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1. Introduction: Space and Time

At the beginning of the era of the railways, HathrHeine wrote in Paris:
"The railway kills space, so we are left with tiniiewe only had enough mon-
ey to kill time, too! It is now possible to go tal@ans in four and a half hours
or in as many hours to Rouen. Wait until the liteeBelgium and Germany are
built and connected with the railways there! lassif the mountains and forests
of all countries moved towards Paris. | can sniedl $cent of German linden
trees, and the North Sea is roaring in front ofdogr.” (Heine, 1854, 65). The
guotation circumscribes the topic of this papee, riblationship between speed
and space or, in other words, the relationship eetwspace and time.

Following the theory of time-space geography (Hagand, 1970), in-
creasing speed may be transformed either in aggraatount of free time or in
a larger action space. Empirical studies of mgbhiave shown that the indi-
vidual daily time budget for transport is relatiyeonstant (Zahavi, 1979). So
free time gained by higher speed is often usedatzet more frequently or to
more distant locations. A constant time budget tlaagls to a shrinking of
space in the subjective perception of the individua

Increasing mobility is one of the constituting f&@s of modernity: "The
history of modern societies can be read as a lyistiotheir acceleration” (Stei-
ner, 1991, 24). Modern society is a society of @ers, creatures with a human
front and an automobile abdomen (Sloterdijk, 1992day Europe is facing a
new thrust of acceleration: The planned Europeah-Bpeed rail network
(Community of European Railways, 1989) will open ngwv dimensions of
travel speed and so of the relation of space anel. ti

The topic of the paper is the visualisation of tiesv relationship between
space and time by a new type of maps. These timeesmaps do not display
spatial distances but time distances between @nescountries. A method for
creating time-space maps has been developed whytoves current methods
and avoids their pitfalls. To demonstrate the méthione-space maps for Eu-
rope and selected European countries are presented.

2. Visualisation of Space and Time
There are different methods to display the intatieh of space and time on
a map. Three types of maps can be distinguished:

- Isochrone mapshow temporal relations in space by preservingsibetial
distances between map elements.

- Cognitive mapgyisualise the temporal efforts of travel by asstgsillustra-
tions that are not exact in cartographic terms.

- Time-space mapgpresent the elements of a map in a configurdiased on
the travel times between them.
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Isochrone Maps

Isochrone maps display areas of similar travel timene selected point on
the map. By drawing lines of equal travel times¢lgones) from the selected
point, the travel time from all points of the mapthe selected point in a given
network or transport mode becomes visible. An isocé far from the next one
indicates fast transport; isochrones close to tiet pne display long travel
times. In this way isochrone maps permit to judge quality of the transport
infrastructure. The disadvantage of isochrone mapbat only travel times
from one single point can be displayed; travel srhetween other points of the
map cannot be read from the map.

Figure 1 is an example of an isochrone map. The shaps the effects of
the Channel Tunnel on rail travel times in westéwumope. There are two sets
of isochrones on the map: one set for the year 1i99for current travel times
with today's rail and ferry networks, and a secsatfor the year 2010, i.e. for
future travel times with the Channel Tunnel and hingh-speed rail network
implemented. The map presents travel times of tiips1 Great Britain and
Ireland to Paris and from the European mainlanidotadon. Even in 1991 first
effects of the high-speed rail are visible: TheneteTrain a Grande Vitesse
(TGV) between Paris and Lyon pushes the isochrenath-east of Paris out-
wards. The future integration of the Channel Turing the European high-
speed rail network will halve the duration of mosiss-Channel rail trips. Ralil
becomes the fastest surface transport mode in EY®piekermann and We-
gener, 1992).

Travel times and accessibilities can also be dygalan choropleth maps in
which travel time categories are represented bierdifit shades or colours. In
certain circumstances such a representation caader to understand than an
isochrone map. Choropleth maps are primarily udaei exact outline of the
isochrones is not known. In that case the accdi$gibf a central point of an
area is taken as the accessibility of the totah &itked with the same shade or
colour. Figure 2 illustrates this type of map bgplaying average travel time
savings of rail transport between all counties amelve cities in Germany
through the transport projects '‘German Unity'. Apeeted, the new German
Lander benefit from the rail improvements, with teception of Mecklen-
burg-Vorpommern. The decrease of average travedstim Bavaria and Ba-
den-Wiurttemberg might be less apparent on an isoehmap.

Cognitive Maps

Another way of visualising space and time is byrstige maps. Cognitive
maps are subjective interpretations of reality (bswand Stea, 1977). A cogni-
tive map reflects the world in a way a person lvelethat it is like; the map
does not need to be exact. The probability of disto is high. The shape of
coast lines and borders may change, proportionseeet different areas may
not be exact, topological relations of places mdfedfrom reality. Because
cognitive maps represent subjective perceptionthefworld, they are often
used for advertisements. By exaggerating cert@mehts, a positive effect can
be achieved, for example by exaggerating the spédtdansport modes or
changing spatial relations in favour of certaincela (see Figure 3).
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Figure 1. Rail travel times in western Europe, 1@d 2010. The integration
of the Channel Tunnel into the European high-spaddnetwork has halved
the travel time of most rail trips across the BiitiChannel
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Figure 2. Improvement of travel times between tiearand selected cities in
Germany by the transport projects 'German Unitgyi®e: BfLR, 1992).




Figure 3. Cognitive maps for advertisement (Soubmevns and Stea, 1977).
Time-Space Maps




Time-Space Maps

Time-space maps represent the time space. The mieroka time-space
map are organised in such a way that the distdme®geen them are not pro-
portional to their physical distance as in topogiegl maps, but proportional
to the travel times between them. Short travel $ilnetween two points result
in their presentation close together on the maptpaseparated by long travel
times appear distant on the map. The scale of @@ is1no longer in spatial
but in temporal units. The change of map scaleltesudistortions of the map
compared to physical maps if the travel speedffsrént in different parts of
the network.

If one assumes equal speed for all parts of theorkt the result is the fa-
miliar physical map. Time-space maps with equakdpecan be used as refer-
ence for the interpretation of other time-space sndpey are calledase maps
here. All base maps in this paper use a homogetmausl speed of 60 km/h
and have the same time scale as their associateespace maps.

Time-space maps may include all elements of nomregds such as coast
lines or borders, transport networks or single dads. In practice only ele-
ments relevant for understanding the map are disgdlarhe emphasis is on the
distortions of time-space maps compared with playsicaps or with other
time-space maps.

