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Abstract 

In this cooperative project between the Museum of 

Natural History Vienna and the Vienna University of 

Technology knowledge about the population of Hallstatt 

during the Bronze Age should be gained. During that 

time period the salt mining was omnipresent in 

Hallstatt. This project gives a clue how many people, 

including the mine workers, could have been fed by 

harvesting the surrounding land in the first step. Based 

on a map which discloses the single fields and the crop 

plant cultivated on it the total acreage of each crop 

plant is calculated. Considering the yields per hectare, 

the nutrition facts and the average energy consumption 

of a person, the size of the population which could have 

been fed is calculated. Depending on the input data 

concerning average harvest the size of the population is 

estimated between 55 and 70 persons. In the second step 

a balanced nutrition and a constant population is 

assumed. Depending on weather influences and a 

constant size of population a simulation is used to show 

the amount of each type of nutrition that has to be 

bought or that is over produced. 

 

1 Introduction 

The prehistoric salt mines of Hallstatt in Austria are  

subject of great interest for archaeologists. Salt mining  

activities are dated to 1458-1245 B.C. in the Bronze  

Age (Grabner et al. 2006) [1]. 

 Because of this great archaeological interest in the 

salt mines of Hallstatt there are already several papers 

covering this topic. In the paper “mining with agents” 

[2] an approach is presented, that helps to estimate the 

size of the population considering mortality and 

»General Fertility Rate (GFR, defined by WHO as 

"number of live births during a year per 1000 female 

population aged 15-49 years (reproductive age 

group)")« [2]. 

 This simulation considers a duration of 300 years 

and starts with an initial population of 300 persons. The 

following figure (figure 1) shows the surviving 

population after 300 years in dependency on the GFR. 

 

Figure 1. [2] Sustainability using only GFR 

 

A look at figure 1 shows that the population is stable at 

a GFR of 375 and the population size is 145. One 

question that appears at this point is whether the 

surrounding land could even feed that 145 people? If 

not, how many people could be fed? It seems likely that 

some of the gathered salt was used to be exchanged for 

food, but the question is how much additional food was 

needed. In this project answers should be worked out to 

these points. The simulation modelling tool Anylogic 

[3] is used to process the following model. 

2 Model description 

The most fundamental thing to know when it comes to 

calculate the size of a population based on the available 

food is the available area useable for agricultural 

production. 

 

2.1 Areas 

For that concern an ancient map is used which had been 

created for fiscal matters. It is assumed that this map 

contains exactly the area used by the inhabitants of 

Hallstatt. It is available as a Shapefile. The Shapefile [4] 

is a data format for geographic data and consisting of 

three files: the .shp, the .shx and the .dbf file. The .shp 

file contains the feature geometry, the .shx contains a 

positional index and the .dbf file contains the attributes 
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for each shape. In this case the size of each field 

agricultural used as well as the kind of crop plant 

cultivated on it, is extracted from the dbf file. Figure 2 

shows the coloured Shapefile representing the territory 

of Hallstatt.  

 

Figure 2. colored shapefile 

 

Each colour used in the map stands for a different kind 

of territory. Blue represents the areas covered with 

water, dark green represents the forests and grey is the 

colour used for other not cultivatable areas. The colour 

light green stands for the grassland, red stands for the 

gardens and brown is used for the fields cultivated with 

grain. These three types of land are assumed to be the 

only ones relevant for food production. The grassland is 

assumed to be used for hay production that is fed to 

sheep which are used as meat resource. The gardens are 

assumed to be used for bean production but in this case 

not all of the harvest can be used for feeding because a 

part of it has to be hold back for cropping the field the 

year after. Regarding to Jockenhövel 1997 [5] the 

average harvest was about between 1/6 and 1/8 of 

today’s harvests. It is assumed that 10% of 1/6 of 

today’s average harvest has to be hold back for the next 

year’s cropping. The fields cultivated with grain are 

supposed to be cropped with barley and sorghum. The 

assumptions regarding held back harvest for the next 

year’s seeding are the same as for beans. 

 

2.2 Calculation 

As mentioned before the size and type of each field is 

listed in the dbf file. This allows calculating the total 

acreage of each crop plant. Together with the estimated 

harvests and the held back harvest for the next years 

seed the total amount of available grain, beans and hay 

can be computed. To get the total amount of meat 

available it has to be known how much meat can be 

produced out of the harvested hay. Additionally the 

nutrition facts of all cultivated crops have to be known 

to calculate the total available calories. The only left 

thing to know to calculate the population size which can 

be fed is the average calorie usage of one person per 

day, which is assumed to be 2725 kcal. This information 

is extracted of the program used for “mining with 

agents” [2]. 

