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Abstract 

The generation of synthetic populations represents a substantial contribution to the acquisition 
of useful data for large scale agent based microsimulations in the field of transport planning.  

Basically, the observed data are available from various sources, i.e. censuses (microcensus) in 
which the data is available in terms of simple summary tables of demographics, such as the 
number of persons per household for census-block-group-sized areas. Nevertheless, there is a 
need of more disaggregated personal data, and thus another type of data source is considered. 
The Public Use Sample (PUS), often used in transportation studies, is a 5% representative 
sample of complete census records, including bad records, for each individual, excluding ad-
dresses and unique identifiers. 

The problem is, to generate a large number of individual agents (~1Mio.) with appropriate 
characteristic values of the demographic variables for each agent, interacting in the mi-
crosimulation. The main techniques used to generate the agents are IPF and simple MC.  

In this paper we present further results of our effort to disaggregate the available census data. 
First, we present agents with age and sex as the sociodemographic characteristics for all mu-
nicipalities in Switzerland using data from census 2000 and microcensus 2000. Second, we 
added more sociodemographic variables like driver licence ownership, car availability, em-
ployment, accessibility of halbtax and GA periodic tickets to obtain more realistic agents for 
all of  Switzerland. Third we made some effort to disaggregate the data to a hectare based 
level for employment, age, and sex of the agents. The current state of this work will be pre-
sented. 
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1. Introduction 

In recent years, the computing power of distributed computing has increased significantly. 
Therefore it is now possible to do traffic simulations on a microscopic scale for large metro-
politan areas with more than 1 million habitants.  

For the microsimulation one needs different modules for different tasks. Figure 1 shows the 
most important modules.   

Figure 1 Traffic Microsimulation, Schema 

The reason why people move from one point in space and time to another is assumed to be 
that people starts activities due to personal needs. For details about activity based transport 
models see for example Axhausen and Gärling, 1991 or Gärling et al., 1994. Therefore in the 
simulation there is a module called activity generation module, which provides each agent 
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with a daily plan of activities witch should be executed. Once the agent has the activities for 
the day, the mode- and route choice module relates a particular route and vehicle modes to 
each agent depending on the individual activities. The next step is to execute these choices for 
all agents simultaneously within the traffic microsimulation module. The algorithms used to 
run the traffic microsimulation can be a molecular dynamics method, well known from phys-
ics, except for the fact that the agents (particles) are simulated on a road net or alternatively a 
queue model or a cellular automata is used. If an inconsistency occurs within the daily plans 
of some agents, the interaction module is responsible for adapting the plans and run the pro-
cedure as long as all agent plans are consistent. This is usually the case after about 50 itera-
tions. In a first and important step it is necessary to generate the needed number of agents 
with individual demographic properties as an initial dataset for the microsimulation. This 
module is called Synthetic Population Generation Module. The purpose of this paper is to de-
scribe in detail the IPF method used for synthetic population generation and to present the ob-
tained results for the Kanton Zürich in Switzerland.  

The task is to generate agents, which reflects the demographic structure and the travel behav-
iour of the real people. Almost all information, which is easily available about people and 
their travel behaviour, comes from empirical data obtained by surveys. Due to the fact that 
there exist laws to protect the privacy of people, not all desired information about the people 
could be obtained. In general the situation is as follows: The more information we get from an 
individual traveller about his demographics (e.g. age, sex, income, employment, car owner-
ship, etc.) the less we know about his residency, i.e. the spatial resolution of where he or she 
lives. On the other hand, if we have a good spatial resolution for the e.g. residence of the trav-
eller, i.e. the municipality, the hectare data or the street address of that particular traveller, we 
do not have information about the other sociodemographics of that individual traveller but 
usually we have 1D or 2D summary tables for various demographics instead. 

To overcome the situation described above, one can use methods for disaggregating and syn-
chronizing the data given to public. One method, which has been used in traffic research be-
fore is called Iterative Proportional Fitting (IPF), e.g. (Papacostas and Prevedouros, 1993). 
The present paper describes some modifications to the original method, and shows how high 
dimensional contingency tables can be obtained with this method. As an example the method 
is adapted to the Kanton Zürich, witch is a metropolitan area with about 1 million residents in 
Switzerland. 
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2. Census Data 

One of the main problems in generating synthetic populations is the spatial disaggregation 
and synchronization of the available census data. In this approach the census 2000 from Swit-
zerland as well as the microcensuses from 1989 to 2000 (BFS and ARE, 2001) are used to de-
termine the synthetic population. 