3. Current Methods for Creating Time-Space Maps

Time-space maps are created by transforming pHysmardinates of a
physical map into time-space coordinates. This lsanexpressed in global
terms as follows:

u=f(xy) v=g(xy) (1)

Here k,y) are the coordinates of a point on the physicgd,niav) the coordi-
nates of that point on the time-space map, andlfgaare transformation func-
tions. The functions are calibrated in such a matimeg the distance between
pointsi andj on the time-space map,

dy =/(u - up)? + (- v,) 2)

is in as close agreement as possible with the distancet;. Figure 4 explains
the principle of time-space mapping using a sinmgaiexample.

Because there are different speeds in the netwasknot possible to exact-
ly reproduce the time distances of a time-space mawo dimensions. This
would require a coordinate space with more dimerssidime-space maps
therefore can only be approximate.




Figure 4. Principle of time-space mapping.

3.1 Multidimensional Scaling (MDS)

Usually the technique of multidimensional scaliMS) is used for gen-
erating time-space maps. If the differences betveesat of phenomena in one
dimension (in metric or non-metric units) are knowhre MDS technique gen-
erates a spatial configuration in multidimensior@brdinate space of addition-
al attributes of the phenomena such that the diseabetween the items are as
close as possible to the known distances. The MipBoach was developed in
psychometrics in order to analyse, for instanasjlar or different reactions of
persons on multiple stimuli through visualisatiommultidimensional space.

Time-space mapping is an example of applying matiDS. If t; is the
travel time andl; the distance between two poimtandj, all points are config-
ured in two-dimensional space such that

min= " (t - d;)* (3)

i<j

The principle of MDS for the generation of time-spamaps is illustrated in
Figure 5. The simple example shown can be solvedhagual iteration (see
Haggett, 1983; Gatrell, 1983).

At the beginning of the first iteration, the phyaicoordinates of the points
to be calibrated are taken as initial values oftime-space coordinatesufy)
= (X,y)}. It is not necessary that a travel time is kndi@nevery pair of points.
The known travel times, which for practical reasans scaled to the dimen-
sion of the physical coordinates, are drawn aslimkich are centred between
two points (top left).

If a line extends beyond the two points, the magtagice between the
points is too small and is increased. If the liseshorter, the map distance is
decreased. The interim result are displacemenbrge¢obffsets in X- and Y-
direction) for each calibration point. They indieahe location of the points
after the first iteration (top right). The new cdorates are the initial coordi-
nates of the next iteration.
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Figure 5. From physical coordinates to time-spaoerdinates.
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The middle part of the figure shows the locationhaf calibration nodes af-
ter the first three iterations (left) and aftetyfifterations with their displace-
ment vectors (right). The final time-space coortbsaare derived from the
final displacement vectors (bottom left). The pichoe continues until there is
no more improvement, i.e. until a high correspormdehetween travel times
and map distances has been achieved (bottom right).

There are several MDS algorithms differing by tiptiraisation procedure
used. The transformation functions of equation Kbyever, always have the
form

U=x+3 V=Y +h (4)

i.e., the time-space coordinates are calculateddalyng point-specific offsets
to the physical coordinates.

3.2 Interpolation

The result of MDS is a configuration in which thistednces between the
calibration nodes correspond as closely as posgibiee known travel times.
The calibration points may represent cities or ofilaces, but they do not rep-
resent a complete map. Other map elements suabaatimes or borders have
to be added. The time-space coordinates of th¢iadal elements are not gen-
erated by MDS but by interpolation.

As shown in Figure 5, the transformation of phykiot time-space coor-
dinates can be represented by displacement veotoadfsets in X- and Y-
direction. These vectors indicate for each calibrahode the transformation
from physical to time-space coordinates. Offsetadditional map elements
can be calculated by interpolation between theetdf®f adjacent calibration
nodes. This is normally done by calculating the mefathe offsets of the clos-
est calibration nodes weighed by their distance,(f& instance, Ewing and
Wolfe, 1977).

A time-space map so generated is based on a nurhlsatibration nodes,
their offsets are determined by MDS, and the coatgis of additional map
elements are calculated by interpolation. Figushéws a time-space map for
Toronto that is created applying this method. Tiieces of different speeds in
the network become visible on the time-space mequgh the distortion of the
grid that is right-angled on the physical map. Tinge-space increases in the
congested inner city areas and decreases at the fribge.

However, there are two problems associated with minethod, which are
not visible in the map of Toronto (see Tobler, 19/8 Shimizu, 1992):




12

Figure 6. Physical map (top) and time-space magit@on) of the Toronto
road network (Source: Ewing and Wolfe, 1977).




13

- MDS locates calibration nodes only on the batisavel times and does not
take the topological features of the map into aotoliherefore MDS may
result in a distortion of the topology. For instand is possible that two
streets which in reality are parallel, cross onttiree-space map, or that cer-
tain areas are mirrored or folded over other areasn though the map may
represent an excellent solution of the objectivecfion of the optimisation.

- The second problem is caused by the interpolatrethod, in which a
weighted mean of offsets of nearby calibration modecalculated. This can
lead to sudden discontinuities in the transfornmatfeor example, if along a
coast line one calibration node is replaced bylaarowith a different offset, a
jump in the coast line may occur. Such leaps mag e faults in the map,
which may be misinterpreted as large time distabeéseen points.

To illustrate these problems, Figure 7 displaygres of time-space maps
of western Europe generated by the above method.nlimber of adjacent
calibration nodes used for the interpolation ofstdames and borders was in-
creased stepwise from three (top) to nine (bottdm@ach case the topology is
distorted. Even on the most stable map (bottompw ‘island' is drawn in the
western part of the British Channel. In the otheo tmaps the distortions of
topology are aggravated. Jumps generated by tbgpolation method can be
observed, for instance, at the north-eastern barfiBiortugal. For this part of
the border one or more calibration nodes are dubsdi by other nodes. The
inclusion of more nodes reduces the effects oflsingdes. However, this re-
sults in the elimination of local features so ttis time-space map becomes
more and more similar to the physical map. So a p@blem arises, the selec-
tion of an appropriate number of nodes for therpukation.

3.3 Topological Transformations

As stated earlier, there is no optimum solutiontfe location of the cali-
bration nodes in two-dimensional time space butidimited number of pos-
sibilities performing equally well in mathematidatms. How to select a solu-
tion that is satisfying from a cartographic poiftveew? Shimizu (1992) pro-
posed an extension of the MDS technique that sahegroblem of preserving
the topological properties and eliminates the puaéation step.