 

2.3 Simulation 

The calculation described above is using an average 

harvest. As a result it is calculating an average size of 

population. It is a fact that the weather conditions are 

not the same every year and therefore not the same 

amount of food can be harvested every year. The 

simulation shows a connection between population size 

and food availability in dependency of different harvest 

situations. 

 It is not likely that the size of population has 

changed magnificent depending on the amount of 

harvest. That is why the size of the population is taken 

as constant in the simulation. Because of this constant 

population it could have happened that the available 

food was not sufficient. Therefore the option of 

acquisition of food from other villages is considered. 

The great importance of salt and quite big agricultural 

useable areas in the north of Halstatt, make an exchange 

of salt for food in great amounts likely. To calculate a 

possible acquisition or an over production it has to be 

known how the composition of the different nutrition 

was, what percentage of meat grain and beans was 

eaten. In the calculation described above no observance 

to a balanced nutrition is paid but this is not the case. 

The composition of the nutrition is 1/3 meat and 2/3 

vegetarian. Of the 2/3 vegetarian food 1/2 is grain 

(Jockenhövel 1997 [5]). The other half of vegetarian 

food is assumed to be beans. 

 To consider the annual changeable harvest situation 

a random variable is used. The difference between 

average years and good as well as bad years in percent 

is variable, but in the following assumed to be 20%. 

Therefore the random variable is in the interval between 

0.8 and 1.2. Further this variable is multiplied with the 

harvests and this causes the harvest variability of ±20% 

but that is not all useable for food because the 

percentage for the next year’s seed has to be held back. 

 The simulation considers a time period of 300 years. 

The assumption is made, that in the first year enough 

food is available to feed the population until the harvest. 

Then in every simulation step, which means once a 

year, the available different food types in their 

dependency of the specific annual harvest situation is 

calculated. The difference between the consumption of 

every kind of food of the given size of the population 

and the availability of it is the amount of meat, grain or 

beans which have to be bought or is over produced in a 

year. 

 

3 Results 

This model allows a discussion of all the questions 

asked in the introduction.  

 To get a better impression of the surrounding 

landscape the key facts are: the total size of fields 
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cultivated with beans is about 13 hectares, grain is 

cultivated on an area of about 10 hectares and the 

grassland has a size of about 655 hectares. 

 

3.1 Calculation with 1/6 of today’s harvest 

The assumptions for the first calculations are as follows: 

Average harvests measured in kg/hectare:  

Table 1. 

barley sorghum beans hay 

760,049 341,269 510,773 3000 

The harvest of barley sorghum and beans equate to 1/6 

of nowadays harvests. The hay production equates to 

extensively cultivated grassland of nowadays.  

 Barley and sorghum are covering the same size of 

area and the amount of hay needed to produce one kg 

meat is assumed to be 210 kg. 

 The nutrition facts are measured in kcal/100g:  

 Table 2. 

barley sorghum beans meat 

320 354 326 250 

The calculation regarding these assumptions leads to a 

theoretically feedable population size of almost 69 

persons. The percentage of calories of each crop plant 

regarding to the total useable calorie amount is about: 

 Table 3. 

grain beans meat 

31% 35% 34% 

These percentages could eventually be close enough to a 

balanced nutrition to be realistic and no acquisition is 

needed. 

 As another option it could be possible that the area 

on which barley was cultivated has been increased and 

therefore the area of sorghum cultivation was reduced. 

This leads to a greater grain harvest and more available 

grain because of the greater average harvest of barley in 

comparison to sorghum. If the percentage of area seeded 

with barley is set to 80% the percentages of available 

nutrition are about: 

 Table 4. 

grain beans meat 

33.6% 33.6% 32.7% 

This would be very close to a balanced nutrition but the 

question is whether and in which amount it is possible 

to substitute sorghum with barley. In this scenario the 

population size which can be fed would rise to about 72 

people. 

 

3.2 Calculation with 1/8 of today’s harvest 

Like mentioned before, the harvests, regarding grain 

and beans, are between the just used 1/6 and 1/8 of 

today’s average harvests.  The next example uses 1/8 of 

today’s average harvests.  

 Table 5. 

The other assumptions stay equal to the first calculation. 