First of all, it is necessary to choose a set of demographic variables of interest. For example 
this may be residence, age, sex, income, car ownership, working place, etc. These demograph-
ics are available in different resolutions in each data source. In particular the residence varies 
from Kanton level down to municipality level and even hectare grid or exact xy-coordinates  
are possible. To obtain the best spatial resolution for residence or work place the process of 
generating synthetic agents is divided into two major steps. 

Starting from the 1-dimensional (1D) marginal distributions of the demographics for each 
municipality the data for each demographic variable is aggregated to the low spatial resolution 
level which is here the Kanton Zürich, to obtain 1D, 2D, etc. distributions for each demo-
graphic or a combination of demographics except for the residence. The Tables 1-4  show the 
1D distribution of age and sex for the municipality Ottenbach and the aggregated results for 
the Kanton Zürich, respectively. More tables for other demographics and cross-classified ta-
bles are possible but not presented here. Furthermore, Figure 2 and 3 shows a chart of the ag-
gregated distributions for age and sex.   

Table 1 Sex Distribution for the Municipality Ottenbach, 2000 

Sex 1 = male 2 = female Total 

Frequency 1070 1094 2164 
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Table 2 Age distribution for the Municipality Ottenbach, 2000 

Age (categories) 1 2 3 4 5 6 

Frequency 18 95 138 159 154 120 

Age (categories) 7 8 9 10 11 12 

Frequency 103 157 168 188 213 199 

Age (categories) 13 14 15 16 17 18 

Frequency 158 87 65 53 43 31 

Age (categories) 19 20 21 22 23  

Frequency 11 3 0 1 1  

Labels        1 = 0 years, 2 = 1-4 years, 3 = 5-9 years,…, 22 = 100-104 years, 23 = >105 years 

 

Table 3 Age distribution for the Kanton Zürich, 2000 

Age (categories) 1 2 3 4 5 6 

Frequency 11593 51128 64662 64225 64684 77601 

Age (categories) 7 8 9 10 11 12 

Frequency 93278 110767 111411 96505 86962 86131 

Age (categories) 13 14 15 16 17 18 

Frequency 79676 61763 53412 46781 38128 24765 

Age (categories) 19 20 21 22 23  

Frequency 15942 6984 1403 103 2  

Labels        1 = 0 years, 2 = 1-4 years, 3 = 5-9 years,…, 22 = 100-104 years, 23 = >105 years 

 

Table 4 Sex Distribution for the Kanton Zürich, 2000 

Sex 1 = male 2 = female Total 

Frequency 613038 634868 1247906 
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Figure 2 Age Distribution, Kanton Zürich, 2000 

 

Figure 3 Sex Distribution, Kanton Zürich, 2000 
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Another data source, we can use for estimation of the multiway table, is usually the Public 
Use Sample (PUS, 2001) from Switzerland. This is a 5% sample from the census from Swit-
zerland in an anonymized form. Any data imputation techniques for missing items are not per-
formed so far. When the presented calculation was done, the PUS 2000 was not available for 
public, but fortunately a preversion for research purposes was. From that data source we can 
get a 5% multiway table for age x sex sociodemographic variables. We simply need to sum-
marize all people with the same values of the demographic variables. Unfortunately this table 
is only valid for the 5% sample. Since we know at least the real 1D-distributions of the demo-
graphic variables for the entire population and the complete multiway table for the 5% sam-
ple, we can use methods like Iterative Proportional Fitting (IPF) to obtain estimations for the 
multiway table valid for the entire population. Once the multiway table is generated, we sim-
ply have to choose agents from that distribution with the appropriate probability in order to 
get the complete synthetic population. In the next chapter the IPF method is described in de-
tail. 
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3. Iterative Proportional Fitting 

3.1 The Basic Algorithm 

IPF was first established by Deming and Stephan, (1940). This chapter is based on Anderson 
(1997). Let us consider a multiway table in N dimensions. Each dimension is associated with 
one sociodemographics. For ease of description, the algorithm is presented for N=3. It’s easy 
to expand the algorithm to N dimensions. 