The method integrates a topological transformatido the MDS tech-
nique. The same optimisation criterion as in equaii3) is applied. While
standard MDS generates time-space coordinatesdirectly, here instead the
parameters of a transformation function are caidataThis function is then
used to calculate the time-space coordinates otahibration nodes. It is not
necessary to interpolate the coordinates of additionap elements, because
the coordinates of all map elements can be tramsfdrusing the calibrated
function.

Five transformation functions analysed by Shimirei lested below, where
a,b,c,... are parameters to be calibrated. With the gh@e of the polynomial
transformation (9) all transformations preservettpological properties.
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Figure 7. Problems of multidimensional scaling (B)D
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a) Affine transformation

u=ax+by+c v=dx+ey+ f 22 10 (5)
b) Quadratic affine transformation
u=a(x- b)?+c(y- d)? v=e(x- f)?+g(y- h)? (6)
c¢) Cubic affine transformation
u=a(x- b)’+c(y- d)’ v=e(x- f)’+g(y- h)’ (7)
d) Projective transformation
abc
u:ax+by+c V:dx+ey+f deflto (8)
pxX+qy+r pxX+qy+r Dqr

e) Polynomial transformation

u = ax+by+cxy+dxXy +exy v= fXx+ gy+ hxy+ix’y + jxy* 9)

Table 1 compares the performance of these tranat@mns with standard
or metric MDS. Using a simple map with only fiveibaation nodes, Shimizu
calculated correlation coefficients between thevimaravel times and the dis-
tances on the time-space map and analysed the tiropathe topology. The
table indicates that relatively high correlatiorefficients can be achieved only
by transformations that do not preserve the topokbgroperties, i.e. topolog-
ical transformations imply a loss of similarity tseten the known travel times
and their representation on the map.

Table 1. Accuracy of time-space mapping methods.

Method Corrglation Topology
coefficient
Metric MDS 0.942 not preserved
Affine transformation 0.771 preserved
Quadratic affine transformation 0.873 preserved
Cubic affine transformation 0.866 preserved
Projective transformation 0.806 preserved
Polynomial transformation 0.941 not preserved

Source: Shimizu (1992)
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Shimizu showed that the application of the topatabitransformation
method can lead to impressive results (see Figuré 8ubic affine transfor-
mation was used for creating these time-space miflapan. The correlation
coefficients for the maps are between 0.956 and1).Pe. are much higher
than in Table 1. The extension of the Japanese-dpgkd rail network
Shinkansen leads to a continuous shrinking of thmtry with the exception of
the Hokkaido island, which will be only partly incled in the new network.

However, attempts to apply topological transforomdi to a time-space
map of France revealed a number of problems (sp&d-0). The two topolo-
gy-preserving functions at the top of Figure 9taie continuous, i.e. no signif-
icant distortions compared with the physical magp\asible. The inclusion of
the grid of latitudes and longitudes shows how miacial distortions are lev-
elled off. One may compare these two illustratiath the time-space map of
Figure 15 (top), which is based on the same ddta.third map at the bottom
of Figure 9 is an extreme application of the polyal transformation, which
does not preserve topological properties.

4. Our Own Approach

The deficiencies of the MDS technique are the weaktrol of the optimi-
sation and the instability of the interpolation.eTtopological transformation
approach by Shimizu avoids these problems, butiteegu a levelling-off of
local distortions of the time-space map. To overedhese deficiencies, modi-
fied methods for calibration and interpolation wdeseloped.

4.1 Stepwise Multidimensional Scaling (SMDS)

MDS achieves an optimal configuration of calibratimodes in two-
dimensional time space, i.e. a configuration inclhihe map distances be-
tween the calibration nodes are as proportionglogsible to the known travel
times.

However, there exist many configurations which egeally optimal, yet
each of them may result in a totally different mAg.demonstrated in Figure
7, there may be serious distortions of the maplémyoin the form of faults
and wrinkles of the map surface. Two kinds of togatal distortions can be
distinguished:

- 'True' topological distortions may occur if thartsport network between the
calibration nodes has great variations in speed.example, a high-speed
train link may make a remote town appear closen thanearby town con-
nected by slow trains.

- 'False’ topological distortions are artefactdvidS or of the subsequent in-
terpolation. They appear particularly where fastl astow elements of the
network meet.
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Figure 8. Japan, physical map (top) and time-spaagps for different stages
of the Shinkansen high-speed rail network (Soustemizu, 1992).
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Figure 9. Problems of topological (quadratic a#fiand cubic affine) and non-
topological (polynomial) transformation functions.
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The slow ferry links between Ireland and Wales ameexample of 'false’
topological distortions. Because the ferry linksvdndo be represented by a
much longer distance on the time-space map thath@rphysical map, the
MDS procedure tries to push their end points, Dubhd Holyhead, outwards
on either side. This may result in Holyhead mowagt and being located in
the middle of England or even in the North Seaothrer words, the east coast
of England becomes the west coast on the time-spagpe Dublin, however,
and the rest of Ireland move to the west, as omghinexpect.

‘True' topological distortions are of potentialeirgst. But they are irritating
if one is mainly interested in changes of interomi accessibility. It is rather
easy to avoid this kind of topological distortidmg deleting slow routes from
the network. It is more difficult to avoid 'fals@pological distortions, as the
optimisation algorithm of MDS cannot be influenc&dr example, in the case
of the ferry lines across the Irish Sea there isvag of telling the optimisation
procedure that the extension of the ferry lineshentime-space map should go
to the west.

The solution to this problem is to apply MDS stegavon ring-shaped seg-
ments of the calibration network and to permanefidythe nodes of each
round. This modification of MDS is called stepwisriltidimensional scaling
(SMDS). Stepwise multidimensional scaling startthvén origin node speci-
fied by the user. The coordinates of this node rermachanged. In the first
round all nodes of the calibration network direabnnected to the origin node
are processed. The X- und Y-coordinates of thesleshare the parameters to
be optimised. The calibration network of the firsind consists of all links
between the origin node and these nodes and kdl batween them.

After completion of the first round the time-spamordinates of the nodes
of the current calibration network are permanefidlgd. The calibration nodes
of the second round are all nodes which are dyrexthnected with the nodes
of the previous round. The calibration network o second round consists of
all links between the nodes of the first round #me new nodes and all links
between the latter. Before entering the optimisatibe new calibration nodes
are relocated so that their direction from the notléhe previous round they
are connected with and their distance from thaten@a terms of travel time)
remain unchanged. In other words, the initial valoéthe coordinates of the
new round are set in such a way that the exterdidhe time-space network
follows the direction of its extension on the plegsimap. In this way the prob-
ability of 'false' topological distortions is minised. After the optimisation, the
new calibration nodes of the second round arefedsd.