In this case the size of the population which can be fed 

is about 56. The percentage of calories of each crop 

plant regarding to the total useable calorie amount is 

about: 

 Table 6. 

grain beans meat 

27% 31% 42% 

These percentages are far away of being balanced, but 

the next example gives a possible solution. 

 Using these assumptions all of the grain has to be 

barley to get a balance between grain and beans but both 

are not balanced with meat. A possible solution could be 

that just hay growing on the fields close to the farm was 

harvested. In this case the amount of harvested hay is 

lower and it is possible to get a balanced nutrition.  

 Table 7. 

grain beans meat 

33.3% 33.4% 33.3% 

This leads to a feedable population size of just about 52. 

 

3.3 Simulation with 145 inhabitants 

 In the introduction the question was raised if a 

population of 145 people could have been fed by the 

surrounding land. Considering the previously executed 

examples this question can simply be answered with 

“no”. The remaining question is how much grain, beans 

and meat is missing to feed 145 people? To answer this 

question the simulation is used. 

 In this section an average harvest of 1/6 of today’s 

harvest and all the other assumptions made in the 

previous examples are used. Running the simulation 

shows that the average available nutrition in percent of 

the needed nutrition and the differences in kg are about 

as follows:  

Table 8. 

 grain beans meat 

% of required 

amount 

44% 50% 49% 

difference in kg -8143 -7384 -9876 

The differences in the worst case, which means a loss of 

20% of the average harvest, are about: 

Table 9. 

 grain beans meat 

% of required 

amount 

34% 39% 39% 

difference in kg -9566 -9020 -11747 

In a year with the best assumable harvest which means a 

positive difference of 20% of the average harvest the 

differences are about:  

Table 10. 

 grain beans meat 

% of required 

amount 

54% 61% 58% 

difference in kg -6721 -5748 -8005 barley sorghum beans hay 

570,037 255,952 383,079 3000 



160

 

To show the difference in variation of time figure 3 is 

displayed. 

 

Figure 3. difference in percent 

The following figure shows the size of the population 

which can be fed in every year and the size of the 

population which has to be fed.  

 

Figure 4.  population size compared to feedable population 
size 

The simulation shows that it is not possible to feed such 

a large population. 

 

4 Conclusio & Outlook 

This simulation is intended to give an approximate 

impression of which size the population of Hallstatt 

might has been. It has to be considered that many 

assumptions have been made and little changes of the 

parameters can have big effects of the potential 

population. For example the values between 1/6 and 1/8 

of the average today’s harvest results in a significant 

difference of 13 people. But the most uncertain factor 

seems to be the grassland because the 655 hectares seem 

to be enough to feed a larger population. In this context 

it has to be mentioned that the estimation considering 

the meat production of one kg hay is very rough. It 

could also be a higher value. This could have major 

effects concerning the meat which has to be bought 

when a high population size is estimated.  

 Additionally it is likely that other nutrition like fruits 

was eaten. For instance an apple tree can grow on 

grassland without having big negative effects of the hay 

harvest compared to the apple harvest. Another 

possibility is that the “Hallstättersee” – a lake beside 

Hallstatt - was used for fishing and that the forests were 

used for hunting. This would also make a larger 

population possible. These ideas could be considered in 

a future project. 

 Another fact that is not considered is the storage of 

the harvest. How long could the food have been stored, 

maybe high-yield years were used to store food for less 

productive years? But how much loss had to be 

calculated within a year of storage? Maybe it makes 

sense to consider this. 

 The assumption that the difference between average 

harvest and best possible harvest is 20% and also the 

difference between average harvest and worst possible 

harvest is 20% could be quite different in real. As well 

as it is not likely that every value between has the same 

possibility to occur. But it is quite difficult to estimate 

an accurate value because of the low harvest a today’s 

limit of variation does not seem apposite.   

 In a further project it seems interesting to model the 

population based on agents. This would include that the 

population changes over time, like birth of a baby or 

death of an inhabitant. Further a calculation of the time 

which has to be afforded for agricultural matters and 

other things that were necessary for living at this time 

could be useful. In this content also an analysis of the 

distances between the fields and the village as well as 

the distance between the village and the salt mine could 

be calculated to also consider the time which is used to 

cover these distances. Also considering that a crop has 

to be harvested in specific time periods because 

otherwise a loss of harvest occurs. It eventually could 

also be simulated how many people have worked in the 

fields, in the salt mine or somewhere else at a particular 

time.  

It is clear that the simulation needs to be greatly 

expanded but the meaning behind it is to get more 

knowledge and information about situations which 

maybe could be true. 
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