Assume a multiway table +∈ Rijkπ with unknown components and a set of given marginal 

distributions { }jkkiij xxx ••• ,, . A dot means that we have summed over that index. ijkπ  denote 

the number of observations of category i of the first sociodemographic, of category j of the 
second demographics and so on. The multiway table ijkπ  have to obey the following con-

straints: 

•• = ijij xnπ ,  kiki xn •• =π , jkjk xn •• =π                              (1.1) 

•••••• == xn π                                                                    (1.2) 

where n is the total sum of observations. The iteration process begins by letting the multiway 

table for the 5% sample the 0th estimate )0(
ijkπ  for the ijkπ  . One iteration (in 3 dimensions) is 

done by executing the following equations in turn.  
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one iteration 
(in 3 dimensions) 
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This is necessary to fulfil the constraints given in equation (1.1). For a prove, that the con-
straints in equation (1.1) are fulfilled, one can for example sum over the index k in equation 
(2.1) on both sides to make sure, that this leads to the first equation in (1.1). 

The iterations continue until the relative change between iterations in each estimated )(tijkπ is 

small. t denotes the number of iterations executed. This procedure converges sufficiently in 
about 20 iterations. Figure 2 shows a schema for the iteration process.  a   denotes a vector of  
the demographics. 

Figure 4 Iteration Process 

3.2 Description of the Enhanced IPF Procedure 

The basic algorithm is used in two major steps. In the first step, a multiway table for the 
whole low spatial resolution area is computed, e.g.  a multiway table for the Kanton Zürich. In 
a second step this estimation is uses together with the marginal distributions of the areas of 
high spatial resolution, e. g. the municipalities of the Kanton Zürich to obtain the right mar-
ginals for each municipality. In both steps, the basic IPF procedure is executed many times, 
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depending on the number of demographics used for the estimation. In this chapter we will il-
lustrate which IPF procedures are necessary. 

Consider the case of  four demographic variables. And let (1,0,1,1) denote a vector with ele-
ments 0 or 1. Each component of the vector corresponds to a different demographic variable. 
A ‘1’ means that this demographic variable exists whereas a ‘0’ means that the demographic 
variables doesn’t exists. And thus (1,0,1,1) describe the 3d multiway table: demographic1 x 
demographic3 x demographic4. The demographic2 doesn’t exist. With that notation a com-
plete basic IPF run can be described by giving the known marginal tables on the left hand side 
and the estimated table on the right side separated by a ’=>’ character. An example is shown 
in equation (3.1).  

(1,1,1,0); (1,1,0,1); (1,0,1,1); (0,1,1,1) =>  (1,1,1,1)                            (3.1) 

 The complete IPF runs for a major step can be stated as a list of equations like the equation 
(3.1). All possible runs for three demographics are shown in equation (3.2).  

(1,0,0); (0,1,0)   => (1,1,0) 
(1,0,0); (0,0,1)   => (1,0,1) 
(0,1,0); (0,0,1)                    => (0,1,1)                
(1,1,0); (1,0,1); (0,1,1)  => (1,1,1) 

As one can see, if a particular marginal distribution is given, it can be used as the resulting es-
timation of this particular IPF run and thus the run need not to be executed. At least the in-
formation about the 1D distributions is needed to obtain a final result. 

3.3 Properties 

For mathematical tractability purposes it is assumed that all of the areas considered for the 
IPF runs have the same correlation structure. This assumption is probably not a serious prob-
lem, due to relationships between the different areas under consideration. 

The reason, why it is necessary to make a second IPF step for the spatial disaggregation is the 
correlation structure of the demographics in the population. When we use IPF, the correlation 

(3.2) 
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structure in each municipality is the same, and a summation of the municipalities to the Kan-
ton level yields to the correlation structure of the Kanton.  

It can be shown that if the marginal totals of a multiway table are known and a sample from 
the population, which generated these marginals, is given, IPF gives a constrained maximum 
entropy estimate of the true proportions in the complete population multiway table (Ireland 
and Kullback, 1968). 

To start the iteration process, we need an initial multiway table, generated e. g. from the PUS. 
The IPF algorithm estimates zero cells for all cells that are zero in the sample. Since we have 
only samples of the population available to construct the initial distribution, not all of the zero 
cells in the multiway table might be zero in the population. Therefore it is useful to allocate 
all zero cells which are not zero due to logical constraints with a small value, e.g. 0.001. 
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4. Results for the Kanton Zürich 

In this chapter, the generation of  approximately one million agents is presented. The data 
sources used for that run are the census data from 2000 (not published yet) from Switzerland 
for the generation of the synthetic population and the traffic microcensus data from 1974-
2000 for the mapping of the activities and journeys to the agents. Due to the available catego-
ries in the census data, we use only two categories here: the age of the persons and the sex of 
the persons. 

