosen the simple and
time-saving alternative of converting each lineglaynto a raster with its own specific impedance
value. These rasters are then combined into a tidassd raster which is defined as the minimum of
all separate rasters per road category. This isimptelse than putting all rasters on top of eduot
with possible intersecting cells defined as theimum impedance of the intersecting roads. This is
neccessary because somtimes two lines from difffelayers will intersect in the drawing process.

to be continued
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Annex A. Maps

Al
A2
A3
A4
A5
A6
A7
A8
A9
Al10
All
Al12
Al13
Al4
Al5
Al6
Al7
A18

Etappekaart 1948

Etappekaart 1948 after coding
ANWB Wielrijdersatlas 1898

ANWB Wielrijdersatlas 1898 after coding
ANWB Road map 1931

ANWB Road map 1931 after coding
ANWAB road map 1948

ANWAB road map 1948 after recoding
Falk road map 1960

Falk road map 1960 after coding
Falk road map 1981

Falk road map 1981 after coding
ANWB road map 1991

ANWAB road map 1991 after coding
Falk road map 2001

Falk road map 2001 after coding
Falk road map 2009

Falk road map 2009 after coding



Al. Etappekaart 1948



A2. Etappekaart 1948 after coding



A3 ANWB Wielrijdersatlas 1989



A4 ANWB Wielrijdersatlas 1989 after coding



A5. ANWB Raod map 1931



A6. ANWB Road map 1931 after coding



A7. ANWB Road map 1948



A8. ANWB Road map 1948 after coding



A9. Falk road map 1960



A10. Falk road map 1960 after recoding



Al1l. Falk road map 1981



Al12. Falk road map 1981 after recoding



A13 . ANWB road map 1991



Al4 . ANWB road map 1991 after recoding

— Autosnelweg
— Autoweg
— Hoofdroute - gescheidenbaan
— Hoofdroute - enkelbaans
— QOverig verhard 1
overig verhard 2
— ringwegen
— Spoorweg
Goederenspoorweg
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A15 . Falk road map 2001



A16. Falk road map 2001 after recoding



Al7. Falk road map 2009



A18. Falk road map 2009 after recoding