The subsequent rounds are processed correspondinighall nodes of the
calibration network are fixed. In this way the badition network is processed
from the inside out in ring-shaped segments. Theaatdge of the stepwise
approach is that by choosing the origin node it loardecided which parts of
the map should be stable and in which direction distortion should take
place. This avoids undesired topological distodibnt does not level off ‘true’
distortions of topology.

Figure 10 displays the stepwise processing of Glin nodes in ring-
shaped segments for the rail network of westermoir
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Figure 10. Principle of stepwise multidimensiosahling (SMDS).
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Figure 11 displays the complete network in physijb&ck) and time-space
(white) coordinates. The origin node is Paris (nbdp

Figure 11. Calibration network in physical and &mspace coordinates.

As it will be demonstrated in the next chapter, SBEsults in a much
more easily understandable map representation. tHW&SMDS does not
guarantee that there will be no topological disbo. If ‘true’ topological dis-
tortions appear, the map editor has to decide vendtiey are to be kept or be
removed by deleting slow links of the network. the tase of 'false' topological
distortions it is sometimes possible to improve rbgult by selecting a differ-
ent origin node.

One disadvantage of SMDS is that the optimisat®omat applied to the
complete network in one single step, but to sevanglshaped segments sepa-
rately. One has to expect that the deviation frbm theoretical optimum is
larger than with standard MDS. However, the lossagouracy is small com-
pared with the gain in cartographic quality. Therelation coefficients for
time-space maps of western Europe created with SMB® between 0.938
and 0.994, and so of similar magnitude as withdgiesh MDS and clearly bet-
ter than the correlations achieved with topologitahsformation functions
(see Table 1).
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4.2 Interpolation with Triangulation

The second reason for the jumps in the coast lamek borders of time-
space maps created by MDS (see Figure 7) was skabihity of the interpola-
tion method, in which the displacements of lineapnelements are calculated
as weighted means of the offsets of adjacent edidr nodes. Jumps in the
lines may appear where one calibration node istsutesl by another node
with a different offset.

The interpolation method developed here avoidsgtoblem. It is based on
triangulation as applied in digital terrain modedji A triangulation of a group
of points is a triangular mesh with the points asners and minimum total
length of edges. In digital terrain modelling trgartation is used to interpolate
contour lines between irregularly spaced point$Wwitown elevation. In anal-
ogy to this, triangulation is applied here for theerpolation of points between
calibration nodes with known offsets.

For the triangulation, ACM algorithm 626 (Preusd&84) is used. The al-
gorithm starts by sorting the air-line distancesvaen the calibration nodes by
ascending distance. It then constructs from th&edadistances the triangular
mesh with the calibration points as corners andmum total length of edges.
The offsets of the corners, i.e. the displacemeasttors of the calibration
nodes, are provided by the SMDS procedure. In daepver the whole map
area, the four corner points of the map and theaids of each map edge are
treated as calibration nodes and are given fictimffsets calculated as
weighted averages of the corners of adjacent teangigure 12 illustrates the
triangulation for western Europe.

Figure 12. Triangulation of the calibration netwkor
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Because the triangulation covers the entire map, a¥ach point on the
map, i.e. each point of the coast lines and bordedsof the geographical grid,
can be allocated to a triangle, for which the dffs&f the corners are known.
The offsets of a point are calculated as the wemjlatverage of the offsets of
the three corners of the triangle in which it isdted. The averaging is done for
the X- and Y-directions separately. If the X- anéffsets of the three corners
of the triangle are considered as 'elevations',afleraging consists of deter-
mining the intersection between the triangle swfand a vertical line at the
point in question. This method avoids jumps inititerpolated lines.

Figure 13 displays the interpolated offsets of t@asl border lines (top)
and of the intersections of the geographical domttom) in western Europe. It
can be seen that due to infrastructure improventesnwgl times in most parts
of Europe are getting shorter, whereas Irelandclwican only be reached by
ferry, moves outwards. The two illustrations givefigt indication of the
shrinking of the continent and the peripheralisatd Ireland.

5. Results

This section presents time-space maps of Europefsdlected European
countries produced with the method described abdhe. time-space maps
visualise the impacts of recent and future improsets of the road and rail
networks in Europe, in particular of the evolvinightspeed rail network, on
the time space of the continent using four examples

- The first example is France because the firshisigeed train was the TGV,
and the French high-speed rail plans are the nmositimus in Europe.

- The second example is Germany. The German higbespain, the Intercity
Express (ICE), has been in operation since 199im&ey is also of interest
because of the reintegration of the formerly sepdraail networks of west
and east Germany.

- The third example shows the evolution of the raad rail networks of west-
ern Europe, i.e. of the European Community plustdausnd Switzerland.

- In 1992 the International Union of Railways (Ul@)tlined a high-speed rail
network including eastern and northern Europe. tbesequences of this
network for the time-space of Europe are showménlast example.

5.1 France

Figures 14 and 15 show the effects of differengesteof implementation of
the French TGV network. Origin of the stepwise malibensional scaling of
these maps is Paris. Figure 14 (top) is the bagewith a speed of 60-km/h.
The lower part shows a time-space map of Francedban travel times be-
tween seventy French cities and Paris in 1988/88C( 1991). The contrac-
tion of the hexagon along the TGV Paris-Lyon ishles The difference in size
compared with the base map indicates that everoutitthe TGV the average
speed is higher than 60 km/h.
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Figure 13. Interpolation of coast lines and borsl€top) and of the intersec-
tions of the geographical grid (bottom).
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Figure 14. Time-space maps of the rail networkiance, 60-km/h base map
(top) and for journeys to Paris, 1988/89 (bottom).
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Figure 15. Time-space maps of the rail networknance for journeys to Par-
is, 2010 (top) and between regional centres, 2@b&¢m).
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When the plans of the French government for the TSNCF, 1991) will
be implemented, the shrinking of the hexagon wdl rauch more dramatic
(Figure 15, top). This plan contains 4,700 km gihhspeed lines, of which 700
km are currently in operation. After implementatioh the scheme, all im-
portant regional centres will be reached from Piariess than three hours, all
borders in less than four hours. Return trips ensame day to London, Am-
sterdam, Cologne, Frankfurt, Munich, Zurich, MilanBarcelona will become
feasible with a maximum travel time of four and afhours one way. The
future TGV network, which originally was mainly erted towards Paris, will
also enable quick journeys between regional centnesigh the Paris bypass
and TGV lines such as Rhin-Rhone (Mulhouse-Lyon)Goand Sud (Bor-
deaux-Narbonne).