With the notation from above for the IPF runs, the first task is to build the multiway table 
(1,1) from the given marginal distributions (1,0) and (0,1) for the Kanton Zürich. 

(1,0); (0,1) => (1,1)                                                         (4.1) 

(1,0) is given by Table 3, (0,1) is given by Table 4. (1,1) is obtained by running the basic IPF 
procedure once using the 5% sample values for the initial (1,1) multiway table. Table 5 shows 
the result for the Kanton Zürich. 

The marginal distribution is given whereas the total column gives the estimated sums. The 
difference given in the last column of  Table 5 shows, that the obtained result fits pretty well.  
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Table 5 Result of the IPF Procedure for Age x Sex for the Kanton Zürich 
Age in 5 years 
periods 

Male Female Total Marginal Difference 

0-4  6745 4848 11593 11593 0 

5-9  29882 21246 51128 51128 0 

10-14  37286 27376 64662 64662 0 

15-19  36268 27957 64225 64225 0 

20-24  35773 28911 64684 64684 0 

25-29  42132 35469 77601 77601 0 

30-34  49533 43745 93278 93278 0 

35-39  57257 53510 110767 110767 0 

40-44  55523 55888 111411 111411 0 

45-49  46195 50310 96505 96505 0 

50-54  40248 46714 86962 86962 0 

55-59  38771 47360 86131 86131 0 

60-64  34865 44810 79675 79676 1 

65-69  26265 35499 61764 61763 -1 

70-75 22260 31152 53412 53412 0 

75-79 19171 27610 46781 46781 0 

80-84 15390 22738 38128 38128 0 

85-89 9858 14907 24765 24765 0 

90-94 6289 9653 15942 15942 0 

95-99 2737 4247 6984 6984 0 

100-104 548 855 1403 1403 0 

105-109 40 63 103 103 0 

>= 110 1 1 2 2 0 

Total 613037 634869 1247906   
Marginal 613038 634868  1247906  

Difference 1 -1   0 

To disaggregate this data to the municipality level, a second IPF run is made. The desired re-
sult is the (1,1,1) multiway table. The third category is the number of the municipality in the 
Kanton Zürich. With that notation, (1,1,0) is the result from the first IPF run, shown in Table 
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5. (1,0,1) are the marginal age distributions for each municipality and the (0,1,1) table is the 
marginal sex distribution for each municipality. Therefore the following IPF run has to be 
executed: 

(1,0,1); (0,1,1); (1,1,0)  => (1,1,1)                           (4.2) 

This yields in a multiway table for age x sex x number of the municipality which can be sepa-
rated in a set of multiway tables age x sex for each municipality. Then the spatial disaggrega-
tion is done. Table 6 shows the result for the municipality number eleven, Ottenbach. In total 
171 municipalities are calculated for the Kanton Zürich. 

The magnitude of the differences in the last column of the estimated municipality distribution 
is higher than in the result of the first step (see Table 5) due to the initial distribution and the 
constraints given for the whole IPF procedure. Nevertheless, one can use this result for con-
structing the synthetic population. 
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Table 6 Result of the IPF Procedure for Age x Sex for the municipality #11, Ottenbach

Age in 5 years 
periods 

Male Female Total Marginal Difference 

0-4  10 8 18 18 0 

5-9  56 39 95 95 0 

10-14  82 56 138 138 0 

15-19  94 65 159 159 0 

20-24  94 66 160 154 6 

25-29  62 58 120 120 0 

30-34  50 53 103 103 0 

35-39  78 79 157 157 0 

40-44  81 87 168 168 0 

45-49  91 97 188 188 0 

50-54  103 110 213 213 0 

55-59  92 107 199 199 0 

60-64  69 89 158 158 0 

65-69  35 52 87 87 0 

70-75 25 40 65 65 0 

75-79 20 33 53 53 0 

80-84 16 27 43 43 0 

85-89 12 12 24 31 -7 

90-94 4 4 8 11 -3 

95-99 1 2 3 3 0 

100-104 0 0 0 0 0 

105-109 0 1 1 1 0 

>= 110 0 0 0 0 0 

Total 1075 1085 2160   

Marginal 1070 1094  2164  

Difference 5 -9   -4 
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4.1 Disaggregation of the obtained results to hectare level  

The next task one wants to execute is the disaggregation of the so far obtained result to the 
hectare grid which is a better spatial resolution for the residence. The method can also be used 
to get a workplace for each agent on a hectare grid.  

To explain the further procedure the municipality Ottenbach serves as an example. So far we 
have a age x sex distribution for both, the Kanton Zürich and the municipality Ottenbach. 
Figure 5 shows the hectare grid of the municipality Ottenbach. The numbers give the coordi-
nates of  the Swiss standard coordinate system. The spots show the inhabited hectares in 
1990. 

Due to the lack of available data we only know the distribution of the number of people living 
in Ottenbach in 1990 and the total sum of people living in Ottenbach in 2000 from the results 
above. Therefore a simple linear fit is performed on the 1990 population distribution to get an 
estimate for the distribution in 2000. For a first approximation it is assumed that the number 
and locations of the hectares remain constant over the 10 years period. 

Now one can execute a 2D-IPF run in which every single combination of the age x sex distri-
bution for the municipality Ottenbach is a new  row cell and each inhabited hectare is a col-
umn cell. The corresponding frequencies are the new marginal distributions of this 2D IPF 
run. For Ottenbach e.g. this yields to a 46 x 117 = 5382 elements table of frequencies. Due to 
the lack of better initial values a uniform distribution is used. After performing the run one 
obtain a 2D table of frequencies for the joint distribution age x sex x hectares and the disag-
gregation to hectare level is done.  

Unfortunately the IPF procedure, although it is very fast and has good convergence, provides 
only a real number result which holds the constraints of the given marginal distributions of 
the IPF procedure accurate. However, consider a particular cell. The meaning of this cell is 
the number of agents in the population with a particular vector of given sociodemographic 
characteristics, e.g. age, sex, residence, etc. Therefore one needs an integer result. Simply 
round the cell frequencies leads not to the desired result due to the fact that the rounded table 
no longer holds the given marginal constraints accurate. When the number of cells increases, 
the deviation due to the round process can’t be neglected. 

 



Swiss Transport Research Conference 
_______________________________________________________________________________March 25-26, 2001 

18 

Figure 5 Inhabited Hectares of the Municipality Ottenbach in 1990  
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To overcome this problem, a further step is needed. After rounding the cell frequencies to in-
tegers, one can randomly pick a cell and if the marginal difference has the same sign, one can 
add or subtract at least one, as long as the difference is not zero. This is a good measure to 
provide the correct overall number of agents, therefore this method is used in combination 
with the IPF procedure. As a result, the given marginal constraints are met more or less accu-
rately. Figure 6 shows the difference of the given marginal frequencies with the estimated fre-
quencies for the hectare distribution of Ottenbach. For the mapping of hectare numbers to the 
lower left corner of the hectare coordinates please see the appendix. The difference in the age 
x sex distribution is zero. The remaining differences in the hectare distribution can be brought 
to zero with a manipulation which let the other marginals unchanged. This can be done e.g. by 
adding one to a cell where the difference is negative and in the same row adding minus one to 
a column where the difference is positive under the condition that the frequencies remain 
positive or zero. 
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Figure 6 Difference in the marginal constrains for the hectare distribution 
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Figure 7  Number of Agents according to Age and Sex for hectare #15  
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To get the agents from a so constructed distribution one have to go through each cell and 
write down the characteristics (age, sex, hectare) as often as the calculated frequency states. In 
this example one can have only 46 x 117 different agents. The frequency in the cell gives the 
number of identical agents for the particular characteristics of the considered cell.  

To illustrate the results of the described procedure one can see the age distribution for males 
and females for a selected hectare in Figure 7. 

In Figure 8 the number of agents in age class 15-19 years old is displayed versus the hectares 
of Ottenbach. 

Figure 8  Number of Agents vs. hectare number according to sex  
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4.2 Results for Zürich City 

The next step is to add more and more of the interesting sociodemographic variables such as 
employment , private car availability, driver licence ownership or the work place which is an-
other spatial variable. Figure 9 and 10 shows a map from Zürich city with a hectare resolution 
for employed men and women age 35-39. If one needs a better age resolution, one can assume 
a uniform distribution over the 5 years period and draw random numbers for each agent. 