Figure 15 (bottom) presents a time-space map fande based on 28 such
regional links. With the exception of parts of tBeetagne and the far south-
east of France, all regional centres are linkeédaoh other in less than five
hours. This might lead to a reduction of the domagaof the French capital.

5.2 Germany

Figures 16 to 18 present the calibration netwohe triangulation, the
topographic map and three time-space maps for tbenén rail network.
Origin node of the stepwise multidimensional saplof these maps is Frank-
furt.

Figure 16 (top) shows the base network of the Geriaand ICE lines
and the most important links to neighbouring coestrThe lower part of the
figure displays the triangulation of the calibratioodes.

Figure 17 (top) is the base map representing alnairspeed of 60 km/h.
Figure 17 (bottom) is based on the rail travel 8ro&1985. It becomes visible
that in 1985 train journeys in the GDR were muadwslr than in West Germa-
ny and that the links between East and West Germaang slowed down by
long stops at the intra-German border. Due to tmg ltravel times between
Bavaria and the GDR the whole territory of the GiBRoushed towards the
northeast.

Figure 18 (top) shows the current situation. Therapon of the first ICE
line between Hamburg and Minchen since 1991 hatladfurther shrinking
of west Germany. The new Lander have come somesibser because of the
elimination of stops at the former border and th&taration of east-west rail
links. However, the rail network in the former GIDRs not yet been accelerat-
ed so that the time-space disparity between théeweand eastern parts of the
country has become even more pronounced.

This will change when, as assumed in Figure 18tdbot the planned rail
improvements will be implemented in the next centliihen rail speeds in east
and west Germany will be equal so that the timespaap of Germany will
again look like the base map, though much smaller.
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It is interesting to note that the French time-gpa@ps (Figure 14, bottom,
and Figure 15) are shrinking more than their Germ@amterparts. This indi-
cates that the German railways are slower tharFteach railways and that
this difference will continue to exist in the neentury.

The time-space maps of Figures 17 and 18 can alsedarded as visuali-
sation of a fusion of two time regimes (Stiens, Z%Baier, 1990). The wall not
only separated the population of East Germany fitenworld, but at the same
time protected a zone of relaxed time. West Germangontrast to this, was a
zone of compressed time. By the transport proj&&&sman Unity' the new
Lander are 'elevated' to the zone of compresseal tim

5.3 Western Europe

Figures 19, 20 and 21 illustrate the impacts afastfucture improvements
in the road and rail networks on the time spacwv@sdtern Europe. Both net-
works were reduced to the base network of Figuréd® used already in Fig-
ures 10 to 13. For this network travel times werkected from time tables and
forecast for different points in time (ACT Consulta et al., 1992; Fayman et
al, 1992). The following four infrastructure scenarwere considered:

- Road network 1991: The road network of the y&@11is represented by the
most important European motorway and ferry links.

- Road network 2010: Road improvements will ocaumprily in France. The
most important change is the opening of the Chamnahel in conjunction
with the coastal motorway along the Dutch, Belgiad French coast.

- Rail network 1991: In 1991 the European high-gpesl network consists
only of one link, the TGV between Paris and Lyonl @&her parts of the
network are operated at lower speeds.

Rail network 2010: The rail network in 2010 welbntain the high-speed rail
links already in operation since 1991, the TGV Atique in France and the
ICE Hamburg-Munich in Germany, and future linksisas the TGV Nord,

the TGV Mediterrané, the TGV Est and the new ICIkdi Cologne-Frankfurt

and Berlin-Hamburg as well as links to and withjpa® and Italy. The most
important changes in the European rail networktlaeeopening of the Chan-
nel Tunnel in 1994 and the direct high-speed nakd from Paris and Brus-
sels to London.

The impacts of these four scenarios on the timeespawestern Europe are
presented in Figures 20 and 21; Figure 19 (bottmoys the base map as ref-
erence. The base map refers to an air-line speé@-&Mm/h and has the same
time scale as the following time-space maps.
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Figure 16. Calibration network (top) and triangtilan (bottom) of the Ger-
man rail network.

IRPUD
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Figure 17. 60-km/h base map (top) and time-spaap af the rail network in
Germany, 1985 (bottom).
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Figure 18. Time-space maps of the rail networkGermany, 1993 (top) and
2010 (bottom).
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Figure 19. Calibration network (top) and 60-km/aske map (bottom) of west-
ern Europe.
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Figure 20. Time-space maps of the road networkvestern Europe, 1991
(top) and 2010 (bottom).
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Figure 21. Time-space maps of the rail networtvestern Europe, 1991 (top)
and 2010 (bottom).
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The time-space maps based on travel times of t metwork (Figure 20)
show only a slight distortion compared with thedasap. The shrinking of the
continent is particularly visible in its core: Fkdart, Munich and Vienna are
more closely located to Brussels, Paris and Lortian in the base map. In
contrast, the Iberian peninsula appears much lafgar in the physical map
because its road transport infrastructure is leseldped than in central Eu-
rope. Great Britain and Ireland are pushed outwdugsto the slow ferry links
across the Channel and the Irish Sea.

The difference between the two time-space mapsofut transport is rather
small. This is in line with the relatively smallariges in the motorway network
until 2010. Only France and the new German Landersarinking because
most motorway improvements will occur there. Theerapg of the Channel
Tunnel has only a slight effect on the travel tirbesveen the United Kingdom
and Ireland and the European mainland. The reastmat the time saving for
cars using the shuttle trains through the Tunnealniy small compared with
current ferry services.

Figure 21 shows that the impacts of the new higredprail lines are much
larger. Even in 1991 (Figure 21 top), France wasreated by the first TGV
between Paris and Lyon, whereas Spain and Por&yggedar larger and Great
Britain and Ireland are pushed towards the periph€he full 'space eating'
effect of high-speed rail becomes visible with implementation of the high-
speed rail network by 2010 (Figure 21, bottom): Toatinent has been re-
duced to half its original size. The southern paft&ngland are pulled to the
continent by the Channel Tunnel, whereas Irelard tae north of Scotland
remain peripheral. The Alps remain a major barnethe core of Europe be-
cause in this scenario the Alpine base tunnels@trassumed to be built.

5.4 Europe

Figures 22 and 23 show time-space maps of the wdfakurope (exclud-
ing Russia and the Ukraine). Figure 22 shows tlibrasion network and the
60-km/h base map. Compared with Figure 19, the orétve extended to east-
ern and northern Europe, but is also different @stern Europe.

Figure 23 shows time-space maps of the rail networkurope today and
in 2010 as envisaged by the International UniorRailways (UIC, 1992). It
becomes obvious that the peripheral location déie in western Europe (see
Figure 21) is marginal if eastern Europe is inctbdéhe poor quality of the
rail network there leads to slow speeds and a leggeesentation on the time-
space map. This is particularly true for south-éastope. In 2010 (if the rall
network envisaged by the UIC exists by then) thatioent will have shrunk in
time space dramatically. However, its shape willdmee much more similar to
the physical map.
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Figure 22. Calibration network (top) and 60-km/aske map (bottom) of Eu-
rope.
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Figure 23. Time-space maps of the rail networkEimrope, 1993 (top) and
2010 (bottom).
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6. Conclusions

The method of creating time-space maps presenttdsipaper avoids the
disadvantages of current approaches by stepwistdmensional scaling and
interpolation with triangulation. Using this methdime-space maps with a
high correspondence between map distances and tmaes, yet without un-
desirable distortions of topology can be produd®g.the selection of the
origin node the direction of the map distortion t@ninfluenced.

However, because there is no single best solutoa time-space map, the
appearance and plausibility of the map depend$si@skills of the map editor,
who, by adding or deleting links of the calibratinaetwork or selecting a dif-
ferent origin node, can influence or even maniguthe results. A comparison
between the two time-space maps of Figure 15 arideofime-space maps of
France with France within Europe in Figures 21 aB8dndicates that the ap-
pearance of time-space maps is significantly imfaesl by the underlying cali-
bration network.

The visualisation of the effects of new high-spdiefts in time-space
demonstrates the shrinking of the European cortimenof countries like
France or Germany. However, high-speed infrastractonnects only im-
portant cities, but not the space in between thémns generalisation hides that
the regions in between might become new periptsg@lzones, in which ac-
cessibility is decreasing in relative or even isa@hte terms through the elimi-
nation of interim stops, when high-speed trainsirtreduced.

Time-space maps, applied with judiciousness angoresbility, are an in-
teresting medium for the visualisation of spatiahmmge. In a period in which
new and faster transport modes fundamentally chmgeelationship between
space and time, time-space maps can be used t@ dpatier understanding of
the change processes at work and of the destruatispace by increasing spa-
tial mobility and of its social and ecological cast

7. Acknowledgements

The authors are grateful to Eihan Shimizu, Unitgref Gifu, Japan, for
the permission to use the computer programme fictbation of time-space
maps by topological transformation, and to Maréahenique and Partners,
Cambridge, for providing the travel time data faffedent transport networks
in Europe from the common research project on then@Gel Tunnel. The au-
thors are also grateful to Meinhard Lemke, IRPUD the digitised base maps.

8. References

ACT Consultants, Institut fir Raumplanung, Marci&dhenique & Partners
(1992): The Regional Impact of the Channel Tunf&port to the Com-
mission of the European Communities. Paris/Dortr@achbridge:
ACT, IRPUD, ME&P.

Baier, L. (1990)Volk ohne Zeit. Essay uber das eilige VaterlaBerlin: Wa-
genbach Verlag.




39

Community of European Railways (198®roposal for a European High-
Speed Rail NetworlParis: Community of European Railways.

Downs, R.M., Stea, D. (197Maps in MindsNew York: Harper & Row.

Ewing, G.0O., Wolfe, R. (1977): Surface feature iptdation on two-
dimensional time-space magsivironment and Planning @, 419-437.

Fayman, S., Metge, P., Spiekermann, K., Wegeney,Rldwerdew, A.D.J.,
Williams, 1. (1992): The regional impact of the @&l Tunnel: qualita-
tive and quantitative analysis. Paper presentatea6th World Confer-
ence on Transport Research, Lyon.

Gatrell, A.C. (1983)Distance and Space: A Geographical PerspectVg-
ford: Clarendon Press.

Hagerstrand, T. (1970): What about people in regisgience®Papers of the
Regional Science Associati¥ixXIV, 7-21.

Hagget, P. (1983)Geography. A Modern Synthesidew York: Harper &
Row.

Heine, H. (1854): Lutetia (ll). Berichte tber Pidjtkunst und Volksleben. In:
Kaufmann, H., ed. (1964Heinrich Heine. Samtliche Werk¥ol. XII.
Munchen: Kindler.

Preusser, A. (1984): ALGORITHM 626. TRICP: a comtplot program for
triangular meshesACM Transactions on Mathematical Softwat8,
473-475.

Shimizu, E. (1992): Time-space mapping based oolégjcal transformation
of physical maps. Paper presented at the 6th WGddference of
Transport Research, Lyon.

Sloterdijk, P. (1992): Die Gesellschaft der Keng&aur Philosophische Be-
merkungen zur AutomobilitdEAZ-Magazin24, 28-38.

SNCF, Société Nationale des Chemins de Fer Frarft8®1): Schema di-
recteur pour connections a grande vitekad.ettre de la SNCB7, 2-8.

Spiekermann, K., Wegener, M. (1991): Getting thst lné three worlds: link-
ing GKS, ARC/INFO and a graphics programme. Papesgnted at the
Second International Conference on Computers iratJBlanning and
Urban Management, Oxford.

Spiekermann, K., Wegener, M. (1992)ie regionalen Auswirkungen des
Kanaltunnels in EuropaWorking Paper 110. Dortmund: Institut fur
Raumplanung, Universitat Dortmund.

Steiner, J. (1991): Raumgewinn und Raumverlust: Danuskopf der
GeschwindigkeitRaum3, 24-27.

Stiens, G. (1992): GrofRraume und Regionen unter Demsk neuer Zeitre-
gimes.Raumforschung und Raumordnus@ 6, 295-302.

Tobler, W.R. (1978): Comparison of Plane Fori@gographical Analysix
(2), 154-162.

UIC, Union Internationale des Chemins de Fer (1982hema Directeur pour
Trains a Grande Vitesse en Eurofaris: UIC.

Zahavi, Y. (1979)The 'UMOT" Project Washington, DC: US Department of
Transportation.

Wegener, M., Spiekermann, K. (198ikrocomputergraphik. Eine Unter-
programmsammlung fir FORTRAN und GKerlin/Heidelberg/New
York/Tokyo: Springer Verlag.




40

9. Appendix: The TIMESPACE Programme

This appendix describes the computer programme HBRWCE for the
creation of time-space maps.