Figure 9 Zürich City: employed men age 35 to 39 
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Figure 10 Zürich City: employed women age 35 to 39 

A 10D-frequency table with the following traffic behaviour relevant sociodemographic vari-
ables was calculated. The agents can be separated in 5 year age classes, sex, driver licence 
ownership, car availability, employment, accessibility of halbtax and GA periodic tickets, 
household size and household income classes. Unfortunately the available empirical data is 
only sufficient to generate this table for a poor spatial resolution in terms of residence of the 
agent. The table is only generated for all of Switzerland so far. 
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5. Summary and further work 

The first chapter gives a short introduction of what is needed for a synthetic population and 
how it fits in the traffic microsimulation framework. Chapter 2 deals with the needed and 
available empirical census data. In the next chapter the more technical aspects of the iteration 
process is addressed in detail as well as some important properties of the IPF procedure. In 
chapter four the obtained results are presented for the Kanton Zürich. In successive steps the 
disaggregation of the residence of the agent is illustrated for the municipality Ottenbach. 
Starting with the Kanton level, the residence of the agent is next focused to the municipality 
level and furthermore in a last step to the hectare level. At the end of the chapter two maps are 
presented to show the distribution of sociodemographic variables over the Zürich City area. 

Further work is in progress to map not only the residence of the agent to a given hectare, but 
also the workplace. Another interesting task is the mapping of the agents to households. 
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Appendix 

1 Mapping of hectare numbers to coordinates 

Here the reader can find the mapping of the hectare numbers used in various Figures in the 
Text above, to the lower left corner coordinates given in the Swiss National Coordinates for 
the municipality Ottenbach. 

Table A1 Mapping of the hectare numbers to the coordinates of the lower left corner 

x-coordinate y- coordinate  hectare # x-coordinate y-coordinate hectare # 

672.3 237 1 672.8 237.6 25 

672.5 237 2 672.8 237.7 26 

672.5 237.1 3 672.9 236.9 27 

672.6 236.9 4 672.9 237 28 

672.6 237 5 672.9 237.1 29 

672.6 237.1 6 672.9 237.2 30 

672.6 237.2 7 672.9 237.3 31 

672.6 237.3 8 672.9 237.4 32 

672.6 237.4 9 672.9 237.5 33 

672.6 237.5 10 672.9 237.6 34 

672.7 236.9 11 672.9 237.7 35 

672.7 237 12 672.9 237.8 36 

672.7 237.1 13 673 235.8 37 

672.7 237.2 14 673 235.9 38 

672.7 237.3 15 673 236.6 39 

672.7 237.4 16 673 236.8 40 

672.7 237.6 17 673 236.9 41 

672.8 236.9 18 673 237 42 

672.8 237 19 673 237.1 43 

672.8 237.1 20 673 237.2 44 

672.8 237.2 21 673 237.3 45 

672.8 237.3 22 673 237.4 46 

672.8 237.4 23 673 237.5 47 

672.8 237.5 24 673 237.6 48 
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Table A1 Continuation 

x-coordinate y- coordinate  hectare # x-coordinate y-coordinate hectare # 

673.1 235.7 49 673.4 237.1 84 

673.1 235.8 50 673.4 237.3 85 

673.1 235.9 51 673.4 237.4 86 

673.1 236.2 52 673.4 237.5 87 

673.1 236.6 53 673.5 236.5 88 

673.1 236.7 54 673.5 236.6 89 

673.1 236.8 55 673.5 236.7 90 

673.1 236.9 56 673.5 236.8 91 

673.1 237.1 57 673.5 236.9 92 

673.1 237.2 58 673.5 237 93 

673.1 237.6 59 673.5 237.1 94 

673.1 237.7 60 673.5 237.5 95 

673.1 238.1 61 673.5 238.2 96 

673.2 235.7 62 673.6 236.5 97 

673.2 236.7 63 673.6 236.6 98 

673.2 236.8 64 673.6 236.7 99 

673.2 237 65 673.6 236.8 100 

673.2 237.1 66 673.6 236.9 101 

673.2 237.2 67 673.6 237 102 

673.2 237.3 68 673.6 237.2 103 

673.2 237.8 69 673.7 236.6 104 

673.3 236.6 70 673.7 236.7 105 

673.3 236.7 71 673.7 236.8 106 

673.3 236.8 72 673.7 237.3 107 

673.3 236.9 73 673.8 236.2 108 

673.3 237 74 673.8 236.8 109 

673.3 237.1 75 673.8 237 110 

673.3 237.3 76 673.9 236.8 111 

673.3 237.4 77 673.9 237.5 112 

673.4 236.5 78 674 237.4 113 

673.4 236.6 79 674.1 237.2 114 

673.4 236.7 80 674.2 236.6 115 

673.4 236.8 81 674.2 237 116 

673.4 236.9 82 674.7 236.3 117 
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