9.1 Programme Structure

The programme consists of a control module ancetprecessing modules
(see Figure 24). The three modules are describedbe

Figure 24. Structure of the TIMESPACE programme.
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Control Module (TIMESPACE)

The control module connects between the three psoog modules and
permits their execution in any sequence. TIMESPASEalled from DOS by
entering

timespace

After entering the programme, the user is promgtedthe name of the
study region <reg> (which is identical to the namfi¢he subdirectory in which
the input files for that region are stored (seeoWwgl and for the name of the
infrastructure scenario <var> for which a time-spatap is to be created. Next
a menu appears on the screen from which the usesetact one option:

Select one:

Stepwise MDS
Triangulation
Time-space map
1-3

Test origin node(s)
New scenario

Exit

~NoO o WNE

Options 1, 2 and 3 call the three modules SMDS ANG and INTER, re-
spectively; option 4 causes their processing irusege. Option 5 assists the
user in selecting a suitable origin node. By chogsiption 6, the user may
change to another region or scenario, or both.d@@tiexits the program. After
execution of each processing module, screen ougpatrested until the user
hits a key. The user may print a hard copy of ilmeent display by entering 'p’
(the printer must be in READY status) or returrtie main menu by pressing
any other key.

Stepwise multidimensional scaling (SMDS)

The module SMDS performs stepwise multidimensi@taling for a cali-
bration network. The programme prompts the usettterfollowing parame-
ters:

sun  Units of space (in kilometres)
tun  Units of time (in minutes)

bas  Speed of base network (km/h)
nop Optimisation level (0...3)

nod Origin node of time-space map

The values for the five parameters selected byutiee are stored in a file
\<path>\<reg>\DEFAULTS, where <path> is the pathhaf parent directory in
which the programme and programme files are stanedd<reg> is the name of
the study region. If the default file is not prefsénis created.

Stepwise multidimensional scaling starts with thigio node specified by
the user. Alternatively, two or more calibrationdes are tested as origin
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nodes. The coordinates of the origin node remaahanged. In the first round
all nodes of the calibration network are procesgeith are connected with the
origin node by a direct link. The X- und Y-coordiea of these nodes are the
parameters to be optimised in the first round. Takbration network of the
first round consists of all links between the arigode and these nodes and all
links between them.

The SMDS procedure minimises the sum of differertoetsveen the dis-
tances between the nodes of the calibration netwatkthe travel times be-
tween them by varying the X- and Y-coordinates lué talibration nodes.
Mathematically this is done by an iterative gratlisearch in n-dimensional
parameter space following Newton-Raphson, wherguals twice the number
of calibration nodes. The iteration is terminateldew no significant improve-
ment of the objective function can be achieved. $topping point is deter-
mined by the optimisation level specified by therusligher optimisation lev-
els achieve lower levels of the objective functhart require longer computa-
tion time. In some cases a lower optimisation lewaly be preferred to avoid
undesirable distortions of the map topology.

After completion of the first round, the coordinataf the nodes of current
calibration network are permanently fixed. The lwation nodes of the second
round are all nodes which are directly connecteti thie nodes of the previous
round. The calibration network of the second rogndsists of all links be-
tween the nodes of the previous round and the roelgshand all links between
these. Before entering the optimisation, the nelbiedion nodes are relocated
so that their direction from the node of the pregisound they are connected
with and their distance from this node (in termstraivel time) remain un-
changed.

After each iteration the new locations of the nodes displayed on the
screen superimposed over the original network. dditeon, after the final
round, the correlation coefficient between the tillstances on the time-space
map and the travel times as specified by the useitlze final value of the ob-
jective function, i.e. the sum of differences beawe¢hem, are displayed.

The old and new locations of the nodes of the catlibn network are stored
in a file for later use by module INTER (see below)

If option 5 was selected, the programme promptsies for a list of origin
nodes to be tested. For each of these nodes, dggapnme displays statistics
such as correlation coefficient, objective functaomd the number of topologi-
cal distortions, i.e. how many times the edgeshefttiangulation intersect if
the calibration points are relocated to their tispace coordinates. If only one
origin nodes was to be tested, the triangulatiatigplayed in time-space coor-
dinates with the intersecting edges indicated ilowo The user may then se-
lect a final origin node for the map and returnhi® main menu.

The programme draws with each execution of SMDSap of the calibra-
tion network, <var>.NET, in .WPG format. Nodes n@yry names appended
to their right. To label a node, its name is apgehdfter its coordinates in file
<var>.PTS, separated by one or more blanks.




43

Triangulation (TRIANG)

The module TRIANG performs the triangulation of thedes of the cali-
bration network. The programme uses ACM algoritt#t @reusser, 1984). In
order to cover the entire map area, the four copoénts of the map and the
midpoints of each map border are treated as ctbbraodes. The algorithm
starts by sorting thie(n-1)/2 air-line distances between the calibratiodesby
ascending distance. From these sorted distancesngtructs the triangular
mesh with the calibration points as corners andnti@dmum total length of
triangle edges. The resulting triangulation is #iged on the screen. For each
triangle the numbers and coordinates of its thoeaers are stored in a file for
later use by module INTER.

Interpolation (INTER)

The module INTER calculates the time coordinatesafoother linear map
elements such as coast lines, national or regiboahdaries or geographical
grid lines by interpolation between the relocati@ctors (offsets) of the nodes
of the triangulation.

In a first step the programme determines the rélmtaectors (offsets) of
the corners of each triangle of the triangulatioa, the differences between
their space and time coordinates in X- and Y-dimmnsThe four corners of
the map and the midpoints of each map edge aren diggtious offsets as
weighted averages of the corners of adjacent tieang

For the construction of the time-space map, a ganpblygon routine is
used to determine for each point of the map elesnenbe processed the asso-
ciated triangle of the triangulation. The offsefstltat point are calculated as
the weighted average of the offsets of the threaears of that triangle. The
averaging is done for the X- and Y-direction sefyalf the X- and Y-offsets
of the three corners of the triangle are consideetlevations’, the averaging
consists in determining the elevation of the irgeti®n between the triangle
and a vertical line at the point in question. Tésulting time-space map is dis-
played on the screen.

It is possible to draw selected nodes of the catibn network in the time-
space map labelled with their names. To specifyntbaes to be drawn, an as-
terisk is put in front of the names of the seleatedes in file <var>.PTS. The
name will be printed to the right of the node ie thme-space map.

9.2 Input Files

All input files for the TS programme are editabl&@ll files, most of
which can be automatically generated by the ARCONgeographic infor-
mation system. The following input files are used:

\<path>\<reg>\<var>.PTS Coordinates of calibratiaades
\<path>\<reg>\<var>.TMS Travel times of calibratioetwork
\<path>\<reg>\GRD.LIN  Coordinates of geographupadi
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\<path>\<reg>\MAP.LIN  Coordinates of map polykne
\<path>\<reg>\MAP.POL Coordinates of map polygons

where <reg> and <var> are defined as above. Timgsbas' for <var> indi-
cates the base network.

The two files <var>.PTS and <var>.TMS contain tladibration network
and are required for each scenario. The three GR®.LIN, MAP.LIN and
MAP.POL contain the map image to be displayed aedogtional, but one of
them must exist. The programmE detects which ahtlsepresent.

ARC/INFO Files

Files with extensions .PTS, .LIN and .POL haveftrenat of ARC/INFO
export files for point, line and polygon coordinat& his makes it possible to
use maps digitised with ARC/INFO without reformadti Geographical grids,
roads, rivers etc. are entered as polylines in GRDor MAP.LIN. Polylines
in GRD.LIN are displayed as broken lines, polylineasMAP.LIN as solid
lines. Boundaries may be entered either as polylineVIAP.LIN or as poly-
gons in MAP.POL, but only in the latter case aeedheas they contain shaded.
Polylines over polygons are shown in inverse colour

The file with the extension .PTS contains one rédor each node of the
calibration network with the following format:

Column Format Contents

1-10 110 Number of calibration node
11-25 F18.6 X-coordinate of calibration node
26-40 F18.6 Y-coordinate of calibration node

where the format key 'F18.0' indicates a numbeumfto 18 digits with or

without decimal point and any number of digits Imehihe decimal point. After
the record with the coordinates of the last nodeetlis a record with the string
'END' in columns 1-3.

The files with extension .LIN and .POL have theldaling format: For
each polyline (polygon) of the map the file consaime block of records:

Record Format Contents

1 110 Line type (ignored)

2 2F18.6 X- and Y-coordinates of first point

3 2F18.6 X- and Y-coordinates of second point
n+1 2F18.6 X- and Y-coordinates of n-th point
n+2 'END’ End mark

where n is the number of points of the polylinelygon perimeter). After the
last block of records there is another 'END' recdirthe file has the .POL ex-
tension and the coordinates of the first and lagttpof the polygon perimeter
are not identical, TS connects these two pointa liye.
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The coordinates of the .PTS, .LIN and .POL filesyrba entered in any
units of distance (e.g. km, m, 1000 km, etc.), tait in geographical coordi-
nates (longitude and latitude). All files of onephgation must use the same
unit of distance.

If there exists a boundary file with polylines ltiN format, it may be con-
verted into a polygon file by the utility programnéN2POL. LIN2POL is
invoked by

lin2pol <boundary-file> \time\<reg>\map.pol

LIN2POL identifies polygons only if it finds recuve sequences of polylines
with exactly matching end coordinates.

Scenario-Specific Files

Several files <var>.PTS and <var>.TMS for differerftastructure scenar-
ios, i.e. for different strings <var>, can existtla¢ same time in subdirectory
\<path>\<reg>. The .PTS files with coordinatesta hodes of the calibration
network are ARC/INFO export files (see above) oe areated from
ARC/INFO export files by adding or deleting nodesg an editor.

The .TMS files are generally created using an edFor each link of the
calibration network the file contains one recordhwhe following format:

Column Format Contents

1-10 110 Number of from-node
11-20 110 Number of to-node
21-35 F18.0 Travel time of link

BAS.TMS does not need to contain travel timeshéyt are present, they are
ignored.

Programme Limits

The present version of the programme can accommazidibration net-
works with up to 2,000 nodes and 3,000 links. Athederation, the SMDS
module can process a ring-shaped partial networkpdb 500 nodes. The tri-
angulation of the calibration network may contamto 4,000 triangles. The
map data may consist of any number of polygons wphto 2,000 vertices
each and any number of polylines with up to 2,0@@étiees each and up to
20,000 vertices overall.

9.3 Output Files
Each generated time-space map is automaticallyenrto an output file in

WordPerfect graphics (WPG) format named \<pathegxk<var>.WPG. The
map can be scaled and printed with WordPerfect@@ or 7.0 and/or modi-
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fied or enhanced with DrawPerfect 1.1 or WordPé¢rnRresentations 2.0 or 3.0
or any graphics programme accepting graphics ifle®/PG format.
9.4 Installation

The TIMESPACE programme requires an IBM-compat®@ with VGA
monitor. For screen hard copies a HP-compatibler lpanter is required. For
printing the file \<path>\<reg>\<var>.WPG, any lapenter for which a driver
for WordPerfect or WordPerfect Presentations islalvie may be used.

The TIMESPACE programme and its modules were writte Fortran 77
and compiled with the WATCOM 32-bit Fortran compil&@he programme is
executed under MS-DOS using the DOS extender DOS&EXW® by Tenber-
ry. It uses graphics commands of a GKS applicatayer (Wegener and
Spiekermann, 1989) adapted to the graphics liboarthe WATCOM 32-bit
Fortran compiler.

The programme and test data are contained in diyedkpath>, where
<path> is a user-defined directory path. Theretameways to install the pro-
gramme: either from diskette or via e-mail.

Installation from Diskette
To install the programme from diskette, follow gteps below:
(1) Insert the diskette in drive a: of your cartgy
(2) Go to the root directory of your computertipging
cd\
(3) Start the installation programme on the elitkby typing

a:install

Installation via E-mail

If you have received the TIMESPACE programme astldata via e-mail,
follow the steps below:

(1) Create a new directory on your computer Witk path <path> and go
to that directory by typing

cd \<path>

(2) Copy the file TS.UUE you received via e-maildirectory <path> and
decode the file by typing

uudecode timespace
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(3) Inflate subdirectories and files of the tispace programme by typing

pkunzip -d timespace

9.5 Execution

Work with TIMESPACE starts by moving to directorypath>\PROG by
typing

cd \<path>\prog
and entering
timespace
All input and output files for study region <regreacontained in directory
\<path>\<reg>. For a new study region, a new dimgct<path>\<reg> has to
be created.
Source Code
The compiled version of the TIMESPACE programmeastained in di-
rectory \<path>\PROG. The directory also contathe source code of
TIMESPACE. If the programme is to be modified aedampiled, numerous
external references will be unresolved.
Test Files
The TIMESPACE programme is accompanied by test ofatiaree regions:

western Europe, France and Germany. Time-space afdpsse three regions
can be produced by using the following parameters

Directory Region sun tun bas nop nod
EUROWEST Western Europe 132 1 60 1 (Paris) 10
FRANCE France 132 1 60 1 (Paris) 1
GERMANY  Germany 001 1 60 1 (Frankfur20

The above parameters are contained in file \<pateg>\DEFAULTS:
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